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Organic Reaction Mechanisms-IV
(Elimination reactions of Alkyl halides & Alcohols)

Introduction :

In an elimination reaction two atoms or groups (YZ) are removed from the substrate and generally
resulting into formation of m bond.
|

C-C-
| | Elimination

Y Z -YZ ~c=cZ

a-elimination : When two groups are lost from the same carbon atom to give a carbene (or nitrene).
This is also called 1,1 elimination.
| ||
RN

X —— carbene

B-elimination : When two groups are lost from adjacent atoms so that a new w bond is formed. This is
also called 1,2 elimination.
||
—_C-C-

X Y —— —C=CZ

y—elimination : Itis also called 1,3 elimination, In this a three membered ring is formed.
¢ “~c

| | O

X Y— C—C
Type of B-elimination reactions :
() E1 (1) E2 (111) E1cB

Section (A) : Unimolecular elimination (E1) reaction of alkyl
halides

In 3 elimination reaction two atoms or groups (YZ) are removed from the substrate and generally resulting
into formation of m bond.
]
,C ,C —
‘ | Elimination
Y Z -YZ ~c=cZ

Proton and leaving group depart in two different steps in E1 reaction.
Mechanism of E1 :
Step-1: Formation of the carbocation (r.d.s.)

| |l 1 e
-C-C- —-C-Ce+ X

| |
H X2 = H
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Step-2 : Weak base (B) abstracts a proton (fast step)

—-C;Ce
U e
e LT
B s— Akene +B-H
Kinetics :
° Rate « [Alkylhalide]
° It is an unimolecular and first order reaction.
° Reaction intermediate is carbocation, so rearrangment is possible

Energetics :

The free energy diagram for the E1 reaction is similar to that for the Sn1 reaction.

TS(1)

Free energy

Progress of reaction

Reactivity Order :
Similar to Sn1 becuase carbocation intermediate is formed in the rds step.

In case of alkyl halide Sn1 product is generally more than E1 product at room temperature, but

elimination product may be more at higher temperature.
Saytzeff alkene is the major product in E1 reaction.

H e
/7 ch”  CH,

CH, CH,OH
| B \ CH,
CH, - CH, —(l:—CH3 o FIL\* (_|7H3 CHS_CH?_?_CHj
—— » CH,-CHYC-CH
Ex-1. Br A : 8 " OCH,
Hs G cH, H,
CHﬁ—?—CHg—Br o CH3—(|3—CQH5 CH,~C=CH-CH, CH,=C-CH,-CH,
Ex-2. CH, —— OCH, () + Saytzeffalkene (Il) L (1
% yield | > 11 > 11
<|3H3 CliHa CH,
®
CH—C— (|3H—CH3 CH;,—C— CH—CH, CH—C— C‘:H—CHE
@
Ex-3. CH, Br NHJA CH, - CH,

D
_o” % v choH,
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CH—C= (‘: —CH,

CH,

Sectlon (B) : Bimolecular elimination (E2) reaction of alkyl halides

This is a single step concerted process.

. No carbocation intermediate is formed, hence there is no rearrangement but a transition state is achieved.
Mechanism :
o Orientation of eliminated proton and leaving group should be antiperiplanar to each other
because in anti conformation the transition state is more stable due to minimum electronic repulsion.
o} R
= -0
B. | B
% T
N | AR
cic- -5
| X °

| ~ —
C)( —» Transition state (antiperiplaner) —» _C=C_+X | gy

o E2 reaction is stereospecific anti elimination.
Kinetics :

o Rate « [R — X] [Base]

o It is a second order reaction because rate of reaction depends upon both conc. of substrate as well as
base.

o More favourable substrate is tertiary alkyl halide because it will give more stable alkene according to

saytzeff rule.

Saytzeff rule (Positional orientation of elimination) :

In most E1 and E2 eliminations where there are two or more possible elimination products, the product
with highly substituted double bond will predominate. This is called the saytzeff or zaitsev rule.
Energetics :

P.E. diagram for dehydrohalogenation of 2—brogno—2—methylbutane.

- Br H B-—H  CH,

>

9 1

= .
S H Brﬂe
® More stable
- CH,

I
CH, = C - CH, - CH,

I
CH,- CH,-C - CH, CH,

\
Br .8 i CH,CH = C - CH,

Progress of reaction
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== — @ o, —cH-= C/CH3
B NH(a) CH, MH(b) \ “cH
[ e Saytzeff product ¢
CH,-CH*C DBr (more alkylated)
I
CH, CH
(b) s
—— CH,-CH,- C\CHE
Hofmann'’s product
Example: (less alkylated)

Reactivity order:

¢ Reactivtiy of E2 reaction « Stability of formed alkene.

eR-| > R-Br > R—Cl > R-F

Major product :

E2 reaction product depends upon size of base which decides major or minor products.

C.HOK CH;/—C=CH—CH, + CH;—CH—CH=CH,
Saytzeff | |
CH, CH,
(major) {minor)
— CH,
CH— c|: —OK
H CH

\ L 5 CH—CH—CH=CH,+ CH—C =CH—CH,
CH;—C —CH—CH, | |

| CH, CH,

CH, Br (major) (minor)

Stereospecific E2 reactions
The E2 reaction is stereospecific because it normally goes through an anti periplanar transition state.

®
Bas H
Phph Ph H CH,
Ph
Br—*—H CHs ph PN H ph\/ oh
H—FE—CH. K CH G /\
Ph  oBr H o Br = CH; Ph=

Some important terms :

(a) Regioselective reaction : Those reaction in which more than one structural isomeric products are
possible, said to be regioselective reaction.

CH—CH,— CH—CH,

Br _dlc. KOH , CH;~CH=CH—CH, 4 CH;—CH,—CH=CH,
Examples : E1, E2, electrophilic addition of alkene/alkyne, electrophilic substitution of substituted

benzene.

(b) Regiospecific reaction : Those reaction in which only one structural isomer product is formed out
of the possible products, said to be regiospecific reaction.

Examples : E1 & E2

(c) Stereoselective : Those reactions in which mixture of two stereocisomeric products are formed with
one major product.

Examples : Sn1, Sn2 and E2

(d) Stereospecific reaction : Those reactions in which two stereoisomeric reactants give two different
stereoisomeric products, are called as stereospecific reactions.
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Examples : Sn2 and E2

Note : All stereospecific reactions are stereo selective generally.

Comparison between E1 and E2 reactions :

o
v

E1 E2
Base Weak base Strong base required
Substrate 3°>2°>1° 3°>2°>1°
Leaving group Better one required Better one required
Kinetics K[R—=X], first order K [R — X] [Base] second order

Orientation (major product)

Saytzeff alkene

Depends upon size of base

Dehalogenation of dihalo-alkane :
It is removal of Xz from dihalo alkane.
Reagent: Nal in acetone or zinc in presence of acetic acid or ethanol or Zn/A

Dihalides are of two types :

(a) Vicinal dihalide or Alkylene dihalides

Br
| |
_C_-C-
| | Nal/Acetone, N P
General Reaction : Br orzn, CH.COOH 2C=C
B
i 9; |
T L YA —C=C—+ ZnBr
Mech. Br — > Ger —— 1 ‘
"
I X
= |
—-C¥c-—
|

Mech. With Nal in acetone :

C>|( — >C=C<

+ IX + NaX

Remark : Both are E2 elimination and stereospecific antielimination.
(b) Gem-dihalide or Alkylidene halides
Ex : CHs—CHCI: (ethylidene chloride)

When gem dihalide is heated with Zinc dust at 300°C then higher alkenes are formed, which is based on

free radical mechanism.

A
- CH-R e
i CH 220X,

A
-2 ZnCl,

R-CH=CH-R

CH,-CH=CH-CH,

Double dehydrohalogenation of gem and vicinal dihalides :

(a) Vicinal dihalides :
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NaNH,, A

| |
R-C-C-R Br
| \ heat
Br Br + alc. KOH e %No reaction

NaNH: is more basic than alc. KOH.

(b) Gem dihalides :

H
|
" Br R-C=G-R N A5R-C=C-R

R-¢-C-R ot o
ea
H Br + alc. KOH —HEr %No reaction

|
H H R—C=(I;—R T)R—CEC—R

o
v

Note: At higher temperature (= 200°C) elimination of vinylhalide is possible with alc.KOH also.

Mechanism :

R— p=0C] +H—N—H+ 3B

Amide ion vic-Dibromide Bromoalkene Ammonia Bromide
(The strongly ion

basic amide ion
brings about an

Step 1: E2 reaction))

=C
o + N -H y
BT \R | R—CEC—R+H—N—H+:_B_CP):
' I
Bromoalkene H. ‘ H
(A second E2 reaction Amide ion Alkyne Ammonia bromide
Step 2: produces the alkyne) _— ion

Section (C) : Elimination reaction of alcohols

(a) E1 reaction of alcohols

Dehydration requires an acidic catalyst to protonate the hydroxyl group of the alcohol and convert it to a
good leaving group. Loss of water, followed by loss of proton, gives an alkene. An equilibrium is

established between reactants and products.

For E1 mechanism reagents are : (i) conc.HzPOa4, A (i) conc. H2S0O4, A

|
C-C-

| | .
H OH acid —C|):|C— O
Mechanism :
CH,H

| g .
CH,-C-O-H+H-0O:

CH, H | ‘
| C'e CH, H

| | Protonated alcohol
Step 1: CH, H — or alkyloxonium ion

(Rearrangement may occur)
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CH,
CH,H |
c®
CH,-Cc [o% H /7N H
| CH, CH, |
Step 2: CH, =—Acarbocation + ‘O—H
|'|| CH,
H- H |
|‘) ‘\ L H
ce. + 0-H CH, CH, R
Step 3: CH, CH, —— 2-Methylpropene + H-O-H

Remarks :

« In first step (an acid-base reaction) a proton is rapidly transferred from the acid to one of the unshared
electon pairs of the alcohol.

« In second step the carbon oxygen bond breaks and water as the leaving group removed from the
molecule.

« Finally, in third step the carbocation transfers a proton to a molecule of water. The result is the formation
of a hydronium ion and an alkene.

Reactivity of ROH towards elimination : 3° > 2° > 1° Alcohols :

Me Me

| | @ @
Me—(|3—CH2—OH H®  Me—C—CH, Me—C—CH;—Me

é B &
Me “HO Me 1-2 Me shift Me
I'\/1e—C|)=CH—|V|e ) |
Me -H®
CH,OH é @
COHC.H SO (l ("

Minor + Major
(b) E2 reaction of alcohol :
Alcohols gives E2 like reaction with Al203, P20s, ThO2, WO3

Al,O;,P,0; or ThO,
R-CH2-CH>-OH A R-CH=CH:

o With Al,O3zand P.Os Saytzeff alkene is major product but
with ThOzand WOz Hofmann alkene is major product.
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Al,Oj3 or P2Os
20:00 %05y CH,-CH=CH-CHs
(saytzefT alkene)
CH;—CHz—ClH—CH_; —
ThO,
OH < > CHy—CH,—CH=CH,

(Hofmann alkene)

Section (D) : Miscellaneous elimination reactions

EX.

Ex.1

(a) E1cB Reaction :
It is two step reaction.
Mechanism :

In first step base takes proton from adjacent carbon atom of leaving group bearing carbon and generate
carbanion intermediate.

H

o o |
—C—C— —C—C—

] -]
Br —>B Br
In second step there is loss of leaving group by carbanion to get alkene :

A7 |

—C
| B{r\' -Br, |
i D ey
C,H—C—CH—CH—CH, C,H—C—CH—CH—CH, ﬁ)
éﬁr base cBr 5 CH—C—CH=CH—CH,
Remarks :

B-hydrogen atom should be more acidic. Which is possible only if carbon atom having B-hydrogen atom
linked with electron withdrawing group (—M, —I group).

E1cB reaction is prefer if leaving group is more electronegative (because it also increases acidity of
B-hydrogen atom).

Experimentally it is found that Ist step i.e. formation of carbanion intermediate is fast step and second
step i.e. removal of leaving group is slow step thus r.d.s. in E1cB is second step.

(b) Hofmann elimination in quaternary ammonium salts :

In Hofmann degradation of quaternary ammonium salts, Hofmann alkene [less substiuted alkene] is
formed as major product

g

CH,~CH-CH, CH

P, 8 I 2
CHZ—Il\I—CHZ—CHa X CH,~CH-CH,

oH%%A
CH~CH,CH, _*~"'2 5 CcH,=CH>,+ CHs—-N-CH,-CH,-CH, +H,0
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OH
Et © £
(1) NH, | & moist Ag,0 {AgOH) H CH, —CH,
4CH~CH;X ———> | EBt—N—FEt [ X* ——— "5 | | I “oH
~ 3HX | CH, — CH, — N GH, — CH,
Et G
CH, — CH,
Al Elimination
Ex.2 CH,=CH, + Et,N: + H,0
— _CH, 1.CHJI C— CH.
NH 1.CH,l excess N< 3 3 . CHJ—N< 3
Ex.3 C ) 2.AgOH A CH, 2. AgOH/A \— CH,
S C/ CH
NH 1.CH,I excess N< 3
Ex.4 2.AgOH A CH,
(c) Pinacol-Pinacolone rearrangement :
R R R
|| H,S0, / A |
R-C-C-R ——— > R-C-C-R
|| 1l
OHOH R O
Mechanism :
CH, CH, HC  CH, He /CH3
HC- ¢ —C-CH, + R — HC-C—C-CH = HC-C—C®  +HO
OH OH HO: @OEHZ HO: \CH
0. 0 2 ) \
l(Methyl migration)
CH CH, CH,
[ ® _ H0 & | I
HC-C—C-CH, +HO &—— HaC*CI:*Q*CHa‘(—)HJCf%—(I)—CHs
! <|3Ha HO: CH, H-0® CH,
Pinacolone Resonance-stabilized carbocation

Note : For unsymmetrical diol that —OH group will be replaced first which will generate stable
carbocation as below.

||3h CH, ||°h
Ph—Clj—C—CH3 Ph—(ll—Cli—CHa
Ex.1 OH OH _H,S0./a | CH,O
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Ph CH
Pt C|:CHL> Phy R Iy m
T Ph-C/-C—CH, Ph-C ?(5 CH, Ph-C—G-CH
: OH o,
OH O—H Me “shift CHa O_H T) CHqO
o pr i
Ph—(ll—C|)—CH3 Ph— (|3 ﬁ CH;,
H C§| |2 H® J;j
Ex.3 HO OH —) 0 +
C-0OH (;/F
N\
Ex.4 Ph Ph
Ex.5 HO OH
(d) Ei Reaction of ester (Pyrolysis of Esters)
Thermal cleavage of an ester involves formations of a six membered ring in the transition state leading
to the elimination of an acid leaving behind an alkene.
R.C (
R C/H : H\o
2 (ﬁ HQC / N R,C |
HC O 500°C Me I /C\
O Me —— — Transitonstate @— HC + O Me
As a direct consequence of cyclic transition state, both the leaving groups namely proton and carboxylate
ion are eliminated from the cis position.
It is an example of syn elimination.
It is a regioselctive reaction, generally Hofmann alkene is the major product.
(e) Acid hydrolysis followed by heating of B-Ketoester :
0 0
| | o)
CH,~C—CH,-C-OC,H, 0
B o . CH~C-CH,COCH
B-ketoester —HOM . pketoacid  —2 3 CH,-C-CH,+ CO,
Note : Itis B-ketoacid which decarboxylate more readily as it proceeds via six membered cyclic transition-state.
ATON
H o ()o
0 \cla q
CH,-C
CH,-C C=0 ‘{\/ PH Q
Nen/ Transiion ——» CHy—C=CH,==CH,-C - CH,
a —— state -co Acetone
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(f) Cope-reaction:
Tertiaryamine oxides on heating form alkene, if there is B—hydrogen atom in it.

.. ~CHs (|3H3
CH, = N CH, - N-CH, CH,
CHs [O] O<H (15 —_—> + (CH';):N - OH

(g) Dehalogenation of tetrahaloalkanes :

X X
R-C-C-H X X
)C\(: i Zn(dust) | - | Zn(dust)
soecc  R-C=C-H  3000¢c " R_c=C-H

Note : In the above reaction it is necessary that the four halogen atoms must be attached at vicinal carbons. If
they are attached at the two ends then the product cyclo alkene is obtained.

(i) Reaction of trihaloalkanes :
Acetylene can be prepared from CHCIz with Ag dust.

H-C ‘ CH ™ —6AgCi H—C=C-H

2CHs—Cls + 6Ag CH3:—CC—-CHs + 6AglI

Section (E) : Chloroform/ CCls/Freon/Ethylene glycol/Glycerol

(a) Reactions of chloroform :
— COCl, (Phosgene )

L H-C=C-H

OH
o |
(CH,),C=0/0H (CH,),cccl, Chloritone (hypnotics)

NH,

NC
CHCl, ————— /Ko @
7 5

j| Carbylamine reaction
RNH/KOH g NG
e

Conc. HNO, _
> CI.C-NO,  Chloropicrin

| KOH _ , hcook

Zn/HCI

CH,CI,

e Purity of chloroform (presence of phosgene) can be tested before use as anaesthetic by treating with
aqueous solution of AgNOs because the presence of COClz may cause cardiac failure.

e Chloroform is stored in dark colour bottle containing small amount of ethyl alcohol. (It converts
phosgene into diethylcarbonate).

(b) Carbon tetrachloride (pyrene) :
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Preparations & reactions :

CH, Cl,(excess) Fe/H,0 cHoL
CH+Cl; = ? Steam or
AlCI CCl, = > COCl,(phosgene)
CS,+3Cl, SN boiling water
CS, + s.zclz—/Clzm (BLEEESHANN CF,Cl,(Freon)
. CCls4 is stable to heat and its vapours do not catch fire thus it is used as fire extinguisher.
o CCls used as medicine for elimination of hook worms.

(c) Freons (Polychlorofluoro alkane)

ShCI,F
(i) CCli+HF —— CCLF+HCI

(Freon-11)

(ii) CCLF + HF—— CCLF2 + HCI
(Freon-12)

(iii) CoCls + 2HF —— CoClsF2 + 2HCI
(Freon-112)

Nomenclature of Freons :
Freon is expressed as : Freon-cha

Where, a-— [Number of F-atoms]
b- [1 + Number of H-atoms]
c-— [Number of C-atoms —1]
Example : C2ClsF2 is expressed as Freon-112
a=2; b=1+0; c=2-1
cba =112
o Freon is odourless, non-corrosive, non-toxic gas. It can easily be liquefied hence widely used as
refrigerant.

(d) Ethylene glycol :

e It is colourless, hygroscopic, toxic, sweet and viscous liquid. It has boiling point 197° due to
intramolecular H-bonding.

e ltis used as antifreezer for car radiator and also used as de-icing fluid for aeroplane wings

e Itis one of the monomer of terylene or dacron and glyptal.

Preparation and reactions of glycol :
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CH,—Cl
PCl, | 2
10,Ag  [CH,OH CH,~Cl
PN T Reactions | Pl
CH.=CH atanyst | L., = CH-l s oH.=CH,
CH,—OH (I: I, T
, H-l
CH,=CH, AL 1T HOUA, ey gy
{iyag. NaHCOQ, a
CH.—-Cl
C|:H2—Br aq.Na,CO.Solution H10,[q]
4 -
CHBr ———>2CH =0
ethylenebromide
?HZOCOCHs H.OM" —>H3PO4M HO-CH,~CH,-O-CH,-CH ~CH
— L ULy E
CH,OCOCH, diethylene glycal
ethyleneacetate Conc.H,S0,/A CJ/CHZ—CHQ\
== = 5
N\CH,~CH/”
Dioxane {industrial solv
(e) Glycerol :

Itis trinydroxy alcohols having one 2° alcohol and two1° alcohol groups. It is colourless odourless, viscous
hygroscopic, non-toxic liquid with boiling point 290° C.

Preparation :
(i) Alkali hydrolysis of fats and oils which are ester of fattyacid. This reaction is saponification and
irreversible in nature.

i
CHO-CR GH,-OH
3NaOH _ | °
¢H-0-G-R — > CH-OH + RCOONa
0]
CH-O-C-R CH-OH  (Soap)
8 Glycerol
fats & oils
(R=C;t0 C,))
(i) From elements
C+H Slechricarc \ ~ ~ NaNH,/NH(0), 1 o g SHaL H-C=C—CH,
++
Hg /H,S0O
Hg / H,S0, 97T
OH
(i) CH,~MgBr | Cu/A [

CH~CH=0~—2—=—5CH,~CH-CH,~~"> CH,~C-CH,

(i) H:0 Y LA, |
0 ALO, /A
(|3H2—CH=CH2<M: CH,~CH=CH, =

Cl
aq.NaOH
NaOH(aq.
CH2=CH—CHZOHﬂ> (|3H2—(|3H—(|3H2a—(aq)> (|3H2—C|>H—C|>Hz
OH CI OH OH OH CH
(glycerol)

Reactions of glycerol :
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CH,0OH
CHOH
GH,OH

COOH COOH
dilHNO. bhmy  + SHoH
GH,OH Loon
m Glyceric acid  tartonic acid
IFe/H.AO, |CH=O CH;OH
CHOH + (|3=0

I
CH.OH oH

H,
Glyceraldehyde  gihydroxy acetone

trinitroglyceral (TNG}
—)KHSOJA CH,=CH-CH=0
conc.H,80,/A Acralein

PCI

—— 3 GH,-CH-CH,
c C c

CH,OH
HOM™  CHOH + HCOOH

CH.,OH Formic acid

COOH
] 110°C g0
COOH I
ICHA—O—C—C—OH e}
Il
THOH  —g> CH-0-CH ———— ¢
ngZOHl lat (HOH
COQOH ycerolmonooxalate
COOH / 220°C CH,OH
. CHf0—C=0
(lgH_o_c=o —2& 5 CH,=CH-CH,0H
-2C0, Allyl alcohol
CH,OH
Glycerol dioxalate
HIA CH.=CH-CH_-1
Allyl iodide
M} CH-CH-CH, (Via Allyiodide and propene)
|
| : lyindid
soproplyiodide
[cone. HNO, -1 ono,
(|3H—0NO£
CH.~ONQ,

Dunston Test is a test for glycerol in which pink colour (obtained on addition of a drop of
phenolphthalein to nearly 5 ml of borax solution) disappears with additional few drops of glycerol.

The pink colour further apperars on heating and reappear on cooling.
e Nitroglycerine is a poisonous yellow oily liquid. It becomes safer explosive when absorbed over

kieselguhr (It is a kind of mineral).
e A mixture of gun cotton (cellulose nitrate) and nitroglycerine is blasting material.
e Cordite is a mixture of gun powder, vaseline and nitroglycerine, also it is said to be smokeless

explosive.
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