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3.2 RepUCTIVE ELIMINATION

Reductive elimination is almost exactly the reverse of oxidative addition and it decreases both the
cordination number as well as the oxidation state of the metal by two units.
The key requirement for reductive elimination to occur is that the eliminating groups must be
adjacent (cis) to each other. Other factors that facilitate an easy reductive elimination are,
e

-
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122 Basic organometallic chemistry

/ a high formal positive charge on the metal,
| _+"the presence of bulky groups on the metal, and

\ | s an electronically stable organic product.

|

il

:i‘ ‘ Pl,, \‘CHS . T : P’f/ £ ”\\\\ 3 H C'—C

\ oy o reductive elimination + Hj Hs
\'.‘ e /

il 165°C, days CHs

CHs

Other observations related to reductive elimination are:

b different from the change in free energies.
(if) The low valent ML, complex formed after reductive elimination must be stable.

(iif) m-accepting ligands on the metal generally accelerate reductive elimination.

8.2.1 Mononuclear Systems

to occur, can be inferred from the following examples.

O O —80°C _  No reaction

DMSO

Ph
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il (i) The rate of reductive elimination follows the trend H-C > H-H > C-C. This is slightly

The significance of having two eliminating groups in the cis disposition, for reductive elimination

(8.11)




g e 80°C —p, ; 7
] = CH.CH ¥ 13 :
DMSO aCHg + (8.13)
P ™ ' /Pd
/ Me P
i

Ph,

|
Unique reactions in organometallic chemistry 123 l
«‘
|
!

~ctive glimination reactions are intramolecular and this can be seen from the following
“C e (EQ: g.14) where no cross product is formed when the reaction is carried out with a
f"am‘ie oF deuteriated and non-deuteriated cyclohexane complexes.

Gp'-lr(PMea)(CsH1 1)H] heat .

+ solvent [Cp*Ir(PMeg)solv] + CgHi2 + CeD12 (8.14)

idative addition and reductive elimination are microscopic reverse reactions of each other,

: <ition of the equilibrium depends on the thermodynamics of the process. For example,

“ ymetal complexes \-N'ill oxidatively add on Mel, but only few will reductively eliminate Mel.
darly, oxidative addition of RCH, -H is less common while reductive elimination of alkanes /
 M(H)CH,Risvery often observed. These points are well illustrated from the thermochemical

e specific to iridium(I) complexes (Table 8.1). Notably, oxidative addition with CH,I and

H is feasible as per this analysis while it is thermodynamically unfavourable with CH,-H
-CH,. This is indeed so because only CH.I and H-H oxidative addition is known with
gomplex.

A B l/”’l: |I|l\\\\\\
+ | _.__._> ‘. wt

PR / Ilr\B

(8.15)

ermochemical data and bond dissociation energies of iridium complexes

Boﬁd " Bdnd AH | AG it e
dissociation dissociation  (kcal/mol)  (kcal/mol) :
energyof Ir-A  energyoflr-p
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124 Basic organometallic chemistry

is electron deficient. This can be accomplished by having electron withdrawing ligands ) Co i ;
cationic charge(s), and/or coordination unsaturation (sub-18 electr.on ‘ counts). The followip, :
examples highlight the role of coordination unsaturation and the cationic nature of the comple, ;
in the reductive elimination reactions.

Generally, reductive elimination of two cisoidal groups from saturated 18e complexes occurs |
without difficulty, However, it has been shown that the rates of such reactions can be promoteg by
a ligand dissociation which generates an unsaturated and more electron deficient metal centre.Iy |
the following reaction, the reductive elimination of ethane from the cation, formed by the iodig,

dissociation, occurs much more rapidly compared to the direct elimination from the initia] 1g,
complex.

|
|

+

|

Ph, C|;H3 = Ph, CHj Phs \ o Phs :

EP/,’-Pt"\\CH?’ -1 P/h : l \\\CHS EP/I’Pt‘\\CHa +l P/II.PT.\\\CH\? E

e Pt _ —_— &

o LW P NcH, -cHyoH, —PY P vy |
Phy | Ph, Ph; Ph, .,
(8.16) ;

Pt (+4) Pt (+4) Pt (+2) Pt (+2) V

18e 16e 14e

16e ’

|

Oxidation, therefore, can be used to induce reductive elimination when the reaction would not §
occur otherwise. The classical case of Et,Fe(bipy), which involves oxidation has been discussed E
later in this chaptér (Section 8.3.5). !
The solvent plays an important role in the following reaction and leads to different elimination
products because prior ligand dissociation occurs in polar solvents and forms a coordinatively
unsaturated intermediate which then forms the final product (Scheme 8.2).

Ph
OAc 5
— 8 e phe P, \CH
P/ : l \CH pOIar P/I/j \\\\\CH3 - 100°C 4 s Pt“‘\\\ 3
II""pt.l‘\\\ 3 SO'Ven‘ i ’:,Pt,. OAC
p¥ YOAc
‘—““-P/ \CH ‘—P/ l \CHa Phs
Ph 4 Ph,
g CHG CH3

HaC—CH
non-polar Phs e 3
solvent '—P’fm. .\\\\\CHG

Pt HaC—0
/ \ + HiC Ac
P £Hj

2

Scheme 8.2 Effect of solvents on reductive elimination reactions
P e

There are many more examples where ligand dissociation is essential before elimination. In |
the following reaction, the dissociation of one phosphine ligand prior to reductive elimination ol
1 l-dimethylcyclopropane is mandatory. |

Some reactions which form a C~H bond also re

quire prior dissociation of the ligand. For
example, in E

q. 8.18, reductive elimination occurs by a dissociative mechanism. The loss OfPMfgf
prior to this step is the rate determining step and this has been confirmed by kinetics studies
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Sl P (1)

e (8.17)

| ’  CH2COR
i / li,, "“\\ —_——

h
Ty
E

L L =MegP; R=Me, Ph

h coordinative unsaturation is a general feature of reductive elimination reactions, it may
pen that other factors may dominate in some reactions. For example, some reductive
n reactions that form C-H bonds are so facile that they do not require prior dissociation
1 Ofanyligand. The elimination .ofmetha'ne from cis :Pth.(H)(;H? and the elimination of dih)'(drogen
? from C,'S_(I\/IezP)PtI-JI2 occur without prior phosphine dissociation.

Considerable effort has been devoted by theoreticians to understand the entire phenomenon.
Itis generally agreed that the.reductive e.limi.nation of cis ligands from 4-coord.'mate d* square
planar complexes is possible, but the rea;tlon in the corresponding 3 and 5 coordinate complexes
ser, Some unusual facile reductive elimination such as those forming C-H bonds can occur
in planar complexes without prior ligand dissociation, as mentioned above. Similarly, although

reductive elimination of cis ligands from an octahedral complex is possible, it is much easier after
the dissociation of a ligand leads to a 5-coordinate species.

Thoug
s0 happP*
climinat1o

s jsea
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