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PHOSPHORUS AND ARSENIC CHALCOGENIDES AS REAGENTS TOWARD 
TRANSITION METAL-LIGAND SYSTEMS 

PIER0 STOPPIONI, MASSIMO D I  VAIRA,  M A U R I Z I O  PERUZZINI, 
SIMONETTA MONETI and L U I G I  SACCONI 
Dipartimento d i  Chimica, Univers i tg ,  39 V i a  J. Nardi, 
50132 Fi renze ,  I t a l y  

Abstract  The compounds obtained by r e a c t i n g  t h e  P4S3’ P4Se3 
and As4S3 cage molecules with va r ious  t r a n s i t i o n  metal-ligand 
moie t ies  are repor ted .  The t r a n s i t i o n  metal-ligand systems 
a r e  bound e i t h e r  t o  t h e  i n t a c t  molecules o r  t o  fragments 
(hexa- or t r i -a tomic)  o r i g i n a t i n g  from t h e  cage molecules. 
Such compounds provide examples o f  s e l e c t i v e  a c t i v a t i o n  of 
cage molecules by metal moiet ies .  

INTRODUCTION 

It has been r epor t ed  i n  r ecen t  years  t h a t  white phosphorus r e a c t s  

wi th  hydrated salts  of 3d t r a n s i t i o n  metals o r  wi th  plat inum group 

complexes i n  t h e  presence of polyphosphane l i gands  y i e ld ing  e i t h e r  

compounds i n  which t h e  i n t a c t  P 

or  complexes containing t h e  cyc l i c  t r iphosphorus ,  P u n i t .  

molecule is bound t o  t h e  metal, 
1 

4 

3’ 
We now r e p o r t  on t h e  r e a c t i v i t y  of t h e  pnicogen chalcogen- 

ides  -P.S P Se and A s  S toward var ious  metal-ligand systems. 

These cage l i k e  molecules have similar s t r u c t u r e s  based on a 

d i s t o r t e d  t e t r a h e d r a l  a r r a y  of  phosphorus o r  a r s e n i c  atoms wi th  

br idging s u l f u r  o r  selenium atoms. 

4 3 ’  4 3 4 3’ 

RESULTS AND DISCUSSION 

The r e a c t i o n  of t h e  t r i g o n a l  pyramidal n i cke l (  0 )  and pal ladium(0)  

complexes (np  ) M  ,(M = N i ,  Pd; np = tris(2-diphenylphosphino~. 
3 3 
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ethy1)amine) with P X 

I (np,]M(P4X3)1 *nC H 

(X = S, Se) yields the compounds 
4 3  

(M = Ni, Pd; X = S, Se). 

The two isomorphous nickel compounds I (np )Ni(P S ) I  -2C H 

have been shown by X-ray 

6 6  

3 4 3  6 6  
(Figure 1 )  and I (np )Ni(P Se ) I ' 2 C  H 

diffraction studies to contain the P S 

coordinated to the metal through its apical P atom, 

3 4 3  6 6  
(or P Se molecule 

4 3  4 3  

FIGURE 1 A view of the I(np )Ni(P S ) I  molecule. 
3 4 3  

The metal atom is in a distorted tetrahedral environment formed 

by the three phosphorus atoms of the np 
3 

atom being uncoordinated) and by the P S 

atom. The easy detachment of the np 

is of crucial importance to the formation of the present P S 

P Se. adducts in mild conditions. A similar structure to that of 

the nickel derivatives is assigned to the palladium complexes 

mainly on the basis of the analytical and mass spectrometric data. 

ligand (the nitrogen 

(or PlrSe ) apical P 

nitrogen from the metal atom 

and 

4 3  3 

3 

4 3  

4 3  

The P S and P Sc molecules react with lRhC1( cod) 1 cod = 

= cyclo-octa-1,5-diene, in presence of the tripod ligand triphos 

(triphos = l,l,l-tris(diphenylphosphinomethy1ethane) yielding the 

compounds 1 (triphos)Rh(P3Xj) 1 -C6H6 

4 3  4 3  2' 

(X = S, Se). The (triphos)Rh 
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moiety in the I (triphos)Rh(P S ) I molecule replaces one basal P 
atom of the P S _  cage, Figure 2. 

3 3  

4 3  

6 

FIGURE 2 A view of the I(triphos)Rh(P S ) I  molecule. 
3 3  

The metal atom is coordinated by the three phosphorus atoms of the 

triphos ligand and by one S and two P atoms of the P S 

in a six-coordinate environment. The same structure is assigned 

to the isomorphous selenium derivative. 

fragment 
3 3  

The P S P Se and As S cage molecules react with cobalt(I1) 
4 3 ’  4 3 4 3  

tetrafluoroborate in presence of the ligand triphos to give 

complexes of formula I(triphos)Co(D X) IBF .C H 

D = As, X = S). The crystal structures of the isomorphous 

compounds I (triphos)Co(P S) IBF ‘C H 
1 (triphos)Co(P2Se) IBFq.C6H6 and I (triphos)Co(As2S) (BF .C H 
consist of I (triphos)Co( D X )  I cations, BFq anions and interposed 

benzene molecules from the solvent. 

(D = P, X = S, Se; 2 4 6 6  

(Figure 3 ) ,  2 4 6 6  
4 6 6  + 

2 

The metal atom in the cation in each of the above compounds 

is in a six-coordinate environment formed by the three phosphorus 

atoms of the ligand and by the atoms of the heterocyclic D X unit 2 
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i n  a s taggered arrangement. 

+ 
FIGURE 3 A view of t h e  I ( t r i phos )Co(P  s ) (  c a t i o n .  

2 

The compounds descr ibed  above e v i d e n t i a t e  t h e  d i f f e r e n t  

behaviour of d i f f e r e n t  metal-l igand systems toward t h e  cage 

molecules: (a )  t h e  d (np  )M complexes are coordinated by t h e  

i n t a c t  molecules,  (b) t h e  d ( t r iphos)Rh moiety r e p l a c e s  one P 

atom i n  t h e  P X phosphorus chalcogenides ,  ( c )  t h e  d ( t r i phos )Co  

u n i t  r e a c t s  wi th  t h e  cage molecules lead ing  t o  t r i a tomic  fragments. 

Such r eac t ions  provide examples of s e l e c t i v e  a c t i v a t i o n  of cage 

molecules con t ro l l cd  by t r a n s i t i o n  metal-l igand moie t i e s .  

10 

0 3 

7 
4 3 
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