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a b s t r a c t

The reaction of electron rich [PtMe2(NN)] with SnMe2Cl2 in a 1:3/Pt:Sn mole ratio resulted in formation
of Pt(IV) complexes [PtMe2(SnMe2Cl)Cl(NN)] {NN¼ 4,40-Me2bpy (4,40-dimethyl-2,20-bipyridine) (7); 5,50-
Me2bpy (5,50-dimethyl-2,20-bipyridine) (8); bphen (4,7-diphenyl-1,10-phenanthroline) (9)}. NMR data
show that the resulting complexes exist as the sole product corresponding to that of trans oxidative
addition of SnMe2Cl2. The yellow polymorph of complex [PtCl2(5,50-Me2bpy)] (10) was characterized by
X-ray crystallography from the reaction of [PtMe2(5,50-Me2bpy)] and excess of SnMe2Cl2 due to the
reductive elimination of 8. On the other hand, the reaction of [PtMe2(NN)] with SnEt2Cl2 in a 1:3/Pt:Sn
mole ratio resulted in formation of new complexes [PtMe2(SnEt2Cl)Cl(4,40-Me2bpy)] (11), [PtMe2(S-
nEt2Cl)Cl(5,50-Me2bpy)].SnEt2Cl2 (12) and [PtMe2(SnEt2Cl)Cl(bu2bpy)].SnEt2Cl2 (bu2bpy ¼ 4,40-di-tert-
butyl-2,20-dipyridine) (13). NMR data indicate that the PteSnEt2Cl bond is weaker than the PteSnMe2Cl
bond. The X-ray crystal structure of 13 reveals that organoplatinum(IV) complex acts as a donor to the
SnEt2Cl2 to form an adduct in a distorted trigonal bipyramid with the axial Cl/SneCl and equatorial
SnEt2Cl units. Moreover, the X-ray crystal structure of the new yellow form of [PtClMe(4,40-Me2bpy)]
(14), which has been formed by the crystallization of a mixture of [PtMe2(4,40-Me2bpy)] and excess of
SnEt2Cl2, is described. The reaction of dimethylplatinum(II) complexes with dimethyltin diisothiocanate
are reported for the first time which occur via Sn-NCS bond cleavage to afford the organoplatinum(IV)
complexes [PtMe2(SnMe2NCS)(SCN)(NN)] {NN¼ bpy (17); phen (18); 5,50-Me2bpy (19); bu2bpy (20);
bphen (21)}. The crystal structures of the novel thiocyanatoplatinum(IV) complexes [PtMe2(SCN)2(bpy)]
(22) and [PtMe2(SCN)2(5,50-Me2bpy)]. H2O (23) are discussed which have been obtained due to the a-
elimination of SnMe2. The crystal structures of 22e23 show that platinum adopts a slightly distorted
octahedral geometry with trans- Pt(SCN)2 configuration in which SCN is bonded through sulfur atom
while the nitrogen atom is coordinated to tin. NMR data indicate that the products dissociate via a-
elimination of SnMe2 or reductive elimination of organotin(IV) compound and the stability of the
organoplatinum(IV) compounds varies according to the trends [PtMe2(SnMe2Cl)Cl(NN)]>[PtMe2(Sn-
Me2NCS)(SCN)(NN)]>[PtMe2(SnEt2Cl)Cl(NN)].

© 2018 Elsevier B.V. All rights reserved.
1. Introduction

Oxidative addition reactions have attracted growing attention
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due to the particular importance in catalytic chemistry, supramo-
lecular chemistry, and platinum based drugs [1e4]. Among them,
the oxidative addition reactions of organoplatinum(II) are of
particular interest and a variety of Pt(IV) complexes were synthe-
sized via activation of HX, C-X, Sn-X, Ge-X, Hg-X and Au-X bonds
(X¼ halide) [5e15]. One of the most versatile organometallic re-
agents is organotin compounds which are particularly important in
many catalyzed reactions in organic chemistry such as Stille reac-
tion, palladium-catalyzed cross coupling of organostannates and
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organic electrophiles [16,17]. Despite the importance of binary
mixtures of Pt(II)/Sn(II) compounds in several catalytic reactions
such as hydrogenation and hydroformylation of olefins, few have
been isolated [18e23]. The reactions of organoplatinum(II) com-
plexes with tin halides generally can be divided to two main re-
actions: oxidative addition of SnIV-X bond (X¼ halide) to
dimethylplatinum(II) complexes and the insertion of SnII-X into PtII/
IV-X bond [24e30]. However, the exchange of halide can be
observed in the case of mixed halide systems [31,32]. Remarkably,
the reaction of dimethylplatinum(II) complexes with organotin
halides can be as an equilibrium between parent Pt(II) complex and
the resulting Pt(IV) product or self-association between halide ion
as a donor and organotin(IV) halide as the acceptor [13,33e35].

Oxidative addition of SnIV-X bonds is one of themost complicate
reactions among the group(IV)-X activation due to the competitive
reactions such as reductive elimination in the case of diimine or
phosphine ligands or the formation of an adduct between the
second organotin(IV) compound and halide of the Pt-X bond
[24,34e36]. Interestingly, we have previously reported that the
dissociation of trans-[PtMe2(CH2Cl)(phen)(PPh3)][SnCl3].C2Cl2H4 in
solution results in the formation of [SnCl4(phen)] [37]. In earlier
report, we have reported that [PtBr2(bpy)] was formed during the
crystallization of cis- and trans-[PtMe2(SnBr2Cl)(CH2Cl)(bpy)] [31].
In addition, the selective cleavage of PteMe bond was achieved in
the case of reaction of dimethylplatinum(II) containing chelating
phosphine ligands with SnMe2Cl2 and SnPh3Cl which was assigned
to the presence of strong p-acceptor phosphine ligands [36]. The
thermal stability of trans-[PtMe2(SnMe3)Cl(bpy)] indicates that
three composition pathway are possible; competitive reductive
elimination of SnMe3Cl, SnMe4 and elimination of SnMe2 [38].

As an extension to our ongoing interest in the synthesis of the
binary mixtures of platinum and tin complexes, we present here
new insight into the reaction of diimine organoplatinum(II) com-
pounds with diorganotin dichloride or diisothiocyanate. These are
also the first examples of activation of Sn-isothiocyanate bond and
SnEt2Cl2 to dimethylplatinum(IV) complexes. Accordingly, the
novel stable dithiocyanatoplatinum(IV) complexes have been pre-
pared in this way.

2. Experimental

2.1. General remarks

All reagents and solvents commercially available (Alpha Aesar,
Sigma Aldrich, Acros, Merck) and were used without further puri-
fication. Elemental analyses were performed by a Flash EA 1112
elemental analyzer. The 1H, 13C, 119Sn, 195Pt, HH-COSY, HSQC and
DEPT-135� NMR spectra were recorded using Biospin GmbH 400
spectrometer using residual solvent peaks, Na2PtCl6 (195Pt) and
SnMe4 (119Sn) as references. All the chemical shifts and coupling
constants are reported in ppm and Hz, respectively. The UVeVis
study was performed using a single beam Camspect M330 UV/
visible spectrophotometer at room temperature. IR spectra in the
4000-400 cm�1 were recorded on KBr pellets using ABB Bomem
Model FTLA200-100 spectrophotometer. The starting complexes
[Pt2Me4(m-SMe2)2], [PtMe2(bpy)] (1), [PtMe2(phen)] (2),
[PtMe2(4,40-Me2bpy)] (3), [PtMe2(5,50-Me2bpy)] (4), [PtMe2(-
bu2bpy)] (5) and [SnMe2(NCS)2] were prepared according to the
literature [39e43]. The numerical data for NMR spectroscopy are
summarized in the Experimental Section and NMR spectra are
provided in Supplementary Information (Figs. S1eS9).

2.2. Preparation of [PtMe2(bphen)] (6)

To a solution of [Pt2Me4(m-SMe2)2] (51mg, 0.09mmol) in
acetone (5mL) was added a solution of bphen (59mg, 0.18mmol)
in acetone (30mL). The reaction color changed to deep red and the
solution stirred for 2 h at room temperature. After removal of the
solvent under reduced pressure, the dark red complex was ob-
tained and air dried. Yield: 72%; m.p. 221 �C (dec). Anal. Calc. for
C26H22N2Pt: C, 56.01; H, 3.98; N, 5.02. Found: C, 55.67; H, 4.27; N,
4.77%. NMR data in CDCl3: d(1H) 1.30 [s, 6H, 2J(PteH)¼ 85.3 Hz,
PteMe], 7.56 [s, 10H, Ph groups], 7.75 [d, 2H, 3J(HH)¼ 5.1 Hz, H3],
7.94 [s, 2H, H5], 9.56 [d, 2H, 3J(HH)¼ 5.1 Hz, 3J(PteH)¼ 25.4 Hz, H2];
d(13C) �17.1 [s, 1J(PteC)¼ 804Hz, PteMe], 125.2 (C5), 126.1 [C3,
2J(PteC)¼ 19 Hz], 128.8 (C1), 129.2e129.4 (Ph groups), 137.1 (C13),
146.4 [C2, 2J(PteC)¼ 33Hz], 148.6 (C11), 148.8 (C4); d(195Pt) �3359.
UVeVis (lmax in toluene): 474 and 516 nm.

2.3. Preparation of [PtMe2(SnMe2Cl)Cl(4,40-Me2bpy)] (7)

To a stirred solution of [PtMe2(4,40-Me2bpy)] (66mg, 0.16mmol)
in CH2Cl2 (3mL) was added SnMe2Cl2 (106mg, 0.48mmol). The
solution color was changed immediately from orange to pale yellow.
After 10min, 30mL of diethyl ether/pentane (1:1) was added to
precipitate the product as a pale yellow solid, which was isolated by
filtration, washed with diethyl ether and air dried. Yield: 55%; m.p.
190e192 �C. Anal. Calc. for C16H24Cl2N2PtSn: C, 30.55; H, 3.85; N,
4.45. Found: C, 30.84; H, 3.98; N, 5.27%. NMR data in CDCl3: d(1H)
0.38 [s, 6H, 2J(119/117SneH)¼ 47.9Hz, SneMe], 1.33 [s, 6H,
2J(PteH)¼ 55.7Hz, PteMe], 2.53 [s, 6H, CH3 of 4,40-Me2bpy], 7.42 [d,
2H, 3J(HH)¼ 5.1 Hz, H5], 8.06 [s, 2H, H3], 8.71 [d, 2H, 3J(HH)¼ 5.9 Hz,
3J(PteH)¼ 19.3 Hz, H6]; d(13C) �12.4 [s, 1J(PteC)¼ 569Hz,
PteMe], �3.5 [s, 1J(119/117SneC)¼ 297, 2J(PteC)¼ 98Hz, SneMe],
21.8 [s, CH3 of 4,40-Me2bpy], 124.6 (C3), 127.7 (C5), 147.0 (C6), 151.4
(C4), 155.3 (C2); d(119Sn) 17 [s, 1J(PteSn)¼ 12964Hz]; d(195Pt) �2884
[s, 1J(Pte119Sn)¼ 13082Hz, 1J(Pte117Sn)¼ 12422Hz].

2.4. Preparation of [PtMe2(SnMe2Cl)Cl(5,50-Me2bpy)] (8)

Following the same procedure as the synthesis of 7, the reaction
of [PtMe2(5,50-Me2bpy)] (70mg, 0.17mmol) with SnMe2Cl2
(113mg, 0.51mmol) gave a pale yellow solid. Yield: 58%; m.p.
187 �C (dec). Anal. Calc. for C16H24Cl2N2PtSn: C, 30.55; H, 3.85; N,
4.45. Found: C, 30.35; H, 4.11; N, 5.38%. NMR data in CDCl3: d(1H)
0.35 [s, 6H, 2J(119/117SneH)¼ 48.9 Hz, SneMe], 1.35 [s, 6H,
2J(PteH)¼ 55.7 Hz, PteMe], 2.40 [s, 6H, CH3 of 5,50-Me2bpy], 7.80
[br d, 2H, 3J(HH)¼ 8.1 Hz, H3], 8.06 [s, 2H, 3J(HH)¼ 8.3 Hz, H4], 8.65
[br s, 2H, 3J(PteH)¼ 15.6 Hz, H6]; d(13C)�12.0 [s, 1J(PteC)¼ 569 Hz,
PteMe], �3.6 [s, 1J(119/117SneC)¼ 299 Hz, 2J(PteC)¼ 100Hz,
SneMe], 18.9 [s, CH3 of 5,50-Me2bpy], 123.0 (C4), 137.3 (C5), 139.7
(C3), 147.7 (C6), 153.1 (C2); d(119Sn) �116, �62, �31, 19 [s,
1J(PteSn)¼ 12900Hz]; d(195Pt) �2886 [s, 1J(Pte119Sn)¼ 12963Hz,
1J(Pte117Sn)¼ 12360Hz]. Yellow crystals of [PtCl2(5,50-Me2bpy)]
(10) suitable for single crystal X-ray structure determination were
grown from a mixture of an acetone solution of [PtMe2(5,50-
Me2bpy)] and SnMe2Cl2 in a 1:4mol ratio during 3 days.

2.5. Preparation of [PtMe2(SnMe2Cl)Cl(bphen)] (9)

Similarly, the reaction of [PtMe2(bpen)] (45mg, 0.08mmol)
with SnMe2Cl2 (53mg, 0.24mmol) gave a yellow solid. Yield: 68%;
m.p. 205e207 �C. Anal. Calc. for C28H28Cl2N2PtSn: C, 43.27; H, 3.63;
N, 3.60. Found: C, 43.40; H, 3.95; N, 4.31%. NMR data in CDCl3: d(1H)
0.41 [s, 6H, 2J(119/117SneH)¼ 48.7 Hz, SneMe], 1.55 [s, 6H,
2J(PteH)¼ 55.7 Hz, PteMe], 7.54e7.60 [m, 10H, Ph groups], 7.90 [d,
2H, 3J(HH)¼ 5.1 Hz, H3], 8.05 [s, 2H, H5], 9.26 [d, 2H,
3J(HH)¼ 5.4 Hz, 3J(PteH)¼ 20.5 Hz, H2]; d(13C) �12.4 [s,
1J(PteC)¼ 570Hz, PteMe], �3.4 [s, 1J(119/117SneC)¼ 300Hz,
2J(PteC)¼ 100Hz, SneMe], 125.8 (C5), 126.0 (C3), 129.3e129.9 (Ph
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groups), 136.0 (C13), 147.3 [C2, 2J(PteC)¼ 19Hz], 147.6 (C11), 151.5
(C4); d(119Sn) 19 [s, 1J(PteSn)¼ 12878]; d(195Pt) �2918 [s, 1J(Pt-119/
117Sn)¼ 12947Hz].

2.6. Preparation of [PtMe2(SnEt2Cl)Cl(4,40-Me2bpy)] (11)

Similarly, the reaction of [PtMe2(4,40-Me2bpy)] (65mg,
0.16mmol) with SnEt2Cl2 (118mg, 0.48mmol) gave a pale yellow
solid. Yield: 50%; m.p. 191e193 �C. Anal. Calc. for C18H28Cl2N2PtSn.
0.5acetone: C, 34.13; H, 4.55; N, 4.08. Found: C, 34.33; H, 4.39; N,
4.96%. NMR data in CDCl3: d(1H) 1.02 [m, 6H, CH3 of Et], 1.08 [m, 4H,
2J(119/117SneH)¼ not resolved, PtCH2],1.36 [s, 6H, 2J(PteH)¼ 55.7Hz,
PteMe], 2.51 [s, 6H, CH3 of 4,40-Me2bpy], 7.40 [d, 2H, 3J(HH)¼ 5.1 Hz,
H5], 8.06 [s, 2H, H3], 8.71 [d, 2H, 3J(HH)¼ 5.6 Hz, 3J(PteH)¼ 20.3Hz,
H60]; d(13C) �13.7 [s, 1J(PteC)¼ 570Hz, PteMe], 8.2 [s, 1J(119/
117SneC)¼ 297Hz, 2J(PteC)¼ 98Hz, SnCH2], 10.3 [s, 2J(119/
117SneC)¼ not resolved, 3J(PteC)¼ 27Hz, CH3 of Et], 21.8 [s, CH3 of
4,40-Me2bpy], 124.6 (C3), 127.6 (C5), 147.1 [s, 2J(PteC)¼ not resolved,
3J(119/117SneC)¼ 18Hz, C6], 151.4 (C4), 155.3 (C2); d(119Sn) 25 [s,
1J(PteSn)¼ 11595Hz]; d(195Pt) �2838 [s, 1J(Pte119Sn)¼ 11590Hz,
1J(Pte117Sn)¼ 11090Hz]. Yellow single crystals of [PtMeCl(4,40-
Me2bpy)] (14) were grown by slow evaporation a mixture of an
acetone solution of [PtMe2(4,40-Me2bpy)] and excess of SnEt2Cl2 at
room temperature.

2.7. Preparation of [PtMe2(SnEt2Cl)Cl(5,50-Me2bpy)].SnEt2Cl2 (12)

Similarly, the reaction of [PtMe2(5,50-Me2bpy)] (61mg,
0.15mmol) with SnEt2Cl2 (111mg, 0.45mmol) gave a pale yellow
solid. Yield: 49%; m.p. 156e158 �C. Anal. Calc. for
C18H28Cl2N2PtSn.SnEt2Cl2: C, 29.20; H, 4.23; N, 3.10. Found: C,
29.34; H, 4.53; N, 3.02%. NMR data in CDCl3: d(1H) 1.03 [m, 6H, CH3
of Et], 1.07 [m, 4H, 2J(119/117SneH)¼ not resolved, PtCH2], 1.38 [s, 6H,
2J(PteH)¼ 54.5 Hz, PteMe], 1.41 [m, CH3 of free SnEt2Cl2], 1.72 [m,
CH2 of free SnEt2Cl2], 2.50 [s, 6H, CH3 of 5,50-Me2bpy], 7.84 [d, 2H,
3J(HH)¼ 7.8 Hz, H3], 8.07 [d, 2H, 3J(HH)¼ 8.1 Hz, H4], 8.67 [s, 2H,
3J(PteH)¼ 16.2 Hz, H6]; d(13C) �13.2 [s, 1J(PteC)¼ 572Hz, PteMe],
8.4 [s, 1J(119/117SneC)¼ not resolved, 2J(PteC)¼ 100Hz, SnCH2], 9.5
[s, CH3 of Et], 10.0 [CH3 of free SnEt2Cl2], 18.9 [s, CH3 of 5,50-
Me2bpy],19.9 [CH2 of free SnEt2Cl2],122.9 (C4),137.4 (C5),139.7 (C3),
148.0 (C6), 153.3 (C2); d(119Sn) 28 [s, 1J(PteSn)¼ 11446Hz], 96;
d(195Pt)�2833 [s, 1J(Pte119Sn)¼ 11590 Hz, 1J(Pte117Sn)¼ 11132 Hz].
The crystallization of 12 from DMSO led to the formation of light
yellow crystals of [Sn4Et8Cl2O2(OH)2] (15), suitable for X-ray crys-
tallographic study.

2.8. Preparation of [PtMe2(SnEt2Cl)Cl(bu2bpy)].SnEt2Cl2 (13)

Similarly, the reaction of [PtMe2(bu2bpy)] (40mg, 0.08mmol)
with SnEt2Cl2 (60mg, 0.24mmol) gave a pale yellow solid. Yield:
67%; m.p. 308e311 �C (dec.). Anal. Calc. for
C24H40Cl2N2PtSn.SnEt2Cl2: C, 34.00; H, 5.10; N, 2.83. Found: C, 34.66;
H, 5.38; N, 2.85%. NMR data in CDCl3: d(1H) 1.03 [m, 6H, CH3 of Et],
1.11 [m, 4H, 2J(119/117SneH)¼ not resolved, PtCH2], 1.35 [s, 6H,
2J(PteH)¼ 54.8Hz, PteMe],1.42 [m, CH3 of free SnEt2Cl2],1.44 [s, 6H,
CH3 of bu2bpy], 1.71 [m, CH2 of free SnEt2Cl2], 7.62 [dd, 2H,
3J(HH)¼ 5.9 Hz, 4J(HH)¼ 1.5Hz, H5], 8.13 [d, 2H, 4J(HH)¼ 1.7Hz, H3],
8.78 [d, 2H, 3J(HH)¼ 5.9 Hz, 3J(PteH)¼ 20.8Hz, H6]; d(13C) �13.6 [s,
1J(PteC)¼ 569Hz, PteMe], 8.5 [s, 1J(119/117SneC)¼ not resolved,
2J(PteC)¼ 95Hz, SnCH2], 9.5 [s, CH3 of Et],10.0 [CH3 of free SnEt2Cl2],
21.1 [CH2 of free SnEt2Cl2], 30.5 (s, terminal C of tBu), 35.7 (s, central C
of tBu), 120.3 (C3), 124.3 (C5), 147.4 (C6), 155.6 (C4), 164.1 (C2);
d(119Sn) �139, �91, 25 [s, 1J(PteSn)¼ 11526Hz], 95; d(195Pt) �2838
[s, 1J(Pt-119/117Sn)¼ 11686Hz]. The needle yellow single crystals of
[PtMe2(SnEt2Cl)Cl(bu2bpy)]. SnEt2Cl2 were grown from evaporation
of a dichloromethane solution of 13 at room temperature after 3
days. Crystallization of 13 from dichloromethane/n-pentane at 4 �C
gave crystals of yellow solid [PtCl2(bu2bpy)] (16) after 1 week.

2.9. Preparation of [PtMe2(SnMe2NCS)(SCN)(bpy)] (17)

To a solution of [PtMe2(bpy)] (120mg, 0.31mmol) in acetone
(15mL) was added a solution of SnMe2(SCN)2 (83mg, 0.31mmol)
in acetone (5mL). The mixture was stirred for 24 h at the room
temperature, during which time the product formed as a pale
yellow precipitate. Themixturewas filtered and the precipitatewas
washed with diethyl ether and air dried. Yield: 68%; m.p.
193e195 �C. Anal. Calc. for C16H20N4PtS2Sn: C, 29.74; H, 3.12; N,
8.67; S, 9.92. Found: C, 30.21; H, 3.25; N, 8.09; S, 9.30%. Selected IR
data (KBr, cm�1): 3004e2817 (CeH), 2104 (SCN), 2051 (NCS), 1602
(C]N), 766 (CeS). NMR data in DMSO‑d6: d(1H) 0.15 [s, 6H, 2J(119/
117SneH)¼ 59.9 Hz, SneMe], 1.15 [s, 6H, 2J(PteH)¼ 61.1 Hz,
PteMe], 7.87 [br s, 2H, H5], 8.35 [t, 2H, 3J(HH)¼ 7.7 Hz, H4], 8.83 [br
s, 4H, H3and H6]; d(13C)�11.7 [s, 1J(PteC)¼ 586 Hz, PteMe],�0.4 [s,
1J(119/117SneC)¼ 434, 2J(PteC)¼ 84Hz, SneMe], 124.3 (C3), 127.0
(C5), 140.0 (C4), 148.1 (C6), 155.0 (C2); d(119Sn) �157 [s,
1J(PteSn)¼ not resolved]; d(195Pt) �3085 [s, 1J(Pt-119/
117Sn)¼ 13192Hz]. Single crystals of [PtMe2(SCN)2(bpy)] (22) suit-
able for X-ray crystallography study were obtained when the
complex 17 was remained in chloroform at room temperature.

2.10. Preparation of [PtMe2(SnMe2NCS)(SCN)(phen)] (18)

Complex 18 was prepared in a similar way as for 17 except that
[PtMe2(phen)] was used instead of [PtMe2(bpy)]. Yield: 53.8%; m.p.
213 �C (dec). Anal. Calc. for C18H20N4S2PtSn: C, 32.25; H, 3.01; N,
8.36; S, 9.57. Found C, 32.18; H, 3.19; N, 8.25; S, 9.59%. Selected IR data
(KBr, cm�1): 3047e2811 (CeH), 2103 (SCN), 2062 (NCS),1517 (C]N),
773 (CeS). NMR data in DMSO‑d6: d(1H) �0.06 [s, 6H, 2J(119/
117SneH)¼ 60.6Hz, SneMe], 1.30 [s, 6H, 2J(PteH)¼ 62.1 Hz, PteMe],
8.22 [dd, 2H, 3J(HH)¼ 8.0 Hz, 3J(HH)¼ 5.1 Hz, H3], 8.34 [s, 2H, H5],
8.97 [d, 2H, 3J(HH)¼ 7.8Hz, H4,7], 9.19 [d, 2H, 3J(HH)¼ 5.1 Hz, H2];
d(13C) �12.2 [s, 1J(PteC)¼ 592Hz, PteMe], �0.6 [s, 1J(119/
117SneC)¼ 454Hz, 2J(PteC)¼ 84Hz, SneMe], 125.7 (C3), 127.9 (C5),
130.8 (C13), 139.1 (C4), 145.9 (C11), 148.8 (C2). d(119Sn) �372;
d(195Pt) �3100 [s, 1J(Pt-119/117Sn)¼ 12656Hz].

2.11. Preparation of [PtMe2(SnMe2NCS)(SCN)(5,50-Me2bpy)] (19)

This was prepared in a similar way as for 17 except that
[PtMe2(5,50-Me2bpy)] was used. Yield: 59%; m.p. 176e178 �C. Anal.
Calc. for C18H24N4S2PtSn.acetone: C, 34.44; H, 4.13; N, 7.65; S, 8.75.
Found: C, 34.88; H, 3.94; N, 7.28; S, 8.71%. Selected IR data (KBr,
cm�1): 3047e2817 (CeH), 2094 (SCN), 2054 (NCS), 1601 (C]N),
768 (CeS). NMR data in DMSO‑d6: d(1H) 0.11 [s, 6H,
2J(SneH)¼ 60.9 Hz, SneMe], 1.15 [s, 6H, 2J(PteH)¼ 60.9 Hz,
PteMe], 2.53 [s, 6H, CH3 of 5,50-Me2bpy], 8.15 [d, 2H,
3J(HH)¼ 8.1 Hz, H3], 8.59 [s, 2H, H6], 8.65 [d, 2H, 3J(HH)¼ 8.1 Hz,
H4]; d(13C) �11.6 [s, 1J(PteC)¼ 587 Hz, PteMe], �0.7 [s,
1J(SneC)¼ 415 Hz, 2J(PteC)¼ 89 Hz, SneMe], 18.2 [s, CH3 of 5,50-
Me2bpy], 123.4 (C4), 136.9 (C5), 140.3 (C3), 147.8 (C6), 152.6 (C2);
d(119Sn) �153; d(195Pt) �3080. Single crystals of [PtMe2(SCN)2(5,50-
Me2bpy)]. H2O (23) suitable for X-ray crystallography study were
obtained when the complex 19 was remained in DMSO solution at
room temperature.

2.12. Preparation of [PtMe2(SnMe2NCS)(SCN)(bu2bpy)] (20)

This was prepared in a similar way as for 17 except that
[PtMe2(bu2bpy)] was used. Yield: 55%; m.p. 203 �C (dec). Anal. Calc.
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for C24H36N4S2PtSn: C, 38.00; H, 4.78; N, 7.39; S, 8.45. Found: C,
38.56; H, 5.26; N, 6.48; S, 8.50%. Selected IR data (KBr, cm�1):
2962e2904 (CeH), 2090 (SCN), 2055 (NCS), 1613 (C]N), 773 (CeS).
NMR data in DMSO‑d6: d(1H) 0.13 [s, 6H, 2J(119/117SneH)¼ 61.6 Hz,
SneMe], 1.11 [s, 6H, 2J(PteH)¼ 60.9 Hz, PteMe], 1.44 [s, 18H, CH3 of
bu2bpy], 7.82 [dd, 2H, 3J(HH)¼ 6.0 Hz, 4J(HH)¼ 1.5 Hz, H5], 8.67 [d,
2H, 4J(HH)¼ 1.5 Hz, H3], 8.75 [d, 2H, 3J(HH)¼ 5.9 Hz, H6];
d(13C) �11.8 [s, 1J(PteC)¼ 585 Hz, PteMe], �0.4 [s, 1J(119/
117SneC)¼ not resolved, 2J(PteC)¼ 85Hz, SneMe], 30.3 (s, termi-
nal C of tBu), 35.7 (s, central C of tBu), 121.2 (C3), 123.6 (C5), 149.2
(C6), 155.4 (C4), 163.8 (C2). d(119Sn) �372; d(195Pt) �2755.
2.13. Preparation of [PtMe2(SnMe2NCS)(SCN)(bphen)] (21)

This was prepared similarly but using [PtMe2(bphen)] and the
precipitate was washed with diethyl ether/pentane (1:1) and air
dried. Yield: 24%; m.p. 188e190 �C. Anal. Calc. for
C30H28N4S2PtSn.2H2O: C, 41.97; H, 3.76; N, 6.53; S, 7.47. Found: C,
41.14; H, 3.56; N, 6.40; S, 7.47%. Selected IR data (KBr, cm�1):
3044e2790 (CeH), 2111 (SCN), 2078 (NCS), 1598 (C]N), 719 (CeS).
NMR data in CDCl3: d(1H) 0.30 [s, 6H, 2J(SneH)¼ 49.4 Hz, SneMe],
1.38 [s, 6H, 2J(PteH)¼ 57.7 Hz, PteMe], 7.59e7.64 [m, 10H, Ph
groups], 8.00 [d, 2H, 3J(HH)¼ 5.4 Hz, H3], 8.12 [s, 2H, H5], 9.17 [d,
2H, 3J(HH)¼ 5.4 Hz, 3J(PteH)¼ 20.5 Hz, H2]; d(13C) �13.5 [s,
1J(PteC)¼ 559 Hz, PteMe], �5.1 [s, 1J(SneC)¼ 305Hz,
2J(PteC)¼ 84Hz, SneMe], 126.0e126.5 [m, C5, C6, C3, C8, C13, C14],
129.3e130.0 (m, Ph groups), 135.8 (C1), 147.1 (C2), 147.2 (C11), 152.0
(C4); d(119Sn) �11 [s, 1J(PteSn)¼ 11881 Hz]; d(195Pt) �2798.
2.14. X-ray crystal structure determination

Single crystal X-ray diffraction experiments of 10, 13, 14, 15, 22
and 23 were performed on a KUMA KM-4 diffractometer with a
Scheme 2. Preparation o
two-dimensional area CCD detector. Yellow crystals (needle) were
chosen, radiation Mo-Ka, l¼ 0.71073 Å. Data collection was per-
formed at low temperature (100(1) K) using the CrysAlis CCD
program [44]. The u-scan technique with Du¼ 1.0� for each image
was used for data collection. One image was used as a standard
after every 40 images for monitoring of the crystal stability and
data collection, and no correction on the relative intensity varia-
tions was necessary. Integration, scaling of the reflections, correc-
tion for Lorenz and polarization effects and absorption corrections
were performed using the CrysAlis Red program [44]. The struc-
tures were solved by the direct methods using SHELXT program
and refined on F2 with a Full-matrix least-squares algorithm using
the SHELXL (Sheldrick 2014/7) software [45]. A summary of crystal
data, experimental details, and refinement results is given in Sup-
plementary Information (Table S1).
3. Results and discussion

3.1. Preparation and characterization

As part of a study on the oxidative addition reactions of the
electron rich organoplatinum(II) complexes [PtMe2(NN)]
{NN¼ bpy (1), phen (2), 4,40-Me2bpy (3), 5,50-Me2bpy (4), bu2bpy
(5) with diorganotin dichloride and diisothiocyanate, six diimine
ligands were employed in this paper. Herein, we report the prep-
aration of [PtMe2(bphen)] (6) for the first time. The reaction of
[Pt2Me4(m-SMe2)2] with bphen in acetone affords the red complex
[PtMe2(bphen) (6) in high yield. The complex 6 was characterized
by elemental analysis, 1H, 13C, and 195Pt NMR spectroscopy. The 1H
NMR spectrum of complex [PtMe2(bphen)] (6) gives a resonance at
d¼ 1.30 ppmwith platinum satellites 2J(PteH)¼ 85.3 Hz due to the
PteMe groups. In addition, the 13C NMR spectrum of 6 in CDCl3
displays a singlet of d¼�17.1 ppm with 1J(PteC)¼ 804 Hz. The
UVevisible spectrum of a solution of 6 in toluene shows two bands
at 474 and 516 nm which arises from the Pt(5d) to p*(diimine)
MLCT transitions [46].

Reaction of [PtMe2(NN)] with SnMe2Cl2 in a 1:3/Pt:Snmole ratio
resulted in formation of new platinum(IV) complexes [PtMe2(Sn-
Me2Cl)Cl(NN)] {NN¼ 4,40-Me2bpy (7); 5,50-Me2bpy (8); bphen (9)
in good yields (Scheme 1). The reactions occurred easily at room
temperature and the reactions proceeded based on the color
change from orange-red to pale yellow. Our data show that the
oxidative addition reaction depends upon the Pt:Sn mole ratios as
well as the reaction time.

The characterization of the products was established by
elemental analysis, multinuclear (1H, 13C, 119Sn, 195Pt) NMR, and 2D
NMR (HHCOSY, HSQC, and DEPT-135�) spectroscopy. The
f complexes 11-13.



Scheme 3. Synthesis of complexes 17-21.
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observation of one PteMe resonance and a diimine ligand in
complexes 7e9 indicate the trans oxidative addition occurred. The
1H NMR spectra of platinum(IV) complexes 7e9 show a sharp
resonance at d¼ 1.33e1.55 ppm with well resolved
2J(PteH)¼ 55.7 Hz and d¼ 0.35e0.41 ppm with
3J(SneH)¼ 47.9e48.9 Hz, the 1H NMR spectra of complexes 7e9 are
shown in Fig. S1. As an example, the 13C NMR spectrum of complex
[PtMe2(SnMe2Cl)Cl(bphen)] (9) in CDCl3 contains a singlet at
d¼�12.4 ppm with 1J(PtC)¼ 570Hz which is assigned to the
PteCH3 ligands. The signal due to the SneMe appears at d¼�3.4
which is accompanied by tin and platinum satellites with 1J(119/
117SneC)¼ 300 Hz and 2J(PteC)¼ 100Hz (Fig. S2). The DEPT-135�

spectrum of complex 9 confirms the structural information by
elimination of the signals of quaternary carbons (Fig. S3). The as-
signments of the diimine ligand are made by a correlation in the
HSQC spectrum (Fig. S4).

The presence of tin satellites 1J(Pt-119/117Sn)¼ 12360e13082 Hz
in the 195Pt NMR spectra as well as the platinum satellites
1J(PteSn)¼ 12878e12964 Hz in the 119Sn NMR spectra of com-
plexes 7e9 indicate that the direct platinum-tin bond is maintained
in solution, the 195Pt and 119Sn NMR spectra of complexes 7e9 are
shown in Fig. S5. It should be mentioned that the free SnMe2Cl2
could not be detected in the case of 7e9 based on the elemental
analysis and NMR spectra.

Similarly, the reactions of 3e5with SnEt2Cl2 occurred to give the
Fig. 1. Changes in the UVeVis spectrum during the reaction of 3mL [PtMe2(4,40-
Me2bpy)] (3) (3� 10�4M) with SnMe2(SCN)2 in a 1:1mol ratio in toluene at room
temperature, (a) pure [PtMe2(4,40-Me2bpy)] (3) (b) after 1½ h; successive spectra
recorded at intervals of 90 s.
corresponding products of trans oxidative addition of organo-
platinum(IV) complexes [PtMe2(SnEt2Cl)Cl(4,40-Me2bpy)] (11),
[PtMe2(SnEt2Cl)Cl(5,50-Me2bpy)].SnEt2Cl2 (12) and [PtMe2(SnEt2Cl)
Cl(bu2bpy)].SnEt2Cl2 (13) since the resulting platinum(IV) com-
plexes only one PteMe resonance as well as the signals for the
magnetically equivalent diimine ligands (Scheme 2).

As an example, the 1H NMR spectrum of [PtMe2(SnEt2Cl)Cl(4,40-
Me2bpy)] (11) in CDCl3 is shown in Fig. S6. In solution, these
complexes are not stable for several days and the dissociation of
stannyl group could be observed. Therefore, the diethylstannyl
complexes 11e13 have the lower stability than the dimethylstannyl
complexes 7e9 and dissociate in solution faster than the dimethyl
analogues as indicated by NMR spectra. The observation of 195Pt
and 119Sn satellites are direct proofs for the presence of covalent
platinum-tin bonds in solution; the 195Pt and 119Sn NMR spectra of
11 and 12 are shown in Fig. S7. Notably, the complexes 12e13 form a
1:1 adduct with SnEt2Cl2, however, the adduct formation in the
case of SnMe2Cl2 has been observed only in the case of crystalli-
zation in the presence of excess SnMe2Cl2 [13]. This can be attrib-
uted to the higher ability of SnEt2Cl2 towards adduct formation
with PteCl bond of organoplatinum(IV) compounds.

The platinum(II) complex PtClMe(4,40-Me2bpy)] (14) was ob-
tained during the crystallization of a mixture of [PtMe2(4,40-
Me2bpy)] and excess of SnEt2Cl2. On the other hand, the ladder
tetramer complex of [Sn4Et8Cl2O2(OH)2] (15) was also obtained in
an attempt to recrystallize [PtMe2(SnEt2Cl)Cl(5,50-Me2bpy)].S-
nEt2Cl2 in DMSO which is probably due to the partial hydrolysis of
SnEt2Cl2 in solution. Moreover, the platinum(II) complex of
[PtCl2(bu2bpy)] (16) was characterized by X-ray crystallography
from the crystallization of [PtMe2(SnEt2Cl)Cl(bu2bpy)].SnEt2Cl2 in a
mixture of CH2Cl2 and n-pentane. The X-ray crystallography data
reveals the formation of the yellow form of [PtCl2(bu2bpy)]; the
crystal structure of 16 has already been published [47].

The oxidative addition of SnMe2(SCN)2 to [PtMe2(NN)] proceeds
rapidly and cleanly to give the corresponding platinum(IV) prod-
ucts [PtMe2(SnMe2NCS)(SCN)(NN)] {NN¼ bpy (17); phen (18); 5,50-
Me2bpy (19); bu2bpy (20), bphen (21)} in good yields. (Scheme 3).
This is the first example of SneSCN cleavage in reactions with
organoplatinum(II) complexes. As an example, the changes in the
MLCT bands due to the reaction of [PtMe2(4,40-Me2bpy)] with
SnMe2(SCN)2 was followed by monitoring the decay of the MLCT
bands as the reaction progressed (Fig. 1).

Compound 17e20 are almost insoluble in all common organic
solvents except DMSO. For example, the 1H and 13C NMR spectra of
complexes 17 and 19 in DMSO‑d6 demonstrate the trans oxidative
addition of SnMe2(SCN)2 (Figs. S8eS9).
Table 1
119Sn and195Pt NMR data for platinum complexes.

Complexes 119Sn 195Pt

d(ppm) 1J(PteSn) (Hz) d(ppm) 1J(Pt-119/117Sn) (Hz)

6a e e �3359 e

7a 17 12964 �2884 13082 and 12422
8a 19 12900 �2886 12963 and 12360
9a 19 12878 �2918 12947
11a 25 11595 �2838 11590 and 11090
12a 28 11446 �2833 11590 and 11132
13a 25 11526 �2838 11686
17b �157 c �3085 13192
18b �372d c �3100 12656
19b �153 c �3080 c
20b �372d c �2755 c
21a �11 11881 �2798 c

a In CDCl3; bin DMSO‑d6; c not resolved; d this is mainly due to the adduct formation
of [SnMe2(NCS)2(DMSO)2] upon remaining in solution.



Scheme 4. Formation of platinum(II) complexes.
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Note that the reactions of [PtMe2(bu2bpy)] and [PtMe2(phen)]
with SnMe2(SCN)2 resulted in formation of the yellow products
which have been characterized as [PtMe2(SnMe2NCS)(SCN)(NN)]
{NN¼ phen (18), bu2bpy(20)} using elemental analysis. However,
there was a major product in NMR spectra, identified as
[SnMe2(NCS)2(DMSO)2]. NMR data displayed the complexes 18 and
20 existed in solution mainly in dissociated form due to the
reversible oxidative addition of [SnMe2(NCS)2] to [PtMe2(NN)] in
DMSO-ds. The 119Sn NMR of a solution of [SnMe2(NCS)2] in
DMSO‑d6 indicates a signal at d¼�379 ppm. Therefore, the 119Sn
NMR spectra of 18 and 20 mostly reveals the adduct formation of
Scheme 5. Proposed mechanisms for the format

Scheme 6. Suggested mechanism for the formation of bi
[SnMe2(NCS)2(DMSO)2] in solution.
Table 1 summarizes the 195Pt and 119Sn NMR data for the pre-

pared complexes in this paper. It can be seen that the magnitude of
the platinum-tin coupling constants of diethylstannylplatinum
complexes are at the low end of the range found herein, indicating
the weaker PteSn interaction.
3.2. Reductive elimination or a-elimination of SnMe2

It has been reported that organotin(IV) chlorides can undergo
reversible oxidative addition to dimethylplatinum(II) compounds
which can be followed by elimination of SnMe3Cl, SnMe4 and
SnMe2 [33,38]. The mechanism of electrophilic PteMe bond
cleavage plays an important role in organometallic chemistry due
to the selectivity of the site attack [2]. The formation of
[PtMeCl(4,40-Me2bpy)] (14) involves the elimination of SnMe2EtCl
from Pt(IV) complex (Scheme 4).

The reductive elimination of SnEt2MeCl is expected for the for-
mation of platinum(II) complex [PtMeCl(4,40-Me2bpy)] (14) which
should be intramolecular, as compared by analogy with similar
reductive eliminations [38] (Scheme 5). Moreover, the elimination
of SnMe3Cl and SnEt2MeCl are suggested for the formation of
dichloroplatinum(II) complexes 10 and 16.

The suitable single crystals of [PtMe2(SCN)2(bpy)] (22) were
formed from a solution of 17 in chloroformwhile the single crystals
of [PtMe2(SCN)2(5,50-Me2bpy)] (23) were grown from a saturated
ion of platinum(II) complexes 10, 14 and 16.

s(thiocyanato)organoplatinum(IV) complexes 22-23.



Fig. 2. ORTEP diagram of [PtCl2(5,50-Me2bpy)] (10). Selected bond distances (Å) and
angles (�): PteN2 2.026(5), PteN1 2.085(5), PteCl1 2.164(4), PteCl2 2.255(2),
N2ePteN1 80.5(2), N2ePteCl1 97.53(19), N1ePteCl1 177.79(18), N2ePteCl2
175.39(16), N1ePteCl2 96.30(17), Cl1ePteCl2 85.68(13).
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solution of 19 in DMSO. It can be seen that in the case of X¼ SCN, a-
elimination of SnMe2 occurs to give [PtMe2(SCN)2(bpy)]. Elimina-
tion of SnMe2 has already been observed in the case of
[PtMe2(SnMe3)Cl(bpy)] [38]. Therefore, the possible mechanism for
elimination of SnMe2 in 22e23 involves the transfer of NCS to
platinum via the formation of linkage isomerism of
Fig. 3. ORTEP diagram of [PtMe2(SnEt2Cl)Cl(bu2bpy)].SnEt2Cl2 (13). Selected bond dis-
tances (Å) and angles (�): Pt1eC20 2.055(5), Pt1eC19 2.069(5), Pt1eN2 2.122(4), Pt1eN1
2.125(4), Pt1eSn1 2.5399(4), Pt1eCl1 2.5871(13), Sn1eC21 2.147(5), Sn1eC24 2.169(5),
Sn1eCl2 2.3951(14), Sn2eC26 2.138(6), Sn2eC28 2.138(5), Sn2eCl3 2.3699(14), Sn2eCl4
2.4890(13), Sn2eCl1 2.8096(13), C20ePt1eC19 90.2(2), C20ePt1eN2 173.19(17),
C19ePt1eN2 96.48(19), N2ePt1eN1 77.59(16), C20ePt1eSn1 86.11(15), C19ePt1eSn1
82.48(16), N2ePt1eSn1 95.93(11), N1ePt1eSn1 95.07(11), C20ePt1eCl1 89.36(16),
C19ePt1eCl1 90.37(16), N2ePt1eCl1 89.39(12), N1ePt1eCl1 92.52(12), Sn1ePt1eCl1
171.51(3), C21eSn1ePt1 118.07(16), C24eSn1ePt1 113.37(14), Cl2eSn1ePt1 105.98(4),
Pt1eCl1eSn2 133.36(5), C26eSn2eC28 143.9(2), C26eSn2eCl3 107.74(17),
C28eSn2eCl3 107.00(15), C26eSn2eCl4 92.22(16), C28eSn2eCl4 93.40(14), Cl3eS-
n2eCl4 96.33(5), C26eSn2eCl1 83.96(16), C28eSn2eCl1 86.47(14), Cl3eSn2eCl1
90.20(4), Cl4eSn2eCl1 173.21(5), Cl3eSn2eCl4 96.33(5).
SneN^CeSePt, followed by PteSn cleavage (Scheme 6). This
mechanism supports the formation of PteSCN (thiocyanato) group.

3.3. Description and discussion of the crystal structures

An ORTEP drawing for [PtCl2(5,50-Me2bpy)] (10) is shown in
Fig. 2. The crystal structure of 10 shows that Pt(II) center adopts an
almost square-planar geometry as the trans bond angles of
Cl1ePteN1 and Cl2ePteN2 reveal little deviation from planarity
(177.79(18) and 175.39(16) �, respectively). Two inequivalent PteCl
bond distances (2.164(4) and 2.255(2) Å) are noted which are
shorter than those of yellow form of [PtCl2(bpy)] (2.281(4) and
2.300(3) Å) [48] and red form of [PtCl2(bpy)] (2.306(2) Å) [49],
yellow form of [PtCl2(bu2bpy)] (2.293(3) and 2.287(4) Å) [47],
[PtCl2(phen)] (2.311(3) and 2.305(3) Å) [50], [PtCl2(4,40-Me2bpy)]
(2.304(1) and 2.292(1) Å) [51], and [PtCl2(6,60-Me2bpy)] (2.3034(9)
and 2.3015(7) Å) [51] due to the lower trans influence of 5,50-
Me2bpy. The flat molecules stack in c direction in a head to tail
fashion with Pt/Pt distances of 7.3930(4) Å. The 5,50-Me2bpy
groups are anti to each other. The Pt/Pt separation is too long to
support a metal … metal interaction while the separation between
5,50-Me2bpy is 3.690 Å which confirms the presence of the yellow
form of [PtCl2(5,50-Me2bpy)] in the solid state (Fig. S10).

The structure of complex [PtMe2(SnEt2Cl)Cl(bu2bpy)].SnEt2Cl
(13) is shown in Fig. 3. The structure confirms the coordination of
chloride from PteCl bond to the SnEt2Cl2. The equatorial angles at
the Sn2 center are significantly distorted from ideal 120� as
revealed by the C28eSn2eCl3 (107.00(15)�), Cl3eSn2eC26
(107.74(17)�) and C28eSn2eC26 (143.9(2)�). Approximately dis-
torted trigonal bipyramidal geometry about the Sn2 center of free
SnEt2Cl2 results from the coordination of the chloride from PteCl
bond to tin, affording Cl/SnEt2Cl2 (Cl1/Sn2eCl4 angle of
173.21(5)�). The SneCl bond distances follow bridging Sn2eCl1
(2.8096(13) Å) [ axial Sn2eCl4 (2.4890(13) Å)> equatorial
Sn2eCl3 (2.3699(14) Å). The PteCl bond distance is 2.5871(13) Å
which is considerably longer than that of observed for [PtMe2(Sn-
Me2Cl)Cl(bu2bpy)].SnMe2Cl2 (2.480(2) Å) [13] which reveals the
higher trans influence of SnEt2Cl relative to SnMe2Cl. The crystal
Fig. 4. View of the molecular structure of [PtMeCl(4,40-Me2bpy)] (14). Selected bond
distances (Å) and angles (�): PteN2 2.032(6), PteC1 2.088(6), PteN1 2.092(6), PteCl
2.284(2), N2ePteC1 95.9(2), N2ePteN1 79.6(2), C1ePteN1 175.0(2), N2ePteCl
175.91(16), C1ePteCl 88.14(18), N1ePteCl 96.29(16).



Fig. 5. ORTEP diagram of [Sn4(C2H5)8Cl2O2(OH)2] (15). Selected bond distances (Å) and
angles (�): Sn1eO1 2.063(5), Sn1eC3 2.118(9), Sn1eC1 2.115(9), Sn1eO1 2.142(5),
Sn1eO2 2.190(6), O1eSn2 2.013(6), O1eSn1 2.142(5), O2eSn2 2.147(5), Sn2eC7
2.115(9), Sn2eC5 2.131(8), Sn2eCl1 2.565(2), O1eSn1eC3 116.8(3), O1eSn1eC1
114.6(3), C3eSn1eC1 128.4(4), O1eSn1eO1 73.5(2), C3eSn1eO1 98.6(3), C1eSn1eO1
100.3(3), O1eSn1eO2 72.2(2), C3eSn1eO2 97.2(3), C1eSn1eO2 93.4(3), O1eSn1eO2
145.69(19), Sn2eO2eSn1 102.0(2 74.1(2), C7eSn2eO2 98.7(3), C5eSn2eO2 95.6(3),
O1eSn2eCl1 84.34(16), C5eSn2eCl1 92.8(2), O2eSn2eCl1 158.45(17).
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packing of 13 indicates the presence of the several hydrogen
bonding contacts which plays an important role in the stabilization
of the crystal packing (Fig. S11).

An ORTEP of [PtMeCl(4,40-Me2bpy)] (14) is presented in Fig. 4.
The expected square-planar coordination geometry is observed at
platinum atom that is defined by two nitrogen atoms from the 4,40-
Me2bpy ligand and one chlorine atom and a methyl group. As ex-
pected, the PteN1 bond distance, trans to s-carbon, is longer that of
PteN2 due to the higher trans influence of the Me. The cen-
troid$$$centroid distance of Cg1-Cg2 is 3.697 Å (Cg1 and Cg2 are
Fig. 6. ORTEP diagram of [PtMe2(SCN)2(bpy)] (22). Selected bond distances (Å) and angle
2.3520(14), Pt1eS1 2.3549(14), Pt2eC15 2.064(5), Pt2eC16 2.069(6), Pt2eN6 2.146(4), Pt2e
174.78(18), C1ePt1eN1 98.8(2), C2ePt1eN2 97.95(18), C1ePt1eN2 175.6(2), N1ePt1e
N2ePt1eS2 89.63(11), C2ePt1eS1 89.54(17), C1ePt1eS1 86.49(16), N1ePt1eS1 91.57(1
102.46(19), C14eS2ePt1 102.1(2), C15ePt2eC16 86.5(2), C15ePt2eN6 98.6(2), C16ePt2eN
C15ePt2eS3 87.56(16), C16ePt2eS3 89.01(16), N6ePt2eS3 91.60(12), N5ePt2eS3 93.05 (1
89.40(12), S3ePt2eS4 175.76(5), C21eN5ePt2 115.0(3), C17eN5ePt2 124.4(4), C26eN6e
N7eC27eS3 178.9(5), N8eC28eS4 176.8(5), N3eC13eS1 176.9(5), N4eC14eS2 177.1(6).
the centroids of the rings formed by N1eC7eC8eC9eC10eC11 and
N1eC2eC3eC4eC5eC6) points out the presence of p-p interac-
tion. The shortest Pt/Pt intermolecular distance is 6.3201(6) Å
(Fig. S12).

The tetranuclear ladder-type structure of [Sn4(C2H5)8Cl2O2(OH)2]
(15) is shown in Fig. 5. The crystal structure of 15 reveals that tin
atoms Sn1 and Sn2 are incorporated in two symmetry related four-
membered rings Sn2O2. Each ladder consists of two tin centers, two
SnEt2 and SnEt2Cl unites are bridged by the hydroxo and oxo groups.
Both exocyclic tin atoms Sn2 and endocyclic Sn1 are five-coordinate
that adopts a distorted trigonal bipyramidal geometry as distorted by
linearity (O1eSn1eO2¼145.69(19) and O2eSn2eCl1¼158.45(17)).
The ethyl groups are located in the equatorial positions and the Cl
bonded to Sn(2) (2.565(2) Å) occupies an axial site. Two intermo-
lecular hydrogen bonds of O2eH2/Cl1 (3.207(6) Å) and C7eH7A…

Cl1 (3.614(9) Å) are present in the crystal packing (Fig. S13).
The crystal structure of complexes [PtMe2(SCN)2(bpy)] (22) and

[PtMe2(SCN)2(5,50-Me2bpy)]. H2O (23) are of particular interest and
structurally unique in this study as shown in Fig. 6 and Fig S14,
respectively. The crystal structures of 22 and 23 shows that each of
platinum has a slightly distorted octahedral geometry. In both
complexes 22 and 23, pairs of thiocyanate ligands are disposed trans
to each other. There are two independent molecules in each unit cell
which differ mainly by the PteSCN angles. The coordination geom-
etries of the complexes 22e23 are similar and SCN groups are
bonded to platinum through the sulfur atom, PteSCN (thiocyanate).
The PteSeC bond angles are expected to be bent according to the
VSEPR-predicted bond angle �109.5� which confirms with the
values of 101e104� for 22 and 23. The crystal packing of 22 reveals
the presence of intramolecular and intermolecular hydrogen bonds
between CeH and SCN groups as shown in Fig. S15. On the other
hand, the crystal packing of 23 reveals a hydrogen bonded dimer via
a water molecule which has resulted in the formation of a supra-
molecular network. Moreover, there are several intramolecular and
intermolecular hydrogen bonds between H2O and SCN groups as
well as hydrogen bonds between CeH and SCN groups (Fig. S16).
s (�): Pt1eC2 2.052(5), Pt1eC1 2.070(5), Pt1eN1 2.149(4), Pt1eN2 2.176(4), Pt1eS2
N5 2.161(4), Pt2eS3 2.3548(14), Pt2eS4 2.3582(14), C2ePt1eC1 86.3(2), C2ePt1eN1

N2 76.89(15), C2ePt1eS2 86.35(17), C1ePt1eS2 89.77(16), N1ePt1eS2 92.83(11),
1), N2ePt1eS1 94.39(11), S2ePt1eS1 174.61(5), C8eN2ePt1 114.3(3), C13eS1ePt1
6 174.84(18), C15ePt2eN5 175.1(2), C16ePt2eN5 98.31(19), N6ePt2eN5 76.54(16),

1), C15ePt2eS4 90.29(16), C16ePt2eS4 87.21(16), N6ePt2eS4 92.33(12), N5ePt2eS4
Pt2 125.5(4), C22eN6ePt2 116.2(3), C27eS3ePt2 101.85(18), C28eS4ePt2 101.7(2),



B.Z. Momeni et al. / Journal of Organometallic Chemistry 880 (2019) 368e377376
4. Conclusion

In conclusion, we have successfully synthesized and charac-
terized a range of organoplatinum(II) complexes including a va-
riety of rigid and bidentate diimine ligands containing diorganotin
dihalides or pseudohalides to investigate the role of alkyl (Me or
Et) and halides (Cl or SCN). The most remarkable feature of the
oxidative addition with SnEt2Cl2 is the adduct formation with the
second molecule of SnEt2Cl2 in two cases. These reactions are
strongly dependent on the molar ratios, reaction time and solvent.
This study suggests that the more complex reaction mechanisms
are possible besides the competitive pathways of oxidative addi-
tion and reductive elimination. The oxidative addition reaction of
SneSCN to the organoplatinum(II) was reported for the first time
to afford the novel organoplatinum(IV) complexes [PtMe2(Sn-
Me2NCS)(SCN)(NN)]. Accordingly, a wide range of platinum
complexes can be prepared via oxidative addition of Sn-
pseudohalide that are stable enough to allow their structures to
be studied in great detail. However, they dissociate in solution to
give [PtMe2(SCN)2(NN)] via a-elimination of SnMe2 to give new
bis(pseudohalido)platinum(IV) complexes. The NMR monitoring
data exhibited that diethylstannylplatinum(IV) complexes disso-
ciate faster, as compared to dimethyl analogues. Qualitatively, the
order of stability of the stannylorganoplatinum(IV) compounds
varies according to the trends [PtMe2(SnMe2Cl)Cl(NN)]>
[PtMe2(SnMe2NCS)(SCN)(NN)]>[PtMe2(SnEt2Cl)Cl(NN)], as these
compounds show a tendency to undergo reductive elimination or
a-elimination. Moreover, X-ray crystallography data confirms
the higher trans influence of SnEt2Cl relative to SnMe2Cl. In gen-
eral, platinum complexes [PtCl2(NN)], [PtClMe(NN)] and
[PtMe2(SCN)2(NN)] could be formed during the dissociation of the
organoplatinum(IV) products due to the elimination of organotin
compounds.
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