Chapter 11

CH3_CH:CH2
N
decide the orientation of < free radical addition

electrophilic addition

not as a substituent but as a rxn site, the methyl group can undergo
free-radical substitution of a halogen.

U

< free radical : high temp or UV, in gas phase

heterolytic rxn : low temp, in the absence of light, in liquid phase

U

low T .
CH;CH—CH
% 3él (|:1 2 heterolytic rxn
CH3CH=CH2 + Clz 500~6000

gas phase CICH,CH=CH, free radical

CH;—CH—CH,X :itdecomposesto S.M and X:
X+ + CH;CH=CH, ~ ) at high T or at low concn of X,

N

HX + +CH,~CH=CH, :itwaits for X,
X5

X+ + XCH,~CH=CH,



N-bromosuccinimide (NBS) : a reagent for the allylic bromination

@)
CH;CH=CH,
N-Br — Br- HBr + « CH,—CH=CH,
NBS

0 j .

U Br, + N-H
supply a constant, low
concn of Br, 0

succinimide

||
—C=C—H : vinyl H>

|1
—C=C—(|1—H s allylic H

ease of abstraction

of H atom allylic » 3° > 2°> 1°> CH, > vinylic

U (shorter, stronger)

ease of formation o o . . ‘
of free radical allyl > 3°> 2°> 1°) CHy+p> vinyl

experi-
v mentally
Stabﬂity' of allyl > 30 > 70 > 10> CH, ,> vinyl
free radical
U
the double bond affects

the double bond determines

the stability of free the orientation of free-radical

radicals and of the

.. ) . substitution
incipient radicals in
the trasition state,
and the rate of their formation
ex) Br

Sk



NB
CH3(CH2)4CH2CH:CH2 —S> CH3(CH2)4(':HCI‘I:CH2 + CH3(CH2)4CH:CHCH2BI'

Br rearranged pdt

U

no migration of atoms or groups
migration of double bond

allyl radical : CH,~CH-CH, *

I|{ c
i@ eHa 4 different kinds of H
a | are expected from the
H, Hy classical structure

U H

spectroscopically(ESR) three N aH\ AN H a
different kinds of H are | I
observed Hy, H,

should be symmetrical
about the central carbon

Whenever a molecule can be
represented by two or more = there is resonance @ =
structures (differeing only in
the arrangement of electrons)

the molecule is
the hybrid of the
structures

= the resonance hybridis = resonance energy = the more nearly equal
more stable than any of their stability, the

the contributing structures greater the resonance

energy.

U

the more stable structure,
the larger contribution



allyl radical

CH,—CH—-CH,* °*CH,—CH—CH, allyl radical is not I or II, but between
I I I and 1I

U

the odd electron is

not localized on ‘ — CH,= CH— CH,
a carbon but delocalized

U

allylic rearrangement _¢ - ___¢ X, o 3
is natural RTCH=CH—CH, —= RCH~CH=CH, + RCH=CH~CH,

X X

resonanace energy CH,CH,CHH  —~  CH.CH.CHy 4 He ap—
of allyl radical ? = SR 3t H =98

CH,=CH-CH,~H — CH,=CHCH,» + H- AH=88

J

the estimated resonance energy = 10 kcal/mol
(cannot be obtained experimentally)

H 1 & H — resonance energy = delocalization energy
N
H — flat of) - CH,
s-5p” 2 2
Sp -Sp

CH,=CH—CH=CH, > — conjugated system =  special properties due to

interaction of 1 orbitals

(similar to allyl radical)



—> conjugation : juxtaposition of a double bond and any 7 or p orbital to overlap
cf) hyperconjugation

U
allyl radical is also a conjugated system

U

must exist as a resonance hybrid.

When drawing the resonance ex) H-CI H™ cI”
structures, be reasonable
T H i
H—|C—H H—(lt_—H H—|C THT etc
H H H
N J
Y

not so stable

U

negligible contribution

104 98 95 92
HyC_ (|?H3
’CH3 CH3CH2' /CHz' H3C—|C .
H;C CH,

6 kcal/mole resonance energy



allyl cation

© ® @
CH,~CH-CH, CH,~CH=CH, = CH,™CH==CH, : expect a large stabilization
U
AN
e C\ pd C\\
i OO H .
O\ spectroscopically

H one kind of C-C bond

CH;CH,CH,~Cl — CH;CH,CH, + ClI~ AH=185 12 kcal/mol
> = resonance energy

CH,~CHCH,—Cl — CH,=CH-CH," + ClI° AH=173
— similar stability
+ _ 0 .
CH;~CH-CH; —= CH;CH-CH; + CI”  8H=170 to 2"-carbocation
cl

CH2: CH— CH2C1 CH2: CH- CHZ_ OEt

as fast as 2°-substrate by Sy1

— HBr
CH,=CH~CH,0H CH,=CH-CH,Br U
vy the reactivity increases by the
CH;CH=CHCH, CH;CH=CH |CHZ presence of alkyl substituents
! EtOH
Cl OEt
CH,C~CH=CH, CH;CH-CH=CH, ,
EtOH I allylic rearrangment
Cl OEt
i
Sy1 mechinsm
U N
i
o CH;CH=CHCH,Cl CH;CH=CHCH,OEt
second-order kinetics or EtOH N
SN2 _ A _
CH;CHCH=CH, ~ CH;CHCH=CH,
| (solvolytic |
Cl OEt

condition)



The stability of carbocation = depend on dispersal of charge

U

due to overlap ¢ resonance effect < inductive effect
between certain (the strength depends
orbitals

on distance)
(called conjugation)

U

the empty p orbital a carbanion also
and T- (group), =  should be flat =  can be stabilized
c-bond (C—H bond) or by resonance effect.

other filled p(d) orbitals (atom)

allyl substrates are as reactive as saturated primary substrates in Sy2 due to the
similar steric environment.

CH;—Cl > CH,=CH-Cl » CH;CH,—Cl > i-Pr-Cl > t-Bu—Cl

227 207 191 170 157
U —— more readily react with alcoholic
no rxn with AgNO;
alcoholicAgNO;

U

C-CI : spz-p & some double-bond character

U

C-OTs, C-OMs etc also have the unusual strength

vinyl substrates may

undergo Sy1 when = \CZC/
the leaving group is < \OTf
extremely good and

it contains electron- U
releasing substituents

CF;CH,OH N v
P TG

No S\2 due to steric \CZC/
hindrance by the & cloud 4 \OCHzCF3

R-OTf > R-OTs > R-Br
<~— solvolysis
10*~10° 1
10° 1



dienes : conjugated diene =~ _ANF

isolated diene /\(CHZ)H/\ : identical with simple alkenes
cumulated diene X
(allene)
AH of hydrogenation
RCH=CH, 30
R,C=CH, 28 | > Table 11.1 (p410) 2~4 kcal lower for conjugated
RCH=CHR . . ;
dienes than for isolated dienes
R,C=CHR 27 U
conjugated dienes are more
) . : stable.
conjugated diene (Fig 11.4, p412)
| |
—C=C=C=C— —C—C=C—C— = resonance energy = 2~4 kcal
1 2 3 4

C,—Cy = 1.48A (C—C:1.53A)
more stable

U

more contribution

H,
CH2:CH2 —_— CH3_CH3

H
CH;CH=CH, —. CH;CH,CH; = AH s 2.7 kcal lower than A H for ethylene

U
due to e propylene is 2.7 kcal more stable
hyperconjugation than ethylene
H;C—-CH=CH
ShON ?)

1.50 A (C=C : 1.53A)

@\ alc KOH @ PP /\/J> cat N
A /\/ A

Br

Br Br Br
Brz Br2

2 T N

Br

Br Br



Br,  BrCH,~CHBrCH=CH,

—_ +

CH,~CHCICH=C
’ i BrCH,CH=CHCH,Br

HCI
+ -— AF
CH;CH=CHCH,CI H, CH;CH,-CH=CH,
_— _|_
cat

CH,CH=CH-CH,4

= 1,2-addition & 1,4-addition

+ +
CH,=CH-CH=CH, + HCl —= CH;-CH-CH=CH, not CH,~CH,~CH=CH,

X-Y Il
.
CH;—CH=—CH—CH,
Q& c1‘/\\/
1,2-addition 1,4-addition

§0°_~ CHy"CH-CH=CH, + CH;CH=CH-CH,Br

_ _ Br
CH,=CH-CH=CH, 0% 20%
+ l 40°
HBr \
40° CH;-CH-CH=CH, + CH;CH=CH-CH,Br
Br
20% 80%
either compd is converted
into the same composition = the result of equilibrium
of the two compds by heating. U

1,4-adduct is predominant
and more stable.

1,2-product is formed no equilibrium at -80° 1,2-product is formed

more at -80° faster than 1,4-product.

at low T : the ratio of pdts is determined by the rates of addition=>  should be no
conversion after

at high T : the ratio of pdts is determined by the equilibrium of pdts  ,air formation

U U
Fig 11.6 (p418) the more stable pdt is not
always formed faster



rad” + CH,~CH'CH-CH, CH,~CH'CHCH," —= rad{CH,CH=CHCH,};

$H3 CHs
H,=C—CH= d-+CH,C=CHCH
C 7 C—CH=CH, raT 2 zj;
1soprenc ﬂ

cis

natural rubber

S l A or cat.
make rubber ?H3 §H3
harder and vulcanization —CH-C=CH-CH-CH,—C=CH-CH,—
stronger. & (cross-link & $ L
remove tackiness chains by S) S _
CH; CH,

Cl
I
CH,=C—CH=CH, @ ——  polychloroprene (Neoprene, Duprene)
chloprene

terpenes (from the essential oils of many plants) are made up of isoprene units joined
in a reqular way : isoprene rule =  p421



