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A radical mechanism of the reaction of molybdenum carbonyl complexes 
with bis(triethylgermyl)mercury 
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The reaction of [Cp(CO)3Mo] 2 with (Et3Ge)2Hg occurs in toluene and THF by a radical 
mechanism. The interaction between [Cp(CO)3Mo]2Hg and (Et3Ge)2Hg has a radical 
character only in THF. The formation of Cp(CO)3MoH at the first stage of these reactions 
substantially affects the further course of the process. 

Key words: molybdenum, complex; reaction mechanism. 

The rate constants for the reactions o f  dimeric 
carbonyl complexes o f  transition metals of  the type 
[CPn(CO)mM]2, where M = Mn, Fe, Co, Re, Mo; n = 
0, 1; m = 2+5, with bis(triethylgermyl)mercury agree 
well with their polarographic reduction potentials Evfed 
(ref. 1). The existence o f  a correlation between logk and 
Ev2 red and the literature data (refs. 2--4)  suggest the 
radical mechanism of  the reactions under  consideration. 
The possibility o f  the occurrence of  the radical mecha-  
nism has been studied using the reaction of  molybde- 

num carbonyl complexes with bis(triethylgermyl)mercury 
as an example. 

Results and Discussion 

The reaction o f  transition metal carbonyl complexes 
with b i s ( t r i e thy lge rmyl )mercury(1 )  yields 
CPn(CO)mMHgGeEt 3 at the first stage. It is suggested 
that  the a c c u m u l a t i o n  o f  the final p roduc t ,  
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CPn(CO)mMGeEt3, occurs simultaneously, i.e., the re- 
action proceeds according to a scheme that requires 
equimolar amounts of the reactants: 

[Cpn(CO)mM] 2 + (Et3Ge)2Hg , CPn(CO)rnMHgGeEt 3 + 
1 / 

+ CPn( CO )mMGeEt 3 l -Hg (1) 

CPn(CO)mMGeEt 3 

However, IR spectroscopic monitoring of the reac- 
tion of [Cp(CO)3Mo] 2 with excess compound 1 revealed 
that the formation of Cp(CO)3MoGeEt 3 (2) does not 
occur synchronously with, and to the same extent as, 
Cp(CO)3MoHgGeEt 3 (3). Compound 3 proved to be 
the only product of the first stage of the reaction, while 
compound 2 only formed upon its demercuration. Fur- 
ther transformations of the Cp(CO)3Mo- and Et3Ge- 
moieties remained obscure. At the same time, our ki- 
netic data for the reaction of [Cp(CO)3Mo]2 with 1 
show that 2 moles of compound 3 are formed per 1 mole 
of the dimer converted: 

[Cp(CO)3Mo]2+ 2(Et3Ge)2Hg -~ 2Cp(CO)3MoHgGeEt 3 (2) 
1 3 

When this reaction is carded out in toluene or THF 
at a 1:1 molar ratio between the reactants, Cp(CO)3MoH 
(v(CO) 1940 and 2028 cm -1) is evolved at the first stage 
simultaneously with compound 3. Compound 2, 
[Cp(CO)3Mo]2Hg, [Cp(CO)3Mo]2, Et3GeH,  and 
(Et3Ge)2 were detected in the reaction products. 

[Cp(CO)aMo]2 + (EtaGe)2Hg --~ Cp(CO)3MoHgGoEt a + 
1 3 

+ Cp(CO)3MoH ---> Reaction products (3) 

The character of the resulting compounds implies a 
radical mechanism for the reaction. The interaction of 
[Cp(CO)3Mo]2 with (Et3Ge)2Hg at a molar ratio of 1:1 
in toluene or T H F  can be represented by Scheme 1. 

The initial electron transfer probably leads to the 
formation of the organometallic radical anion and the 
organomercury radical cation, the fragmentation of which 
is followed by the fast recombination of the charged 
particles and the interaction of the radicals with each 
other and with the solvent. It is possible that the scheme 
suggested does not include all the reactions occurring, 
but it illustrates the formation of the products of reac- 
tion (3). 

We confirmed experimentally the possibility of the 
synthesis of [Cp(CO)3Mo]2Hg by an exchange reaction 
of molybdenum hydride with Cp(CO)3MoHgGeEt 3 ac- 
cording to Eq. (5) (see Scheme 1). The second path of 
the formation of [Cp(CO)3Mo]2Hg, by symmetrization 
of Cp(CO)3MoHgGeEt 3, also cannot be ruled out. 

2Cp(CO)aMoHgGeEt ~-[CpCO)3Mo]2Hg + EtzGeHg (4) 

The reaction of [Cp(CO)3Mo]2Hg with compound 1 
in toluene, unlike that of [Cp(CO)3Mo]2 , does not yield 

Scheme 1 

1. [Cp(CO)3Mo]2 + (EtsGe)2Hg --> [Cp(CO)3Mo]2"- + 
+ (Et3Ge)2Hg" + 

[Cp(CO)sMo]2"- ~ Cp(CO)aMo" + Cp(CO)aMo- 
(EtaGe)2Hg'+--~ Et3Ge" + Et3GeHg + 

2. Cp(CO)3Mo" + SH ~ Cp(CO)zMoH + S" 

Cp(CO)3MoH + �9 GeEt s -~ Cp(CO)3Mo' + Et3GeH 

2Cp(CO)aMo" --> [Cp(CO)3Mo]2 

3. 2Et3Ge" --> (E%Ge)2 

4. Cp(CO)3Mo- + Et3GeHg + --> Cp(CO)3MoHgGeEt 3 

Cp(CO)3 MoHgGeEt3---~ Cp(CO)~MoGeEt 3 
-Hg 

5. Cp(CO)gMoH + Cp(CO)3MoHgGeEt ~ -~ [Cp(CO)3Mo]2Hg + 

+ Et3GeH 

a large amount of radical products (~12 %) and gives 
compound 2 as the main product. 

[Cp(CO)3Mo]2Hg + (Et3Ge)2Hg t~ Cp(CO)3MoHgGeEt3--~ 

-Hg~ 2Cp(CO)3MoGeEt 3 3 (5) 

2 

The reaction of [Cp(CO)3Mo]2Hg with 1 in THE 
occurs according to Eq. (3) and affords approximately 
equal amounts of  Cp(CO)3MoHgGeEt  3 and 
Cp(CO)3MoH at the first stage. Thus, the reactions of 
[Cp(CO)3Mo] 2 and [Cp(CO)3Mo]2Hg with (Et3Ge)2Hg 
in THF occur by the same radical mechanism. The 
formation of the same products at the first stage of these 
reactions leads to identical final products as well. 

The character of the final products is determined by 
the capability of  Cp(CO)3MoHgGeEt  3 and 
Cp(CO)3MoH produced at the first stage of the reaction 
to undergo further transformations. Recall that complex 
Cp(CO)3MoHgGeEt 3 is thermally unstable and decom- 
poses on storage in solution at 20 ~ within several 
hours to give mercury and predominant ly  
Cp(CO)3MoGeEt 3. Therefore, when reactions (3) and 
(5) are carried out with an excess of 1 .in toluene, the 
prevailing route is demercura t ion of  
Cp(CO)3MoHgGeEt 3 to yield Cp(CO)3MoGeEt3, which 
shifts equilibrium (4) toward the format ion of 
Cp(CO)3MoHgGeEt 3. In the absence of an excess of 1, 
symmetrization occurs synchronously with demer- 
curation. Two transformation routes giving symmetrical 
products are possible: interaction of 3 with the dimer 
(reaction 6) and with molybdenum hydride (reaction 



Russian Chemical Bulletin, VoL 42, No. 9, September, 1993 1587 

(5), see Scheme 1) to give the products o f  complete 
substitution. 

[Cp(CO)3Mo] 2 + Cp(CO)aMoHgGoEt ~ --> [Cp(CO)3Mo]2Hg + 
Cp(CO)3MoGeEt 3 (6) 

Thus, the reaction of  [Cp(CO)3Mo} 2 with (Et3Ge)2Hg 
occurs by a radical mechanism in both T H F  and tolu- 
ene, whereas the reaction of  [Cp(CO)3Mo2]Hg has a 
radical charac te r  only  in THF.  The format ion  of  
Cp(CO)3MoH at the first stage of  these reactions exerts 
a substantial effect on the further course of  the reaction. 
The data obtained allow one to suggest that the possibil- 
ity of  radical processes in the reactions of  carbonyl 
complexes of  other  transition metals (Mn, Fe, Co, Re) 
with organodimetallic mercury derivatives also cannot 
be ruled out. 

E x p e r i m e n t a l  

Five products were isolated from the reaction mixture after 
the reaction of  [Cp(CO)3Mo] 2 with (Et3Ge)2Hg (1): 
Cp(CO)3MoGeEt 3 (2), [Cp(CO)3Mo]2Hg, [Cp(CO)3Mo] 2, 
Et3GeH , and (Et3Ge) 2. Digermane was identified by chroma- 

tography, the other four products and the intermediate com- 
pounds, Cp(CO)3MoHgGeEt 3 (3) and Cp(CO)3MoH were 
identified on the basis of their IR spectra recorded on a UR-20 
spectrophotometer. IR (toluene), v(CO)/cm-l: [Cp(CO)3Mo]2 
- -  1915, 1960, 2018; [Cp(CO)3Mo]2Hg -- 1893, 1993, 2000; 
Cp(CO)3MoHgGeEt 3 -- 1873, 1900, 1976; Cp(CO)3MoGeEt 3 
-- 1905, 1925, 1995; Cp(CO)3MoH -- 1940, 2028. The Ge--H 
stretching vibration in triethylgermane is observed at 
2008 cm -1. 
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Isomerism in metal complexes of 1,3,5-diazaphosphorinanes. 
Synthesis, crystal and molecular structure of conformers of 

cis-bis( 1,3,5-triphenyl- 1,3,5-triazaphosphorinane )dichloroplatinum(II) 
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The crystal and molecular structures were determined for two individual conformers of 
cis-bis(l,3,5-triphenyl-l,3,5-diazaphosphorinane)dichloroplatinum(II) differing in the rota- 
tion of the heterocyclic ligand planes around the P--Pt bond and in the orientation of the 
substituents at the phosphorus atoms in the ligands. 

Key words: metal complexes of 1,3,5-diazaphosphorinanes, isomerism, synthesis, crystal 
and molecular structure. 

Heterocyclic  phosphines used as ligands are remark- 
able for the fact that they can occur  in solution as a 
mixture o f  a limited number  o f  stable conformers differ- 
ing in their steric and electronic properties. 

1,3,5-Diazaphosphorinanes exist in solution prefer- 
entially in the chair conformation with triequatorial 
orientation of  the substituents at the heteroatoms. 1 In 
metal complexes, conformational  mobility o f  the ligands 
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