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The Effect of Substituents on the Stability of Alkenes
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Fig. 2.5 Energies of the m orbitals of an X-substituted alkene



The Effect of Substituents on the Stability of Carbocations
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Fig. 2.7 The n orbitals of a carbocation conjugated to a Z-substituent



o Conjugation—Hyperconjugation B 1%

H+
—> (C=C

bond shortening

C—H Hyperconjugation EE C+

bond lengthening \

Fig. 2.9 Interaction of the orbitals of a ¢ C-—H bond with an empty p orbital on carbon



C—H Hyperconjugation BT

Conformation A Conformation B

Fig. 2.10 Orbital interactions stabilising two conformations of the ethyl cation



C—C Hyperconjugation #8313
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Walsh Orbitals of Cyclopropane
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Structure of Carbocations

o attraction narrows the angle 6

attraction shortens
+~ the C—C bond o

Cf: Tansition State Structures of Carbocations
in 1,2-Hydride shif and Wagner-Meerwein Type
Rearrangement

Proton-catalysed Isomerisation of Olefins
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Fig. 2.11 Hyperconjugative stabilisation of a C=C = bond



C—M Hyperconjugation
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Fig. 2.13 Interaction of the orbitals of a carbon-metal bond with an empty
p orbital on carbon



Interaction of carbocation with 8-C-M bond is stronger than

B-C-H and C-C bonds

more stable

bridged structure
only with ethyl cation
substituted by SiMes

most of metal cations
bridged with olefins



Negative Hyperconjugation with a Cation.

Interaction of the orbitals of a bond between carbon and an electronegative
element X with a p orbital on carbon

little energy-lowering effect on a cation by low lying o C-X bond



more stabilised by hyperconjugation
with B8-C-H and/or C-C bonds

VS

large energy-lowering effect on a carbanion by o* C-X bond



T YR 3 SJ
Y 9
0 =

237 Y=S8i,PorS 2.38 2.39

planar trigonal

antiperiplanar nitrogen atom

F3C B F3C —
\ \ F
/C _CF3 > C :CF2
/
FsC F4C

Anionic( Fluorine) Hyperconjugation
( Negative Hyperconjugation)



Anionic negative (Fluorine) hyperconjugative interaction between
anionic center and C-F bonds at the 3- position

c-F OF
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F anti F,.C—C <~  FC=C

CF O \CF3 CF;
C-C bond shortening
C-F bond elongation
charge delocalization to F atom

orbital interaction

lon-dipole interaction between anionic center and C-F and CF,

bonds (inductive and field effect) electrostatic interaction??

No C-CF; ¢ * hyperconjugation??

ion-dipole interaction



The Anomeric Effect.

HO & HCL. MeOH  HO 5
HO ~ HO
H&, OMe HO

OH HO OMe
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negative hyperconjugation of o * C-X bond
with lone pair electrons



exo anomeric effect

preference for gausche orientation

0. Me \
D %

243 2.44 2.45 2.46

axial conformer equatorial conformer

prefere.ntial orientation of exocyclic oxygen lone pair
anj:uperuplanar to 9ndocycllc o * C-O bond in both of
axial and equatorial conformers



Most Stable Conformer with anti-Periplanar Orientation

gausche orientation
, 2
>N
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axial conformer

fluoromethanol

methoxymethyl chloride

N.N-dialkyl- 1,3-diazacyclohenane
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Syn-coplanar and Anti-Periplanar Overlap.
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anomeric effect :
A lone pair of oxygen atom is anti-
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Fig. 2.16 Differences in m orbital energies for s-frans and s-cis butadiene
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Exercises

1)

Explain why B(OMe)s is much less Lewis acidic
than BX3 by considering the energies of the
interacting p orbitals.

0 0 ome 0 O X

OMe
0 0 0 0

Explain the substituent effects on the following
conformation equilibrium.

R H
_‘/Y 2 —/Y
><H OR
RO R
2.106 2.107

preferred for Y = alkyl preferred for Y = CO,Et or C=N
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{EZRICH T 5EE SR ER
1.~A701) 2 X (heterolysis) hetero(A~ 1 —)+lysis(53fi#)

A:B — A: (base) + B* (acid)

2.715F1J< A (homolysis) homo(¥—)+lysis(%f&)

A:B — A (radical) + B (radical)

& BT *)LX—(Bond Dissociation Energy)

A:B + BDE(energy) — A 1 B:



heterolysis (|3H3 o
] e o, T !
3 3
solvent polar effect _ »
sp“ carbon
HaC._ tert-butyl cation  jodide ion
Hyc~ S
H4C
3 i - (|:H3
] e omolysis C e . [
tert-butyl iodide _ H3C/ \CH3
sp3 carbon sp° carbon

iodo radical

tert-butyl radical _
( iodine atom)



BIEEIC KIZTTBENR Solvent Effect on Acidity

K
CH30- + PhZCHZ ‘_—" CH3OH + thCH-

Solvent K
H,0 1018
gas-phase 1011

CH.07 =AYV I2KRIC & > TAE <REILT BH,
RBERBILLTPh,CHP =AY RIFE A EXHE L |



CH,-OH 291 kJ mol-1 CH,-Br 291 kJ mol-1

H-Br 366 kJ mol-1 H-OH 499 kJ mol-1

BRI 5EEITRILF— 749 ki mol-1 T AESIRILE— 790 ki mol-1
[ It>#(Heat of Reaction) AH° = 749-790 = - 41 kJ mol-1

CH;, OH, H, Br radicals
———_  ( Transition State) (EBIZIARE

R\
749 kJ mol-1 *
+ ~. 790 kJ mol-1
CH3-OH + H-Br .-~ AH
Y
B - - - - - - - - == === ===-==-- CH3-BI' + H'OH

AGI=AHI-TAS?

Gibb's Free Energy Change for Transition State of Reaction



AR i H8# (Organic Reaction Mechanism)

TS: ERIKE FL G i {A  (Reaction Intermediate)
(Transition State) >

J:- ,Z‘\ )L ;Y: e

W& (Starting Material)  ZAER# (Product)

.

L ILEE#=  (Reaction Coordiate)



RELH LN SEHE (Kinetic Control and Thermodynamic Control)

Y, TS Z#IKEE (Transition State)

.\G f: \
/‘._\ AG . S: Starting material
. - 3 ;\9 (HF2E)
;18 / \ / \ P: Product
5 / « ! (521 )
‘w / \E
B .2 | AG® | |
""""""""""" KR (exothermic reaction)
FHMRE (exothermic reaction)
P, S g x
LG b
K [P5]
P, =—= P, K-

[P4]



RHENICEBR EN=RK (Thermodynamically Controlled Reaction)
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| / 2 \_ CHaCH, H
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H CH. Carbocation Intermediate H3C H
CHs
A HE B

2-methyl-2-butene 2-methyl- 1-butene

Saytzeffll :
MR TIEIBSEBRAPIVT DI VEBRUTERT S,
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Alkene Formation by Dehydration(BiKIc &3 7 IV > DERE)

Dehydration (BiXK)

—

- H
. r H-O
OH N\ :O—H ’
| H,0" |J +
CH3CH, —C—CHg CH3CH, —C—CH3 === CH3CH,—C—CHj
CHaj CH3 CHg
2-AFN2-T 8 )~ TP AFNFXIoYL ANERFFY
2-methyl-2-butanol 3 “alkyl oxonium ion carbocation
~H40"* H 3C\ /C Ha CH5C Hg\ /H
— C=GC + C=C
/ \ / \
H CHj H5C H
2-AF W25 ~/ VR T WNel-T T 7
(CE2E 5 )
2-methyl-2-butene 2-methyl- 1-butene

(main product)



Transition State(TS) and Intermediate(l) (EBIRAE & PRAEK)

BRI NE-—

{ (@ R—=P
TS
A
p
KR (exothermic)
RIGER
} () R=1—P

TS TS,

} ® R—P

i Transition State(TS)

RN
LR
. s
REW



early TS late TS

Starting
matenals . Products
Products  Starting °
materials - -
A
(a) An exothermic reaction, with a (b) An endothermic reaction, with a
reactant-like transition structure product-like transition structure

The Hammond postulate ({R:R)



Lewis B4(A) B FWEBIFTDHD (BEFWUEBBK electron-pair Acceptor)
Lewis IEE(B) :EFNWES5ZX5HD (BEFWHESHE electron-pair Donor)

A + B: — A-B

EBRBEMEEIEA : Chege-Transfer(CT) Interaction
FF—PotT7H5—HE{EM : Donor-Acceptor(DA) Interaction

LewisDERIEEMEEIEA (1923)

SEBBAB OB URES(Coordinate Bond of Metal Complex)

B8 {EMA(Hyperconjugation Interaction)

PoFRVITSFHF—PR ((anti-periplanar Effect, B3t1ZD—1E)
7t —EB 5 ( 7c -complex) DHZ A

KFEES(Hydrogen Bond)

{b 2RI DDERIKRE (pre-association complexes in chemical reactions)
etc.

DFOHATEENICEKEZEILHEEERATHY. EFDER
LMD —TBLE L TR CEEABEEE-LTNA,




sp? boron

trifluoroborane BF;

H H
- fo

CD N -utliH

\

H

ammonia NH4

DCO VRN

|

H

sp? carbon
methyl cation CH;*

(isoelectronic to BF;)

hydride

F g
\B@ (4
F H
sp® boron

Lewis acid-base complex

H
\C—H
H<
~N
H

sp° carbon

methane



The Perturbation Theory of Reactivity
Rt D BEhIBsH

(a) The imteraction of one filled (b) The interaction of the (c) The interaction of a lower filled
orbital with another HOMO with the LUMO MO with a higher unfilled MO

Fig. 3.3 The interactions of the molecular orbitals of one molecule with the molecular
orbitals of another



The Salem-Klopman Equation

ab ‘ k<l ngl r S S r Er o ES
o’
first term second term third term
FIRF D A SBHIE-IESBINIE
AREFHRRENS  HAEERDS HEEmEs

The first term 1s the first-order, closed-shell repulsion term (Fig. 3.3a).

The second term is simply the Coulombic repulsion or attraction.

The third term represents the interaction of all the filled orbitals with all the

unfilled of correct symmetry (Fig. 3.3b and 3.3c).



The Salem-Klopman Equation

| Occ,  unocg. OCC, UNOCC. o5 B )?
AE = — Z(qa+qb)5absab+z oNe) : L L _Z Z (ZabCrasbBap )
ab k<l 8Rkl r S S r E" - ES
S
first term second term third term
FIRF D A SBHIE-IESBINIE
AREFHRRENS  HAEERDS HEEmEs

As two molecules collide, three major forces operate.

(1) The occupied orbitals of one repel the occupied orbitals of the other.
(ii) Any positive charge on one attracts any negative charge on the other
(and repels any positive ).
(iii) The occupied orbitals (especially the HOMOs) of each interact with the
unoccupied orbitals (especially the LUMOs) of the other, causing an
attraction between the molecules.



Fig. 3.4 Orbital interactions in the reaction of the allyl anion with the allyl cation



Hard and Soft Nucleophiles and Electrophiles

_- + . (A
HO "\ H—C‘OHQ is faster than HO T\ Br—Br

hard base and hard acid hard base and soft acid
(\+
:(\' Br CBr is faster than _—C\' H—OH,
soft base and soft acid soft base and hard acid

Hard nucleophiles have a low-energy HOMQO and usually have a negative
charge.

Soft nucleophiles have a high-energy HOMO but do not necessarily have a
negative charge.

Hard electrophiles have a high-energy LUMO and usually have a positive
charge.

Soft electrophiles have a low-energy LUMO but do not necessarily have a
positive charge.



(1) A hard-hard reaction is fast because of a large Coulombic attraction.

hard-hard 1 5{ERIZFFEBHEEERLI ETER

(11) A soft-soft reaction is fast because of a large interaction between the
HOMO of the nucleophile and the LUMO of the electrophile.

soft-soft HE{EMAITHOMO(KI%IE)—LUMO(REXE)HEERAI ETERA

(111) The larger the coefficient in the appropriate frontier orbital (of the
atomic orbital at the reaction centre), the softer the reagent.

FrotierfliBREIN AT L LBBIFEAREITKI UsofticH S

Other Factors Affecting Chemical Reactivity
Strain in the o framework o BIBDEH

Factors which affect the entropy of activation ;E¥{E T +OE—

solvent effects BRMR (FFREEIEMR)



Nucleophilic Substitution Reactions of Alkyl Halide
(ZILFILNTGAFDRZERRIE)

* Nu 5 (‘; Nu + . X
| K% 8 38 LI
o T ls )
[Sn1] ._\C——-—X b E OCO & Ve
“q 5+ 5~ AR - .
Substitution / " e 1 / - 4 carbocation intermediate
Nucleophilic
Unimolecular - . e / \
(two-step reaction) Oq<) - Nu—C.%’ . 7C—Nu
A
+ 713 = 3. =
* Nu_ 7 7+ 4t
[SN2] \ P ‘ = / )
Substitution Nu:/-\:c- (\x = | Nu=-==-G----X —NU—C‘%*' X
Nucleophilic R ’g’ﬁamL TR

Bimolecular

B IR
(one-step reaction)

&

Transition State



Sy 1 (Substitution Nucleophilic Unimolecular) Reaction vs
E1 (Elimination Unimolecular) Reaction

Sy1RGEET RIGIXEES MRS

Sn | FICEE 1 RIE Substitution '|'| |
Sy, 1 ==Y
A -X A N Y~ o
—C—CLx —C—C+
! | i
) Carbocation
KIZIE DN K Intermedilate = \C:C/
BN AT ILEFN Elimination 7

70 b AERIE G



Example: S,1 vs E1

?Hs ?H;; /CHS
CH3—('3—Br + CHOH —— CH3—(|:-OCH3 + CH2=C\
CHa CHs CH,
2-7QE-2-XAF N

2-bromo-2-methylpropane

Sn1 CHy REBAAUITILAREEELTHEK

/
CH3\ /§1\ /\ :O\ SN1: A2 /= IDOODIFERBEFIIH
o ¥ @ i H RILHI 2
H ‘X 3
H—(I:—C\CH E1: X%/ —)ILOODF EXRF[EFH
H 0 : R E LTERALTIOM %
gl&#k<
HIVE D F F o hiiE

REBEGAA LTV RyTYRBREL TEIK



Hyperconjugative Stabilization in tert-Butyl Cation

(BRI FIVLHFAUIZHITHBHRERLEL)

220D p Bl
9 Q=0
. 8 g - i, I 4 c
H
spl il

5+'.H
iy, OF 4
" Qareens C
/ "H
H

EFREFDOIERE

Hyperconjugative Stabilization

BARREL




Elimination Reactions of Alkyl Halide

(FZILFILINGAR D BB R i)

[E1] C)u( }? FEU r O H-
Elimination -C—C- — - + X
Unimolecular A[ | - AR b /O \
(two-step reaction) Ria DR carbocatlon intermediate
{—:X-
t +,\/H | > N\ g +
a3 N o B
3 7K O 5 B
[EZ]X - X \ ;
Elimination <N / \ /=
Bimolecular -‘]C \9\ —~ j—' VC“'C-.: T s Rk HD
(one-step reaction) X H .g 2 H--B
\$: A OB IR & A
~
H Transition State

anti-periplanar fi¢ i



S\ 2(Substitution Nucleophilic Bimolecular) Reaction vs
E2 (Elimination Bimolecular) Reaction

S2RISEE2 RS (2R MICHEC 5

Sy 2 RIBEE2 RIG T H Y s y ,
: [
_‘é—C{ e —-C—C{ + X
SN2 | T\
| = W
C C|I X +Y B\ AT IVF I
. TransitionState
-y o
KO RE E2 Y Y 3
X : YH
FF70 b ARG "C';C"e’ /C=C\ +
#'.‘] g“‘ + X..
I x i\

E=m 47 xN
TransitionState
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BEHEFMICKOE2 I DERA

- &

Br
HH (Br HH "’ CH3
., e : — H2C=/
1 7,
H H H
(" CHa téH  CHj
B: (ﬁ.&)&) -G B{'

A TATENERIZKBE2 Rt D ERAR
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CHyCH, Br LUMO




FIRLDEE

(Ll

+H
I
T

IERIGDITAT47 HEHIC

NO,
HNO;, H,S0, NO,
-
50~60 C
VY7V

=k 75y

== hkap28 v
F:10k4D

DL AVERR L 7SV

|

0.425 0.000 —0.425
0.263

—0.263
—0.263

0.263

—0.425 4 000 0.425

HOMO



BLEFIE(E) D K ks
’ﬁ HWEFRICXkDHERH

1 _E> :\7@

1,2- and 1,4-adducts



TR DR FEHEEHBEIRILT—

C.ngéH"éH-:C‘Hz

o3l D ELE 3Bl I & Wuli = ¥ Rl SR

¥,=0.372y, —0.602. +0.602y,—0.372%, &, ~a—1.6188 —

EIEZEENE Lowest Unoccupied Molecular Orbital (LUMO)

8 8 x x ¥, =0.602y, +0.372y.~0.372y,~0.602, =a+0.6188 ‘*""

=% G #118 Highest Occupied Molecular Orbital (HOMO)

v, 8 ¥,=0.372y, +0.602. +0.602,+0.372%, ¢é,=a+1.6188 'H’




UTATEERICKSHEREA

% @ LUMO

!

HOMO

% @ HOMO

{1

LUMO

HOMO of allyl anion



Reaction of Ally Silane with Electrophile @ ( LUMO)
v

_j/sm% 8—8\@
|

HOMO of Allyl Silane

| % - R\ ® ]

hyperconjugation of
B-C-Si o0 bond

@ ( HOMO)
i {

Frontier MO \_gﬁ R\\ + MegSi-Nu

interaction
LUMO of carbocation with p—C-Si o bond



Hyperconjugative Stabilization of Carbocation
by C-Si o Bond vs C-C o Bond

C-C ¢* bond

C-Si ¢* bond

BD Energy

C(sp3)-Si

A(C Sl)
/ C-Si o bond
(375 kdmol-1)

A(C- C\ jﬂL ¢/ C(sp3)-C
C-Co bond (406 kJmol-1)




