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Click-Type Pt"-Mediated Hydroxyguanidine-Nitrile
Coupling Provides Useful Catalysts for Hydrosilylation

Cross-Linking

Marina Ya. Demakova, Dmitrii S. Bolotin, Nadezhda A. Bokach,* Regina M. Islamova,

Galina L. Starova, and Vadim Yu. Kukushkin*?

The nitrile complexes trans-[PtCl,(RCN),] (R=Et (NC1), tBu
(NC2), Ph (NC3), p-BrC,H, (NC4)) and cis-[PtCl,(RCN),] (R=Et
(NC5), tBu (NC6), Ph (NC7)) react with 1 equiv of the hydroxy-
guanidine OC,HgNC(=NOH)NH, (HG) furnishing the mono-addi-
tion products trans- and  cis-[PtCl,(RCN){NH=C(R)ON=
C(NH,)NC,HO}] (1-4 and 9-11; 7 examples; 54-74% yield).
Treatment of any of the nitrile complexes NC1-NC7 with HG
in a 1:2 molar ratio generated the bis-addition products trans-
and cis-[PtCL{NH=C(R)ON=C(NH,)NC,Hz0O},] (5-8 and 12-14;
7 examples; 69-89% vyield). The Pt'-mediated coupling be-
tween nitrile ligands and HG proceeds substantially faster than
the corresponding reactions involving amid- and ketoximes

Introduction

Hydrosilylation,!" that is the catalytic addition of silicon hy-
drides to multiple bonds, is widely applied in silicone industry,
for example in the synthesis of organofunctional silanes and
silicone polymers, and in the cross-linking of multifunctional
silicone hydride polymers with multivinyl functional silicon
polymers resulting in cured silicone compositions.” Insofar as
hydrosilylation is relevant to hydrogenation, in many instances
it requires catalytic systems that are similar to those applied in
hydrogenation and they are almost exclusively based on transi-
tion metal species.! Of these catalysts, platinum complexes
are the most widely applied in both the laboratory and in in-
dustry.

Platinum-catalyzed hydrosilylation was studied in detail for
hydrosilanes and olefins as the reaction partners, and this reac-
tion is usually described by the Chalk-Harrod mechanism or its
modified versions.”* The mechanism involves the oxidative
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Supporting information for this article is available on the WWW under
http://dx.doi.org/10.1002/cplu.201500327. This material includes X-ray
crystallographic data in CIF format and tables of crystal data; characteri-
zation of complexes 1-14; X-ray determination data, molecular struc-
tures of NC4, 1, 6:4CH,Cl,, and 8-2CH,Cl,; preparation of trans-[PtCl,(p-
BrC4H,CN),] (NC4); application of 1-3 and 9-11 as catalysts for hydrosily-
lation cross-linking of polysiloxanes; IR, 'H and "*C{'H} NMR, and HRESI™
mass spectra of NC4 and 1-14.
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and gives redox stable products under normal conditions.
Complexes 1, 6-4CH,Cl,, 7-4CH,Cl,, 8:2CH,Cl,, and NC4 were
studied by X-ray crystallography. Platinum(ll) species 1-3, 10,
11, and especially 9, efficiently catalyze the hydrosilylation
cross-linking of vinyl-terminated poly(dimethylsiloxane) and tri-
methylsilyl-terminated  poly(dimethylsiloxane-co-ethylhydrosi-
loxane) giving high-quality thermally stable silicon resins with
no structural defects. The usage of these platinum species as
the catalysts does not require any inhibitors and, moreover,
the complexes and their mixtures with vinyl- and trimethylsilyl-
terminated polysiloxanes are shelf-stable in air.

addition of silanes to a metal-bound alkene, an insertion of the
alkene into the Pt—H or Pt—SiR; bonds, and reductive elimina-
tion accompanied by Si—C bond formation. Reported data on
metal-catalyzed hydrosilylation cross-linking of vinyl polysilox-
anes are rather limited.

Although the number of new catalysts for the hydrosilyla-
tion of vinyl polysiloxanes has substantially expanded in recent
years,l'““ Karstedt's complex is the best established catalyst for
the cross-linking.>** Its main disadvantages are associated
with its high reactivity which makes the cross-linking unselec-
tive even at room temperature (RT). Consequently an inhibitor
(e.g. maleates, fumarates, and -alkynoles)® is required, which
in turn may impair the strength characteristics of the formed
silicone formulations.” In this context, the development of
new efficient catalysts for the hydrosilylation cross-linking is
challenging. These catalysts should be more selective, that is
display controlled pot-life and curing time without inhibitors,
they should be stable upon storage and under the cross-link-
ing conditions, and they should tolerate various functional
groups (hydroxyl, carbonyl, ester, etc.). In addition, the search
for the new catalytic systems includes the design of catalysts
that are shelf-stable at room temperature but start to act at
higher temperatures as any premature curing would cause ad-
herence of silicone polymers to machine parts (e.g. rollers)
leading to frequent shutdown for cleaning.

Hence, exercising precise control of the catalytic activity for
cross-linking requires a switchable precatalysis of the hydrosily-
lation, which can be triggered by, in particular, thermal activa-
tion. As the most efficient catalysts for hydrosilylation cross-
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linking are based on platinum(0) complexes (e.g.,
Karsted’s catalyst), we decided to design platinum(ll)
complexes that are stable under normal conditions
but are involved in redox upon heating, generating
catalytically active low-valent platinum species. The
idea included the synthesis of platinum(ll) species
functionalized with strong reducing groups that are
attached by a spacer to the metal, which exhibits
rather strong oxidation properties. This approach
was quite successful when we synthesized acyclic
carbene platinum(ll) and palladium(ll) complexes (for
review see Ref. [6]); the carbene has reducing prop-
erties and we applied these species as hydrosilyla-
tion” and cross-coupling® catalysts.

The main goals of this work were the following.
Firstly, we were interested in the extension of plati-
num(ll)-mediated oxime-nitrile coupling to hydroxy-
guanidines as we felt that this reaction should pro-
ceed as rapidly and efficiently as other click-type re-
actions. Secondly, we planned to explore the catalyt-
ic properties of newly synthesized compounds in hy-
drosilylation  cross-linking of silicone polymers,
namely vinyl-functionalized polysiloxanes with SiH-
functionalized oligosiloxanes.
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Scheme 1. Synthetic transformations of NC1-NC4 (R=Et (NC1), tBu (NC2), Ph (NC3),
p-BrC¢H, (NC4)). All reactions were conducted in CH,Cl, at room temperature.
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Results and Discussion

Synthesis of catalysts for hydrosilylation cross-
linking

Within the framework of our ongoing project on the
metal-mediated reactions of nitrile substrates,”” we
studied the addition of HON-type nucleophiles, spe-
cifically oximes, amidoximes, and hydroxylamines, to metal-ac-
tivated nitriles and cyanamides, leading to amidines,"” amidra-
zones,"" acylamides,"? 1,3,5-triazapentadienes, carboxa-
mides,"¥ and related species"™ such as phthalocyanines"® and
1,2,4-oxadiazoles."” In particular, we found that a hydroxygua-
nidine in the presence of zinc(ll) centers is a highly reactive nu-
cleophile toward coupling with RCN compounds."® Concur-
rently, it is well known that compounds featuring the guani-
dine group easily reduce Pt" centers generating metallic plati-
num." Our idea was to apply the fast and quantitative metal-
mediated nitrile—oxime coupling for the construction of Pt'
complexes that bear a remote reductive group, thus giving
a precatalyst for temperature-controlled hydrosilylation cross-
linking.

As starting materials, we addressed, on the one hand, the
platinum(ll) nitrile complexes trans-[PtCI,(RCN),] (R=Et (NC1),
tBu (NC2), Ph (NC3), p-BrC;H, (NC4); Scheme 1) and cis-
[PtCI,(RCN),] (R=Et (NC5), tBu (NC6, Ph (NC7); Scheme 2) and,
on the other hand, the hydroxyguanidine compound
OC,HgNC(=NOH)NH, (HG) featuring a morpholino group that
provides solubility in CH,Cl,. The reaction of NC1-NC7 with
HG proceeds rapidly at room temperature at both 1:1 and 1:2
molar ratios and affords complexes bearing iminoacylated HG
species (Schemes 1 and 2 and Table 1). Complexes NC1-NC7
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Scheme 2. Synthetic transformations of NC5-NC7 (R =Et (NC5), tBu (NC6), Ph (NC7)). All
reactions were conducted in CH,Cl, at room temperature.

Table 1. Compound numbering and yields of the obtained species.
Cmpd R Yield [%] Cmpd R Yield [%]
1 Et 72 5 Et 89
2 tBu 74 6 tBu 78
3 Ph 67 7 Ph 81
4 p-BrCeH, 73 8 p-BrCsH, 69
9 Et 61 12 Et 73
10 tBu 54 13 tBu 89
1 Ph 67 14 Ph 78

react with 1equiv of HG in a dichloromethane solution at
room temperature for 5-10 min. The mono-addition prod-
ucts 1-4 and 9-11 (7 examples) were isolated as pure com-
pounds in 54-74% vyield after column chromatography. Reac-
tion of dichloromethane solution of NC1-NC7 with HG in a 1:2
molar ratio at room temperature for 2-6 h generated the bis-
addition products 5-8 and 12-14 (7 examples).

The observed coupling is metal-mediated. Indeed, in the ab-
sence of platinum(ll), the interaction between the nitriles and
the hydroxyguanidine at room temperature was not detected.
At 60-80°C, we observed slow unselective decomposition of
HG. Furthermore, HG decomposed completely and unselec-
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tively at 120°C in DMSO after 2 d giving a spectrum of prod-
ucts, whereas the starting nitriles in the mixture remain intact.

Previous work shows that the activation of aryl- and alkyl-
cyanides by a platinum(ll) center is insufficient for the nucleo-
philic addition of the ketoximes R, C=NOH (R,=Me,; C,H,).
Only in the case of cis-[PtNCNR,),(PPh;),]*" (R=Me, Et) in the
presence of Ag" or Cu®", as additional activators, were the
chelated mono-addition products obtained.”” Later, the plati-
num(ll)-mediated reaction of oximes with RCN ligands was ex-
tended to electron-deficient nitriles featuring electron-with-
drawing groups (i.e. Ph, CH,Cl, CH,CO,Me); the reaction pro-
ceeds at 40-50°C and/or under microwave treatment produc-
ing monodentately bound O-iminoacylated oximes and these
metal species were isolated in moderate yields.”" Recently, we
observed that the nucleophilic addition of amidoximes to
[PtCl,(RCN),] species proceeds at room temperature and even
at —8°C to provide complexes bearing the iminoacylated spe-
cies as ligands in good yields after a reaction time of 3 h for
the mono-addition products and 24-48 h for the bis-addition
products.”??

In this work, we observed that the nucleophilic addition of
hydroxyguanidine HG to the nitrile ligand in complexes NC1-
NC7 proceeds at room temperature and gives mono-addition
products 1-4 and 9-11 (after 5 min) and bis-addition
products 5-8 and 12-14 (after 2-6 h) in good yields
(54-89%). These observations indicate that hydroxy-
guanidines R,;NC(NH,)=NOH featuring two strong -+
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Figure 1. Molecular structure of 7-4CH,Cl, with the atomic numbering
scheme; solvent molecules are omitted for simplicity. Thermal ellipsoids are
given at the 50% probability level. Selected bond lengths [A] and angles [*]:
Pt1-N1 2.006(2), N1-C1 1.275(4), O1-N2 1.458(3), N2-C2 1.308(4); Pt1-N1-C1
130.19(19), C1-01-N2 111.6(2), N1-C1-O1 123.3(2).

as efficient catalysts for the hydrosilylation cross-linking of
vinyl-terminated poly(dimethylsiloxane) (PDMS) and trimethyl-
silyl-terminated  poly(dimethylsiloxane-co-ethylhydrosiloxane)
(EHDMS) (Scheme 3).
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HG quite a strong nucleophile that adds to nitriles
weakly activated by the Pt" center and this facile re-
action fulfils the requirements of the click reactions.

Characterization of 1-14

Complexes 1-14 give satisfactory C, H, and N elemental analy-
ses for the proposed formulas, and these species were also
characterized by high-resolution ESI mass spectrometry and by
IR and "H and "*C{'H} NMR spectroscopy (for all spectra and de-
tailed descriptions of the characterization see the Supporting
Information). Bis-addition complexes 6-8 and mono-addition
complex 1 were studied by X-ray crystallography. All these
complexes crystallized as the CH,Cl, solvates, 6-4CH,Cl,,
7-4CH,Cl,, and 8-2CH,Cl,, respectively; no solvent was ob-
served in the crystal lattices of 1 (Figure 1 and Figures 15-4S in
the Supporting Information).

Application of 1-3 and 9-11 as catalysts for hydrosilylation
cross-linking of polysiloxanes

In the framework of our project aimed at verifying the catalytic
properties of platinum-group metal species in organic transfor-
mations (for major reviews from our group on this topic see
Refs. [6,23]) we found that complexes 1-3 and 9-11 behave
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EHDMS

Scheme 3. Platinum-catalyzed hydrosilylation cross-linking of siloxane polymers.

Because bis-addition products 5-8 and 12-14 and the
mono-addition product 4 were not soluble in CH,Cl, we could
not test them as catalysts. The differential scanning calorimetry
(DCS) curves of 9-11 used to monitor the cross-linking display
exothermic peaks (Supporting Information, Figure 5S). Pot-life
(Tporiite), CUriNG time (T ,ng), average value of enthalpy (AH),
and average peak temperature (T.,) are compiled in Table 2.

We found that catalytic behavior of 1-3, 10 and 11 is similar
within the experimental error, but 9 is substantially more effi-
cient. The optimized concentration of the studied platinum
catalysts for the cross-linking at room temperature is 1.0x
10 molL™" for 1-3, 10 and 11, whereas it is 1.0x10™* molL™"
for 9. We assume that the curing times obtained for complex 9
is shorter because complexes 1-3, 10, and 11 display high
thermal stability in the siloxanes mixture and consequently
higher temperature is required for their activation during
cross-linking.

The catalytic activity of 1-3 and 9-11 was compared to that
of Karstedt's catalyst. Complex 9 at the same concentration as
Karstedt's catalyst, 1.0x 107> mol-L™", is not effective at room
temperature (T .. =20 h and curing takes 6 d), but at 50°C
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ence of 9 in comparison to that of the rubbers ob-
tained with Karstedt's catalyst.*!

Conclusion

:'@'* ChemPubSoc
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Table 2. Catalytic properties of 9-11 and Karstedt's catalyst in the cross-linking of
PDMS and EHDMS.
Cat. Caat Tpotlife  Teuring  Teuring DSC data
[molL™"]  23°C  23°C 50°C  Tpee [°Cl  Toeu [°Cl  —AHDG™]
1 1.0x102 6h 7d - - - -
2 1.0x1072  2d 9d - - - -
3 1.0x1072 5d 10d - - - -
9 1.0x102% 50min  8h 2h 59 70 4.8
9 1.0x10* 90min 17h 6h 85 98 4.0
9 1.0x107° 20h 7d 2d 162 177 4.4
10 1.0x107° 28h 2d 9h 116 131 43
n 1.0x1072  2d 8d 18 h 124 129 4.5
Karstedt's 1.0x10™° 3 min 6h - 35 51 4.5
catalyst

In the area of coordination chemistry, we observed
the Pt"-mediated coupling between nitriles and the
hydroxyguanidine OC,HsNC(=NOH)NH, and this inte-
gration proceeds faster than the relevant reactions
involving amid- and ketoximes® "2 and, moreover,
as fast as required by click-methodologies (for
recent reviews see Ref.[26]). This coupling can be
employed for facile attachment of the guanidine

the cross-linking involving 9 is complete after 6h (1.0x
10*molL™") and 2d (1.0x107° molL™"). The enthalpy of the
reaction catalyzed by 9-11 (1.0x107°~1.0x 107> molL™") is well
comparable to the AH value obtained for Karstedt's catalyst
(1.0x 107> molL™"). The catalytic activity of trans complexes 1-
3 (1.0x10° molL™") for the hydrosilylation of vinyl polysilox-
anes is significantly lower; that is T, ranges from 6 h (1) to
5d (3) and T, ranges from 7 to 10 d. The higher catalytic ac-
tivity of 9 in comparison to that of the studied complexes 1-3,
10, and 11 can be rationalized by its higher solubility in the sil-
icon systems. In addition, owing to the rather low thermal sta-
bility of 9 in the silicon mixture, lower temperatures are re-
quired for its activation and, consequently, the cross-linking
proceeds easily.

An obvious advantage of our catalysts is their solubility in
CH,Cl, where these species are stable in air at room tempera-
ture, whereas commercially available xylene solutions of Kar-
stedt’s catalyst should be handled and stored under inert at-
mosphere. Furthermore, mixtures of PDMS and 1-3 or 9-11
are also stable in air. Thus, curing tests and the DSC data indi-
cate that the catalytic activity of the platinum complexes does
not change for at least one month of storage in PDMS solu-
tions. Silicone formulations obtained with 1-3 and 9-11 as the
catalyst display no bubbles or other structural defects in con-
trast to those generated by application of Karstedt's catalyst
without an added inhibitor.

To summarize, platinum complexes 1-3, 10, and 11 and es-
pecially 9 can be used as catalysts for the hydrosilylation cross-
linking of siloxane polymers by reaction both at room temper-
ature and 50 °C. They are stable compounds and their mixtures
with PDMS are also stable even in air and, in addition, the cata-
lytic application of 1-3 and 9-11 does not require inhibitors.
The incorporation of a small amount of 1-3 and 9-11 (1.0x
107°, 1.0x107% or 1.0x10> molL™") in neat PDMS leads to
a slight shift in the onset degradation temperature toward
higher temperatures and increases the yield of the final residue
(for the thermogravimetry (TG) curves see the Supporting In-
formation). The data of tensile tests of the obtained silicon
rubbers (Supporting Information, Table 3S) together with the
TG data (Figures 6S and 7S and Table 2S) indicate the forma-
tion of networks with higher cross-linking density in the pres-
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moiety via a linker to metal species.
The specific feature of obtained complexes 1-14
is the availability of the remote guanidine moieties
(that exhibit strong reducing properties®”) and a distant plati-
num(ll) center that, as a representative of the Noble metals
family, behave as an oxidant. Previously attempted direct bind-
ing of guanidines to Pt" centers by coordination was always ac-
companied with redox giving metallic platinum.'” In our case,
separation of the guanidine fragments and the platinum(ll)
center with the HN=C—O spacer led to redox stability of the
formed complexes under normal conditions. However, redox
between the guanidine and platinum(ll) centers can be
reached at higher temperatures leading presumably to low-
valent platinum species that are potentially active as catalysts
for hydrosilylation cross-linking.['®%2

In the area of silicone polymer material chemistry, we devel-
oped new platinum(ll)-based catalysts for cross-linking of sili-
cone polymers. In particular, we observed that platinum(ll)
complexes 1-3, 10-11, and especially 9, efficiently catalyze the
cross-linking of vinyl terminated poly(dimethylsiloxane) and tri-
methylsilyl terminated poly(dimethylsiloxane-co-ethylhydrosi-
loxane) giving high quality thermally stable silicon resins with
no structural defects. Although 1-3 and 9-11 are less active
than the widely used Karstedt's catalyst, application of 1-3
and 9-11 for the cross-linking can be performed not only at
room temperature, but also, more efficiently, at 50°C which is
crucial for some industrial applications. The latter is because
stability of polysiloxane composition at room temperature and
fast curing at higher temperatures allows the control of the hy-
drosilylation cross-linking via thermal activation of catalyst.
This activation and conductance of the cross-linking at raising
temperatures, in turn, allows avoiding adherence of silicone
polymers at machine parts.” The usage of these platinum spe-
cies as the catalysts do not require any inhibitors and, more-
over, the complexes and their mixtures with vinyl- and trime-
thylsilyl terminated polysiloxanes are shelf-stable in air and all

these properties provide further benefits.

Experimental Section

Materials and Instrumentation: Solvents were obtained from
commercial sources and used as received. Complexes trans- and
cis-[PtCl,(RCN),] (R=Et (NC1, NC5);? tBu ((NC2, NC6);*” Ph (NC3,
NC7)®") were synthesized in accord with the published proce-
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dures; the trans and cis-isomers were separated by column chro-
matography on silica gel (SiO,, 0.063-0.200 mm, Merck). For prepa-
ration and characterization (including X-ray structure determina-
tion) of NC4 see the Supporting Information. The N-morpholinecar-
bamidoxime was synthesized according to the literature
method.®? Melting points were measured on a Stuart SMP30 appa-
ratus in capillaries and are not corrected. TLC was performed on
Merck 60 F,s, SiO, plates. Microanalyses were carried out on a Euro
EA3028-HT instrument. Electrospray ionization mass spectra were
obtained on a Bruker micrOTOF spectrometer and maXis spectrom-
eter equipped with an electrospray ionization (ESI) source. The in-
strument was operated in the positive-ion mode in the m/z range
50-3000. The capillary voltage of the ion source was set at
—4500V (ESI"-MS). The nebulizer gas flow pressure was 0.4 bar
and the drying gas flow 4.0 Lmin~". For ESI, complexes were dis-
solved in MeOH or in MeOH/Me,SO (1.00:0.01, v/v). In the isotopic
pattern, the most intensive peak is reported. Infrared spectra
(4000-400 cm™") were recorded on a Shimadzu IR Prestige-21 in-
strument using KBr pellets. 'H and "*C{'"H} NMR spectra were mea-
sured on a Bruker Avance 400 spectrometer in CDCl;, Me,CO-d, or
Me,SO-d, at ambient temperature; residual solvents signals were
used as the internal standard. The progress of cross-linking was
monitored by DSC using a NETZSCH DSC 204F1 Phoenix instru-
ment. DSC conditions: cooling from 25 to —10°C, heating from
—10 to 220°C, and then cooling from 250 to 25°C (10°Cmin~"); all
components were mixed before the DSC studies and the DSC ex-
periments were conducted twice for each test. TG measurements
were performed on a NETZSCH TG 209F1 Libra instrument. Ap-
proximately 2 mg of sample was placed in a platinum pan that
was then heated from room temperature to 1000°C at 10°Cmin ™"
under flow of argon (50 mLmin™") or in air. Tensile tests (ISO 34)
were performed on a Zwick Proline Z005 tensile testing machine
and all experiments were carried out four times for each test.

X-ray crystal structure determinations: For the single-crystal X-
ray diffraction experiments crystals of all compounds were fixed on
a micromount and placed on a Agilent Technologies Excalibur Eos
diffractometer (6-4CH,Cl,, 7-4CH,Cl,, and 8-2CH,Cl,) and were
measured using monochromated Moy, radiation or placed on a Agi-
lent Technologies SuperNova (Oxford Diffraction) diffractometer
(NC4, 1) and measured using monochromated Cuy, radiation. The
crystals of 1, 6:4CH,Cl,, 7-4CH,Cl,, and 8-:2CH,Cl, were studied at
100 K and NC4 at 293 K. The structures were solved by direct
methods and refined by means of the SHELXL-97 program® incor-
porated in the OLEX2 program package.?” The crystallographic
data and some refinement parameters are given in Table S1. The
carbon- and nitrogen-bound H atoms were placed in calculated
positions and were included in the refinement in the “riding”
model approximation, with U,(H) set to 1.5 U,(C) and C—H 0.96 AR
for the Me groups, U,,(H) set to 1.2 U(C) and C—H 0.97 A for the
CH, groups, and U,(H) set to 1.2 U,(N) and N-H 0.86 A for the
NH, and NH groups. Empirical absorption corrections were applied
in CrysAlisPro_ENREF_72% program complex using spherical har-
monics implemented in the SCALE3 ABSPACK scaling algorithm.
The crystals of 6 and 8 employed in the X-ray diffraction study un-
derwent decomposition during the X-ray data collection and the
obtained data, specifically the goodness-of-fit on F?, are therefore
far from perfect. CDC 1026389, 1419792, 1026393, 1026392,
1026391, 1026388 contain the supplementary crystallographic data
for this paper. These data can be obtained free of charge from the
Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/
data request/cif.
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Cross-linking catalytic tests: The polymers for evaluation of cata-
lytic activity, vinyl-terminated polydimethylsiloxane (PDMS; M, =
85800, M,=40500, 0.5 wt% of —CH=CH,) and trimethylsilyl-termi-
nated poly(dimethylsiloxane-co-ethylhydrosiloxane) (EHDMS; M,, =
8150, M,=4600, 0.7 wt% of =Si—H) were obtained from FSUE
NIISK (Saint Petersburg, Russian Federation). 0.1 m Karstedt's cata-
lyst in vinyl-terminated polydimethylsiloxane (Aldrich) was used.

The cross-linking was studied in a system consisting of PDMS and
EHDMS as cross-linking partners and a platinum catalyst, 1-3, 9-
11, or Karstedt's catalyst taken for comparison, at 20 or 50°C. Stan-
dard formulation: [part Al/[part B]=1:1 ratio; concentration of 1-3,
9-11 was 1.0x 10> molL ™' and concentration of 9 was 1.0x10°3,
1.0x107% or 1.0x 10> molL™". Part A: calculated amounts of 1-3
and 9-11 (diluted in 50 puL CH,Cl,) were added to PDMS, the mix-
ture was stirred and dried under vacuum at 30°C overnight to
remove the solvent. Karsted's catalyst dissolved in vinyl-terminated
polydimethylsiloxane was added to PDMS without drying in
a vacuum. Part B: EHDMS (10 g) was added to PDMS (50 g) and
this mixture was stirred until homogenization ([-CH=CH,}/[=Si—
Hl=1:3).

The cross-linking of the polysiloxanes mixture was performed in an
aluminum vessel. The pot-life time was measured from the point
of mixing equal amounts of Parts A and B before the viscosity of
the initial mixture increases to unusable level at room temperature.
Typically, the pot-life is defined as the time when viscosity of the
catalyzed mixture has doubled. The curing time was measured
from the point of mixing equal amounts of Parts A and B at room
temperature or from the moment of placing the aluminum vessel
with equal amounts of Parts A and B in a desiccator at 50 °C until
the liquid reaction mixture has transformed into a cured material.

Synthetic Work

Preparation of 1-4 and 9-11: A solution of N-morpholinecarbami-
doxime (0.075 mmol) in dichloromethane (1 mL) was added drop-
wise to a vigorously stirred solution of NC1-NC7 (0.075 mmol) in
dichloromethane (2 mL for NC1-NC3, NC5-NC7; 5 mL for NC4) for
5 min at room temperature, whereupon the resulting solution was
subjected to column chromatography on silica gel (eluent: chloro-
form/acetone =10:1, v/v). The first fraction was collected and the
solvent was evaporated in vacuo at room temperature. The result-
ed crystalline residues were dried in air at room temperature.

1 (28.2mg, 72%): R;=0.52 (chloroform/acetone=10:1, v/v); m.p.
124°C (decomp); 'H NMR (400 MHz, CDCl;, 27°C): 7.72 (s, br, TH,
NH), 4.46 (s, br, 2H, NH,), 3.78-3.73 (m, 4H, CH,), 3.25-3.19 (m, 4H,
CH,), 3.08 (q, 2H, CH,), 2.80 (g, 2H, CH,), 1.40 (m, 6H, CHy); *C{'H}
NMR (100 MHz, CDCl;, 27°C): 174.41 (C=NH), 158.76 ((=N), 117.36
(C=N), 66.15 (CH,), 45.75 (CH,), 27.20 (CH,), 12.83 (CH,), 10.65, 9.51
(CH;); IR (KBr, selected bonds, cm™): ¥(N—H): 3404(s), 3315(s),
3188(s); V(C—H): 2968(m), 2864(w); V(C=N): 1627(s), 1569(m); &(C—
H): 775(w), 696(w); HRESI*-MS (MeOH): m/z calcd for ([M+Na]*):
544.0595; found: 544.0606; elemental analysis (%) calcd for
Cy1H1NsClLO,Pt: C, 25.34; H, 4.06; N, 13.43; found: C, 25.74; H,
4.07; N, 13.51.

2 (32.1 mg, 74%): R=0.50 (chloroform/acetone=10:1, v/v); m.p.
136°C (decomp); 'H NMR (400 MHz, CDCl;, 27°C): 8.23 (s, br, TH,
NH), 4.45 (s, br, 2H, NH,), 3.74-3.70 (m, 4H, CH,), 3.25-3.23 (m, 4H,
CH,), 1.72 (s, 9H, CH,), 1.46 (s, 9H, CHs); *C{'H} NMR (100 MHz,
CDCl;, 27°C): 172.27 (C=NH), 154.99 (C=N), 123.66 (C=N), 66.38
(CH,), 44.15 (CH,), 30.22 (C(CH;)), 27.85 (CH;); IR (KBr, selected
bonds, cm™"): ¥(N—H): 3423(s), 3188(m); V(C=N), S(N—H): 1649(s),
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1573(m); 8(C—H): 685(m), 597(w); HRESI*-MS (MeOH): m/z calcd for
(IM—CI17): 542.1645; found: 542.1651; calcd for (IM+H]"):

578.1645; found: 578.1405; elemental analysis (%) calcd for
CysHaoNsCLO,PE: C, 31.20; H, 5.06; N, 12.13; found: C, 31.44; H,
5.10; N, 11.90.

3 (31.0 mg, 67%): R;=0.44 (chloroform/acetone=10:1, v/v); m.p.
146°C (decomp); 'HNMR (400 MHz, Me,SO-d,, 27°C): 8.04 (s, br,
1H, NH); 7.85 (d, 2H, Ph), 7.75-7.71 (m, 1H, Ph), 7.63-7.59 (m, 2H,
Ph), 7.42-7.34 (m, 5H, Ph), 5.76 (s, br, 2H, NH,), 3.70-3.68 (m, 4H,
CH,), 3.26-3.24 (m, 4H, CH,); “C{'"H} NMR (100 MHz, Me,SO-dj,
27°C): 170.91 (C=NH), 149.47 (C=N), 133.82, 132.63, 130.02, 129.52,
128.55, 128.04 (CH,,), 119.39 (C=N), 111.18 (C,), 65.10 (CH,), 44.62
(CH,); IR (KBr, selected bonds, cm™): ¥(N—H): 3419(s), 3332(m),
3230(m); ¥(C=N) and/or ¥(C=C,,): 1627(s); 6(N—H), ¥(C=N), and/or
V(C=C,): 1568(m); 8(C—H): 852(w), 717(m); HRESI*-MS (MeOH): m/z
calcd for (IM+H]*): 618.0779; found: 618.0764; elemental analysis
(%) calcd for CyoH,,NsCL,O,Pt: C, 36.96; H, 3.43; N, 11.34; found: C,
36.94; H, 3.47; N, 11.45.

4 (424 mg, 73%): R;=0.66 (chloroform/acetone=10:1, v/v), m.p.
140°C (decomp); 'HNMR (400 MHz, CDCl,, 27°C): 845 (d, 2H,
CHa); 8.21 (s, TH, NH); 7.74-7.68 (m, 4H, CH,), 7.60 (d, 2H, CH,);
4.62 (s, 2H, NH,), 3.78-3.75 (m, 4H, CH,), 3.29-3.26 (m, 4H, CH,);
BC{'H} NMR (100 MHz, CDCl,, 27°C): 167.71 (C=NH), 158.62 (C=N),
134.53, 132.92, 131.61, 130.87 (CH,,), 130.48, 128.42, 127.47 (C,),
115.63 (C=N), 108.70 (C,), 65.92 (CH,), 45.88 (CH,); IR (KBr, selected
bonds, cm™"): ¥(N—H): 3452(s), 3342(s), 3245(s); V(C—H): 2854(w);
V(C=N): 1618(s); O(N—H), v(C=N), and/or ¥(C=C,,): 1566(m); &(C—H):
858(w), 721(m); HRESIT-MS (MeOH): m/z caled for (M+H]"):
718.8986; found: 718.8980; elemental analysis (%) calcd for
CyoH;NsBr,CLOSPE: C, 29.44; H, 2.47; N, 9.03; found: C, 29.71; H,
2.52; N, 9.15.

9 (23.8mg, 61%): R=0.35 (chloroform/acetone=5:1, v/v); m.p.
120°C (decomp); 'H NMR (400 MHz, CDCl,, 27°C): 7.76 (s, br, TH,
NH), 4.50 (s, br, 2H, NH,), 3.75-3.73 (m, 4H, CH,), 3.23-3.21 (m, 4H,
CH,), 3.07 (q, 2H, CH,), 2.79 (q, 2H, CH,), 1.42-1.39 (m, 6H, CH,);
B3C{"H} NMR (100 MHz, CDCl;, 27°C): 174.06 (C=NH), 158.22 (C=N),
118.74 (C=N), 66.12 (CH,), 45.99 (CH,), 27.12, 12.48 (CH,), 10.39,
9.03 (CH,); IR (KBr, selected bonds, cm™): ¥(N—H): 3400(s), 3315(s);
V(C—H): 3211(w); ¥(C=N): 1631(s); O(N—H), ¥(C=N): 1570(m); 6(C—H):
714(m), 588(w); HRESI"-MS (MeOH): m/z calcd for ([M+Na]™):
544.0595; found: 544.0606; elemental analysis (%) calcd for
Cy1HNsClLO,Pt: C, 25.34; H, 4.06; N, 13.43; found: C, 25.28; H,
4.02; N, 13.41.

10 (23.4 mg, 54%): R,=0.47 (chloroform/acetone=5:1, v/v); m.p.
128°C (decomp); 'H NMR (400 MHz, CDCl,, 27°C): 8.68 (s, br, 1H,
NH), 4.83 (s, br, 2H, NH,), 4.16-4.13 (m, 4H, CH,), 3.63-3.60 (m, 4H,
CH,), 2.10 (s, 9H, CH,), 1.83 (s, 9H, CHs); *C{'H} NMR (100 MHz,
CDCl;, 27°C): 168.10 (C(=NH), 154.39 (C=N), 123.29 (C=N), 66.76
(CH,), 43.53 (CH,), 27.22 (CH5); IR (KBr, selected bonds, cm™): ¥(N—
H): 3438(s), 3350(m), 3280(m); V(C—H): 2920(m); V(C=N): 1627(s);
3(N—H), ¥(C=N): 1571(m); &(C—H): 823(m), 713(w), 551(w); HRESI"
-MS (MeOH): m/z calcd for (IM—CI]"): 542.1645; found: 542.1652;
calcd for ([M+H]"): 578.1403; found: 578.1408; elemental analysis
(%) calcd for CisH,6NsClLO,Pt: C, 31.20; H, 5.06; N, 12.13; found: C,
31.38; H, 5.14; N, 12.20.

11 (31.1 mg, 67%): Rr=0.42 (chloroform/acetone=5:1, v/v); m.p.
142°C (decomp); 'H NMR (400 MHz, CDCl,, 27°C): 8.55 (s, br, 1H,
NH), 7.81-7.72 (m, 5H, Ph), 7.62 (d, 2H, Ph), 7.52-7.40 (m, 1H, Ph),
7.38-7.35 (m, 2H, Ph), 5.58 (s, br, 2H, NH,), 4.04-4.02 (m, 4H, CH,),
3.55-3.52 (m, 4H, CH,); *C{'"H} NMR (100 MHz, CDCl,, 27°C): 171.54
(G=NH), 150.85 (C=N), 133.23, 132.17, 129.91, 129.11, 128.64, 128.00
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(CHa), 120.12 (C=N), 111.69 (C,), 66.09 (CH,), 45.73 (CH,); IR (KBr,
selected bonds, cm™): ¥(N—H): 3498(s), 3326(s), 3230(m); ¥(C—H):
2972(m); ¥(C=N) and/or ¥(C=C,): 1614(s); 8(N—H), ¥(C=N), and/or
Y(C=C,): 1571(m); 8(C—H): 867(w), 727(w); HRESI"-MS (MeOH): m/z
caled for (IM+H]"): 618.0779; found: 618.0764; elemental analysis
(%) calcd for C;oH,;NsCl,O,Pt: C, 36.96; H, 3.43; N, 11.34; found: C,
37.00; H, 3.41; N, 11.25.

Preparation of 5-8 and 12-14: A solution of N-morpholinecarba-
midoxime (0.100 mmol) in dichloromethane (1 mL) was added to
a solution of NC1-NC7 (0.050 mmol) in dichloromethane (2 mL for
NC1-NC3, NC5-NC7; 5 mL for NC4) at room temperature. Precipi-
tates were released after 2-6 h, whereupon they were separated
by centrifugation, washed with dichloromethane (two 2 mL por-
tions), and dried in air at room temperature.

5 (29.7 mg, 89%): m.p. 134°C (decomp); 'H NMR (400 MHz, Me,SO-
dg, 27°C): 8.24 (s, TH, NH), 7.57 (s, TH, NH), 6.38 (m, 4H, NH,), 3.63-
3.60 (m, 8H, CH,), 3.25-3.21 (m, 4H, CH,), 3.16-3.13 (m, 4H, CH,),
2.94-291 (m, 4H, CH,), 1.33-1.28 (m, 6H, CH;); "C{'H} NMR
(100 MHz, Me,SO-d;, 27°C): 175.01 (C=NH), 160.00 (C=N), 66.06
(CH,), 45.96 (CH,), 27.93, 11.15 (CH,), 10.37 (CH5); IR (KBr, selected
bonds, cm™"): ¥(N—H): 3454(s), 3271(m); ¥(C=N): 1618(s); &(N—H),
v(C=N): 1566(m); &(C—H): 769(w), 690(m), 665(w); HRESIT-MS
(MeOH/Me,SO 1.00:0.01, v/v): m/z calcd for ([M+Na]™"): 689.1448;
found: 689.1447; elemental analysis (%) calcd for C,¢H;,NgCl,O,Pt:
C, 28.83; H, 4.84; N, 16.81; found: C, 28.74; H, 4.87; N, 16.90.

6 (28.2 mg, 78%): m.p. 143 °C (decomp); 'H NMR (400 MHz, Me,SO-
de, 27°C): 8.11 (s, br, 2H, NH), 7.07 (s, br, 4H, NH,), 4.00-3.97 (m,
8H, CH,), 3.57-3.54 (m, 8H, CH,), 1.74 (s, 18H, CH,); *C{'"H} NMR
(100 MHz, Me,SO-d;, 27°C): 174.00 (C=NH), 154.23 (C=N), 65.91
(CH,), 45.89 (CH,), 34.13 (C(CHy);), 25.03 (CHs); IR (KBr, selected
bonds, cm™): ¥(N—H): 3461(s), 3346(s), 3228(s); V(C—H): 2854(w);
V(C=N): 1618(s); 6(N—H), ¥(C=N): 1560(m); &(C—H): 995(w), 858(w),
757(m), 696(w); HRESI"-MS (MeOH/Me,SO 1.00:0.01, v/v): m/z calcd
for (IM+HI1"): 723.2256; found: 723.2239; elemental analysis (%)
caled for CyoHuNgClLO,Pt: C, 33.24; H, 5.58; N, 15.51; found: C,
33.74; H, 5.87; N, 15.90.

7 (31.0 mg, 81%): m.p. 156 °C (decomp); 'H NMR (400 MHz, Me,SO-
dg, 27°C): 8.24 (s, br, 2H, NH), 7.84-7.82 (m, 4H, Ph), 7.75-7.72 (m,
2H, Ph), 7.61-7.59 (m, 4H, Ph), 5.57 (s, br, 4H, NH,), 4.10-4.07 (m,
8H, CH,), 3.65-3.61 (m, 8H, CH,); *C{'H} NMR (100 MHz, Me,SO-d,,
27°C): 171.03 (C=NH), 160.31 (C=N), 138.57, 136.59, 133.82 (CH,,),
116.22 (Cy,), 66.15 (CH,), 47.50 (CH,); IR (KBr, selected bonds, cm™):
V(N—H): 3438(s), 3350(s), 3280(m); V(C=N) and/or ¥(C=C,,): 1627(s);
O(N—H), ¥(C=N), and/or ¥(C=C,,): 1571(m); &(C—H): 713(m), 551(w);
HRESI"-MS (MeOH/Me,SO 1.00:0.01, v/v): m/z calcd for (IM+H]"):
763.1632; found: 763.1613; elemental analysis (%) calcd for
C,iH,NCLOPt: C, 37.80; H, 4.23; N, 14.69; found: C, 37.78; H,
4.27; N, 14.90.

8 (31.8 mg, 69%): m.p. 144°C (decomp); 'H NMR (400 MHz, Me,SO-
ds, 27°C): 8.30 (d, 4H, CH,), 8.08 (s, 2H, NH), 7.53-7.48 (m, 4H,
CH,), 5.22 (s, 4H, NH,), 3.63-3.61 (m, 8H, CH,), 3.18-3.15 (m, 8H,
CH,); "C{'H} NMR (100 MHz, Me,SO-ds;, 27°C): 159.14 (C=NH),
132.74, 131.24, 130.82, 129.03 (CH,,), 126.37 (C,), 65.91 (CH,), 45.90
(CH,); IR (KBr, selected bonds, cm™"): ¥(N-H): 3438(s), 3350(s); ¥(C=
N) and/or ¥(C=C,): 1668(s), 1627(s); 8(N—H), ¥(C=N), and/or ¥(C=
Cp): 1571(m); O(C—H): 823(m), 781(w); HRESI"-MS (MeOH/Me,SO
1.00:0.01, v/v): m/z calcd for (IM—CI17): 788.9752; found: 788.9746;
elemental analysis (%) calcd for C,,H;NgBr,Cl,O,Pt: C, 31.32; H,
3.29; N, 12.18; found: C, 31.34; H, 3.17; N, 12.51.
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12 (243 mg, 73%): m.p. 156°C (decomp); 'HNMR (400 MHz,
Me,SO-d,, 27°C): 8.03 (s, 2H, NH), 6.28 (s, br, 4H, NH,), 3.62-3.59
(m, 8H, CH,), 3.20-3.17 (m, 8H, CH,), 2.88 (q, 4H, CH,), 1.27 (t, 6H,
CH;); C{'H} NMR (100 MHz, Me,SO-ds, 27°C): 173.38 (C=NH),
159.60 (C=N), 66.00 (CH,), 46.01 (CH,), 26.43 (CH,), 11.07 (CHJ); IR
(KBr, selected bonds, cm™): ¥(N—H): 3448(s), 3238(s); V(C=N):
1620(s); d(N—H), ¥(C=N): 1566(m); 6(C—H): 887(m), 850(w), 719(m);
HRESI*-MS (MeOH/Me,SO 1.00:0.01, v/v): m/z calcd for ([M-+Na]*):
689.1448; found: 689.1446; elemental analysis (%) calcd for
Ci6H3,NgCLO,Pt: C, 28.83; H, 4.84; N, 16.81; found: C, 28.74; H,
5.02; N, 16.85.

13 (32.2mg, 89%): m.p. 164°C (decomp); 'HNMR (400 MHz,
Me,SO-d,, 27 °C): 8.23 (s, br, 2H, NH), 6.96 (s, br, 4H, NH,), 4.06-4.02
(m, 8H, CH,), 3.63-3.60 (m, 8H, CH,), 1.64 (s, 18H, CH); *C{'H}
NMR (100 MHz, Me,SO-d,;, 27°C): 168.89 (C=NH), 151.74 (C=N),
64.38 (CH,), 46.91 (CH,), 29.40 (C(CH,)5), 24.54 (CH,); IR (KBr, select-
ed bonds, ecm™"): ¥(N—H): 3589(s), 3461(s), 3355(m); V(C=N):
1618(s); O(N—H), V(C=N): 1552(m); O(C—H): 862(w), 721(m), 657(w);
HRESI*-MS (MeOH/Me,SO 1.00:0.01, v/v): m/z calcd for (IM+H]"):
723.2256; found: 723.2225; elemental analysis (%) calcd for
CroHaoNsCLO,Pt: C, 33.24; H, 5.58; N, 15.51, found: C, 33.19; H, 5.67;
N, 15.50.

14 (29.7 mg, 78%): m.p. 158°C (decomp); 'HNMR (400 MHz,
Me,SO-d,, 27°C): 8.63 (m, 2H, Ph), 8.19 (s, br, 2H, NH), 7.69-7.66
(m, 4H, Ph), 7.34-7.30 (m, 4H, Ph), 6.54 (s, br, 4H, NH,), 3.81-3.78
(m, 8H, CH,), 3.22-3.19 (m, 8H, CH,); "C{'H} NMR (100 MHz,
Me,SO-d,, 27°C): 166.74 (C=NH), 151.90 (C=N), 141.20, 140.05,
136.77 (CH,,), 113.25 (Cy,), 67.00 (CH,), 48.47 (CH,); IR (KBr, selected
bonds, cm™"): ¥(N—H): 3346(s), 3238(s); v(C=N) and/or ¥(C=C,,):
1633(s); 0(N—H), ¥(C=N), and/or ¥(C=C,,): 1508(m), 1466(m); O(C—
H): 823(w), 748(m), 665(w); HRESI*-MS (MeOH/Me,SO 1.00:0.01, v/
v): m/z caled for (IM-+H]"): 763.1632; found: 763.1613; elemental
analysis (%) calcd for C,,H;,NgCl,O,Pt: C, 37.80; H, 4.23; N, 14.69;
found: C, 37.82; H, 4.28; N, 14.77.
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