Module 4 : Organoelement compounds of Group 15
Lecture 1 : Organometallic compounds of As(V) and Sb(V)
   Objectives
   In this lecture you will learn the following
Organoaresnic and organoantimony compounds.
Preparation and reactivity of pentavlent As and Sb compounds.
Organoelement compounds of group 15
Organic chemistry of non-metal phosphorus, metalloids such as arsine and antimony along with metallic
element bismuth is termed as organoelement chemistry.
The importance given to organoarsenic compounds earlier due to their medicinal values was waded out
after antibiotics were discovered and also their carcinogenic and toxic properties were revealed. Also,
the synthetically important organometallic compounds of group 13 and 14 masked the growth of group
15 elements. However, the organoelement compounds of phosphorus, arsenic and antimony find
usefulness as ligands in transition metal chemistry due to their σ-donor and π-acceptor abilities which
can be readily tuned by simply changing the substituents. These donor properties are very useful in
tuning them as ligands to make suitable metal complexes for metal mediated homogeneous catalysis.
Although organoelement compounds can be formed in both +3 (trivalent and tricoordinated) and
+5(pentavalent and tetra or pentacoordinated) oxidation states, trivalent compounds are important in
coordination chemistry.
For organoelement compounds of group 15, the energy of E—C bond decreases in the order, E = P > As
> Sb > Bi, and in the same sequence E—C bond polarity increases.
Organometallic compounds of As(V) and Sb(V)
Due to the strong oxidizing nature of pentahalides, the direct alkylation or arylation to generate ER5 is
not feasible, but can be prepared in two steps.
A few representative methods of preparation are given below:

Structures and properties
Pentaalkyl or pentaaryl derivatives are moderately thermally stable. On heating above 100°C, they form
trivalent compounds as shown below:

Reaction with water,

Pentavalent compounds readily form “tetrahedral onium” cations and “octahedral and hexacoordinatged
ate” anions.

In solid state, Ph5 As adopts trigonal bipyramidal geometry, whereas Ph5 Sb prefers square based
pyramidal geometry although the energy difference between the two is marginal.
The salts of the type [R4 E] + adopt tetrahedral geometry, whereas hexacoordinated anions [R6 E] assume octahedral geometry.
Mixed organo-halo compounds of the type R n EX5-n adopt often dimeric structures due to the presence
of lone pairs of electrons on X which can readily coordinate to the second molecule. The following
structural types can be anticipated.

The thermal stability of R n EX5-n decreases with decreasing ‘n’. Thermal reactions are essentially the
reverse reactions of addition reactions used in the preparation of R 5 E.

