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(iii) Electromeric Effect. It has been discussed carlier that a multiple bond consists of .
o and 7 bonds. Due 1o the nature of 7 bonding the clectrons involved in such a combination ,
arc looscly held and casily polarisable. Theretore, when a compound having double or :
triple bond is approached by a charged reagent, the clectrons of the bond are completely
polariscd or displaced towards onc of the constituent atoms duc to clectrostatic attraction

or repulsion. Thus:
| o @ Q
ool o, >C_QC< 5 >C=mC
reagent . , : ,

The atom that now acquires the electrons pair, becomes ncgatively charged while the
other atom gets a posilive charge. ’

The effect, involving the complete transfer of a shared pair of electrons to one of the
atoms joined by a double or triple bond at the requirement of attacking reagent, is known
as Electromeric effect (E effect). It is a temporary eflcct and brought into play instantanc-
ously at the demand of the attacking reagent. However, as soon as the attacking reagent is
removed original clectronic condition is restored.

Usually the electromeric effect precedes a polar or ionic addition rcaction. In cascs,
where the constituent atoms linked by the multiple bond are similar, the dircction of
clectromeric shift is not important. As displacement ol electrons Lo cither of the constituent
atom will lead to similar structures. However, if onc of the doubly bonded atom is linked
o an clecuon withdrawing or electron releasing group, then the direction ol ¢lectroneric
shilt is detcrmined by the direction of the inductive influcnce of such a group. For example
in propylene, the electrom I { d in two possible manners withoul §

considering the ¢
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. + -
CH‘;—CH = CHZ S CH3——CH~CH2 (1)
CHy—CH = CHy ——, CHy— ¢, o
However, due 10 clectron repelling nature of methyl group the clectromeric shift‘\.vill
occuras in (1) and not as depicted in (2) because the latter type of shif Opposes the electron
releasing influence of methyl group, An opposite situation js encountered when an electron
withdrawing group is present in pl

ace of electron releasing group.!
In case where one of the atoms involved in multiple bond is more
clcctromcri'.; shift of clectrons is towards more clectronegative
best illustrated by taking the example of carbonyl group. Initiall
charge on oxygen and a small positive charge on ¢
negativity of the oxygen. When a charged re

the two shared pairs of clectrons (in fact 7t ¢l
As aresult of this, oxy

clectronegative, the
atom. This effect may be
y there is a small ncgative
arbon atom because of greater clectro-
agent approaches the carbonyl group onc of
eclrons) is completely transferred to nxypeen,
¢ charge and carbon acquires a positive charge,

3

genacquires nnegativ
8+ ﬁ&— 6+ 8_ A }\ .
>CL0 o >C:: 0 ttacking reagent

- >C-0

- Bk mos el e OF O
(e ¢y Attacking reapent removed | SC=0
;
i Such a carbon at)m (with a positive ch
- clectrons and then okygen m
addition to carbony} aroup.

% The clectromeric e;ffect is indicated by ‘E’ and represented by a curved arrow showing

the direction of shifting of electron pair. When the transfer of electron pair takes place
towards the attacking reagent (clectrophile), the effect is called + E effect and when the
transfer occurs away from the attacking reagent (nucleophile) the effect is called — E effect.

arge) may now react with a rcagent rich in
ay combinc with an ion deficicat in electrons resulting in

TR TR e T T R T VTR |
A PR

+ + + ©)
+E Effect >CQC< + H—»>C-—C<:+ H—>>C—C
N H
k. NG, © ® Q@ e
% -EIj:ffc.cl CN + >C:‘r:6-—>- CN + >C—-O —>>C——‘O
' | o CN

In cases where inductive and electromeric effects operate sirnulmngou.vly usually the
t predominates.

having double
1. Additio

: o ] ki s TRk of elcctrons. If the lone pair of clectrons is

- 1. Usually clectron withdrawing atoms and g g ; orc important than electromeric

;E' conjugated (s 2 e case of vinyl halides (scc later).

“effect and it may even reverse the direction th
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Ethylenc molecule does not h
attacking reagent the norm
brominge the symmetric

ave an ionj
al distribution Or:‘lc character but at the requirement of the
al bromine molec O Jlectrons is disturbed. In the additi
olecule gets polarised on approaching the i on of
T electrons

of clh)flcnc molecule. This polarised bromine mol b
tromeric displacement of 7t clectrons (o one of thcczl;k}:) o
bond. Thus one carbon atom acquires a positive and Lht: ggxzto i

The electrons then attack the clectrophilic! S e e

(positively char

' . . _ ged) end of .

molecule (Br®') which combines with ‘this carbon releasing the bromide jon medt;romme
, and forming

-
Br) then causes the elec-
M constituting the double

a carbonium jon. 4
Lastly the bromide i ‘ ' - )
on combines-with carbonium ion to complete the addition reaction
H H Be—fiz
0) \CQ'C< e H + - H
'n’ DH H/C—C \H
H — .
. NG gl + 5o H  + H
(i) : /C—Cmré‘r - C—C< ~ + Br
H | | DH
: Br
H H llar'
+ ‘ _ H H
(iit) >C—C< + Br —_— \C —C/ z
H H B | u :
Br Br : i
In the addition of hydrobromic acid to ethylene, at first the ionised hydrobromic acid
molecule (H* Br7) induces clectromeric effect in ethylene molecule which then takes up
H* to form the carbonium ion. The carbonium ion in the final step combines with bromide ‘3‘
jon to complete the addition reaction. | . - £
A WBT .. | =
CHy=CH» —— CH>—CHa» 5
‘ ' 'Br t
T Nt - + _ l 4
&Hs—CH, + HBr ——— CH»—CHa + Brr ——— CH:—CH>
| 1
H ; H
dition to Carbonyl Group. (>C=0) l]
i oes addition at carbon to oxygen double bond. Let us &

ry group of acetone. The carbg nyl group is initially
on o\xygen and a slight posiuve charge on cqbqn

molccule then causes the transfer of 7 electrons ﬁ_:
ler clccuonegadvity (electromeric cffect). Since &=
| carbon is less stable than the system having_g
| of the nucleophile to carbon precedes the addition §
the addition of electrophile precedes the addition §

nd ..'.'u;fr:'- phile’ see sections 7,4 and 7.5.
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of nucleophile.) Therefore, in'this addition CN™ will add at the carbon atom followed by
H* adding at oxygen.

E——————— P 4

CHa_ 5 &- HCN CHs -
CH3 . ) CH3
: CN
CH;3 /\ | CHs\\ - 4
— SC—O+H
CH,

H
C 3\C /CN
cH;”~ OH
.Cyanohydrin
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