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J ThHa SelileLs hypercTIﬂ'"’ Ugation rrmw
r)roj_)yJe Erarexcalied contribubRERSHUCE
r faee pYedideln leip) effect‘1s Similar to
reJJan ST e —

SR :I, estructure I, III & IV have no

. e‘f]nJ e bond between the a-C — atom and
NS o) he H—atom, hence hyperconjugation
=S also known as no bond resonance. It is

_f,=-;~.c 0 known as second order resonance
e
= *‘er Baker Nathan effect.
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r.e" orbitall concept. of "~ hyperconjugation,.

Eya be explamed th
r)ro,)\/a e. In thissconce 2 electron

olis of C— _bond (o bond’ Volved [ —
corfjuieflEle)amiis the 7 electron pair of tt

doulvle bond. Therefore, hyperconjugation
VEIVES delocalization of o electrons of
Gl ele; d through overlapping of p-orbital

-.JE-e bond as shown below:
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Orbital picture of ¢ — & hyperconjugation.



SigiGtUra reqm 'IT1entso

Iy ETC I1 ugar n' S

r\my Jfcfeljlie mpound can show
n\/r)erwﬂ] ugatlon i 1t will fulfill the following
conditignss

J C orr@se nd should have sp2 hybrid carbon of
ﬁerarenes carbocations and free radicals.

«’Carbon atom with respect to sp2 hybrid C-
= "atom should have at least one hydrogen atom

__’

_ and a-carbon atom should be sp3 hybridized.
® Thus, hyperconjugation is of following types:



@) Or\ |

e

PRINISILYPE Of conjugation occurs in alkenes
aidialkyl substituted aromatic compounds.
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Applicae; 2

ISTEDility of alkenes: ~

el off hydrogenation shows that the
gieater the number of alkyl groups
dutacned to the double bonded C — atom,
giieater is the stability of alkene (lower is
the heat of hydrogenation). Thus on the

p— =

o

= = Dbasis of heat of hydrogenation, the order

= of stability of different alkenes have been

- found to be: Tetrasubstituted >
Trisubstituted > Disubstituted >
Monosubstituted > Ethylene.
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21 Of sta@yl:y of substitut
SO be explained Jr ﬁﬁg
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—Resonatmg

structures

‘he greater the number of resonating structures

of @ molecule, greater will be its stability.




o ians-2-BUtene; is more stable than  cis-2
i n.which two methyl groupsrare cloese
iOgEtiier and hence: their electronic cloud
| 2f - | .

Steric hendrace No Steric hendrace

in cis-2-butene In trans-2-butene




_,\ snormal bonEI I

) rr YPErconjugation, a gnge%

deubIerbond char r-»and Vice versa, hence
2oriofElle7 s eegle W@an_ﬂ;@.
sOIIIPOUNAS SNOWIN yperconjugation. For
EXample, thane and ethylene, C-C and C=C
pnEs show normal length 1.54A° and 1.33A9,
ES[IECT ively due to no hyperconjugation in the
EOMPOURNds but in propene, the bond lengths
‘~«—*"'?=‘ 1.47A9 and 1.35A° for C-C and C = C
= bonds, respectively. This change in bond
"1engths may be exp ained by hyperconjugation.

1.54 A° 1.33 A° 1.47 A° 1.35A°

H;C CHj, CH5 CH, CHj CH CH,
Ethane Ethylene Propylene
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SAIEctiveENiTilience of«aij_-lgyl groups: -4
e —Cri. idrethe alkyl-gr 5 are 0- anc

D= C ctlg..wh|c 2] ---be e‘xplamed on the
IEISISTON nyrerc*r“" clzjije 110!

H—~C H H—|C H® |
©, @ ©, | Six more such structures
- - - <«—» are possible due to other
= (=)

two o-H atoms.

at’ o- and p- position (w. rt methyl group)
iIncreases and therefore electrophilic substitution

in toluene takes place at o- and p- positions.
Thus alkyl groups are o- and p- directing.




NeneEnting power O%ng —
Jf)l N p-suﬁstltute ‘toluene:
D) r)ar..r[ vE te) on
occ,m at O- p05|t|on with respect to
mEthyls group even though the (+)
IrlelUige ve effect of t-butyl group is far
grr»- er than methyl group. This anomaly
==k due to greater hyperconjugative effect
"methyl group (having 3o - H atoms)

2 WhICh Increases the electron density at o-

-~ position w.r.t. methyl group than t-butyl
groups which have no a - H atoms and
nence no hyperconjugation occurs. Here
fperconJugatlon over weight inductive

€



» Hyperconjugation in t-butyl toluene




fee radlmndcarb CationSi
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ENGraEeistablity et diffel

SEYOCAtIoNS IS:

CH; H H H

© © |® | @
H3C—(|3 > H3C—(|: > H3C—(|3 H—(|3
CH, CHg H H
t — Butyl Isopropyl Ethyl Methyl|

Carbocatlon (3°) Carbocation

Th|s order of stability of alkyl carbocations can
be explained on the basis of inductive effect &

Carbocation (2°)  Carbocation (1°)

hyperconjugation as follows:



fypere BEpRstates that dieater the NUMDEILOfa*
NVAIGEERNRCLOMS 0N a carbocation greaEr w
nurriper of yperconjugatl\ie st (greater the
dispersios) OFf Jositve crliree) sl hence more-is the
stapility of ez "ﬁ 9leci Lo
Taus rng carbocation (3°9) with nine a-hydrogen
e OIS rr “one usual and nine hyperconjugative
Sulicuures is more stable than isopropyl carbocation
(f)_\vv SiX d-hydrogen atoms, having one usual and
_’Ayperconjugatlve structures which, in turn, is more
_-stabie than ethyl carbocation (10) with three a-
hydrogens, having one usual & three hyperconjugative
structures, while methyl carbocation with no a-
hydrogen, has one usual and no hyperconjugative
structure, is least stable.
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«—j§‘fr’uctures of t-butyl carbocation (3°)




H

H
|

H
|

H
|

<= H—C—C—C—H =—> H—C—C—C—H =——>

H

H

H

H

O
H

\Y

H

H

H =—— H—C—C—C——H

©

VI

® One usual and six hyperconugative structures

of isopropyl carbocation (2°)
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SRlgEserder of st |
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CHj H H H
Hic—C > Hic—C > Hie—C > H—C
CH, Ch, | ;
- tButyl Isoprppy! Ethyl Methy!
- free radical free radical free radical  free radical

(30) (20) (10)




o TTTEESSRERN—_—

Sl elove ofel

o bonds of p-orbital
alkyl group havung odd electron overlaping of orbital due to hyperconjugation

Structure of a radical
having a-H atoms




® In generalppgreater the number of a-hydrogens,
gieater is the number of hyperconjugative
StiiGtUrES” and Nenee: more stable is the free
aeicall Thus t-butyl firee radicals (3°) with nine
aEiyarogens’ has one usual and  nine’
gYPErconjugative  structures, is more stable
eRNIsopropyl free radical (2°) with six a-
gyaregens has one  usual &  SiX
=yperconjugative structures which in turn, is
?mﬁirfe— stable than ethyl free radical (1°9) with
~_three a-hydrogens has one usual & three
hyperconjugative structures while methyl free
radical with no a-hydrogens has one usual & no

hyperconjugative structures is least stable.




H v H
(0 V-)o o °
H (|: (|3 CHy =——= H—(|3:(|3—CH3 == H C:(|:—CH3
H CH, H  CH, H  CHs

~ usual & nine hyperconjugative

structures of t-butyl free radical (3°)
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‘@ne' usuaI and three hyperconjugative
- structures of ethyl free radical (1°)




