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THE PENTAMETHYLCYCMPENTADIENYL LIGAND AT PHOSPHORUS 
OR ARSENIC - EFFECT ON SMALL-MEMBERED RINGS AND 
DOUBLE-BOND SPECIES 

P. JUTZI, N. BRUSDEILINS, U. MEYER, AND S. OPIELA 
Faculty of Chemistry, University of Bielefeld, 
4800 Bielefeld, FRG. 

Abstract The versatility of the pentamethylcyclo- 
pentadienyl(Cp*) ligand is based on its ability for 
kinetic stabilization and on its potential application 
as a leaving group1r2r3. Here we report new results 
from the chemistry of diphosphenes and arsaphosphenes 
as well as of three- and four-membered ring systems. 
Concerning the Cp* reactivity, we have studied: I) 
nucleophilic substitution reactions, 11) homolytic 
Cp*-El bond cleavages, and 111) Cp* migration to 
Transition Metals. 

DIPHOSPHENES AND ARSAPHOSPHENES 

Following classical routes, the double bond species 1 - 5 
have been synthesized. 

Cp P = AsMes* 4 Cp P = AsCp* 5 Mes = Supermesityl 

Beside the chemistry expected for P=P or P=As systems, we 
have observed: 

* * 1 Cp*P = PMes 2 Mes P = AsCp* 3 
* 
* * 

cp P = PCP* 

NucleoDhilic Substitution of the CP* Licrand 
We have already reported on the substitution with bulky 
lithium alkyls and amides’ as well as with lithium 
supermesityl phosphide4. Reaction of 2, 3, and 5 with 
sodium pentamethylcyclopentadienyl(dicarbony1)ferrate leads 
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to the iron substituted double-bond systems 6 ,  7 ,  and 8 ,  

resp.. In a multistep synthesis, the known4 triphospha- 
allyllithium species 11 is formed from 2 and methyllithium. 
2 + NaFe(C0) 2Cp* 
3 + NaFe(CO)2Cp* ---> Cp*(CO)2FeAs = PMes* ( 7 )  

I + NaFe(CO)zCp* --- > CP*(CO)~F~P = PCp* ( 8 )  

--- > Cp* (CO) 2FeP = PMes* ( 6 )  

10 9 

[MI = Fe(CO)zCp* 

2 +MeLi 
-cp* Li’ 

[ M eP= P M es ‘3 +PMeLi, Me3P + Mes*PLi2 

1” -LiCp* 

Homolvtic CD*E1 Bond Cleavaae in l‘2 + 21-Cvcloaddition 
Products  

Few examples of this type of reaction have already been 
presented5 * Four-membered ring compounds , formed by 
[2+2]cycloaddition of the double bond species 1, 4 ,  5 ,  and 
8 ,  show easy cleavage of Cp*-El bonds, which leads to 
butterfly systems, such as 13, 12 , 15, and 10, resp. , and 
furtheron to P4 and A s 2 P 2 ,  resp.. 

The reactive intermediate 13 can be trapped via 
complexation (formation of 14) 
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CP*-PHOSPHORUS AND - ARSENIC COMPOUNDS [3 15]/55 

2 x 4 b (Cp*PAsMes*)Z 
-CP*: 

2 x 1 __+ (Cp*P)4 
-CP*: 

cp ppJycp 13 * 

CpfP, ,PCp* 

' J 4 4  

CD*-Misration to a Transition Metal 
Some examples for this useful synthetic method have already 
been described7t8. Here we present results from our studies 
in nickel chemistry. Compounds of the type 16 und 18 are 
intc ---'iates in the reaction of 2 with zero-valent nickel, 
which finally leads to the labile nickel-substituted 
diphosphenes 17 and 19. 

BYP, p B " 3  
(Ph3P)yi 

Ni 
I P=PMes* 

18 
Cp* -P=P-Mes * 

I 

1 +5'c * 
Ni 

/ \  
Ph3P P=PMes* 17 

THREE-MEMBERED RING-SYSTEMS 

> -4O'C * Ni 

/ \  
Bu3P P=PMes* 19 

Synthesis and some reactions of the cyclotri- 
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phosphane (Cp*P) have already been described' ' lo. Treatment 
of 1, 2,, and 3 wLth the corresponding diazomethanes leads 
to the rfng compumds 2 0  - 2 4 ;  with selenium and tellurium, 
che addition products 2 5  and 26 are formed. 

H SiMeg 
\ /  
C 
/ \  

H SiMe3 
HC2 \ I  

/ \  
C 
/ \  

HC' 
/ \  cp*p--pcp* cp*P-PCp* Cp*P-PMes* Cp*P-PMes* 
20 21 22 23 

Se Te 
/ \  / \  

P 
Cp*P-PCp' 

/ \  
Cp*As-P Mes* Cp*P-PCp* 

24 25 26 

Nucleophilic Substitution of the CD* Lisand 
The Cp* ligand in 25 can be replaced by the C~*(CO)~Fe-unit 
in a substitution process, which leads to the iron- 
substituted diphosphaselenacyclopropane 2 7 .  

Se 

- KCp* 27 

+ KFe(C0)2Cp* / \  
25 Cp*P-P Fe(C0)2Cp* 

The 31P-NMR data of the compounds 1 - 27 are of diagnostic 
value. 
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