14.1 Introduction

Elimination reactions are formally the reverse ofaddition reactions and consist in removing the
wo groups (generally, one being a proton) from one or two carbon®* atoms of a molecule \oving the
unillustrated linkage or cenler, ¢.g.,

OH~
RCH,CH,X ——» RCH=-CH, + H,0 + X~

Elimination reactions are classified under two general headings.

(A) 1, 2«-Elimination : When the two groups or atoms are removed from the two adjacent
carbon atoms, the process is known as f3-elimination. 'This is the most common and important type and
hence, most of our discussion will be concerned with this type. The carbon atom from which Y (atom
or group other than hydrogen) is lostis usually designated as the 1-(a-) carbon and that losing H as the
2-(f-) carbon ; however, in the older afi-terminology, the a- is usually omitted and the reactions are
thus, referred to simply as B-climinations. The most familiar examples of f-climination are (i) base-
induced elimination of hydrogen halide from alkyl halides (generally bromides), (if) acid-catalysed
dehydration of alcohols, and (i#i) Hofimann degradation of quaternary alkyl ammonium hydroxides.

OH~

(i) RCH;CH;Br Sy 4 RCXI=CIIQ + H20 +Br~
Ht
(i) RCH,CH,OH » RCH=CH, + H,0"
+ -
(iif) RCH,CH,NMe,0H —» RCH=CH, + H,0 + NMe,

(B) 1, 1<(a-) Elimination : When the two groups are eliminated from the same carbon atom, the
process is known as a-elimination. However, only a small number of examples of this type are known.
The most important being the base-catalysed elimination of HCI from alkyl chloride. For example,

B:
CH,CH,CH,CH,Cl —— CH,CH,CH=CH,

*  Some climinationa reactions are also known in which the two groups are climinated from the two different adjacen
atoms, viz. a carbon atom and a hetero atom, e.g.,

CH,—CH=NOAc A , cJH,Cc=N

Benzaldoxime acctate Phenyl cyanide

H

|
R—C—OH —<N _, RCHO

CN
But these reactions have not been studied in detail,
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| ﬁ;‘—;chanlsm of B-Elimination

~ pependingupon the structure ofalkyl halide and s
‘£ (climinalmn. biomolecular) or by El (eliminatio

ome other factors, the reaction can take place either

n, unimulcculnr) mechanism.
-~ < N :
. The E2 mechanism. Kinetic studies revea) that th

om the alkyl bromides is proportional to the concentratio
10

o s ane. In other words, n of both of the reactants, i.e., alkyl halide as
we

CH,CHBr + OCHy —— ClH,==CH, 4 C,11,OH + Br~
Rate = k [CH,CH,Br| [OC,H,)
Two alternative mechanisms can be proposed on the basis of this kinctic evidence.

One-step process. This consists in the attack of a nucleophile (base) on the f-carbon atom followed
by 8 simultaneous loss of a halide ion from the a-carbon

atom.
r St
B:—sH B-YH 1 BH
% +
R—CH¥CH, ——> | R—CH=:CH, | —» R—CH=CH,
\ & T
4Br \ Br | Br©

Since the reaction is a one-step process which involves two molecules, the mechanism s designated
as E2.
Two-step process. In this mechanism, the reaction takes place in two distinct steps. The first step

involves rapid removal of a proton from the a-carbon forming a carbanion which then loses the halide ion
in the second rate-determining step.

C,H,0"
S \)H
I . q Slow

R—CHYCH, —— R—CH=CH, + Br~
R—CH—CH, : ’

r Gl

Note that this mechanism although involves two steps, the overall rate of reaction is limited to the
slower second step and hence, the rate of reaction depends only on the concentration of tlfe carbanion.
Now since carbanion is the conjugate base of the alkyl halide* and its conversion to alkene involves only

one molecule, the mechanism is designated as ElcB mechanism (elimination unimolecular, conjugate
base).

The actual path adopted by a reaction can be established by isotopic labelling Fxp;rimcqts. In ll?e
two-step process (ElcB mechanism), since the first step is reversible wheq such reaction is carried out in
Presence of C,H,OD instead of C,H,OH, the intermediate carbanion (conjugate base of lh(.: alkyl halide)
should pick up deuterium and hence, the product must contain labelled hydrogen (deuterium).

et

o-Hydrogen of alkyl halides are acidic in nature and hence, such halides are examples of carbon acid (extremely
weak acids).
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© | | >Rlc-—-cn ©
RCH---LI‘H2 + CH,0D e=——> ch——Cllh = Rg-'f”r ) 2+ Br

2 Br Br Alkene
(baving deuterium)

Carbanion

Thus, 2-phenyl ethyl bromide (CoHCH,CH,Br) when treated with C,H;0D, no deuterated Styrene 1
(CeH;CD==CH,) is formed which shows that the reaction exclusively takes place via E2 mechanism apq |
not through ElcB mechanism. S

Reactions proceeding by ElcB pathway are exceedingly rare. However, elimination of HF frop,
X,CH.CF, (when X = halogen) certainly involves ElcB mechanism. For example,

OC,H;
CL,CH—CF, ﬂ__ CI;CC:)—CF;, o » CLC=CF,
’lt C,H,0D
fast
CL,CD—CF,

Note that a stronger C—F bond coupled with —I effect of halogens explains the formation of
carbanion before elimination. In general, the formation of carbanion and hence, the ElcB mechanism is
favoured by the following facts.

(a) Presence of electronegative halogen atoms on the B-carbon to make the B-hydrogen more
acidic. :
(b) Stabilisation of the carbanion through electron withdrawal by the halogen atoms on the carbanion
carbon atom.

(¢) A poor leaving group.

(d) A positively charged substitutent on the a-carbon atom.

Other ElcB reactions are given below.

() CJ—I,SO;CHz—fHZ —_— CsHssoz(SH-—Cle — 5 C4H,SO,CH=CH,
&SMe, oSMe,

‘ (i) Reversal of simple addition to > C=0, e, 8., hydrolysis of cyanohydrin to ketone and cyanide
ion :

d ©
sz:—-OH S — RZIC—O —> R,C=0+CN
: | CN CN

(iif) Benzyne formation,

Characteristics of E2 reactions
(1) The reaction rate increases with i increasing strength of the base, e.g.,
CH,COO < uo <GHO™ < (CH,),CO~ <NH,"
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(41) The rate increases with the decrease in the dissociation energy of the C-— X boad. Thus, the ease

lhc 12 reaction of alkyl halides is 1> - Wr> . Cl> F 1 ’
giriw‘?iﬂiun energies, e tebate ity

Coul € QB ¢« C-CY < C--F
Thus, todide 15 the best leaving group of the series and fluroide 12 the worst
(iif) Among alkyl groups, the (vﬂk:‘nf reactivity je
tettary 'S'".veumduy ;'. primary

(iv) Elimination occurs more readily when the new double bond commes i conjugation with the
existing uﬂ!}"“ﬂ‘?d bond. Thus, elimination of HE3t occurs more readily frovs CH,~—CHCH, - CH B
han from ClH,— CH,— CH, - CHBe b

(v) The reaction vccurs fastest when the two eliminated groups are feans to each ather rather than
cix. Thus, frans-2-bromobutene forms dimethyl acetylene more rapidiy than the civ womer

. (=~
LN Br fast sw BL O,
.ﬂ\; \(.}”\L s ",C—-—CP!C»«-C“, - >("‘(/
g *H H, 1t e
V\ trans- 2-Rromobutene £ie 2-RBeomobuteas

(vi) The nature of products of E; reactions of compounds having two chiral carbon atorns depends
the stereochemistry of the starting isomers. Thus, dehydrobromination of meso-stillbene dibromuils
gives the cis-alkenc whereas the trans-alkene is obtained from the dl/-isomer.
‘T'.Hs
H--C—Br 1P C.", C.",
‘$ ‘ » >C weaC < . Be
H-—C-—Br Br H
| \
CH,
meso-Stlbene dibromide cis-Diphenyl bromocthylens

(‘J.H,

H~——C-——Br ~-HB« C.", H
Y

Br——f———ll Br C M,
Cely
dl-Stilbene dibromide trans-Diphenyl bromocibyleas

. When two diffcrent olcfins may be formed, the one having the more bighly conjugated olefia will
be the major product (Saytze[f rule). For example,

Clly—Ci-ch-city 2R cnen=ciie, ¢ EIERCU=CH ..
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 the proton to be removed is in the sterically more hindeg,

i C o

For example, ) o e
GO ey, c=-CHCH, + CHy= ¢ CIHCH,
(CH,),C—»CH,C )
| CH,
br Major Minor
31,C0° T
(CH ),C—CH,CH; -»j--'--. ~» (CH,),C==CHCH; 1 CH, (I —CH,CH,
IRy
’ CH,
o Minor Major

(b) Elimination {rom quatemary ammonium ions (Hofmann climination) usually gives the Jog
highly conjugated olefin (Hofann rule), e.g.,
OH™
CH,—CH—CH,—CH; —— CH2==CH-—CH,——CH3 + Me,N + H,0

"NMe,
(vii) The Sy2 reaction always competes with the E2 reaction, the proportion of the product depends
upon the nature of the base and the alkyl group.

2. The E1 mechanism. Rate of certain elimination reactions especially those of .sccondary and
tertiary halides in neutral or acidic media is found to be proponional only to the substrate; i.e., they follow
first order kinetics with respect to alkyl halides.

Rate = k [CH,CH,CMe,Br]

These reactions occur in two stages. In first step the substrate undergoes slow heterolysis to form

halide ion and a carbocation. In second step, the carbocation rapidly loses a proton to the base and forms
the alkene.

H H

I l slow I +
X —» —C—C + X

|

H
l + fast .

Now here in the rate determining step since only one molecule undergoes covalency change, the

mechanism is referred to as El (el/iminatio ] i
) n, unimolecular). Like E i '
accompanied by substitution as well, ) s e

Characteristics of El Reactions :
~ (¥) Since stabilities of the carbonium ion follow the order

. tertiary > secondary > primary
the order of reactivity of alkyl groups also foll

t . . . =
ALt gronps 1wl s ows the above order. The rate of elimination from primary
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