nyl chloride and chior
¢t in chlorobenzene aObenzerle
between carbon and nd Vinyl
11.5.2 and 12.3.1). Chl()rine

through vacant
or half'f
llled

activity of vi
R cffec

character
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ains
hlorine bond.
a double
hond (r¢

n further expl
f carbon-C
clopment of

bond
fer Sections
15 may occur

The dclocalizatio

due to strengthening ©
¢ dev

chloride results in th '

which provides the extra gtability 10 lhl:ﬁ ! .

Further in p=7 overlap, the delocalization of .ir—('h'r 1ol '
Jains the stability of carbocations and free radicals through resonanc

. . € effec ang

p orbitals. This exp

is discussed later in this chaptet.

o bond resonance)

onjugation (N
tion involving 0 electrons]
{tion of clectrons occurs through 77 and p-7 overlap,
ow, we discuss the delocalization of o e,le at ig.
tion. The O bond' in conjugation Withﬂrom

¢ or filled) participates in de]OCa]i;Lht?Pz
“AHln

e but is extended to g hopg
nds

4.1.4 Hyperc

['Dclocnliza
effect, the delocal
olved in de

1Z<
Jocalization. N
own as hyperconjugd
pital (vacan
s similar to resonanc

In resonance
x electrons arc inv
through o-7 or 0P overlap, kn
pond, or o bond in conjugation with p or
and thus stabilizes the system. The process 1
and therefore named as hypcrconjugation.
For example, in propene, the three C-H o bonds of CH, group are in conjugati :
ferred in the process to adjacent carbon-carbon boHdloiTI ":ulth A
; mr

bond. The o electrons are trans
electrons are shifted to terminal CH, carbon
There are three C— ' tributi
ee C—H o bonds so three contributing structures are possible for propene. D
on, the bond between carbon and hydrogen does x;ot 1;3 .to
Xist

pam'cipation of o electrons in delocalizati
in contributing structures and f i
or this reason, hyperconj ion 1
, onjugation is also refe
rred as No b
ond

resonance.
o t_Jond and = bond
H ‘// in conjugation o orbital — ﬁ
s "-:\:\\s —N— .
H_C’:_CH__‘/I/ H.,"’ 5§§}N l/@AL & orbitals
T ¥ =) o H
o bonds ﬂ/ H g—/ é N
H uH w SRR @\
OvI*Iylperconju,gation in propene:
er .
cr:?bboﬂd between (a) ap between o and r orbitals.
oné&h
H ydrogen ;
H
i H

H—CIlCH:QiH
31 2 T2 «— H—C=CH—CH N
l » <= H C=CH—CH, «— H—C 2
2 . :CH"' 2
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Hyperconjugation explains the stability of substituted alk A
alkenes. A more

qubstity
¢H
hypchOﬂ]“g
obonds.
(a) Hypcrconjug-.ltion in propen
[Note that more the number

which can

bonds

sys tem].

(b)

red alkene is morc stable due to availability of more numb
participate umber of conjugated

i . g . .
n hyperconjugation. In ethene
]

ation does not occur .
Y t occur due to non-availability of coni d C-H
. jugate =

¢ cexplains its li
: plains its stability compared to ethene
() -~ .. . d n
contributing structures, more stable is the

The hyperconjugation also explains the shortening of 6 bond bet 2
erween

and (133bm ;as§ of propene. As evident from the contributing structures, a
Jouble bond character develops between carbons at the 2nd and 3rd posi )
which causes shortening of C2-C3 ¢ bond position

m—

ngllalr.ly n ca§§1 Ofbtoluene, the Carbo_“—hydfogen o bonds of methyl group participate in
¢ ;Ca 1lz)at1(:1n wfl /1 onds of benzenfe ring. The presence of three C-H o bonds in conjugation
with 7 bonds of benzene ring results in formation of nine contributing structures N

H H H cbond in
H_é_H | v + | ;?QLE::S; H
W\ H C—H H C—H H C—H ofbenzene\\,.l,
H=—C—H
Se _
— L, —> D — _<__> . @
v J
(1] (11) mm --- [IX]

Hyperconjugation in toluene: Three

contributing structures (3 for each O

In C - .
I8 Jess zZS e the number of covalent bonds in the contributin
an the number of covalent bonds in

l()ll.lene .
), hyperconjugation is referred to as

. An()lher
% isoval
1S h

conj“.gated o bond (o-p overlap),

hi tl};pc of hyPerconjugation that occ
S Same g yperconjugation since the nu

i ’h_e number of covalent bonds
Yperconjugation occurs though delocalization involving

C-H o bonds. Therefore in all there are 9

bond).

during hyperconjugation

g structures
in case of propene and

the original structure (as

sacrificial hyperconjugation.

urs in carbocations and free radicals is referred to
mber of covalent bonds in contributing structures
in the structure of carbocation or free radical.
p orbitals (vacant or half-filled)
bility of carbocations and free

d explains the sta
bsequent sections of this chapter (Sections 4.2.1

an

/' WAL 11 1N\ A "I\.l]
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Sacrificial hyperconjugation

+

H H

’j 7 (N i ‘ : .

l]*(,‘M‘(‘ll':l(‘lI‘. ¢« H—C=CH—CH, ¢— ---more crmtrlhuting S"'UCtureg
H Propene 1

9 covalent bonds R covalent bonds

2 C-C o bonds {) C-C o honds

6 C-H o bonds 5 C-H abonds

1 C-C mbonds I C-C nbonds
[sovalent hyperconjugation
In ethyvl carbocation N In ethyl radical
H—-’ —=CH, +«— H—,C:CH2 == H—CIJ——CH2 — H\C\CH
I 25
H H H }‘{

Ethyl radical

6 covalent bonds
6 covalent bonds

Ethyl carbocation
6 covalent bonds

e L
5

Ny .
3 v Alkyl groups behave differently whe
i (Hyperconjugation explains this anomalo eh r.
We have already discussed, in Section 4.1.1 that the electron releasing effect (+1 effect) of ifferens
alkyl groups increases with an increase in the number of alkyl groups and follows the orger

benzene ring (i.c. alkylbeszez

i P et o
—C—H —¢—H ~¢l:-<—CH3 —Cch,
H H H CH,

Increasing electron releasing effect (+] effect) of alkyl groups. >

But when these groups are attached to benzene ring, the electron releasing effect of alkyl
groups follows. a reverse order. In alkyl benzenes, the electron release occurs through

NI IALITL I A

hyperconjugation, This is illustrated as follows:
? AR R
H—C—H H—C—H H—C—CH, H,C—C—CH;
Methylbenzene Ethylbenzene lb':“mc
: Isopropylbenzene tert. buty :
> CHotpadiin 2 C-H obonds in 105_1% bond in No C-H gbonds ¥
con)uganonvmth mbond conjugation with 7 bond conjugation with 7 bond conjugation with 7760
s, _ v s, ST
9 Fontnbutlng Stmt_:wres 6 f:omribuu'ng Structures 3 contn’but;g structures No hypo:rconjusim"rL
in hyperconjugation. in hyperconjugation, in hyperconjugation.
vvi ¢h



V

Fundamentals of Organic Reactions 115
; Thus. the order of electron release now become :’%
~H Hy CH, CH
z | o L -
e (i‘~— H l (I) —CH, — (’;-4-— CH,
: H H H CH, !

5. @g electron releasing effect of alkyl groups when attached directly to benzene ring.

This can be explained on the basis of hyperconjugation. In methylbenzene, there are three 3
. C-H obonds in conjugation with 7 bonds of benzene ring. In ethylbenzene, isopropylbenzene f
' and terriarybutylbenzene, the number.»of“conjugated C—-H o bonds is two, one, and zero |
: T . A
: respectively. |
4 4
4 i
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4 20.5.1 Applicati
1 pplication of the Hyperconjugation Effect

Although h i
2 (& ati ffoet 1
3 "explaing}n M rCOII:]llgdllOll cffect is a much weaker effect than resonanc -
g some of the physical and chemical properties of sonance effect, yet it is quite useful in
follows: properties of the organic molecules. Some of these are as
1  Shortenin
of carbon—c: ad; ‘
4 —carbon bonds adjacent to multiple bonds: The hyperconjugation imparts

bon single bond length (1.54 A) in propane.

+ e
CH,—CH=CH, +—> H CH,=CH—CH,
3 2 1 3 2 1

ted to the number of alkyl groups linked to
lities are related to

der of the relative

s: Relative stabilities are rela
d that in alkenes, the relative stabi

3 2 Relative stability of alkene
ble-bonded carbon atoms. The or

the double-bonded carbon atoms. It may be note
the number of the alkyl groups linked to the dou
stabilities of a few alkenes is as follows:

CH CH CH CH H

CHa\ P CH, CHa\ Y, 3 3 3 3\ Y, H\ /H

c=C > c=C > c=C > c=C > c=C

cH,/  “CHs H/  “CHs H/  MH w N\H W \H
But-2-ene Propéne Ethene

2, 3_Dimethylbut-2-€né 2-Methylbut-2-ené
is because of the decrease in the
atoms. As a result, the number of

e alkene. For example, In
h means that

f the alkenes listed above

abilities O
ched to the double-bonded carbon

n the relative st

number of the methyl groups atta : n
hyperconjugated structures decreases thereby decreasing the stability of th

2,3-dimethy]but—2-ene, there are four methyl groups and twelve a-hydrogen
there will be twe uting structures possible. But no a-hydrogen ato
Thus, the former ]e while the latter s the least stable. Thus, the or

stabilities of thea be justified.

The decrease 1
atoms, whic

m is present in ethane.

trib i
lve con der of the relative

is the most stab
lkenes listed above can
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Thus we can conclude that gre
atoms, greater will be :
atoms, greater will be hyperconjugative structures
tion of electrons. This " ) .

H/

{Votc.): _Imns—Z-Butene is more stable than cis-2-butene because of steric strain as the two methyl groups
in cis-isomer are close together.

3. Directive influence of alkyl groups in arenes: The o- and p-directir

H

\CH,
trans (6 a-hydrogen; *
AH = —27.6 keal mol™)

CH,

N\ /
CH,”

ater the number of

CH,
C==C s
\CH,

(12 a-hydrogen atoms;
AH = -26.6 keal mol )

H,C CH.
3 \ / 3
C=C
W \H

cis (6 a-hydrogen atoms;
AH = —28.6 kcal mol ')

CH,\ \ /H
C—=C
cH,” \CH,
(6 ce-hydrogan;
AH = -26.9 kcal mol

CH, H
N\ A

H/
(3 a-hydrogen;

-C
N H

AH = =30.1 keal mol)

alkyl groups attached to the double-bonded carbon
is evident from the he it shown above, and hence greater will be the delocaliza-
¢ heats of hydrogenation (A1) of various alkenes as shown below:

i
)

H

other alkyl group can be explained on the basis of hyperconjugation.

In the above hyperconjugative structurcs, ortho
the electron density at o- and p-position wit
As the substitution reactions in the ring arc ¢

para positions.

Similarly other

are o- and p-directing groups.

4. Relative stabilities of variou
ming section of reaction intermediates.

tail in the co

alkyl group will increase electron densities

h respect to the
lectrophilic in n

s types of carbonium ions and fre

A
\

Six more such
structure due
to two other
a-hydrogen

and para positions in the ring get negatively charged or
methy! group increases due to hyperconjugation. 5
ature, they take place mainly at the ortho and

at o0- and p-position. Therefore, alkyl groups

¢ radicals: This is explained in de-

\

.\.
CHy —Cc —C—

+
) R—/—)C‘ ) Q‘.———C"r )
H 4
\
—C—Cyy
1 ]

)
H

\ )

[ -
H/

—
" NOTEW

(No «-hydrogen;
AH = -32.8 keal mol )

20.5.2 Dis

S. No.
1.
}
2 I
¢
3. |
¢
¢
t
/H

no

1g influence of methyl or any

3 Inc:
effe(

4. The
eact
fect
pos

Hyp

6. Mor
hyp

H

r )
Hy — C —C—H

|\ b

C 1y
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