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JNIQUE REACTIONS IN ORGANOMETALLIC S
CHEMISTRY

81 OXIDATIVE ADDITION AND OXIDATIVE CoupLING

; eutral or anionic nucleophiles can generally add on to cobrdinatively unsaturated molecules

1.th. or without the transition metal. These are simple addition reactions and indicate the Lewis
cidic nature of the metal/central atom.

pFs +F  ———= PF,

———

TiCly +2 POCI,
’.

(8.1)

: (8.2)
When addition of a ligand is accompanied by oxidation of the metal, it is called an oxidative
ad dition reaction and is generally represented as

+XY ——  Ly(X)(Y)M
@ &2
In this reaction, the formal oxidation state of the metal increases by two units. The transfer of two
2le ttomfrom the metal to the incoming ligand breaks a bond in that ligand and forms two new
onic ligands. Hence, the coordination number of the metal also increases by two units.

itive addition to proceed, we must have:
S . b ;

TiCl, (OPCly),

83)
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118 Basic organometallic chemistry

Fe?, Ru’, Os°, Rh!, Ir', Pd", Pt*, Ni’ Pd” and Pt". An espeifla“)’ WC”‘SE‘_““““ -“Y’“‘;"l‘_‘ 1S ”')l(‘ SQuarg
planar trans-IrCl(CO)(PPh,),, well known as the Vaska§ compléx. llltf: on ‘\flc‘ {ﬂ_{% C f"_“ four
coordinate d¢, T6 electron complex is converted to a six coor(?malc'd , 18 e utl: (‘)n ‘7"'f"?"‘.~
The oxidation state of Ir increases from I to III. Consistenﬂt w3t11 thls.dl“?‘.]‘gf‘ l-“lbl“cui}'““)‘;
frequency of the CO increases from 1967 to 2075 cm™. The Cl-Cl bond is broken and two Ir-(

bonds are formed.

Depending on the nature of the adding group (polar, nonpolar) as well as the type of

: Tt - either cis additi

mechanism involved (concerted, S, 2, free radical and ionic) one can get ;ghu 7 ;J'd':“m
oo . : : roducts,
products, a mixture of cis and trans addition products or in few cases trans addition products

Cl
Clory \ wPPhg
a1 k
Cl PP | NCO
Cl
0
CI"": “\\Ppha 02 OI,,‘ l “\\Pphg
/"‘Jr"\ — /"Ir"\
PhsP CO Ph,P" il Co
Cl
Me
Mel | Me
Clov, | PPhG 1
r = epd
‘ S e]

Three major classes of compounds undergo oxidative addition reaction:

(i) nonpolar and low polarity compounds (H-H, H-SiR,, RH, ArH, RSH, X)),

(ii) polar compounds (R-X, H-X, Ar-X, RCOX, CHCI,, ROTs, RSO, X), and
(iii) ligands with n systems (O,, alkenes, alkynes).

Most of the nonpolar compounds such as H, or Cl, will add in the cis manner but steric

requirements of the existing substituents (for example,
rearrange to a trans configuration. In the same manner,

a bulky group like PPh,) can force it to

lonicand S, 2 type mechanisms operating
on polar molecules like Mel will form the kinetic controlled trans product which may convert to -
the cis product under thermodynamic conditions, Ho
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;uv

Unique reactions in organometallic chemistry 119

.n alkyne will form a metallacycle; for example, in the reaction with moleculat oxygen, Ir(l) is

oxidised to Ir(I1) and a three membered ring with single bonds is formed. Both C_ and C, have
also been found to undergq oxidative addition reactions with Vaska's complex (Eq. 8.5).
several trends in the oxidative addition reaction have been noticed. "

o
. . v, e o ¢ . .
. The tendency of oxidative addition increases ag one moves down in a group in the periodic
table; for example, Ir** is easier to oxidise than Rh which in turn is easier to oxidise than
C02+. ;

. A low initial oxidation state is m

\ low Initial oxidati ore favourable for oxidative addition to occur; for example,
when all other factors are equal, Fe’ j

1s easier to oxidise than Co' and this is easier to oxidise
than Ni**. Fe(0), Co(I) and Nj (

IT) are isoelectronic metals. The presence of electron-
rich donor ligands around the metal increases the rate of oxidative addition reaction, In
comparing two or more metal complexes to find the most reactive one towards a particular

substrate for oxidative addition, the metal centre having the strongest donor ligands, the
fewest T acceptor ligands and the highest negative charge is picked.

The possibility of oxidative addition of A-B to a metal M, depends on the relative strengths
of the A-B, M-A and M-B bonds. For example, oxidative addition of an alkane is much
less common than oxidative addition of an alkyl halide. In an alkane, the C-H bond is fairly

strong compared to the M~H and M-R (R = alkyl) bonds. For isostructural d® complexes, the
following trends are observed for oxidative addition. ’

Fe(0) Co(l) Ni(ly | . s

increase in tendency
Ru(0)  Rh()  Pd() | for oxidative adaition
Os(0) Ir(l) Pt

-

increase in tendency

for oxidative addition e

(COJ3(PMez) +CO

;ij! J“ .
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