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 The RePt vinylidene complexes with terminal posphites at the Pt atom were obtained.
 Applicability of different synthetic approaches to these complexes was shown.
 The redox-properties of the RePt vinylidene complexes were investigated.
 The molecular structures of the three complexes were determined by X-ray diffraction.



Abstract
Reactions of Cp(CO)2Re=C=CHPh with Pt[P(OR)3]4 (R = Pri, Et, Ph) gave binuclear μ-

vinylidene complexes Cp(CO)2RePt(-C=CHPh)[P(OR)3]2. Treatment of the previously 
synthesized Cp(CO)2Re(-C=CHPh)Pt(PPh3)2 with triisopropylphosphite or triethylphosphite 
resulted in a stepwise substitution of PPh3 ligands, leading to the disubstituted Cp(CO)2RePt(-
C=CHPh)[P(OR)3]2 and monosubstituted Cp(CO)2RePt(-C=CHPh)[P(OR)3](PPh3)(R = Pri or 
Et) species, while no triphenylphosphine ligand substitution in the reaction with P(OPh)3 occurs 
at all. The monosubstituted Cp(CO)2RePt(-C=CHPh)[P(OR)3](PPh3) (R = Pri, Et, Ph) species 
were also obtained by reacting Cp(CO)2Re=C=CHPh with mixed-ligand complexes Pt(PPh3)3L 
(L = P(OPri)3, P(OEt)3, P(OPh)3). Reactions of Cp(CO)2RePt(-C=CHPh)LLꞌ (L = Lꞌ = 
P(OPri)3, P(OEt)3, P(OPh)3; L = P(OPri)3, P(OEt)3, P(OPh)3, Lꞌ = PPh3) with Co2(CO)9 yield 
tricarbonyl vinylidene species Cp(CO)2RePt(μ-C=CHPh)[P(OR)3](CO) (R = Pri, Et, Ph). The 
obtained compounds were characterized by IR and 1H, 13C, 31P NMR spectroscopy. The molecular 
structures of Cp(CO)2RePt(-C=CHPh)[P(OPri)3]2, Cp(CO)2RePt(-
C=CHPh)[P(OPri)3](PPh3) and Cp(CO)2RePt(-C=CHPh)[P(OPri)3](CO) were determined by 
X-ray diffraction study. The redox properties of the new complexes and their reactions of chemical 
oxidation were studied. 
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Abstract
Reactions of Cp(CO)2Re=C=CHPh with Pt[P(OR)3]4 (R = Pri, Et, Ph) gave binuclear μ-

vinylidene complexes Cp(CO)2RePt(-C=CHPh)[P(OR)3]2. Treatment of the previously synthesized 
Cp(CO)2Re(-C=CHPh)Pt(PPh3)2 with triisopropylphosphite or triethylphosphite resulted in a 
stepwise substitution of PPh3 ligands, leading to the disubstituted Cp(CO)2RePt(-
C=CHPh)[P(OR)3]2 and monosubstituted Cp(CO)2RePt(-C=CHPh)[P(OR)3](PPh3)(R = Pri or 
Et) species, while no triphenylphosphine ligand substitution in the reaction with P(OPh)3 occurs at 
all. The monosubstituted Cp(CO)2RePt(-C=CHPh)[P(OR)3](PPh3) (R = Pri, Et, Ph) species were 
also obtained by reacting Cp(CO)2Re=C=CHPh with mixed-ligand complexes Pt(PPh3)3L (L = 
P(OPri)3, P(OEt)3, P(OPh)3). Reactions of Cp(CO)2RePt(-C=CHPh)LL' (L = L' = P(OPri)3, 
P(OEt)3, P(OPh)3; L = P(OPri)3, P(OEt)3, P(OPh)3, L' = PPh3) with Co2(CO)9 yield tricarbonyl 
vinylidene species Cp(CO)2RePt(μ-C=CHPh)[P(OR)3](CO) (R = Pri, Et, Ph). The obtained 
compounds were characterized by IR and 1H, 13C, 31P NMR spectroscopy. The molecular structures 
of Cp(CO)2RePt(-C=CHPh)[P(OPri)3]2, Cp(CO)2RePt(-C=CHPh)[P(OPri)3](PPh3) and 
Cp(CO)2RePt(-C=CHPh)[P(OPri)3](CO) were determined by X-ray diffraction study. The redox 
properties of the new complexes and their reactions of chemical oxidation were studied. 

Keywords: Vinylidene ligand, complexes, Rhenium, Platinum, phosphite ligands, 
NMR, X-ray diffraction, cyclic voltammetry, electrochemistry

1. Introduction
The chemistry of heteropolynuclear metal clusters and complexes containing π-conjugated 

polycarbon ligands have received the attention of researches in view of possible applications of 
some of such compounds in functional material development, molecular devices design, 
biochemistry, and catalysis [1–3]. For instance, the cooperativity and synergistic effects of these 
heterometallic compounds arisen from the simultaneous or consecutive action of their metal centers 
on substrates make them attractive compounds for molecular activation that mononuclear 
complexes are not able to achieve [4–9]. The heteropolynuclear compounds can be used as single-
source precursors for heterogeneous catalysts that offer the potential of fine-tuning their 
intermetallic ratio and retaining it in the resulting heterometallic particles [4,10]. Thus, 
understanding interactions between metals, metals and their ligand environment, and between 
ligands in the hetropolynuclear complexes are essential not only to their chemistry, but also to the 
possible application of them [11–13]. A variety of synthetic approaches to the heterometallic 
compounds are known [1,14]. 

The heterometallic vinylidene bridged complexes and clusters are one type of such 
compounds. There are two general methods of their synthesis, metal fragment condensation 
reactions and ligand substitution reactions. A wide variety of heterometallic vinylidene complexes 
[15–20] and clusters [15,21] containing MM', MM'2 and MM'M'' cores were prepared by reaction of 
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mononuclear vinylidene complexes of the type LnM=C=CR2 with unsaturated metal-containing 
fragments. Whereas, the second method were only applied to the synthesis of a series of binuclear 
μ-vinylidene MnM (M = Pt, Pd) complexes [22–25]. In our previous works we reported a 
preparation of the binuclear Cp(CO)2Re(μ-C=CHPh)M(PPh3)2 μ-vinylidene complexes through the 
reaction of the rhenium vinylidene Cp(CO)2Re=C=CHPh and M(PPh3)4 (M= Pt, Pd) [26]. The 
possibility of substitution of both PPh3 groups by chelate diphosphine ligands or one PPh3 group by 
carbonmonoxide in these binuclear complexes was demonstrated [27–29]. 

In this article, we explored an applicability of several synthetic approaches to binuclear µ-
vinylidene RePt complexes with terminal posphite ligands at the Pt atom. We also tried to evaluate 
an influence of ligand environment of the Pt atom in the synthesized compounds on the 
spectroscopic, structural, and electrochemical properties. A behavior of the new and previously 
synthesized RePt μ-vinylidene complexes in oxidation reactions was studied.

2. Results and discussion
2.1. Synthesis of the binuclear Cp(CO)2RePt(-C=CHPh)LL' complexes
Binuclear RePt complexes of the type Cp(CO)2RePt(-C=CHPh)L2 [L = P(OPri)3 (1a), 

P(OEt)3 (2a), P(OPh)3 (3a)] were isolated from reactions of Cp(CO)2Re=C=CHPh with Pt[P(OR)3]4 
(R = Pri, Et, Ph) in 63%, 61%, and 91% yields, respectively. The moderate yields of the complexes 
1a and 2a were caused by side reactions of the starting rhenium vinylidene with free phosphites, 
produced by dissociation of Pt[P(OR)3]4 in the reaction mixture, that initially resulted in extremely 
sensitive to water zwitter-ionic byproducts Cp(CO)2Re-C(+P(OR)3)=CHPh that then hydrolyzed 
upon a chromatography of the reaction mixtures to give the corresponding 2-phosphorylalkene 
complexes Cp(CO)2Re{2-E-HC[P(O)(OR)2]=C(H)Ph} (R = Pri, Et) in 10 and 16% yields (Scheme 
1) [30]. However, in case of Pt[P(OPh)3]4 the formation of the byproduct wasn’t observed because 
of low nucleophilicity of P(OPh)3 and low rate of its reaction with the rhenium vinylidene [30].
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In order to avoid the formation of the zwitter-ionic byproducts, reactions of PPh3 ligand 
substitution in Cp(CO)2RePt(-C=CHPh)(PPh3)2 (4) by the phosphites were investigated. The 
treatment of 4 with P(OPri)3 and P(OEt)3 in 1:2 molar ratios resulted in two products: disubstituted 
Cp(CO)2RePt(-C=CHPh)L2 [L = P(OPri)3 (1a), P(OEt)3 (2a)] and monosubsituted 
Cp(CO)2RePt(-C=CHPh)(PPh3)L [L = P(OPri)3 (1b), P(OEt)3 (2b)] complexes in about 70% and 
30% yields, respectively (Scheme 1). When the reactions of 4 with phosphites were performed with 
at least reactant ratio 1:4, the amount of the disubstituted complexes 1a and 2a were dramatically 
increased up to 99%. Thus, the formation of the monosubstituted species 1b and 2b in these 
reactions evidenced that substitution of PPh3 ligands in 4 by the phosphites should occur stepwise to 
give the monosubstituted species b at the beginning of the described reactions. Indeed, the 
triphenylphosphine ligand in complexes 1b and 2b can be easily substituted by phosphites, resulting 
in formation of the disubstituted species 1a and 2a in high yields. The reaction of 4 with one 
equivalent of the triisopropyl or triethylphosphite gave a mixture of products with the major 
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constituent being the monosubstituted complex 1b or 2b, but traces of initial 4 and disubstituted 
species 1a or 2a were still presented in the reaction mixture (Scheme 2, reaction a).
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Our attempts to obtain complex 3a or at least monosubstituted complex Cp(CO)2RePt(-
C=CHPh)(PPh3)[P(OPh)3] (3b) by using the PPh3 ligand substitution approach didn’t give any 
results, a reaction between 4 and P(OPh)3 didn’t proceed at all. However, the monosubstituted 
complex Cp(CO)2RePt(-C=CHPh)(PPh3)[P(OPh)3] (3b) was eventually obtained by the reaction 
of Cp(CO)2Re=C=CHPh with a mononuclear mixed-ligand complex Pt(PPh3)3[P(OPh)3] [31], 
which was generated by addition of one equivalent P(OPh)3 to benzene solution of Pt(PPh3)4 
(Scheme 2, reaction d). Further substitution of PPh3 ligand in 3b by P(OPh)3 occurs easily to give 
Cp(CO)2RePt(-C=CHPh)[P(OPh)3]2 (3a). On the other hand, our efforts to obtain complexes 1b 
and 2b by this approach were unsuccessful, their yields didn’t exceed 40%, and the main product 
was complex 4 in both cases. 

The disubstituted complexes of type a upon treatment with excess of PPh3 are able to 
transform into 1b-3b (Scheme 2, reaction b), but these reactions are slow in contrast to the reactions 
of 4 with P(OPri)3 or P(OEt)3. So, reactions of 1a-3a with five equivalents PPh3 performed over 12 
hours at room temperature gave the monosubstituted species only in about 50% yields, followed 
heating of these mixtures at 60°C within the same period of time led to complete conversion of the 
disubstituted complexes to the monosubstituted 1b-3b. Although, the unwanted formation of 
complex 4 in such condition took place, but its yields didn’t exceed 10%.

Earlier [23], a disproportionation of the Cp(CO)2MnPt(µ-C=CHPh)(PPh3)[P(OPri)3] in 
solution at room temperature were found to result in the bis(posphine) Cp(CO)2MnPt(µ-
C=CHPh)(PPh3)2 and the bis(triisopropylposhite) Cp(CO)2MnPt(µ-C=CHPh)[P(OPri)3]2 
complexes, which also could react with each other to give the initial monosubstituted product. We 
examined a possibility of such equilibrium in the solutions of complex 4 and Cp(CO)2RePt(-
C=CHPh)[P(OR)3]2 [R = Pri (1a), Et (2a)]. The 24 hour NMR monitoring of stoichiometric 
amounts of bis(phosphite) complex (1a or 2a) and 4 showed an absence of such process in solutions 
at room temperature. However, after heating of these reaction mixtures, the signals of 
Cp(CO)2RePt(µ-C=CHPh)(PPh3)[L] (L = P(OPri)3 (1b), P(OEt)3 (2b)) were detected in 31P NMR 

Yield* / Isolated (%)
reaction 1b 2b 3b

a 75/65 76/67 no reaction
b 50 / 37 48 / 36 60 / -
c 82 / 70 76 / 70 -
d 38 / - 40 / - 91 / 88

* According to NMR 31P data 
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spectra. Eventually, the highest yields in 82% of 1b and 76% of 2b were achieved by performing 
the reactions of 4 and Cp(CO)2RePt(-C=CHPh)[P(OR)3]2 [R = Pri (1a), Et (2a)] at 60 ºC for 5 
hours (Scheme 2, reaction c). 

We also investigated possibility of substitution of phosphorous ligands at the platinum atom 
in the obtained binuclear vinylidenes by carbon monoxide. Previously, RePt and MnPt complexes 
of the type [Cp(CO)2MPt(μ-C=CHPh)(PPh3)(CO)] (M = Re (5), Mn) were prepared by the reaction 
of [Cp(CO)2MPt(μ-C=CHPh)(PPh3)2] (M = Re (4), Mn) and Co2(CO)9 [23,29]. Following this 
strategy, we prepared a series of RePt μ-vinylidene complexes with the platinum-bound CO ligands 
Cp(CO)2RePt(-C=CHPh)(CO)L [L = P(OPri)3 (1c), P(OEt)3 (2c), P(OPh)3 (3c)] in high yields 
(Scheme 3). It should be noted that all performed reactions led to a selective substitution of the Pt-
bound phosphorus ligand being trans to the bridging vinylidene ligand. So in complexes 1a-3a one 
of the Pt-bound P(OR)3 ligand were replaced by CO, whereas in complexes of type b replacement 
of phosphine ligand at the Pt atom occurred.Such reactivity of the complexes reflects the high trans-
influence of the bridging vinylidene ligand.

1a-3a

C

[Re] Pt

C
HPh

P(OR)3

P(OR)3
1c-3c

C

[Re] Pt

C
HPh

P(OR)3

C

1b-3b

C

[Re] Pt

C
HPh

P(OR)3

PPh3

Co2(CO)8

1c 82 %,
2c 86 %,
3c 79 %

R = Pri 1a, b, c;
Et 2a, b, c;
Ph 3a, b, c

Co2(CO)8

O

Scheme 3.

The chemistry of the obtained tricarbonyl complexes is identical to previously synthesized 
complex 5 [29]. For example, the Pt-bound CO ligand in 1c-3c can be readily substituted upon 
addition of different nucleophiles like triphenylphosphine to give complexes Cp(CO)2RePt(-
C=CHPh)(PPh3)L [L = P(OPri)3 (1b), P(OEt)3 (2b), P(OPh)3 (3b)], or phosphites to regenerate 
initial complexes 1a, 2a, and 3a in high yields. In case of diphosphines displacement of both CO 
and phosphorus ligands occurs to yield the known RePt complexes with chelate diphosphine ligands 
at the Pt atom [27].

2.2. NMR and IR study of Cp(CO)2RePt(-C=CHPh)LL' complexes
The IR and the 1H, 13C, 31P NMR data for the complexes 1a-3c were obtained (Table 1). The 

NMR signals of complexes 1a, 1b, and 4 were assigned on the basis of 1H, 13C{1H} and 1H, 
31P{1H} correlations. The structure of the complexes can be deduced from the combined NMR and 
IR data, which are similar to those of previously described μ-vinylidene complexes with RePt and 
MnPt cores [22,23,26,27]. 

The 1H NMR spectra of the complexes show a characteristic vinylidene hydrogen =C2H 
between 8.3 and 9.1 ppm [15,20] as a doublet of doublets (1a, 1b, 1c-3c) or a doublet of doublets of 
doublets (2a, 3a, 2b, 3b). The 13C chemical shifts of the α- and β-vinylidene carbons of 1a-3c 
resonate as a doublet of doublets in the regions δ 228-300 and δ 136-143 ppm, respectively. It 
should be noted that in the 13C NMR spectra the signals of -C-vinylidene atom of synthesized 
complexes are upfield shifted by 32 ppm in comparison to those of corresponding MnPt complexes 
[23].

The 13C NMR spectra of 1a-3c contain broad resonances or sharp singlets (1a, 1b, and 2a) 
in the narrow interval 200-203 ppm that were assigned to the two Re-bound CO ligands. The 
coalescence of the two CO resonances can be explained by a site exchange of two carbonyl groups 
of the [Cp(CO)2Re] fragment and observed earlier [27–29,32–34]. The presence of the platinum 
coordinated carbonyl group in the 13C NMR spectra of 1c-3c is indicated by signals around 199 
ppm with characteristic JPtC coupling about 1224 Hz
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The 31P NMR spectra of type a and b complexes show two signals corresponding to two 

non-equivalent phosphorus nuclei (Table 1). 31P NMR signal assignment was made on the basis of 
previously published works [27,29,35]. The signal with a larger coupling constant is assigned to the 
ligand trans to the rhenium and the signals with a smaller JPtP coupling is assigned to the ligand 
trans to the µ-C=CHPh. Thus, the trans position of PPh3 ligand to vinylidene in 1b-3b is indicated 
by high field doublet with average JPtP coupling of 2370 Hz at around δ 28.5 ppm in the 31P NMR 
spectrum. In the case of complexes 1c-3c containing one phosphorous and one carbonyl ligands at 
the platinum atom the magnitude of the JPtP coupling indicates the trans position of P(OR)3 to the 
rhenium fragment.

The 31P NMR spectra of the type a complexes showed the signals of both phosphite ligands 
as doublets with resolved 2JPP coupling constants, whereas the signals of phosphite and phosphine 
ligands in the spectra of the type b complexes appeared as singlets. Our attempts to obtain the 
resolved spectra by changing solvent or temperature were unsuccessful. Therefore, these 
observations should be explained by the assumption that the presence in the b complexes of two 
electronically different phosphorous ligands leads to reducing of magnetic moment interaction of 
their nuclei. As a result, their 2JPP values do not exceed the width at half height of peaks (ca. 2Hz) 
and so resonances of ligands in 31P NMR spectra of 1-3b are arisen as the singlets.

Table 1.
IR and NMR (, ppm [J, Hz]) spectroscopic data for the Cp(CO)2RePt(-C=CHPh)LL' (L = L' = 
P(OPri)3 (1a), P(OEt)3 (2a), P(OPh)3 (3a); L' = PPh3, L = P(OPri)3 (1b), P(OEt)3 (2b), P(OPh)3 (3b); 
L' = CO, L = P(OPri)3 (1c), P(OEt)3 (2c), P(OPh)3 (3c)).

NMR
13C 1H 31P
µ-C1=C2HPh
C1 C2

C5H5 CO =C2HPh C5H5 P1 P2

1a 

a)
228.0 dd 
JPtC = 790.8
2JPC = 92.8
2JPC = 4.77

138.4 dd 
2JPtC = 108.21
3JPC = 6.06
3JPC = 2.75

85.5 s 202.0 s 8.42 ddd
4JPH = 14.49
4JPH = 22.37
3JPtH = 14.81

5.34 s 137.96 dd
2JPP= 6.4
JPtP=6811

146.13 dd
2JPP = 6.4,
JPtP=3958

2a 

b)
228.8 ddd
JPtC = 791.77
2JPC = 93.63
 2JPC = 5.20 

138.5 ddd
3JPC = 5.20
3JPC = 2.60
2JPtC = 109.02

85.1 s 202.1 s 8.90 ddd
4JPH = 23.35
4JPH = 15.33
3JPtH = 15.79

5.08 s 135.47 dd
2JPP = 4.1
JPtP = 6753

148.44 dd
2JPP = 4.1
JPtP = 3924

3a 

b)
229.49 dd
JPtC = 781.66
2JPC = 92.25

140.6 dd
3JPC = 4.16
2JPtC = 102.7

85.9 s 
b)

- c) 8.32 ddd b)

4JPH = 24.84
4JPH = 15.68
3JPtH = 18.76

4.83 s 118.11 dd
2JPP = 14.1
JPtP = 6919

136.14 dd
2JPP = 14.1
JPtP = 4179

1b 

a)
228.0 dd 
2JPC = 63.8
2JPC = 6.6

137.0 dd
2JPtC = 115.2
3JPC = 3.3
3JPC = 3.3

85.1 s 202.8 s, br 8.49 dd 
4JPH = 15.09
4JPH = 15.09
3JPtH = 8.23

4.86 s 130.05 dd
JPtP=7235

28.39 dd
JPtP=2329 

2b 

b)
227.6 dd
2JPC = 62.08
2JPC = 6.24

136.2 ddd 
2JPtC = 112.36
3JPC ≈ 3JPC = 
2.70

85.0 s 202.5 s 8.91 ddd
3JPtH = 7.32
4JPH ≈ 4JPH = 
15.34

4.63 s 133.16 d
JPtP = 7193

28.70 d
JPtP = 2340

3b 

b)
228.8 dd 
2JPC = 57.91
2JPC = 4.86

138.76 d
2JPtC = 100.92

85.1 s 201.2 br. s 9.04 ddd
3JPtH = 14.42
4JPH ≈ 4JPH = 
15.91

4.84s 122.33 d
JPtP = 7525

28.45 dd
JPtP = 2444

1c 

b)
227.0 dd
JPtC = 841
2JPC = 3.81

142.2 dd
2JPtC = 112.71
3JPC = 4.51

86.0 s 195.4 dd
JPtC = 1217
2JPC = 1.73, 
(Pt-CO)
202.9 br. s
(Re-CO)

8.92 dd
4JPH = 14.42
3JPtH = 19.46

4.78 s 122.07 d,
JPtP = 6442

-

2c 

b)
227.42 d,
2JPC = 3.47

142.29 dd, 
2JPtC= 110.63
3JPC = 4.85

85.7 s 196.41 d, 
2JPC=1.73, 
(Pt-CO)

8.88 dd
4JPH = 14.88, 
3JPtH = 19.35

4.78 s 124.50 -
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- c)

3c 

b)
227.7dd
JPtC = 867
2JPC = 3.81

142.8 dd
2JPtC = 104.39
3JPC = 4.51

85.9 s 193.2 dd
JPtC = 1231
2JPC = 2.43
 (Pt-CO)
200.8 br. s.
(Re-CO)

8.84 dd
4JPH = 14.49
3JPtH = 25.68

5.11s 115.04 d
JPtP = 6765

-

4 232.2 d
JPtC = 821.6
2JPC = 65.3

138.3 dd
2JPtC = 96.2
3JPC = 4.0

85.7 s 204.5 s, br -d) 4.81 s 39.29 d,
2JPP  = 21.6
JPtP = 4609

28.14 d,
2JPP = 21.6
JPtP = 2607

5 229.7 s
JPtC = 855

143.2 d
2JPtC = 104
3JPC = 5.5

86.2 s 196.2 s
JPtC = 1280
202.9 s, br

7.41 s 5.37 s 31.21 s,
JPtP = 4069

-

NMR spectra were measured a)inCD2Cl2 solution, b)in CDCl3 solution, and the rest in C6D6 solution
c) The CO signals were broadened so much that they were not detected
d) The =C2HPh signal is masked by the resonances of phenyl groups

In general, the obtained NMR spectroscopic data of the complexes showed that there is no 
significant influence of the ligand environment of the platinum atom on the bridging 
phenylvinylidene moiety. Although, it should be noted that the signals of =C2 nucleus in 13C NMR 
spectra of complexes of the type c are slightly downfield shifted by 2-4 ppm compared with the 
signals of the same nucleus of 1a-3b. A comparison of NMR spectra data of 1a-3c and previously 
studied RePt complexes with chelate diphosphine ligands [27,29,36] demonstrates that the 
resonances of µ-C1 nucleus in 13C NMR spectra of the new phosphite-containing complexes are 
upfield shifted by 4-5 ppm.

The IR spectra of 1a-3b in CH2Cl2 solutions shows two ν(CO) bands that are attributed to 
the carbonyl groups at the Re atom (Table 2). The position of the ν(CO) bands indicates that CO 
ligands are non-equivalent. The first high-frequency ν(COt) band is terminal. The low-frequency 
ν(COsb) band is semibridging due to an influence of the adjacent Pt atom. The high frequency shift 
of both ν(CO) bands in the IR specta of 1a-3b is observed as compared to that of the previously 
synthesized RePt complexes with the chelate diphosphine ligands [27]. This observation indicates 
that a Pt→COsb interaction in the new complexes of type a and b is weaker than in the previously 
synthesized RePt complexes [27,36]. The substitution of one of the phosphorous ligands by 
carbonyl group leads to reduction of Pt→COsb interaction in the type c complexes in contrast to 1a-
3b. A difference between the stretching vibration bands of two carbonyl groups (CO) = ν(COt) – 
ν(COsb) [22] clearly demonstrates that the degree of semibridging Pt→COsb interaction in the 
complexes decreased in the range 1b-3b1a-3a1c-3c (Table 2).

Table 2. IR data for the Cp(CO)2RePt(-C=CHPh)LL'
ν(CO), cm-1 (CO)

Cp(CO)2RePt(-C=CHPh)[P(OPri)3]2 (1a) 1943s, 1873s 70
Cp(CO)2RePt(-C=CHPh)[P(OEt)3]2 (2a) 1940s, 1870s 70
Cp(CO)2RePt(-C=CHPh)[P(OPh)3]2 (3a) 1952s, 1881s 71
Cp(CO)2RePt(-C=CHPh)[P(OPri)3](PPh3) (1b) 1935s, 1859s 76
Cp(CO)2RePt(-C=CHPh)[P(OEt)3](PPh3) (2b) 1936s, 1860s 76
Cp(CO)2RePt(-C=CHPh)[P(OPh)3](PPh3) (3b) 1945s, 1873s 72
Cp(CO)2RePt(-C=CHPh)[P(OPri)3](CO) (1c) 2030s (Pt-CO),

1940s, 1878s 62
Cp(CO)2RePt(-C=CHPh)[P(OEt)3](CO) (2c) 2041s (Pt-CO), 

1939s, 1876m. 63
Cp(CO)2RePt(-C=CHPh)[P(OPh)3](CO) (3c) 2046s (Pt-CO),

1953s, 1889s 63
Cp(CO)2RePt(-C=CHPh)(PPh3)2 (4) 1933 s, 1858 m,br 75
Cp(CO)2RePt(-C=CHPh)(PPh3)(CO) (5) 2030s (Pt-CO), 

1941s, 1878m
63
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2.3. Crystal structures of Cp(CO)2RePt(-C=CHPh)[P(OPri)3]2 (1a),  Cp(CO)2RePt(-
C=CHPh)[P(OPri)3](PPh3) (1b), Cp(CO)2RePt(-C=CHPh)[P(OPri)3](CO) (1c)

The molecular structures of Cp(CO)2RePt(μ-C=CHPh)[P(OPri)3]2 (1a), Cp(CO)2RePt(μ-
C=CHPh)[P(OPri)3](PPh3) (1b), and Cp(CO)2RePt(μ-C=CHPh)[P(OPri)3](CO) (1c) were solved on 
the base of X-ray diffractometry. Suitable crystals of 1a-c were grown from hexane and 
hexane:diethyl ether mixture. The views of the structures are shown in Fig.1. Crystal data and 
refinement parameters are shown in Table 3. Selected bond distances and angles of the complexes 
are given in Table 4. 

Table 3.
Crystal data and X-ray experimental details for complexes 1a-c.

Complex 1a 1b 1c
Empirical formula C33H53O8P2RePt C44.4H52.6O5P2PtRe C25H32O6PRePt
Formula weight 1020.98 1109.49 833.71
Temperature/K 150.0 150.0 296
Crystal system triclinic monoclinic triclinic
Space group P-1 P21/n P-1
a/Å 11.7690(6) 14.8319(5) 8.7502(4)
b/Å 15.8882(8) 20.7754(6) 11.8179(7)
c/Å 21.4707(12) 15.1651(5) 14.7854(8)
α/° 92.347(2) 90.00 105.6448(12)
β/° 99.2166(18) 100.2408(12) 101.4502(10)
γ/° 105.0981(17) 90.00 91.3875(13)
Volume/Å3 3811.7(3) 4598.5(3) 1438.09(13)
Z 4 4 2
dcalc/(gcm-3) 1.779 1.603 1.925
μ/mm-1 6.967 5.778 9.152
F(000) 1992.0 2168.0 782
Crystal size/mm3 0.15 × 0.15 × 0.1 0.287 × 0.206 × 0.121 0.43 ×0.40 ×0.20
Radiation MoKα (λ = 0.71073) MoKα (λ = 0.71073) MoKα (λ = 0.71073)
2Θ range for data collection/° 1.928 to 57.738 3.36 to 61.98 2.928 to 51.924

Index ranges
-15 ≤ h ≤ 15, 
-18 ≤ k ≤ 21,
-27 ≤ l ≤ 27

-19 ≤ h ≤ 20, 
-29 ≤ k ≤ 29, 
-21 ≤ l ≤ 21

-10 ≤ h ≤ 10, 
-14 ≤ k ≤ 14,
-17 ≤ l ≤ 18

Reflections collected 35341 49223 14571
Uniq. refl./R(int)/R(sigma) 16213/0.0528/0.0956  12944/0.0414/0.0469 5619/0.0500/0.0702
Data/restraints/parameters 16213/0/835 12944/6/551 5619/13/283
Goodness-of-fit on F2 0.973 1.043 1.045
Final R1 [I>=2σ (I)] 0.0473 0.0320 0.0427
Final R1, wR2 [all data] 0.0958, 0.0928 0.0492, 0.0833 0.0663, 0.1126
Δρmin/Δρmax (e/Å3) 3.44/-1.90 1.57/-1.01 -0.78/1.31

The Re- and Pt-containing moieties of the complexes are bridged by the µ-vinylidene ligand 
to give a cycle RePtC1. The Re-C1, Pt-C1, C1=C2 bond distances and Re-C1-Pt, C1-Pt-Re, Pt-Re-
C1 bond angles of 1a-c are close to each other and similar to that of the known μ-vinylidene RePt 
complexes [27][27][27,29]. Values of a dihedral angle between the ReC1Pt and C1C2C6 planes of  
the complexes 1a (3.4(5)), 1b (1.9(3)) and 1c (7.6(1)) clearly indicate that the μ-C=CHPh ligand 
is located in a plane of RePtC1 carbodimetallacycle. Values of a torsion angle C7-C6-C2-C1 of the 
complexes are given in Table 4. 

The Re-Pt distances of 1a-c are shorter than the sum of the covalent radii of the Re and Pt 
atoms [37] and, thus, should be considered as bonding; moreover, they are comparable with that in 
the known RePt µ-vinylidene complexes.
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(a) (b)

(c) (bˈ)
Fig. 1. Molecular structures of Cp(CO)2RePt(μ-C=CHPh)[P(OPri)3]2 (1a) – (a); Cp(CO)2RePt(μ-

C=CHPh)[P(OPri)3](PPh3) (1b) – without (b) and with hexane molecule (bˈ); Cp(CO)2RePt(μ-
C=CHPh)[P(OPri)3](CO) (1c) – (c). All hydrogen atoms in 1a-c except that of the 

phenylvinylidene ligand, of disorder OPri
3-groups, and hexane in (bˈ) are omitted for clarity. 

Complex 1a crystallized with two crystallographically independent molecules, which 
differed slightly in bond lengths and angles. In complexes 1b and 1c a disordering of OPri

3-groups 
of P1(OPri)3 ligand is observed. Two CH3-group of the one Pri

3-substitutient are occupying two 
equivalent positions in 1c. Whereas in complex 1b the two OPri

3-groups of P(OPri)3 ligand trans to 
rhenium are occupying two positions with ca. 40% and 60% probability, respectively. In addition, 
1b crystallized with a molecule of hexane with 40% occupation. Moreover, such location of the 
solvate is not by a chance as one of the hexanes atom is close to position of terminal carbon 
(corresponding C…C distance is 2.50 Å) of the disordered Pri-group with 60% occupation. Thus, 
the molecule of the solvate in the complex 1b sterically affects the positions of OPri

3-grops of the 
ligand. Solvate atoms are highly disordered so all C–C distances were constrained to 1.54 Å with 
DFIX instructions and angle C4H-C5H-C6H was constrained with DANG 2.4 instruction. Thermal 
motion of hexane atoms was treated as isotropical.

The geometry of ligand environment around the platinum atom in 1a-c is distorted square 
planar. The average P1-Pt-P2 bond angle of two independent molecules in 1a is 102.19(7)° and 
close to the value of 102.99(4)° in complex Cp(CO)2RePt(μ-C=CHPh)(PPh3)2 (4), whereas the 
same angle in 1b is smaller by ca. 7° (Table 4). In the case of complex Cp(CO)2RePt(μ-
C=CHPh)[P(OPri)3](CO) (1c) the P1-Pt-C5 bond angle (97.22(0)°) is also reduced in comparison 
with that of 99.7(4)° in Cp(CO)2RePt(μ-C=CHPh)(PPh3)(CO) (5). Herewith, the values C1PtRe 
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bond angles in 1a-c are close to each other, and similar to those that were found in the known RePt 
complexes [27,29].

Table 4. Comparison of geometric parameters of Cp(CO)2RePt(μ-C=CHPh)[P(OPri)3]L [L = 
[P(OPri)3] (1a), PPh3 (1b), CO (1c)].

1a [P(OPri)3]2 1b [P(OPri)3](PPh3) 1c [P(OPri)3](CO)
Bond length (Å)

Re-Pt 2.7154(5)
2.7242(5)

2.7337(2) 2.7281(5)

Re-C1 2.102(8)
2.074(8)

2.102(4) 2.076(9)

Pt-C1 2.006(8)
2.016(8)

1.998(4) 1.993(9)

C1=C2 1.341(10)
1.348(10)

1.334(6) 1.348(12)

Pt-P1 2.221(2)
2.217(2)

2.2196(11) 2.241(3)

Pt-P2 2.299(2)
2.297(2)

2.3442(11) -

Pt-C5 - - 1.921(13)
C5-O5 - - 1.129(13)
Re-C3 1.890(10)

1.888(9)
1.907(5) 1.910(12)

C3-O3 1.187(10)
1.174(9)

1.162(6) 1.162(12)

Re-C4 1.886(9)
1.899(10)

1.900(5) 1.877(12)

C4-O4 1.158(10)
1.161(10)

1.151(5) 1.165(12)

Pt-C3 2.772(10)
2.837(10)

2.709(4) 2.712(9)

Bond angle (°)
Re-C1-Pt 82.7(3)

83.5(3)
83.59(16) 84.2(3)

Pt-Re-C1 47.1(2)
47.3(2)

46.59(11) 46.6(3)

Re-Pt-C1 50.2(2)
49.1(2)

49.82(12) 49.2(3)

Re-C1-C2 143.0(7)
143.9(7)

143.8(3) 141.4(8)

Pt-C1-C2 134.0(6)
132.4(7)

132.6(3) 134.1(8)

P1-Pt-Re 150.55(6)
151.19(6)

152.15(3) 147.78(7)

P2-Pt-Re 105.48(6)
107.23(6)

111.87(3)

C5-Pt-Re - - 114.1(4)
Re-C3-O3 174.5(7)

172.3(7)
173.8(4) 168(1)

Re-C4-O4 179.0(8)
178.7(8)

178.3(4) 178(1)

Pt-C5-O5 - - 178(1)
P1-Pt-P2 103.06(7)

101.31(7)
95.34(4)

P1-Pt-C5 - - 97.2(4)
Dihedral angle (°)

ReC1Pt/C1C2C6 3.4(5) 1.9(3) 8.(2)
Torsion angle (°)

C7-C6-C2-C1 1.2(2) 8.8(8) -21.5(13)

As mentioned above, the IR spectra of complexes 1a-c indicated the presence of 
considerably weak semibridging interaction between the platinum atom and the C3O3 carbonyl 
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group of the Re fragment, which decreased in the range 1b1a1c. Indeed, the obtained 
structural data confirmed this assumption, the Pt-C3 bond distances in 1b and 1c (2.709(4) and 
2.712(9) Å respectively) reflect the presence of bonding interaction between the adjacent platinum 
atom and C3O3 group. Although, a large value of the Pt-C3 distances in 1a (2.772(10) and 
2.837(10) Å) might be interpreted as indicating the lack of the semigridging interaction, however a 
deviation of the Re-C3-O3 bond angle (168.416(3)°) from linearity clearly demonstrate the presence 
of such interaction. Note, the short Pt-C3 distance in 1c should be explained by much smaller steric 
effect of adjacent C5O5 group in comparison with P(OPri)3 or PPh3 ligands.

2.4. Electrochemical study
The redox properties of the binuclear μ-vinylidene complexes 1a-3c, 4, and 5 were studied 

in acetonitrile solutions using dc polarography at a dropping mercury electrode (DME), cyclic 
voltammetry (CV) at platinum or glassy carbon (GC) electrodes1, and controlled potential 
electrolysis (CPE) at a Pt-electrode. The electrochemical characteristics of these complexes and the 
mononuclear rhenium vinylidene are given in Table 5. The cyclic voltammograms of complexes 2a 
-2c and Cp(CO)2Re=C=CHPh at the GC-electrode are given in Fig. 2. 

Table 5. Electrochemistry data of the complexes 1a-3c, 4, 5,  Cp(CO)2Re=C=CHPh (MeCN, 0.1 M 
Et4NBF4, 2 мM, Ag/0.1 M AgNO3 in MeCN)

Е1/2, V (n)
Oxidation ReductionCompounds

Pt GC DME

Cp(CO)2Re(μ-C=CHPh)Pt[P(OPri)3]2 (1а)
-0.12(1) 
0.26(<1)
0.33(<1)

-0.07(1)
0.35(<1)

-2.87(1)

Cp(CO)2RePt(μ-C=CHPh)[P(OEt)3]2 (2а)
-0.06(1)
0.26(<1)
0.32(<1)

-0.03(1)
0.38(<1)

-2.83(1)
-3.06(1)

Cp(CO)2RePt(μ-C=CHPh)[P(OPh)3]2 (3а)
0.12(1)

0.26(<1)
0.33(<1)

0.14(1)
0.39(<1)

-2.70(1)
-3.05(1)

Cp(CO)2RePt(μ-C=CHPh)[P(OPri)3](PPh3) (1b)
-0.02(1)
0.36(<1)

0.01(1)
0.38(<1)

-2.82(1)
-2.92(1)
-3.05(1)

Cp(CO)2RePt(μ-C=CHPh)[P(OEt)3](PPh3) (2b) -0.01(1)
0.36(<1)

0.04(1)
0.38(<1)

-2.81(1)
-3.05(1)

Cp(CO)2RePt(μ-C=CHPh)[P(OPh)3](PPh3) (3b) 0.02(1)
0.36(<1)

0.06(1)
0.36(<1)

-2.69(1)

Cp(CO)2RePt(μ-С=CHPh)[P(OPri)3](СО) (1c)
0.22(1) 0.26(1)a -2.47(1)

-2.71(1)
-3.00(1)

Cp(CO)2RePt(μ-С=CHPh)[P(OEt)3](СО) (2c) 0.24(1) 0.28(1) a -2.45(1)
-2.82(1)

Cp(CO)2RePt(μ-С=CHPh)[P(OPh)3](СО) (3c) 0.30(1) 0.32(1) a -2.31(1)

Cp(CO)2RePt(μ-С=CHPh)(PPh3)2 (4)
-0.07(1)
0.26(<1)
0.33(<1)

0.00(1)
0.29(<1)
0.36(<1)

-2.60(1)
-2.80(1)
-3.00(1)

Cp(CO)2RePt(μ-С=CHPh)(PPh3)(СО) (5) 0.17(1)a

1.07(<1)
0.18(1)a

1.02(<1)
-2.33(1)a

-3.00(1)

Cp(CO)2Re=C=CHPh 0.33(1) 0.36(1) -2.21(1)
-2.82(1)

aThe quasi-reversible stage; n – the number of electrons transferred in a particular electrochemical stage (the number of 
the electrons n <1 indicates that the wave height is smaller than the height of the one-electron wave)

1The application of different working electrodes offers an opportunity to study the oxidation and 
reduction properties of compounds in the wide range of accessible potentials. The measurement region of 
potentials in acetonitrile (vs. Ag/0.1 M AgNO3 in MeCN) is from 0.30 to -3.20 V at DME, from 2.0 to -2.2 
V, and from 2.0 to -2.6 V at the Pt and GC electrodes, respectively.
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Fig. 2. The cyclic voltammograms of complexes: (а) – Cp(CO)2RePt(μ-С=CHPh)[P(OEt)3]2 (2а), 
(b) – Cp(CO)2RePt(μ-С=CHPh)[P(OEt)3](PPh3)2 (2b), (c) – Cp(CO)2RePt(μ-
C=CHPh)[P(OEt)3](CO) (2c), (d) – Cp(CO)2Re=C=CHPh, at GC-electrode in MeCN (0.1 M 
Et4NBF4, C = 2 mM, scan rate 25 mV s-1, potentials vs. Ag/0.1 M AgNO3 in MeCN)

Comparison of the obtained electrochemical data clearly showed that first oxidation and 
reduction potentials of the binuclear RePt complexes (1a-3c, 4, and 5) depend on the nature of 
ligands at the Pt atom. So, an anodic shift in E1/2 values is observed on moving from P(OPri)3- to 
P(OEt)3- and to P(OPh)3-containing complexes that is consistent with the electron-donating ability 
of the phosphite ligands (Table 5). This trend holds for all types of the complexes (diphosphite (a), 
phosphite-phosfine (b), and phosphite-carbonyl (c)), i.e., the E1/2 values sifted to the anodic region 
in the order 1a<2a<3a, 1b<2b<3b, and 1c<2c<3c. A cathodic shift of the E1/2 values upon the 
replacement of one phosphite ligand in the complexes of type a by more electron-donor PPh3 ligand 
would be expected. However, only the P(OPh)3-complexes behaved in accordance with this 
assumption; on going from the complexes 1a and 2a to 1b and 2b the anodic shift of the first redox 
potentials were observed (Table 5). On the other hand, if we move from the bisphosphine complex 
4 replacing one PPh3 by the less σ-donor phosphite ligands the expected anodic shift of the E1/2 
values would be obtained.

The first oxidation and reduction potentials values of 1c-3c, 5 significantly shifted in the 
anodic area in comparison with those of the type a and b complexes (Table 5) that is a result of 
substitution of one of the Pt-bound phosphorus-containing ligand in the RePt complexes by π-
acceptor CO group. This shift is more pronounced for the complex 3c, which contains the weaker σ-
donor P(OPh)3 ligand. Introduction of the CO ligand in coordination environment of the Pt atom 
also caused a change in schemes of redox transformations of the complexes 1c-3c, 5 compared to 
that with both phosphorous-containing ligands (1a-3b, 4).

The half wave oxidation potential value of the third (1a-3a, 4) or the second oxidation stage 
(1b-3b) of the complexes with two phosphorous-containing ligands (Table 5, Fig. 2a, peak A2; Fig. 
2b, peak B2) coincides with the oxidation potential value (Е1/2 = 0.33 V) of the mononuclear 
rhenium vinylidene complex (Table 5, Fig. 2d, peak D1) [38,39]. This demonstrates that the one-
electron oxidation of the binuclear RePt complexes (1a-3b, 4) results in decomposition of those to 
Cp(CO)2Re=C=CHPh. In contrast to 1a-3b, 4 no oxidation peaks of the rhenium vinylidene at the 
cyclic voltammograms were detected for the complexes (1c-3c) containing the Pt-bound CO group 
(Fig. 2c). Moreover, the first one electron oxidation wave of tricarbonyl µ-vinylidene RePt species 
at the GC electrode is quasi-reversible2, indicating their greater electrochemical stability relative to 
1a-3b, 4. Thus, the one electron oxidation process of 1c-3c, 5 is quasi-reversible and the following 
scheme of their oxidation is to be proposed:

2 The ratio of cathodic to anodic peak currents Ipc/Ipa = 0.76 (Ipc= 60, Ipa= 79), ΔE = |Epa- Epc| = 0.576 mV (Fig.2c, peaks 
C1, C1′)
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Cp(CO)2RePt(μ - C = CHPh)L(CO) 
- e
→
←
+ e

[Cp(CO)2RePt(μ - C = CHPh)L(CO)] +∙

Aside from the oxidation wave with Е1/2 = 0.33 V, the cyclic voltammograms of the type a 
complexes and 4 at the Pt electrode contain a small oxidation wave with Е1/2 = 0.26 V3 (n < 1) 
(Fig.3), its potential value is similar to those of µ-divinylidene complex Cp(CO)2Re=C=C(Ph)–
C(Ph)=C=Re(CO)2Cp, which electrochemistry was studied by Ustynyuk’s group in detail [39]. To 
gain insight into a way of the formation of this µ-divinylidene compound in CV conditions the 
controlled potential electrolysis of 1a-3b, 4 with a working platinum electrode and their reactions 
with [Cp2Fe][BF4] were performed. 

Fig. 3. The cyclic voltammogram of Cp(CO)2RePt(μ-С=CHPh)[P(OEt)3]2 (2а) at Pt-electrode in 
MeCN (0.1 M Et4NBF4, C = 2 mM, scan rate 25 mV s-1, potentials vs. Ag/0.1 M AgNO3 in MeCN)

Controlled potential electrolysis of acetonitrile solutions of the complexes of type a and b at 
their first oxidation wave with the following TLC separation and IR identification of the post-
electrolysis solution showed the formation of both mononuclear vinylidene and µ-divinylidene 
rhenium species as main products. At the same time, only Cp(CO)2Re=C=CHPh was detected after 
the chemical oxidation of 1a-3b, 4 solutions both in dichloromethane and in acetonitrile. Therefore, 
the binuclear RePt complexes (1a-3b, 4) undergoes one-electron oxidation with a cleavage of the 
Re-Pt and Pt-С bonds, and the following schemes of oxidation of 1a-3b, 4 can be proposed:

Cp(CO)2RePt(μ - C = CHPh)(L)(Lˈ)
-  e
→ [Cp(CO)2RePt(μ - C = CHPh)(L)(Lˈ)] +∙ → Cp(CO)2Re

= C = CHPh +  [Pt(L)(Lˈ)] +∙

However, in the CV and the CPE conditions especially with a working platinum electrode the 
process of the cleavage of the Re-Pt and Pt-С bonds can proceed by two pathways. One of them 
resulted in formation of Cp(CO)2Re=C=CHPh and [PtL2]+• fragment, the other in the neutral 
[PtL2]solv fragment and cation-radical of the rhenium complex [Cp(CO)2Re=C=CHPh]+•:

Cp(CO)2RePt(μ - C = CHPh)(L)(Lˈ)
-  e
→ [Cp(CO)2RePt(μ - C = CHPh)(L)(Lˈ)] +∙ → [Cp(CO)2Re = C = CHPh] +∙ +  [Pt

(L)(Lˈ)]

This cation-radical seems to undergo some transformations on the electrode surface leading to 
a generation of the bis-vinylidene rhenium complex. It is noteworthy that previously the formation 
of Cp(CO)2Re=C=C(Ph)–C(Ph)=C=Re(CO)2Cp under the CV conditions was not observed, in 
contrast to its manganese analog [40]. The bis-vinylidene rhenium complex was shown to be 

3The absence of the wave with Е1/2 = 0.26 V on the cyclic voltammograms of types aand bcomplexes at GC-electrode 
and of type b complexes at Pt electrode can be explained by coalescence of that wave with the next wave (Е1/2 = 0.33 V)
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generated only under the treatment of Cp(CO)2Re=C=CHPh with [(η5-
C5H5)2Fe]BF4/triethylamine couple in dichloromethane at room temperature [39]. Moreover, the 
controlled potential electrolysis at a Pt-electrode of µ-vinylidene RePt and RePd complexes with 
chelate diphosphine ligands resulted in only the formation of Cp(CO)2Re=C=CHPh, the second 
pathway yielding the rhenium cation-radical [Cp(CO)2Re=C=CHPh]+• and its dehydrodemirization 
product Cp(CO)2Re=C=C(Ph)–C(Ph)=C=Re(CO)2Cp wasn’t observed at all [28,38,41]. Therefore, 
the formation of Cp(CO)2Re=C=C(Ph)–C(Ph)=C=Re(CO)2Cp under the electrochemical conditions 
can be explained by specific behavior of the generated cation radicals [Cp(CO)2Re=C=CHPh]+• and 
the platinum fragments on the surface of the platinum electrode.

4. Conclusion
In this article, two main synthetic approaches have been utilized to prepare binuclear µ-

vinylidene RePt complexes with terminal posphite ligands at the Pt atom: (i) a consecutive addition 
of metal-containing fragments to the rhenium vinylidene; (ii) ligand substitution or exchange 
reactions at the Pt atom in the µ-vinylidene complexes with RePt core. A series of the new 
binuclear μ-vinylidene complexes Cp(CO)2RePt(-C=CHPh)LL' (L = L' = P(OPri)3 (1a), P(OEt)3 
(2a), P(OPh)3 (3a); L' = PPh3, L = P(OPri)3 (1b), P(OEt)3 (2b), P(OPh)3 (3b)) were obtained by 
means of different methods. An applicability of certain method depends on the nature P(OR)3 
ligand that we would like to introduce into the binuclear complex. For example, the most 
convenient methods to complexes 1a and 2a is based on the reactions of [Cp(CO)2RePt(µ-
C=CHPh)(PPh3)2] (4) with free phosphites and to complex 3a based on the treatment of 
Cp(CO)2Re=C=CHPh with Pt[P(OPh)3]4. The mixed ligand complexes 1b and 2b were obtained in 
high yields by the interaction between Cp(CO)2RePt(µ-C=CHPh)(PPh3)2(4) and Cp(CO)2RePt(µ-
C=CHPh)[P(OR)3]2 (1a, 2a). The best yield for Cp(CO)2RePt(µ-C=CHPh)[P(OPh)3](PPh3) (3b) 
was reached by the reaction of Cp(CO)2Re=C=CHPh with mixed ligand species 
Pt(PPh3)3[P(OPh)3]. 

We also studied the possibility of substitution of phosphorous ligands at the platinum atom in 
the obtained binuclear vinylidenes by carbon monoxide. The reactions of the type a and b 
complexes with Co2(CO)8 were shown to result in the selective substitution of the Pt-bound 
phosphorus ligand being trans to the bridging vinylidene to give Cp(CO)2RePt(-C=CHPh)(CO)L 
[L = P(OPri)3 (1c), P(OEt)3 (2c), P(OPh)3 (3c)]. 

The XRD, IR and NMR spectroscopy, and electrochemical study of complexes 1a-3c 
revealed an influence of a ligand environment of the platinum atom on the properties of the 
synthesized compounds. Such influence is minor in the structural and spectroscopic characteristics 
of the complexes, whereas a strong difference is detected in the electrochemical behavior between 
the type c complexes and the others. So, the introduction of π-acceptor CO ligand in the RePt 
vinylidene complexes resulted in increasing of electrochemical stability of 1c-3c as indicated by 
their quasi-reversible first one electron oxidation wave. On the other hand, one electrone oxidation 
of 1a-3b resulted in their decomposition to the Cp(CO)2Re=C=CHPh complex and [PtL2]+• 
fragment.

5. Experimental
5.1. General considerations

All operations and manipulations were carried out under an argon atmosphere. Solvents were 
purified by distillation from appropriate drying agents and stored under argon. The course of 
reactions were monitored by TLC on Silufol plates and IR spectroscopy. Neutral alumina was used 
for column chromatography. Physical-chemical characteristics were obtained in the Krasnoyarsk 
Regional Centre of Research Equipment, Siberian Branch of the RussianAcademy of Sciences. The 
IR spectra were recorded on the Vector 22 Infrared Fourier spectrometer (Bruker, Germany). The 
1H, 13C{1H} and 31P{1H} NMR spectra were obtained using NMR spectrometer AVANCE III 600 
DPX (Bruker, Germany). The X-ray data for 1c were obtained with the Smart Photon II 
diffractometer, for 1a with an automatic Bruker X8 Apex diffractometer equipped with a two-
dimensional CCD detector (Bruker AXS, Germany). The initial compounds P(OPri)3, P(OEt)3 [42], 
and Cp(CO)2RePt(-C=CHPh)(PPh3)2 [26] were synthesized according to published procedures. In 
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the experimental part the synthetic procedures to the complexes 1a-3c providing the highest 
yields are described, the rest of the reactions are included in supplementary material.

Electrochemical study
The electrochemical measurements were carried out in acetonitrile solutions with 0.1 M 

[Et4N][BF4] as a supporting electrolyte. The cyclic voltammograms and polarograms were recorded 
on an IPC-Pro M potentiostat (Volta, Saint-Petersburg, Russia) using a three-electrode system. The 
working electrode was a stationary platinum electrode of 1 mm diameter or a stationary glassy 
carbon (GC) electrode of 3 mm diameter in a Teflon housings or a dropping mercury electrode 
(DME) with a positive margin drop (m = 3.6 mg/s,  = 0.23 s). The reference electrode was Ag/0.1 
M AgNO3 in MeCN. Potentials are given versus Ag/0.1 M AgNO3 in MeCN (they can be converted 
to V versus SCE by adding 0.337 V).The auxiliary electrode was a platinum wire. The reference 
electrode and the auxiliary electrode were separated from the bulk solution in a glass tube filled 
with an electrolyte solution and fitted with a porous plug. The number of the electrons transferred in 
a particular redox process was estimated by comparison of the wave height observed with those of 
the one-electron ferrocene+/0 or Cp(CO)2Re=C=CHPh of the same concentration as well as through 
usual diagnostic electrochemical parameters. The controlled potential electrolysis was carried out 
with the IPC-Pro potentiostat using a three-electrode system with a platinum plate of 4 cm2 as the 
working electrode. 

5.1.1. Syntheses of Cp(CO)2RePt(µ-C=CHPh)[P(OPri)3]2 (1a)
A. Reaction of Cp(CO)2Re=C=CHPh with Pt[P(OPri)3]4 
A mixture of 50 mg (0.122 mmole) of Cp(CO)2Re=C=CHPh and 125 mg (0.122 mmole) of 

Pt[P(OPri)3]4 in 10 mL of benzene was stirred for 4 hours. The resultant solution was dried in vacuo 
and the obtained yellow residue was dissolved in 5 mL hexane-benzene mixture (1:1) and 
chromatographed on an alumina column (8 × 2 cm). The column was eluted initially with hexane-
benzene (9:1), (4:1) and (1:1) mixture. The first colorless zone contained P(OPri)3 and 
Cp(CO)2Re[2-HC(P(=O)(OPri)2)=CHPh], identified by IR. The second yellow major band, after 
removal of solvent and crystallization from hexane, afforded yellow microcrystals of 1a. Yield: 75 
mg, 60 %.

B. Reaction of Cp(CO)2RePt(µ-C=CHPh)(PPh3)2 (4) with P(OPri)3
P(OPri)3 (109 mg, 0.525 mmol) was added to a solution of [Cp(CO)2RePt(-

C=CHPh)(PPh3)2] (4) (109 mg, 0.105 mmol) in 10 mL of benzene and reaction mixture was stirred 
for 12 hours. Then the mixture was dried in vacuo. A bright-yellow residue was dissolved in 
hexane-benzene mixture (1:1) and chromatographed on an alumina column (8 × 2 cm). The column 
was eluted initially with hexane-benzene (2:1) mixture and subsequently with benzene. The first 
colorless zone contained PPh3 and P(OPri)3. The second yellow major band, after removal of 
solvent and crystallization from benzene-hexane mixture (1:1), afforded yellow microcrystals of 1a. 
Yield: 71 mg, 85%.

Cp(CO)2RePt(µ-C=CHPh)[P(OPri)3]2 (1a)
Anal. Found: С, 39.01; H, 5.20%. Calc. for C33H53O8P2PtRe (1021.00): С, 38.82; H, 5.23%.
IR (cm-1): 1943s, 1873s(CH2Cl2); 1946s, 1869 (tabl. KBr).
1H NMR (CD2Cl2, 25ºC) , ppm [J, Hz]: 1.38 (d, 18H, 3J = 6.24, CH3); 1.40 (d, 18H, 3J = 

6.24, CH3); 4.88 (m, 6H, CH); 5.34 (s, 5H, C5H5); 7.12 (tr, 3J = 7.29, Hpara of CHPh); 7.31 (tr, 2H, 
3J = 7.71, Hmeta of CHPh); 7.66 (d, 2H, 3J = 7.89, Horto of CHPh); 8.42 (ddd, 4JPH = 22.37, 4JPH = 
14.49, 3JPtH = 14.76, =CH).

31P{1H} NMR (C6D6, 25ºC) , ppm [J, Hz]: 137.96 (dd 2JPP = 7.01, JPtP = 6811, P1(OPri)3); 
146.13 (dd 2JPP = 7.01, JPtP = 3957, P2(OPri)3). 

13C{1H} NMR (C6D6, 25ºC) , ppm [J, Hz]: 23.91 (d, 3JPC = 7.37, CH3); 24.17 (br. s, CH3); 
68.28 (d, 2JPtC = 11.00, CH2); 69.49 (d, 2JPtC = 19.44, CH2); 85.53 (s, C5H5); 123.65 (s, Cpara of 
C6H5); 126.29 (s, Cmeta of C6H5); 127.70 (s, Corto of C6H5); 138.37 (ddd, 3JPC = 6.06, 3JPC = 2.75, 
2JPtC = 108.21, =C2H); 143.10 (dd, 4JPC = 21.46, 4JPC = 9.36, Cipso of C6H5); 201.97 (br. s, CO); 
228.00 (ddd, 2JPC = 92.80, 2JPC = 4.77, JPtC = 790.82, -C1=).

5.1.2. Syntheses of Cp(CO)2RePt(µ-C=CHPh)[P(OEt)3]2 (2a)
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Complex 2a was obtained as a pale yellow solid with 65% yield, from reaction of 

[Cp(CO)2RePt(-C=CHPh)(PPh3)2] (4) and P(OEt)3 following the procedure B used for preparation 
of complex 1a.

Anal. Found: С, 34.68; H, 4.45%. Calc. for C27H41O8P2PtRe (936.84): C, 34.62; H, 4.41%.
IR (cm-1): 1940s, 1870s (CH2Cl2); 1932s, 1869s (tabl. KBr).
1H NMR (C6D6, 25ºC) , ppm [J, Hz]: 1.10 (tr, 9H, 3J = 7.10, CH3); 1.20 (tr, 9H, 3J = 7.10, 

CH3); 3.99 (dkv, 6H, 3J = 7.10, 3JPH = 8.24, CH2); 4.06 (dkv, 6H, 3J = 7.10, 3JPH = 7.32, CH2); 5.08 
(s, 5H, C5H5); 7.15 (tr, 3J = 7.33, Hpara of CHPh); 7.37 (tr, 2H, 3J = 8.01, Hmeta of CHPh); 7.99 (dd, 
2H, 3J = 8.01, Horto of CHPh); 8.90 (ddd, 4JPH = 23.35, 4JPH = 15.33, 3JPtH = 15.79, =CH).

31P{1H} NMR (C6D6, 25ºC) , ppm [J, Hz]: 135.47 (dd, 2JPP = 4.1, JPtP = 6753, P1(OEt)3); 
148.44 (dd, 2JPP = 4.1, JPtP = 3924, P2(OEt)3).

13C{1H} NMR (C6D6, 25ºC) , ppm [J, Hz]: 15.79 (d, 3JPC = 7.37, CH3); 16.09 (d, 3JPC = 
6.50, CH3); 60.07 (d, 2JPtC = 13.00, CH2); 60.37 (d, 2JPtC = 20.37, CH2); 85.07 (s, C5H5); 124.02 (s, 
Cpara of C6H5); 126.71 (s, Cmeta of C6H5); 127.93 (s, Corto of C6H5); 138.48 (ddd, 3JPC = 5.20, 3JPC = 
2.60, 2JPtC = 109.02, =C2H); 143.75 (dd, 4JPC = 21.67, 4JPC = 9.54, Cipso of C6H5); 202.07 (s, 2CO); 
228.80 (ddd, 2JPC = 93.63, 2JPC = 5.20, JPtC = 791.77, -C1=).

5.1.3. Syntheses of Cp(CO)2RePt(µ-C=CHPh)[P(OPh)3]2 (3a) 
Complex Cp(CO)2RePt(µ-C=CHPh)[P(OPh)3]2 (3a) was obtained similar to procedure A for 

complex 1a using Pt[P(OPh)3]4 instead of Pt[P(OPri)3]4: A mixture of 50 mg (0.122 mmole) of 
Cp(CO)2Re=C=CHPh and 175 mg (0.122 mmole) of Pt[P(OPh)3]4 in 10 mL of benzene was stirred 
for 24 hours. The resultant solution was dried in vacuo and the obtained yellow residue was 
dissolved in 5 mL hexane-benzene mixture (1:1) and chromatographed on an alumina column (8 × 
2 cm). The column was eluted initially with hexane-benzene (4:1) and (1:1) mixture. The first 
colorless zone contained P(OPh)3. The second yellow major band, after removal of solvent and 
crystallization from diethyl either, afforded yellow microcrystals of 3a. Yield: 119 mg, 80 %.
Anal. Found: С, 50.68; H, 3.85%. Calc. for C51H41O8P2PtRe (1225.10): C, 50.00; H, 3.37%.

IR (cm-1): 1952s, 1881s(CH2Cl2), 1947s, 1877s (tabl. KBr).
1H NMR (CDCl3, 25ºC) , ppm [J, Hz]: 4.83 (s, 5H, C5H5); 7.05-7.31 (Hpara,Hmeta,Horto of 

Ph); 8.32 (ddd, 4JPH = 25.30,4JPH = 15.68,3JPtH = 18.76, =CH).
31P{1H} NMR (CDCl3, 25ºC) , ppm [J, Hz]: 118.11 (dd, 2JPP = 14.52, JPtP = 6919, 

P1(OPh)3); 136.14 (dd, 2JPP = 14.52, JPtP = 4184, P2(OPh)3).
13C{1H} NMR (CDCl3, 25ºC) , ppm [J, Hz]: 85.88 (s, C5H5); 120.80 (d, 5JPC = 5.20, Cpara 

of OC6H5); 121.32 (d, 5JPC = 5.20, Cpara of OC6H5); 124.10 (s, Cpara of C6H5); 124.26 (s, Cmeta of 
OC6H5); 124.40 (s, Cmeta of OC6H5); 126.61 (s, Cmeta of C6H5); 127.53 (s, Corto of C6H5); 129.03 (s, 
Corto of OC6H5); 129.36 (s, Corto of OC6H5); 140.55 (dd, 3JPC = 4.16, 2JPtC = 102.65, =C2H); 142.96 
(dd, 4JPC = 22.37, 4JPC = 9.89, Cipso of C6H5); 151.31 (d, 2JPC = 6.24,Cipso of OC6H5); 151.49 (d, 2JPC 
= 5.55,Cipso of OC6H5); 229.49 (dd, 2JPC = 92.25,JPtC = 781.66, -C1=).

5.1.4. Syntheses of Cp(CO)2RePt(µ-C=CHPh)[P(OPri)3](PPh3) (1b)
A. Reaction of Cp(CO)2RePt(µ-C=CHPh)[P(OPri)3]2 (1a) with an excess of PPh3.
PPh3 (175 mg, 0.668 mmol) was added to a solution of Cp(CO)2RePt(-

C=CHPh)[P(OPri)3]2 (1a) (127 mg, 0.125 mmol) in 10 mL of benzene. The mixture after being 
stirred for 8 h was driedin vacuo. A bright-yellow residue was dissolved in hexane-benzene mixture 
(1:1) and chromatographed on an alumina column (6 × 2 cm). The column was eluted initially with 
hexane, hexane-benzene (4:1) mixture and subsequently with hexane-benzene (1:1) mixture. The 
first colorless eluate contained PPh3 and P(OPri)3. The second yellow major band, after removal of 
solvent and crystallization from hexane, gave83 mg of unreacted1a. The third bright-yellow band, 
after removal of solvent and crystallization from benzene-hexane mixture (1:5), yield 46 mg (34%) 
of 1b.

B. Reaction of Cp(CO)2RePt(µ-C=CHPh)(PPh3)2(4) with one equivalent of P(OPri)3.
P(OPri)3 (9 mg, 0.044 mmol) was added to a solution of Cp(CO)2RePt(-C=CHPh)(PPh3)2 

(4) (50 mg, 0.044 mmol) in 10 mL of benzene and reaction mixture was stirred for 20 minutes. The 
mixture after being stirred for 30 minutes was driedin vacuo. A bright-yellow residue was dissolved 
in hexane-benzene mixture (1:1) and chromatographed on an alumina column (8 × 2 cm). The 
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column was eluted initially with hexane-benzene (2:1) mixture and subsequently with benzene. 
The first colorless zone contained PPh3. The second yellow major band, after removal of solvent 
and crystallization from benzene-hexane mixture (1:1), afforded yellow microcrystals of 1b. Yield: 
31 mg, 65%. The third yellow band after removal of solvent afforded 10 mg (21%) orange 
microcrystals of unreacted 4.

C. Reaction between Cp(CO)2RePt(µ-C=CHPh)[P(OPri)3]2 (1a) and Cp(CO)2RePt(µ-
C=CHPh)(PPh3)2(4)

A mixture of Cp(CO)2RePt(µ-C=CHPh)(PPh3)2 (4) (22 mg, 0.020 mmole) and 
Cp(CO)2RePt(µ-C=CHPh)[P(OPri)3]2 (1a) (20 mg, 0.020 mmol) in 0.1 mL of benzene was heated 
at 60 ºC. The solution after being stirred for 5 h was cooled to RT and dried in vacuo. The obtained 
bright-yellow oiled residue was crystallized from Et2O-hexane mixture (1:2) and afforded orange 
microcrystals of 1b. Yield: 30 mg, 70%.

Anal. Found: С, 46.83; H, 4.36%. Calc. for C42H47O5P2PtRe (1075.05): С, 46.92; H, 4.41%.
IR (cm-1): 1935s, 1859s(CH2Cl2); .1922s, 1851s (tabl. KBr).
1H NMR (CD2Cl2, 25ºC) , ppm [J, Hz]:1.11 (br, 18H, CH3); 4.73 (br, 3H, CH); 4.86 (s, 5H, 

C5H5); 7.11 (tr, 3J= 7.29, Hpara of CHPh); 7.30 (tr, 3J = 7.61, Hpara of PPh3); 7.46 (m, Hmeta of CHPh 
and PPh3); 7.65 (d, 3J = 7.70, Horto of CHPh); 7.76 (d, 3J = 8.53, Horto of PPh3); 7.77 (d, 3J = 8.62, 
Horto of PPh3); 8.49 (ddd, 4JPH ≈ 4JPH = 15.09, 3JPtH= 7.32, =CH).

31P{1H} NMR (CD2Cl2, 25ºC) , ppm [J, Hz]: 130.04 (d, JPtP = 7235, P(OPri)3; 28.39 (d, JPtP 
= 2329, PPh3).

13C{1H} NMR (CD2Cl2, 25ºC) , ppm [J, Hz]: 23.53 (d, 3JPC = 4.03, CH3); 69.06 (d, 2JPtC = 
18.71, CH); 85.10 (s, C5H5); 123.50 (s, Cpara of C6H5); 126.02 (s, Cmeta of C6H5);127.65 (d, 3JPC = 
9.54, Cmeta of P(C6H5)3);127.75 (s, Corto of C6H5);129.33 (d, 4JPC = 1.10, Cpara of P(C6H5)3);134.48 
(dd, 2JPC = 12.47, 3JPtC = 13.03, Corto of P(C6H5)3);135.44 (dd, JPC = 38.15, 2JPtC = 17.61, Cipso of 
P(C6H5)3);137.00 (ddd, 3JPC ≈ 3JPC = 3.30, 2JPtC = 115.18, =C2H);143.26 (dd, 4JPC = 14.51, 4JPC = 
9.72, Cipso of C6H5);202.81 (br, s, 2CO);228.02 (dd, 2JPC = 64.01, 2JPC = 6.06, -C1=).

5.1.5. Syntheses of Cp(CO)2RePt(µ-C=CHPh)[P(OEt)3](PPh3) (2b)
A. Reaction of Cp(CO)2RePt(µ-C=CHPh)[P(OEt)3]2 (2a) with an excess of PPh3.
Complex 2b was obtained as a bright yellow solid with 65% yield, from reaction of 

Cp(CO)2RePt(-C=CHPh)[P(OEt)3]2 (2a) and PPh3 following the procedure A used for preparation 
of complex 1b.

B. Reaction of Cp(CO)2RePt(µ-C=CHPh)(PPh3)2 (4) with one equivalent of P(OEt)3.
Following the procedure B described for preparation of 1b, complex 2b was obtained with 

67% yield.
C. Reaction between Cp(CO)2RePt(µ-C=CHPh)[P(OEt)3]2 (2a) and Cp(CO)2RePt(µ-

C=CHPh)(PPh3)2 (4)
Interaction of 2a and 4 resulted in 71% yield of complex 2b under the same conditions used 

for preparation of 1b by method C.
Anal. Found: С, 46.48; H, 4.12%. Calc. for C39H41O5P2PtRe (1033.16): C, 45.35; H, 4.00%.
IR (cm-1): 1936s, 1860s(CH2Cl2);1926s, 1854s(tabl. KBr).
1H NMR (CDCl3, 25ºC) , ppm [J, Hz]: 0.89 (tr, 9H, 3J = 7.10, CH3); 3.90 (dkv, 6H, 3J = 

7.10, 3JHP = 7.44, CH2); 4.63 (s, 5H, C5H5); 7.04-7.12 (m, Hpara of CHPh and PPh3); 7.37 (m, Hmeta 
of CHPh and PPh3); 7.82 (d, 3J = 8.93, Horto of PPh3); 7.84 (d, 3J = 8.36, Horto of PPh3); 8.00 (d, 3J = 
7.32, Horto of CHPh); 8.91 (ddd, 4JPH ≈ 4JPH = 15.34, 3JPtH = 7.32, =CH). 

31P{1H} NMR (CDCl3, 25ºC) , ppm [J, Hz]: 133.16 (d, JPtP = 7193, P(OEt)3); 28.70 (d, JPtP 
= 2340, PPh3).

13C{1H} NMR (CDCl3, 25ºC) , ppm [J, Hz]: 15.80 (d, 3JPC = 7.28, CH3); 60.56 (d, 2JPtC = 
20.81, CH2); 85.03 (s, C5H5); 123.56 (s, Cpara of C6H5); 126.23 (s, Cmeta of C6H5); 127.60 (d, 3JPC = 
9.71, Cmeta of P(C6H5)3); 127.74 (s, Corto of C6H5); 129.32 (d, 4JPC = 1.73, Cpara of P(C6H5)3); 134.32 
(dd, 2JPC = 12.14, 3JPtC = 13.01, Corto of P(C6H5)3); 135.37 (dd, JPC = 38.84, 2JPtC = 17.17, Cipso of 
P(C6H5)3); 136.23 (ddd, 3JPC ≈ 3JPC = 2.70, 2JPtC = 112.36, =C2H); 143.53 (dd, 4JPC = 14.74, 4JPC = 
10.24, Cipso of C6H5); 202.50 (s, 2CO); 227.64 (dd, 2JPC = 62.08, 2JPC = 6.24, -C1=).

5.1.6. Syntheses of Cp(CO)2RePt(µ-C=CHPh)[P(OPh)3](PPh3) (3b) 
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A. Reaction of Cp(CO)2RePt(µ-C=CHPh)[P(OPh)3]2 (3a) with an excess of PPh3.
Following the procedure A described for preparation of 1b, complex 3b was obtained with 

55% yield.
B. Reaction of Cp(CO)2Re=C=CHPh with Pt(PPh3)3[P(OPh)3].
To a solution of 200 mg (0.161 mmole) of Pt(PPh3)4 in 5 mL of benzene a 46 µL (0.177 

mmole) of P(OPh)3 was added. After 10 minutes a 66 mg (0.161 mmole) of Cp(CO)2Re=C=CHPh 
was added and the mixture was additionally stirred for a 4 hours. The obtained solution was dried in 
vacuo and a bright-yellow residue was dissolved in hexane-benzene mixture (1:1) and 
chromatographed on an alumina column (8 × 2 cm). The column was eluted initially with hexane-
benzene (4:1) mixture and subsequently with hexane-benzene (1:1) mixture. The first colorless zone 
contained PPh3. The second yellow major band, after removal of solvent and crystallization from 
diethyl either afforded orange microcrystals of 3b. Yield: 166 mg, 88%.

Anal. Found: С, 52.13; H, 3.60%. Calc. for C51H41O5P2PtRe (1177.10): C, 52.04; H, 3.51%.
IR (cm-1): 1945s, 1873s (CH2Cl2); 1945s, 1874 (tabl. KBr).
1H NMR (CDCl3, 25ºC) , ppm [J, Hz]: 4.84 (s, 5H, C5H5); 7.08-7.71 (Hpara,Hmeta,Horto of 

Ph); 9.04 (ddd, 4JPH ≈ 4JPH = 15.91, 3JPtH = 14.42, =CH).
31P{1H} NMR (CDCl3, 25ºC) , ppm [J, Hz]: 122.33 (d, JPtP = 7525, P(OPh)3); 28.45 (dd, 

2JPP = 9.85, JPtP = 2444, PPh3).
13C{1H} NMR (CDCl3, 25ºC) , ppm [J, Hz]: 85.13 (s, C5H5), 120.63-134.71 

(Cpara,Cmeta,Corto of Ph); 138.76 (d, 2JPtC = 100.92, =C2H); 143.63 (dd, 4JPC = 25.84, 4JPC = 15.09, 
Cipso of C6H5); 151.61 (m, Cipso of P(C6H5)3 and P(OC6H5)3); 201.18 (br. s, 2CO); 228.80 (dd, 2JPC = 
57.91, 2JPC = 4.86, -C1=).

5.1.7. Syntheses of Cp(CO)2RePt(µ-C=CHPh)[P(OR)3](CO) (R = Pri (1c), Et (2c), Ph 
(3c)) 

To a mixture contained 0.098 mmol of Cp(CO)2RePt(-C=CHPh)[P(OR)3]2 (R = Pri (1a), Et 
(2a), Ph (3a)) and 0.108 mmol (10% excess) of Co2(CO)8 in argon a 10 mL of benzene was added. 
The solution was allowed to stir at room temperature for 2 hours. The solvent was then removed in 
vacuo and the obtained dark-brown residue was redissolved in hexane-benzene (5:1) mixture and 
chromatographed on an alumina column (7 × 2 cm). Two fractions were successively eluted with 
hexane, hexane-benzene (9:1) and (3:2) mixtures. The first brown fraction contained yellow-brown 
complex Co2(CO)7[P(OR)3]. The required compounds Cp(CO)2RePt(-C=CHPh)[P(OR)3](CO) 
obtained by evaporation of solvent from the second bright-yellow fraction. 

Cp(CO)2RePt(-C=CHPh)[P(OPri)3](CO)(1c) as an orange crystalline solid from hexane. 
Yield 88 %.

Anal. Found: С, 35.77; H, 3.90%. Calc. ForC25H32O6PPtRe (840,78): C, 35.71; H, 3.84%.
IR (cm-1): 2030s, 1940s, 1878 (CH2Cl2); 2027s, 1932s, 1872 (tabl. KBr).
1H NMR (C6D6, 25ºC) , ppm [J, Hz]: 1.14 (d, 18H, 4J = 6.18, CH3); 4.72 (m, 6H, CH); 4.78 

(s, 5H, C5H5); 7.10 (tr, 3J = 7.32, Hpara of Ph); 7.32 (tr, 2H, 3J = 7.67, Hmeta of Ph); 7.89 (d, 2H, 3J = 
8.01, Horto of Ph); 8.92 (dd, 4JPH = 14.42, 3JPtH = 19.46, =CH).

31P NMR (C6D6, 25ºC) , ppm [J, Hz]: 122.07 (d, JPtP = 6442, P(OPri)3).
13C{1H} NMR (CDCl3, 25ºC) , ppm [J, Hz]: 23.90 (d, 3JPH = 4.86, CH3); 70.63 (d, 3JPtH = 

19.42, CH); 86.02 (s, C5H5); 124.71 (s, Cpara of C6H5); 126.65 (s, Cmeta of C6H5); 127.85 (s, Corto of 
C6H5); 142.16 (dd, 3JPC = 4.51, 2JPtC = 112.71, =C2H); 142.52 (dd, 3JPtC = 20.98, 4JPC = 9.36, Cipso of 
C6H5); 195.36 (dd, JPtC = 1217, 2JPC = 1.73, Pt-CO), 227.03 (dd, JPtC = 841, 2JPC = 3.81, -C1=).

Cp(CO)2RePt(-C=CHPh)[P(OEt)3](CO) (2c) as an orange crystalline solid from hexane. 
Yield 85 %.

Anal. Found: С, 34.15; H,  3.33%. Calc. for C22H26O6PPtRe (798.70): C, 33.08; H, 3.28%.
IR (cm-1): 2041s, 1939s, 1876m(CH2Cl2); 2043s, 1929s, 1869s (tabl. KBr).
1H NMR (C6D6, 25ºC) , ppm [J, Hz]: 1.10 (tr, 9H, 3J = 6.99, CH3); 3.84 (dkv, 6H, 3J = 

6.99, 3JHP = 8.93, CH2); 4.78 (s, C5H5); 7.09 (tr, 3J = 7.32, Hpara of Ph); 7.30 (tr, 2H, 3J = 7.78, Hmeta 
of Ph); 7.84 (tr, 2H, 3J = 7.32, Horto of Ph), 8.88 (dd, 4JPH = 14.88, 3JPtH = 19.35, =CH).

31P NMR (C6D6, 25ºC) , ppm [J, Hz]: 124.50 (d, JPtP = 6441, P(OEt)3).
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13C{1H} NMR (C6D6, 25ºC) , ppm [J, Hz]: 15.55 (d, 3JPC = 7.28, CH3); 61.23 (d,3JPtC = 

19.07, CH2); 85.74 (s, C5H5); 124.95 (s, Cpara of C6H5); 126.92 (s, Cmeta of C6H5); 127.99 (s, Corto of 
C6H5); 142.29 (dd, 3JPC = 4.85, 2JPtC = 110.63, =C2H), 142.85 (d, 4JPC = 9.36, Cipso of C6H5); 196.41 
(d, 2JPC = 1.73, Pt-CO); 227.42 (d, 2JPC = 3.47,-C1=).

Cp(CO)2RePt(µ-C=CHPh)[P(OPh)3](CO) (3c) as a brown oil. Yield 80 %.
Anal. Found: С, 43.38; H,  2.82 %. Calc. for C34H26O6PPtRe (942.83): C, 43.31; H, 2.78.
IR (cm-1): 2046s, 1953s, 1889s (CH2Cl2); 2040s, 1947s, 1883 (tabl. KBr).
1H NMR (C6D6, 25ºC) , ppm [J, Hz]:5.11 (s, C5H5); 7.05-7.60 (Hpara,Hmeta,Horto of Ph); 

8.84 (dd, 4JPH = 14.49, 3JPtH = 25.68, =CH).
31P NMR (C6D6, 25ºC) , ppm [J, Hz]: 115.04 (d, JPtP = 6765, P(OPh)3).
13C{1H} NMR (C6D6, 25ºC) , ppm [J, Hz]: 85.88 (s, C5H5); 121.25 (d, 5JPC = 5.55, Cpara of 

OC6H5); 125.01 (s, Cpara of C6H5);125.23(d, 4JPC = 1.04, Cmeta of OC6H5);126.79(s, Cmeta of C6H5); 
127.90 (s, Corto of C6H5); 129.55 (s, Corto of OC6H5); 142.16 (dd, 4JPC = 9.36,3JPtC = 19.25, Cipso of 
C6H5); 142.76 (dd, 3JPC = 4.51, 2JPtC = 104.39, =C2H); 150.93 (dd, 2JPC = 5.89,3JPtC = 10.23, Cipso of 
OC6H5); 193.20 (dd, 2JPC = 2.43,JPtC = 1231, Pt-CO); 200.79 (br, s, Re-CO); 227.68 (dd, 2JPC = 
3.81,JPtC = 867,-C1=). 

5.2. X-ray diffraction studies of Cp(CO)2RePt(μ-C=CHPh)[P(OPri)3]2 (1a)
Orange crystals of μ2-[(phenylethene-1,1-diyl-1:2κ2C)]-dicarbonyl-1κ2C-bis-(triisopropyl 

phosphite-2κP)-(1-η5-cyclopentadienyl)-platinumrhenium(Pt-Re) suitable for X-ray diffraction 
analysis were grown from a hexane under argon atmosphere at +5°C.

C33H53O8P2RePt, triclinic, P-1, a = 11.7690(6), b = 15.8882(8), c = 21.4707(12) Å, α = 
92.347(2), β = 99.2166(18), γ = 105.0981(17), V = 3811.7(3) Å3, Z = 4. The experimental data were 
collected using fragment of a crystal, dimensions 0.15 × 0.15 × 0.1 mm, with a automatic Bruker 
X8 Apex diffractometer equipped with a two-dimensional CCD detector (graphite monochromator, 
MoK radiation, λ = 0.71073 Å, 2 ≤ 57.74); 35341 reflections were obtained at 150 K, 16213are 
unique. The experimental completeness is 99.8%. Absorption corrections (Mo = 6.967 mm–1) have 
been applied using multiscan procedure [43], Rint = 0.0528.Refinement converged at a final R1 = 
0.0473 for reflections with Io>2σI and  0.0958 for all16213 data; wR2 = 0.0928, GooF = 0.973, 835 
refined parameters. The supplementary crystallographic data for compound 1a have been deposited 
with the Cambridge Crystallographic Data Centre, CCDC No. 1957291. The data can be obtained 
free of charge via http://www.ccdc.cam.ac.uk or e-mail: deposit@ccdc.cam.ac.u.

5.3. X-ray diffraction studies of Cp(CO)2RePt(μ-C=CHPh)[P(OPri)3](PPh3) (1b)
Orange crystals of μ2-[(phenylethene-1,1-diyl-1:2κ2C)]-dicarbonyl-1κ2C-

(triisopropylphosphite-2κP)-(triphenylphosphane-2kP)-(1-η5-cyclopentadienyl)-platinum-
rhenium(Pt-Re)suitable for X-ray diffraction analysis were grown from a hexane:diethyl ether 
mixture = 2:1under argon atmosphere at +5°C.

C44.4H52.6O5P2PtRe, monoclinic, P21/n, a = 14.8319(5), b = 20.7754(6), c = 15.1651(5) Å, α 
= 90.00, = 100.2408(12), γ = 90.00, V= 4598.5(3) Å3, Z=4.The experimental data were 
collected using fragment of a crystal, dimensions 0.287 × 0.206 × 0.121 mm, with a automatic 
Bruker X8 Apex diffractometer equipped with a two-dimensional CCD detector (graphite 
monochromator, MoK radiation, λ = 0.71073 Å, 2 ≤ 57.74); 49223 reflections were obtained at 
150 K, 12944 are unique.The experimental completeness is 99.8%. Absorption corrections (Mo = 
6.967 mm–1) have been applied using multiscan procedure [43], Rint = 0.0414. Refinement 
converged at a final R1 =  0.0320 for reflections with Io>2σI and 0.0492 for all 12944 data;wR2 = 
0.0833, GooF = 1.043, 551 refined parameters. The supplementary crystallographic data for 
compound 1b have been deposited with the Cambridge Crystallographic Data Centre, CCDC No. 
1957292. The data can be obtained free of charge via http://www.ccdc.cam.ac.uk or e-mail: 
deposit@ccdc.cam.ac.u.

mailto:deposit@ccdc.cam.ac.u
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5.4. X-ray diffraction studies of Cp(CO)2RePt(μ-C=CHPh)[P(OPri)3](CO) (1c)
Orange crystals of μ2-[(phenylethene-1,1-diyl-1:2κ2C)]-tricarbonyl-1κ2C,2κ1C-(triisopropyl 

phosphite-2κP)-(1-η5-cyclopentadienyl)-platinumrhenium(Pt-Re) suitable for X-ray diffraction 
analysis were grown from a hexane:diethyl ether mixture = 2:1 under argon atmosphere at +5°C. 

C25H32O6PPtRe, triclinic, P-1, a = 8.7502(4), b = 11.8179(7), c = 14.7854(8) Å, α = 
105.6448(12),= 101.4502(10), γ = 91.3875(13), V= 1438.09(13) Å3, Z=2. The experimental 
data were collected using fragment of a crystal, dimensions of 0.43 ×0.40 ×0.20mm, with a Smart 
Photon II diffractometer (Bruker AXS, CCD area detector, graphite monochromator, MoK 
radiation, λ = 0.71073Å, 2 ≤ 52.74); 14571 reflections were obtained at 296 K, 5619 are unique. 
The experimental completeness is 99.8%. Absorption corrections (Mo = 6.163 mm–1) have been 
applied using multiscan procedure [44], Rint =0.0500. The structure was solved by direct methods 
and refined by full-matrix least squares on F2, using SHELXTL program [45,46]. Hydrogen atoms 
have been placed in calculated positions and taken into account in the final stages of refinement in 
the “riding model” approximation. All hexa- and pentagonal cyclic groups were refined in idealized 
form. The crystal cell contains solvent molecules, two of which are independent. One of them has 
the shape of a chair and the other is a slightly twisted boat. Refinement converged at a final R1 = 
0.0427 for reflections with Io>2σI and 0.0663 for all 5619 data; wR2 = 0.1126, GooF = 1.045, 283 
refined parameters. The supplementary crystallographic data for compound 1c have been deposited 
with the Cambridge Crystallographic Data Centre, CCDC No. _. The data can be obtained free of 
charge via http://www.ccdc.cam.ac.uk or e-mail: deposit@ccdc.cam.ac.uk.
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Fig. 1. Molecular structures of Cp(CO)2RePt(μ-C=CHPh)[P(OPri)3]2 (1a) – (a); Cp(CO)2RePt(μ-
C=CHPh)[P(OPri)3](PPh3) (1b) – without (b) and with hexane molecule (bʹ); Cp(CO)2RePt(μ-

C=CHPh)[P(OPri)3](CO) (1c) – (c). All hydrogen atoms in 1a-c except that of the 
phenylvinylidene ligand, of disorder OPri

3-groups, and hexane in (bʹ) are omitted for clarity. 



Fig. 2. The cyclic voltammograms of complexes: (а) – Cp(CO)2RePt(μ-С=CHPh)[P(OEt)3]2 (2а), 
(b) – Cp(CO)2RePt(μ-С=CHPh)[P(OEt)3](PPh3)2 (2b), (c) – Cp(CO)2RePt(μ-
C=CHPh)[P(OEt)3](CO) (2c), (d) – Cp(CO)2Re=C=CHPh, at GC-electrode in MeCN (0.1 M 
Et4NBF4, C = 2 mM, scan rate 25 mV s-1, potentials vs. Ag/0.1 M AgNO3 in MeCN)

Fig. 3. The cyclic voltammogram of Cp(CO)2RePt(μ-С=CHPh)[P(OEt)3]2 (2а) at Pt-electrode in 
MeCN (0.1 M Et4NBF4, C = 2 mM, scan rate 25 mV s-1, potentials vs. Ag/0.1 M AgNO3 in MeCN)



Table 1.
IR and NMR (, ppm [J, Hz]) spectroscopic data for the Cp(CO)2RePt(-C=CHPh)LL' (L = L' = 
P(OPri)3 (1a), P(OEt)3 (2a), P(OPh)3 (3a); L' = PPh3, L = P(OPri)3 (1b), P(OEt)3 (2b), P(OPh)3 
(3b); L' = CO, L = P(OPri)3 (1c), P(OEt)3 (2c), P(OPh)3 (3c)).

NMR
13C 1H 31P
µ-C1=C2HPh
C1 C2

C5H5 CO =C2HPh C5H5 P1 P2

1a 

a)
228.0 dd 
JPtC = 790.8
2JPC = 92.8
2JPC = 4.77

138.4 dd 
2JPtC = 108.21
3JPC = 6.06
3JPC = 2.75

85.5 s 202.0 s 8.42 ddd
4JPH = 14.49
4JPH = 22.37
3JPtH = 14.81

5.34 s 137.96 dd
2JPP= 6.4
JPtP=6811

146.13 dd
2JPP = 6.4,
JPtP=3958

2a 

b)
228.8 ddd
JPtC = 791.77
2JPC = 93.63
 2JPC = 5.20 

138.5 ddd
3JPC = 5.20
3JPC = 2.60
2JPtC = 109.02

85.1 s 202.1 s 8.90 ddd
4JPH = 23.35
4JPH = 15.33
3JPtH = 15.79

5.08 s 135.47 dd
2JPP = 4.1
JPtP = 6753

148.44 dd
2JPP = 4.1
JPtP = 3924

3a 

b)
229.49 dd
JPtC = 781.66
2JPC = 92.25

140.6 dd
3JPC = 4.16
2JPtC = 102.7

85.9 s 
b)

- c) 8.32 ddd b)

4JPH = 24.84
4JPH = 15.68
3JPtH = 18.76

4.83 s 118.11 dd
2JPP = 14.1
JPtP = 6919

136.14 dd
2JPP = 14.1
JPtP = 4179

1b 

a)
228.0 dd 
2JPC = 63.8
2JPC = 6.6

137.0 dd
2JPtC = 115.2
3JPC = 3.3
3JPC = 3.3

85.1 s 202.8 s, br 8.49 dd 
4JPH = 15.09
4JPH = 15.09
3JPtH = 8.23

4.86 s 130.05 dd
JPtP=7235

28.39 dd
JPtP=2329 

2b 

b)
227.6 dd
2JPC = 62.08
2JPC = 6.24

136.2 ddd 
2JPtC = 112.36
3JPC ≈ 3JPC = 
2.70

85.0 s 202.5 s 8.91 ddd
3JPtH = 7.32
4JPH ≈ 4JPH = 
15.34

4.63 s 133.16 d
JPtP = 7193

28.70 d
JPtP = 2340

3b 

b)
228.8 dd 
2JPC = 57.91
2JPC = 4.86

138.76 d
2JPtC = 100.92

85.1 s 201.2 br. s 9.04 ddd
3JPtH = 14.42
4JPH ≈ 4JPH = 
15.91

4.84s 122.33 d
JPtP = 7525

28.45 dd
JPtP = 2444

1c 

b)
227.0 dd
JPtC = 841
2JPC = 3.81

142.2 dd
2JPtC = 112.71
3JPC = 4.51

86.0 s 195.4 dd
JPtC = 1217
2JPC = 1.73, 
(Pt-CO)
202.9 br. s
(Re-CO)

8.92 dd
4JPH = 14.42
3JPtH = 19.46

4.78 s 122.07 d,
JPtP = 6442

-

2c 

b)
227.42 d,
2JPC = 3.47

142.29 dd, 
2JPtC= 110.63
3JPC = 4.85

85.7 s 196.41 d, 
2JPC=1.73, 
(Pt-CO)
- c)

8.88 dd
4JPH = 14.88, 
3JPtH = 19.35

4.78 s 124.50 -

3c 

b)
227.7dd
JPtC = 867
2JPC = 3.81

142.8 dd
2JPtC = 104.39
3JPC = 4.51

85.9 s 193.2 dd
JPtC = 1231
2JPC = 2.43
 (Pt-CO)
200.8 br. s.
(Re-CO)

8.84 dd
4JPH = 14.49
3JPtH = 25.68

5.11s 115.04 d
JPtP = 6765

-

4 232.2 d
JPtC = 821.6
2JPC = 65.3

138.3 dd
2JPtC = 96.2
3JPC = 4.0

85.7 s 204.5 s, br -d) 4.81 s 39.29 d,
2JPP  = 21.6
JPtP = 4609

28.14 d,
2JPP = 21.6
JPtP = 2607

5 229.7 s
JPtC = 855

143.2 d
2JPtC = 104
3JPC = 5.5

86.2 s 196.2 s
JPtC = 1280
202.9 s, br

7.41 s 5.37 s 31.21 s,
JPtP = 4069

-

NMR spectra were measured a)inCD2Cl2 solution, b)in CDCl3 solution, and the rest in C6D6 solution
c) The CO signals were broadened so much that they were not detected
d) The =C2HPh signal is masked by the resonances of phenyl groups



Table 2. IR data for the Cp(CO)2RePt(-C=CHPh)LL'
ν(CO), cm-1 (CO)

Cp(CO)2RePt(-C=CHPh)[P(OPri)3]2 (1a) 1943s, 1873s 70
Cp(CO)2RePt(-C=CHPh)[P(OEt)3]2 (2a) 1940s, 1870s 70
Cp(CO)2RePt(-C=CHPh)[P(OPh)3]2 (3a) 1952s, 1881s 71
Cp(CO)2RePt(-C=CHPh)[P(OPri)3](PPh3) (1b) 1935s, 1859s 76
Cp(CO)2RePt(-C=CHPh)[P(OEt)3](PPh3) (2b) 1936s, 1860s 76
Cp(CO)2RePt(-C=CHPh)[P(OPh)3](PPh3) (3b) 1945s, 1873s 72
Cp(CO)2RePt(-C=CHPh)[P(OPri)3](CO) (1c) 2030s (Pt-CO),

1940s, 1878s 62
Cp(CO)2RePt(-C=CHPh)[P(OEt)3](CO) (2c) 2041s (Pt-CO), 

1939s, 1876m. 63
Cp(CO)2RePt(-C=CHPh)[P(OPh)3](CO) (3c) 2046s (Pt-CO),

1953s, 1889s 63
Cp(CO)2RePt(-C=CHPh)(PPh3)2 (4) 1933 s, 1858 m,br 75
Cp(CO)2RePt(-C=CHPh)(PPh3)(CO) (5) 2030s (Pt-CO), 

1941s, 1878m
63

Table 3.
Crystal data and X-ray experimental details for complexes 1a-c.

Complex 1a 1b 1c
Empirical formula C33H53O8P2RePt C44.4H52.6O5P2PtRe C25H32O6PRePt
Formula weight 1020.98 1109.49 833.71
Temperature/K 150.0 150.0 296
Crystal system triclinic monoclinic triclinic
Space group P-1 P21/n P-1
a/Å 11.7690(6) 14.8319(5) 8.7502(4)
b/Å 15.8882(8) 20.7754(6) 11.8179(7)
c/Å 21.4707(12) 15.1651(5) 14.7854(8)
α/° 92.347(2) 90.00 105.6448(12)
β/° 99.2166(18) 100.2408(12) 101.4502(10)
γ/° 105.0981(17) 90.00 91.3875(13)
Volume/Å3 3811.7(3) 4598.5(3) 1438.09(13)
Z 4 4 2
dcalc/(gcm-3) 1.779 1.603 1.925
μ/mm-1 6.967 5.778 9.152
F(000) 1992.0 2168.0 782
Crystal size/mm3 0.15 × 0.15 × 0.1 0.287 × 0.206 × 0.121 0.43 ×0.40 ×0.20
Radiation MoKα (λ = 0.71073) MoKα (λ = 0.71073) MoKα (λ = 0.71073)
2Θ range for data collection/° 1.928 to 57.738 3.36 to 61.98 2.928 to 51.924

Index ranges
-15 ≤ h ≤ 15, 
-18 ≤ k ≤ 21,
-27 ≤ l ≤ 27

-19 ≤ h ≤ 20, 
-29 ≤ k ≤ 29, 
-21 ≤ l ≤ 21

-10 ≤ h ≤ 10, 
-14 ≤ k ≤ 14,
-17 ≤ l ≤ 18

Reflections collected 35341 49223 14571
Uniq. refl./R(int)/R(sigma) 16213/0.0528/0.0956  12944/0.0414/0.0469 5619/0.0500/0.0702
Data/restraints/parameters 16213/0/835 12944/6/551 5619/13/283
Goodness-of-fit on F2 0.973 1.043 1.045
Final R1 [I>=2σ (I)] 0.0473 0.0320 0.0427
Final R1, wR2 [all data] 0.0958, 0.0928 0.0492, 0.0833 0.0663, 0.1126
Δρmin/Δρmax (e/Å3) 3.44/-1.90 1.57/-1.01 -0.78/1.31



Table 4. Comparison of geometric parameters of Cp(CO)2RePt(μ-C=CHPh)[P(OPri)3]L [L = 
[P(OPri)3] (1a), PPh3 (1b), CO (1c)].

1a [P(OPri)3]2 1b [P(OPri)3](PPh3) 1c [P(OPri)3](CO)
Bond length (Å)

Re-Pt 2.7154(5)
2.7242(5)

2.7337(2) 2.7281(5)

Re-C1 2.102(8)
2.074(8)

2.102(4) 2.076(9)

Pt-C1 2.006(8)
2.016(8)

1.998(4) 1.993(9)

C1=C2 1.341(10)
1.348(10)

1.334(6) 1.348(12)

Pt-P1 2.221(2)
2.217(2)

2.2196(11) 2.241(3)

Pt-P2 2.299(2)
2.297(2)

2.3442(11) -

Pt-C5 - - 1.921(13)
C5-O5 - - 1.129(13)
Re-C3 1.890(10)

1.888(9)
1.907(5) 1.910(12) 

C3-O3 1.187(10)
1.174(9)

1.162(6) 1.162(12)

Re-C4 1.886(9)
1.899(10)

1.900(5) 1.877(12)

C4-O4 1.158(10)
1.161(10)

1.151(5) 1.165(12)

Pt-C3 2.772(10)
2.837(10)

2.709(4) 2.712(9)

Bond angle (°)
Re-C1-Pt 82.7(3)

83.5(3)
83.59(16) 84.2(3)

Pt-Re-C1 47.1(2)
47.3(2)

46.59(11) 46.6(3)

Re-Pt-C1 50.2(2)
49.1(2)

49.82(12) 49.2(3)

Re-C1-C2 143.0(7)
143.9(7)

143.8(3) 141.4(8)

Pt-C1-C2 134.0(6)
132.4(7)

132.6(3) 134.1(8)

P1-Pt-Re 150.55(6)
151.19(6)

152.15(3) 147.78(7)

P2-Pt-Re 105.48(6)
107.23(6)

111.87(3)

C5-Pt-Re - - 114.1(4)
Re-C3-O3 174.5(7)

172.3(7)
173.8(4) 168(1)

Re-C4-O4 179.0(8)
178.7(8)

178.3(4) 178(1)

Pt-C5-O5 - - 178(1)
P1-Pt-P2 103.06(7)

101.31(7)
95.34(4)

P1-Pt-C5 - - 97.2(4)
Dihedral angle (°)

ReC1Pt/C1C2C6 3.4(5) 1.9(3) 8.(2)
Torsion angle (°)

C7-C6-C2-C1 1.2(2) 8.8(8) -21.5(13)



Table 5. Electrochemistry data of the complexes 1a-3c, 4, 5,  Cp(CO)2Re=C=CHPh (MeCN, 0.1 
M Et4NBF4, 2 мM, Ag/0.1 M AgNO3 in MeCN)

Е1/2, V (n)
Oxidation ReductionCompounds

Pt GC DME

Cp(CO)2Re(μ-C=CHPh)Pt[P(OPri)3]2 (1а)
-0.12(1) 
0.26(<1)
0.33(<1)

-0.07(1)
0.35(<1)

-2.87(1)

Cp(CO)2RePt(μ-C=CHPh)[P(OEt)3]2 (2а)
-0.06(1)
0.26(<1)
0.32(<1)

-0.03(1)
0.38(<1)

-2.83(1)
-3.06(1)

Cp(CO)2RePt(μ-C=CHPh)[P(OPh)3]2 (3а)
0.12(1)

0.26(<1)
0.33(<1)

0.14(1)
0.39(<1)

-2.70(1)
-3.05(1)

Cp(CO)2RePt(μ-C=CHPh)[P(OPri)3](PPh3) (1b)
-0.02(1)
0.36(<1)

0.01(1)
0.38(<1)

-2.82(1)
-2.92(1)
-3.05(1)

Cp(CO)2RePt(μ-C=CHPh)[P(OEt)3](PPh3) (2b) -0.01(1)
0.36(<1)

0.04(1)
0.38(<1)

-2.81(1)
-3.05(1)

Cp(CO)2RePt(μ-C=CHPh)[P(OPh)3](PPh3) (3b) 0.02(1)
0.36(<1)

0.06(1)
0.36(<1)

-2.69(1)

Cp(CO)2RePt(μ-С=CHPh)[P(OPri)3](СО) (1c)
0.22(1) 0.26(1)a -2.47(1)

-2.71(1)
-3.00(1)

Cp(CO)2RePt(μ-С=CHPh)[P(OEt)3](СО) (2c) 0.24(1) 0.28(1) a -2.45(1)
-2.82(1)

Cp(CO)2RePt(μ-С=CHPh)[P(OPh)3](СО) (3c) 0.30(1) 0.32(1) a -2.31(1)

Cp(CO)2RePt(μ-С=CHPh)(PPh3)2 (4)
-0.07(1)
0.26(<1)
0.33(<1)

0.00(1)
0.29(<1)
0.36(<1)

-2.60(1)
-2.80(1)
-3.00(1)

Cp(CO)2RePt(μ-С=CHPh)(PPh3)(СО) (5) 0.17(1)a

1.07(<1)
0.18(1)a

1.02(<1)
-2.33(1)a

-3.00(1)

Cp(CO)2Re=C=CHPh 0.33(1) 0.36(1) -2.21(1)
-2.82(1)

aThe quasi-reversible stage; n – the number of electrons transferred in a particular electrochemical stage 
(the number of the electrons n <1 indicates that the wave height is smaller than the height of the one-
electron wave)
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1. Reaction of Cp(CO)2Re=C=CHPh with Pt[P(OEt)3]4 
A mixture of 50 mg (0.122 mmole) of Cp(CO)2Re=C=CHPh and 105 mg (0.122 mmole) of 

Pt[P(OEt)3]4 in 10 mL of benzene was stirred for a 4 hours. The resultant solution was dried in 
vacuo and the obtained yellow residue was dissolved in 5 mL hexane-benzene mixture (1:1) and 
chromatographed on an alumina column (8 × 2 cm). The column was eluted initially with hexane-
benzene (9:1), (4:1) and (1:1) mixture. The first colorless zone contained P(OEt)3 and 
Cp(CO)2Re[2-HC(P(=O)(OEt)2)=CHPh], identified by IR [1]. The second yellow major band, 
after removal of solvent and crystallization from hexane, afforded yellow microcrystals of 
Cp(CO)2RePt(-C=CHPh)[P(OEt)3]2 (2a). Yield: 69 mg, 60 %.

2. Reactions of Cp(CO)2Re=C=CHPh with Pt(PPh3)3[P(OR)3] (R = Et, Pri).
A. To a solution of 200 mg (0.161 mmole) of Pt(PPh3)4 in 5 mL of benzene a 30 µL (0.177 

mmole) of P(OEt)3 was added. After 10 minutes a 66 mg (0.161 mmole) of Cp(CO)2Re=C=CHPh 
was added and the mixture was additionally stirred for a 4 hours. The obtained solution was dried in 
vacuo and a bright-yellow residue was dissolved in hexane-benzene mixture (1:1) and 
chromatographed on an alumina column (8 × 2 cm). The column was eluted initially with hexane-
benzene (4:1) mixture and subsequently with hexane-benzene (1:1) mixture. The first colorless zone 
contained PPh3. The second yellow band, after removal of solvent and crystallization from diethyl 
either afforded 61 mg orange microcrystals of Cp(CO)2RePt(-C=CHPh)[P(OEt)3](PPh3) (2b) 
(yield 37 %.). From the third major yellow band after removal of solvent the 109 mg of complex 
Cp(CO)2Re(µ-C=CHPh)Pt(PPh3)2 (4) was obtained (yield 60 %.).

B. The same procedure using P(OPri)3 instead of P(OEt)3 afforded complex Cp(CO)2RePt(-
C=CHPh)[P(OPri)3](PPh3) (1b) with yield of 35 %. 

3. Syntheses of Cp(CO)2Re(µ-C=CHPh)Pt[P(OR)3](CO) (R = Pri (1c), Et (2c), Ph (3c)). 
To a mixture contained 0.098 mmol of Cp(CO)2RePt(-C=CHPh)[P(OR)3](PPh3) (R = Pri 

(1b), Et (2b), Ph (3b)) and 0.108 mmol (10% excess) of Co2(CO)8 in argon a 10 mL of benzene was 
added. The solution was allowed to stir at room temperature for 2 hours. The solvent was then 
removed in vacuo and the obtained dark-brown residue was redissolved in hexane-benzene (5:1) 
mixture and chromatographed on an alumina column (7 × 2 cm). Two fractions were successively 
eluted with hexane, hexane-benzene (9:1) and (3:2) mixtures. The first brown fraction contained 
yellow-brown complex Co2(CO)7(PPh3) and traces of Co2(CO)6(PPh3)2. The compounds of the type 
Cp(CO)2RePt(-C=CHPh)[P(OR)3](CO) (1c-3c) obtained by evaporation of solvent from the 
second bright-yellow fraction (yields 82% (1c), 87 % (2c), 79 % (3c)).       
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4. Reaction of Cp(CO)2Re(µ-C=CHPh)Pt[P(OPh)3](PPh3) (3b) with P(OPh)3. 
A mixture of 50 mg (0.042 mmole) of Cp(CO)2Re(µ-C=CHPh)Pt[P(OPh)3](PPh3) (3b) and 

17 µL (0.063 mmole) of P(OPh)3 in 5 mL of benzene was stirred for a 24 hours. The obtained 
solution was dried in vacuo and a bright-yellow residue was dissolved in hexane-benzene mixture 
(1:1) and chromatographed on an alumina column (10 × 2 cm). The column was eluted initially 
with hexane-benzene (4:1) mixture and subsequently with hexane-benzene (1:1) mixture. The first 
colorless zone contained PPh3 and an excess of P(OPh)3. The second yellow band, after removal of 
solvent and crystallization from diethyl either afforded 46 mg yellow crystals of Cp(CO)2Re(µ-
C=CHPh)Pt[P(OPh)3]2 (3a) (yield 90 %.).

The same results were obtained in the case of the reactions of Cp(CO)2RePt(-
C=CHPh)[P(OPri)3](PPh3) (1b) with P(OPri)3 and Cp(CO)2RePt(-C=CHPh)[P(OEt)3](PPh3) (2b) 
with P(OEt)3 afforded complexes 1a and 2a with yield 92 % and 89 %, respectively.

5. Reaction of Cp(CO)2RePt(µ-C=CHPh)[P(OR)3](CO) (R = Pri (1c), Et (2c), Ph (3c)) 
with PR3 (R = Ph, OPh) or Ph2P(CH2)3PPh2. 

To a 5 mL benzene solution contained 0.098 mmol of Cp(CO)2RePt(-
C=CHPh)[P(OR)3](CO) (1c-3c) a stoichiometric amount of appropriate P(OR)3, PPh3 or bis-
diphenylphosphine propane (dppp) was added. The solution was allowed to stir at room temperature 
for 10 minutes. The solvent was then removed in vacuo and the resulted orange oil was crystallized 
from diethyl ether to obtain complexes of type a or b, identified by IR and TLC with high yields 
(presented in table). In the case of reaction with dppp the formed complex Cp(CO)2RePt(µ-
C=CHPh)(dppp) was isolated from free PR3 by column chromatography. 

Table. The yields of the products obtained by the carbonyl substitution reactions of the 
complexes Cp(CO)2RePt(µ-C=CHPh)[P(OR)3](CO) (1c-3c) by phosphorous-containing ligands.

Initial compound Ligand Product, yield, % 
P(OPri)3 [P(OPri)3]2 (1a), 90

PPh3 [P(OPri)3](PPh3) (1b), 88[P(OPri)3](CO) (1c)
dppp dppp [2], 97 

P(OEt)3 [P(OEt)3]2 (2a), 92
PPh3 [P(OEt)3](PPh3) (2b), 84[P(OEt)3](CO) (2c)
dppp dppp, 95 

P(OPh)3 [P(OPh)3]2 (3a), 89
PPh3 [P(OPh)3](PPh3) (3b), 94[P(OPh)3](CO) (3c)
dppp dppp, 97 
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