B—Elimination Reactions

Substitution

Elimination H

As nucleophiles more than often are basic reagents,
in many cases substitution and elimination reactions
simultaneously occur as competitive processes.
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B—Elimination Mechanism |

‘ There are two mechanisms by which B—elimination reactions take place ‘

(1) All bond breaking happens simultaneously with pi-bond
making. The __ pathway ( Elimination, Bimolecular)

035 —CH,CH, |+
ARy ;
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The TS* for the rate determining
step involves the association of | o
two molecul imolecular). o
two molecules (bimolecular) _?=C_ + %

Evidence: 1. rate = k [RX] x [B:]

+ HO—CH,CH;
2. rate: Rl > RBr > RCI
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Stereochemistry of the E2 Mechanism

The E2 Reaction Mechanism The E2 reaction pathway has very
specific requirements: There must
H (L be continuous overlap among
H\\‘C—(‘/ the orbitals in which ¢ bonds are
H/ ﬁ(‘;ﬁﬂ broken and n bonds are made.
o
o bonds dissociation and = bonds r 7*
formation must be simultaneous; Q Q |
all orbitals involved must be in the i 5 5

I
same plane in the TS* state. @ a
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Conformational Requirements of the E2

Elimination
Two conformations satisfy the requirement: ( H \
‘ (1) =X and —H oriented anti-periplanar ‘ :@: (1)
X
. - H x
‘ (2) —X and —H oriented syn-periplanar ‘
(2)
Most E2 reactions proceed through (1) leading \ )
to important stereochemical implications

The carbon atoms smoothly
rehybridize from sp? to sp?

CeHs  CH3 o .
/C=C\ + Br: + HQ—CH;
H3C H

stereospecific
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Regiochemistry of E2 Elimination Reactions
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Regioselectivity of B-Elilmination: Zaitsev’s Rule

Zaitsev’s rule: In the elimination of HX from an alkyl halide,
the more highly substituted alkene product predominates.

Br
| CH3CH,0~ Na*
CH3CH,CHCH; ————————* CH3CH=CHCH3z + CH3CH;CH=CH,
CH3CH,0H
2-Bromobutane 2-Butene 1-Butene
(81%) (19%)
Br CHs CH3
CHaCHaCCHy B0 Mo oy o Cem CHyCH,C—CH
3CR2(LHs CHaCH,0H gbti=LLHy gbHzL=CHa
2-Bromo-2-methylbutane 2-Methyl-2-butene 2-Methyl-1-butene

(70%) (30%)

E2: Double bond character is _highly developed in the TS? so the
relative stability of possible alkenes determines the major product.

The more stable the alkene product, the faster the reaction proceeds. oo

Product Ratio for E2 Elimination Reactions

Label the energy
parameter that
determines the
product ratio
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progress of reaction

\

Exceptions to Zaitsev's Rule

» Abulky base is used (a steric issue)
» A conjugated double bond can form
* The leaving group is -F

The less substituted product is major when

CH; CH; (lfHa CHy (lz'HJ
CH,CCH,CH;  +  CHiCO™  —myea®  CHC—CHCH; + CH;—CCH,CH; + CHyCOH + Br
Br CH, Z-meth;-:!-i butene 2-m Eth;!‘;;hutene CH,
2-bromo-2-methylbutane  tert-butoxide ion
?HS CH, CH;
CHy—CHCHCHCHCH, MO, CH,—CHCH=CHCHCH, + CH,=CHCH,CH=CCH,
cl major
(‘31"3 (‘31"3 (‘:H1
HO™
QCH2$HCHCH3 — QCH=CHCHCH; + QCHQCH=CCH; + H,0 + Br
Br .
major
1
CH;CHCH,CH,CH; + CH0” TCHOH CH;CH=CHCH,CH; + CH,=CHCH,CH,CH; + CH;0H + F
2-flucropentane methoxide 2-pentene 1-pentene
ion 30% T0%

(mixture of E and 2)




Stereochemistry in E2 Pathway

v
. > AN\ + /\)

QO
CH3CH,— Q3 trans (E) cis (2)
major minor
Br
H CoHs
—>| trans
H;C H’:ﬁ ' The maijor product results from a
) ‘°o°<)°(\ pathway with the bulky groups on
2 T
ar ‘0\ opposite sides.
CoHs H -
—_— cis
H3C H In cyclic compounds, anti-periplanarity
demands that the groups to be
X eliminated occupy positions.
5 . R
- R R = This requirement has important
R consequences on rates and
D‘, H regiochemistry of elimination reactions
involving substituted cyclohexanes
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E2 Elimination Reactions in Substituted
Cyclohexanes

Explain the reason for the difference in relative rates and regiochemistry
in the following examples:

2! 2.__Cl
—_— Fast —_— Slow
CH3CH, —E}e Q’ CH3CH2—§@

CHj CHj CHj CHj

2ait.
Sey’,
V'S n Ule

H
_—
HaC

CH; major CHz minor

Two anti-periplanar pathways are possible from the most stable chair conformation.
The observed product follows the pathway leading to the more substituted alkene
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E2 Reactions in Substituted Cyclohexanes

CI =
—_— Slow
CH;;CHZ—;:):e
CH; CH3
. \aﬂa‘
er\P
“‘.\’p . '\5\.9
WO & et & N
‘e\a“ H CH3 §
H ring-flip
HsC c\ —~ H H >

CHs

An anti-periplanar arrangement exists only in an unstable
conformation (slow rxn rate)
Only one anti-periplanar pathway exists (regiochemistry)
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B—Elimination Mechanism ||

(2) Bond breaking precedes bond making. The __
pathway (Elimination, Unimolecular)

CHj
1 & slow step
CH;,—(lt Br: ————

CH3

The Sy1 and E1 mechanisms @
proceed through a _common g + ’
intermediate H
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Regiochemistry of E1 Elimination Reactions

Stereochemistry of E1 Reaction

181 CHs CHs CH, o, . © CH(CH3ly
B H20 )\/CH k/CH +Cir+ H H
CHSX/CHS — CH3 3 + CH3 3 :(.:. 3 ~~———7H HaC ——
=
major minor H » ~CH(CHg)
A + - - CHgz Cl Menthyl chloride H
i Hg-H The major product is the more
H o+ substituted alkene. Why? R m E1 conditions
; 2 conditions e
/ HJ.-H Double bond character of TS? {1.0 M Na* ~OEt F“‘g;;" Na* ~OE1
i H . . ’ F ' in o
" 54 Still follows Zaitsev’s rule in ethanol at 100 °C) bl ot 48D 54
- + CHICH3)z
9 .."' Y ) - —H HyC o ——
2 " g = = CHICHg), +
o i E H H
§ J': s 08+ H
—— . o~
= >£/ " H™™"H 2-Menthene (100%) 2-Menthene (32%) 3-Menthene (68%)
l : . - E1: does not require anti-periplanar
E2: require anti-periplanar . :
. conformation; forms carbocation
2 conformation . . ) \
i - intermediate; follows Zaitsev’s rule
reaction progress 6-13 6-14
Competition between Substitution and Elimination E1cb Reaction: a Third Mechanism of
«  S\1and E1 pathways usually occur together with weak nucleophiles B-Ellmlnatlon
ulr OH 5
CHLCHCHOCH O oL e CHENeH, + CHCH—CHCHLCH; E1: By kB
B5% 15% I-i\ ; H\»\ \ /
. . . . N . & SR
* More elimination than substitution occurs as steric bulk increases. P —c\/ —_— LC=C= — C=C
{Substitution product) (Elimination producty / ;’;j / / \
HC, H ¥ X
J z : CHECHO Mo’ CHLOHOH : 3 . . 2 . A
CH;CH-CH,Br o » CHyCH.CH,OCH,CH; + I_,( = Carbocation
H H : intermediate
Primary 915 95 E2: BT
H ; +
CH, CH, HC. H \E\* s \C:--C/ + B—H
CHiOCH;Br e U, CHyCCH,0CH,CH, + c=c, anti periplanar [IEEYEERA! /N v X
H H HC H x
Branched 0% 60% o . . . .
primary E1cb: Elimination, Unimolecular, conjugatd base intermediate
CH; CH;, i A - s
3 H \ N -
& | CH,CH,0 Na’, CH,CH,OH 3 “ H'\(\ o X Hek ¥ :O:/ \ X (:O‘ HoH
CH,CBr —————— CH;(‘OCHZCI-[_1 +  L=C N | - \/ a II- ] RN /”5., | 1l
H H H H /C\éﬁc“\ Bl R #Rgprls
Secondary 13% 87% / X | | '
H¥%=y
CH.CH,CH,CH,Br ~ 2, 0, CH.CH=CH, + CH.CH,CH,CH,0C(CHy); Eage
Resonance-stabilized anion 6-16

85% 15% 6-15




