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Difficult step

Potential energy ——>

RCl + Cl°

Progress of reaction ——>

1.14 Orientation of halogenation :
Alkanes undergo free radical substitution. Reaction with halogen (X = Cl, Br) upon
heating or in presence of ultra violet (uv) light resulting in to mono substitution or poly

substitution product.
This orientation is determined by the relative rate of competing reactions. e.g.

e .
Abstractlon ' Cl
TR e o fga
H H H HHH - HHH
| 10 l2° ]1° Cr* n-Propyl radical n-Propyl chloride
H-C'-C--C!'-H —
|
}'I H H
n-Propane
e 1 1
2, 2°H) Abstraction . cl g
‘ e e
H H HCIH

Isopropyl radical Isopropy! chloride

i.e. by considering the collision frequency one can predict that : chlorination of propane
would yield n—propyl chloride and isopropyl chlofide in the ratio of 3:1.
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-
CHE CH,
Abstraction | Cl |
10~ CH,CHCH; . —— CH,CHCH,CI r 4
(|:H3 cr [sobutyl radical Isobutyl radical \j
CH,CHCH, ~=
Isobutane CH, CH,
Abstraction | Cl, |
Tt S
tert-bytyl radical Cl
Chlorination of isobutane undergo abstraction of one of the nine hydrogen give isobutyl
radical and abstract ion of a single tertiary hydrogen give tert-butyl radical.
Here percentage yield of two different isomeric product is different due to two factor. \

1. The type of hydrogen replaced and its number.

2. Relative reactivity of H atoms replaced by chlorine or bromine. |
For chlorine : relative reactivity, 5 : 3.8 : 1 for 39 «§%¢ 9 3
Bromine : Relative reactivity, 1600 : 82 : 1 for 3° : 20 : 1°

Problem : Calculate percentage yield of the product obtained upon mono chlorination
of n—butane. The relative reactivity of 12, 2° and 3° H-atom is 1 : 3 - 8 : 5 respectively.

Ch
Solution :  CH;CH,CH,CH3 Ty e’ it CH3CH,CH,CH,Cl + CH;CH,CHCH;
n-Butane | ueen |

#Cl
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Let ‘x* be the % yield of 1—chlorobutane. We know that total % must be equal to 100.
. (100 — x) will be the % yield of 2—chlorobutane.

N i :
ow, Relative yield = 0.394= 100 — x
ox = 28%

. % yield of 1—chlorobutane is 28%
. % yield of 2—chlorobutane is (100 — 28) = 72%
OR (another method)

Reactivity of 1-chlorobutane = No. of 10 H-atom x reactivity of 1° H-atom
=6x1=6

Reactivity of 2—chlorobutane = No. of 20 H-atom x reactivity of 2° H-atom
=4 x 3.8=15.2

Total reactivity of propane = 6 + 15.2 = 21.2
It means 21.2 = 100 %, so how many % for reactivity of 6 and 15.2 ? Hence,

x 100 = 28%

6
% yield of 1-Chlorobutane = 212

% yield of 2-Chlorobutane = 1—5—2—152@ = 72%

Problem : Chlorination of n-butane yields 1-chlorobutane and 2—chlorobutane in 28%
and 72% respectively. Find out relative reactivity for concerned hydrogen.

Cl )
CH;CH,CH,CH; —,,-—g,f—p CH3CH,CH,CH,Cl + CH3CH2—(|3HCH3

n-butane 1—chlorobutane Cl
28% 2—chlorobutane
2%
— Types of H-atom replaced by Cl : 1° 20
— Number of H-atom . 6
. Dk 2 _18

— Yield per one H-atom A i

yield per one 2°H _18 .

Relative reactivity= yiell pec ore OH - 266

General Chemistry-1/2017/5
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i nochlorinati
Problem : Calculate the percentage of isomeric _Ea..am c._:a:maw h.ku :wwnmlﬁcw.“.w”s_
of (a) n-Pentane (b) Isopentane The relative reactivity oI 15 &0 re

1:3.8: 5 respectively.

(a) n-Pentane :

= = + CH;CH C
CH,CH,CH,CH,CH; g > CH3CH;CHyCHC! +nmwomomwm_:o:u +CH, om_u_: HyCH
C
1—chloropentane (I) 2—chloropentane (Il) 3—chloropentane (III)

(1°H = 6)  (2°H=4) (2°H =2)
No. of 1°H x Reactivity of 1°H = 6 x 1=6.0

No. of 2°H x Reactivity of 2°H = 4 x 3.8=152
7.6

Reactivity of 1-chloropentane =

Reactivity of 2—chloropentane =
Reactivity of 3—chloropentane = No. of 2°H x Reactivity of 20H =2 x 3.8
. Total reactivity of n—pentane = 6.0+ 152+76=288

Now,
6 x 100
% of = Nxm.m = 20.83% = 21%
15.2 x 100
% of Il = Nmm = 52.77% = 53%
7.6 x 100
o of Il = 8.8 =26.38% = 26%
(b) Isopentane :
GH
jo 30 20 10 chy _ 3 A_umw ﬁ_u_
CH;~CH-CHy~CH3 gy CH3CHCH,CH,Cl+ CHy CH-GH-CHy + CH;-G-CH)~CHs*
CHy Cl CH;
mo
Isopentane 1-chloro-3-methyl-  2—chloro-3-methyl-  2-chloro-2-methyl-

(10t 20-21; o1, 0U(@ne (O (1°H = 3) ‘butane (II) (2°H = 2) butane (1II) 3°H=1)
o o_bmw-mmuo:ﬁomw
CH;
1—chloro—2-methyl butane (IV)
(1°H = 6)
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Reactivity of T = No. of 1°H x Reactivity of 19H = 3 x 1 = 3.0
Reactivity of IT = No. of 2°H x Reactivity of 20H = 2 x 3.8 = 7.6
Reactivity of I1I = No. of 3°H x Reactivity of 3°H =1x 5= 5.0
Reactivity of IV = No. of 1°H x Reactivity of 1°H = 6 x 1 = 6.0
- Total reactivity of isopentane = 3 + 7.6 + 5 + 6 = 21.6

Now

>

% of 1-chloro-3-methylbutane (I) = 3;‘1120 ~ 13.89% = 14%

% of 2—chloro-3-methylbutane (IT) = -2 X190 _ 35 1804 = 3504

21.6

% of 2—chloro—2-methylbutane (III) = -5;1120 = 23.15% = 23%

% of 1-chloro—2-methylbutane (IV) = 6 x 100

= 27.78% = 28%

1.15 Preparation of alkene :

(a) From Dehydrohalogenation of alkyl halides. 1,2—elimination (Formation of alkene) :

The regent for dehydrohalogenation is alcoholic KOH.

Alkene can be prepared by the reagent for dehydrohalogenation is alcoholic KOH like
C,HsOH/KOH. When alkyl halide (RX) react with alcoholic KOH, heat give alkene. This
reaction is called dehydrohalogenation. (De = to remove hydrohalogenation = HX) e.g.
when. isopropyl bromide treated with a hot concentrated alcoholic solution of a strong base
like potassium hydroxide, KOH it produce propylene, potassium bromide and water.

CHygHCH; + Kot 20N, oy ey, + kBr + 1,0

' Propylene
Isopropyl bromide

(2-bromo proparne)

For example, n-butyl bromide can loss hydrogen only from C-2 and yields 1-butene.

p H
(¥ ~ KOH (ak.)
- CH3CH2 Hy-Br CH;CH,CH=CH,
| H . 1-butene only product

* n-butyl bromide
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while sec—butyl bromide can lose hydrogen either from C—
loss hydrogen from C-3 to yield 2—butene.

)
1 to yield 1-butene and cqy

H H
| s
CH3CH2——C——(f—H KOH (alc.), CH;CH,CH=CH,
LS 1-butene
Br H !
Sec-butyl bromide 19%
H H
CH3—CIU—CI—CH3 _KOH (ake.).  CH3CH=CHCH;
H BD 2-butene
Sec—butyl bromide 81%

Dehydrohalogenation : Mechanism for 1,2—elimination of HX

X
o Ip - _
-C ‘_\,C— % B —» C=C_+ HHB + :X
| I'{ Alkene Protonated Halide ion
Alkyl halide (substrate) Base base  (leavings group)

Dehydrohalogenation involves loss (elimination) of the halogen atom and of a hydrogen
atom from a carbon adjacent to the one losing the halogen.

In step-I : Base (:B) abstracts the hydrogen as a proton, leave its electron pair behind.

In step-II : The electron pair is available to form the n—bond between the two carbon
atoms upon loss of halogen as halide ion. step-I and step-II occurs simultaneously.

In some cases, dehydrohalogenation yields a single alkene and in other cases yields a
mixture. Formation of alkenes can be predicted from the structure of the substrate according
to Saytzeff rule : “Alkene in which doubly bonded carbon atom have less number of

- hydrogen atom becomes MAJOR product.”

Dehydrohalogenation is a 1,2—elimination and generally represented as under.

v
_lc_cl*,_ +3B — >C=C + HB + .y

H Base Alkene Protonated Leaving group
Substrate base

Elimination reactions are characterized by the following : (Characteristics of elimination



Alkanes, Alkenes and Alkynes -

(a) The substrate contains a leaving group (W), an atom or group that leaves the
molecule, taking its electron pair with it.

(b) In a position beta to the leaving group, the substrate contains an atom Or group —
nearly always hydrogen — that can be abstracted by a base, leaving its electron pair
behind.

(¢) Reaction is brought about by action of a base.
(b) Dehydration of alcohol (De = To remove ; Hydration = Water)

Let us turn to 1,2-elimination that is catalyzed by acid. An alcohol is converted into
an alkene by dehydration i.e. removal of water molecule. The common reagents for
dehydration are strong acid like H,80,. H;PO, or hot alumina (Al,O5).

__é_é_ _A.Q.(i) :C=C: + H20

[ 1 heat
H OH Alkene Water
Alcohol
Dehydration : 1,2 - elimination of H,O
Ease of dehydration of alcohols is 3° > 2° > 1° €,
The common reasents are sulphuric acid, Phosphoric acid or hot alumin¢.
eg CHCH,0H 29 cpy=cH, + H0
Ethyl alcohol Ethylene Water
CH,CH,CH,CH,0H —éﬂP CH,CH,CH=CH, + CH;CH=CHCHj,4
n-butyl alcohol Minor Major
Acid
CH3CHng CH,4 — CH;CH,CH=CH, + CH;CH=CHCH,
H
Sec. - butyl alcohol Minor Major
?Hs CH,
CH-Cech, A6l -
OH
-~ tert-butyl alcohol Isobutene

The product which is formed by the loss of hydrogen from the more (highly)
‘substituted carbon adjacent to the hydroxyl group containing carbon predominates.
Therefore ease of dehydration of alcohol is 3° > 2° > 1°.
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H,SO - H,0
CH,CH qHz _—121—21* CH3CH CH, + ™
HH - Propene Water

Isopropyl alcohol

e Elimination Reaction : )
of atoms, from two adjacent

Elimination : It is the process in which atoms or groups Bl bond
carbon of an alkane molecule are eliminated to form a carbon—carbon double bond is called

elimination and such reaction is called elimination reaction.

To carry out such a reaction three types of mechanisms are

Mechanism : Stepwise detail description of chemical reacti

1.16 The E2 mechanism (Bimolecular elimination) :

For the reaction that proceeds by second order Kinetics. Hughes and Ingold proposed
the E2 mechanism. The carbon-halogen bond C-X start to break and n-bond between

carbon-carbon atoms start to form.

X X
o

—cl—k,cl—+: s |lccT¢c— —~-C=CT+ HB + X

e
H B

expected i.e. EL, EZ; El¢B,

on is called mechardsm.

It is a single step reaction where bond formation and bond breaking take place
simultaneously via pentavalent transition state formation. For such reaction, reaction rate

will be determind as :
Rate = K [R-X] [:B]

It follows second order Kinetics. Since rate depends upon both substrate and
nucleophile concentration.
1.17 Evidence for the E2 mechanism : Kinetics and absence of

rearrangement :

Elimination reaction that,

(a) follow second order kinetics.

(b) are not accomplained by rearrangement.

(c) shows a large hydrogen isotope effect.

(d) are not accompanied by hydrogen exchange.

(e) shows a large element effect.

Evidence :)r the E2 mechanism. Absence of hydrogen exchange :

Facts (a), (b) and (c) are consistent with E2 mechanism. But there is another possibility

S that we must consider : the carbanion mechanism. Such a mechanism involves two steps

bt e e e e e e e e e e e 2 L
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.In step (1) : The substrate loses a proton by the base to form a negatively charged
Particle (carbanion).
In step (2) : This carbanion loses halide ion to give the alkene.

)I( l )l< |
Step-I —C—Cc—- Ky _cC_ + HB
Ll == T8
H -1 ;
Carbanion
\/:B
X
~ G | 2
Step—II _ng_ —2%s X~ + ~c=cT
l

Alkene

Step—1 is an acid-base reaction. The substrate acting as an acid. Since the acidic proton
is attached to carbon, the substrate is called a carbon acid. The products of step—1 are the
conjugated acid of the base and the conjugated base of the carbon acid, a carbanion. A
carbanion is the conjugated base of a carbon acid.

| |
—?—H + ;B \—_>—(lje + HB

Congugated base
A carbon L A Carbanion 88

acid
To understand carbanion mechanism and test for hydrogen exchange let us carry out
experiment using 2—phenylethyl bromide and labeled ethanol.

C6H5'CH—ICH2 + CoH50™ = CgHs-CH—CH, + C,HsOH

H Br Ethoxide & Br Ethanol
2-Phenylethyl 1on ' Carbanion
bromide

2-Phenylethyl bromide upon dehydrohalogenation by strong base like sodium ethoxide
(C,H5ONa) give carbanion and ethanol. .

. K
B a CHO™ | CHoHsO™
C6H5—CH—CH2 — C6H5—Q5—CH2 - PLdn) 3 C6H5—CH—CH2
o [ C{SOH o+ CyH50D |
| H Br 1 Br D Br
. Unlabeled halide Labeled halide

. Starting material Exchange product
o ' C6H5—CH=CH2 + Br- IR SIS

Elimination product

-
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Consider the dehydrohalogenation of 2-phenylethyl bromide in the.tfire?ence of stror?g
base in labeled ethanol (C,HsOD) solution. If carbanion formed reversibly it v.\;outl)d regain
deuterium to generate starting material. The reaction was alloyved to run until about hajf
the substrate had been converted in to alkene. Reaction was then interrupted and un.Consumed
2-phenylethyl bromide was recovered. Mass spectrometric ar{alYSiS showed tl?at it does not
contain deuterium. It shows that there is absence of deuterium and there is absence of
reversibly carbanion formation and hence absence of hydrogen exchange [fact (d)].

1.148 The E1 mechanism :

For the reaction that proceeds by first order kinetics. Hughes and Ingold pf‘oposed El
mechanism. In this mechanism the bond breaking and bond forming (electronic changes)

are the same as in E2. However, they are taking place, not simultaneously, but one after
the other. Where E2 involves a single step and E1 involves two steps.

G
_(lj__(|3—- + :B e :C
) H <-/
In step (1) : Substrate undergo slow heterolysis to form carbocation and halide ion. Base
:B not participate in first step.

-~ o o
c_ +HB +X

X

[ o | -
£|—cl:— — 4|:—c_ + X©

H . H
‘ Carbocation
Step (2) : Carbocation rapidly loses an acidic proton to the base resulting in to an alkene.
o |
-(C—C— +:B - X

e
—_—> C =C + H:B

[ / N '
H/

Here 15t step is the rate determing

: step since it is slow ste it wi
order kinetics. p. Thus, it will follow first

) Rate =K - [R - X]!
Step (1) of El is identical to the first ste
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1.19 Evidence for the E1 mechanism :

Elimination reaction that,

(a) are accompanied by rearrangement.

(b) shows the same effect of structure on reactivity as Sy1 do; and

() are not accompanied by primary hydrogen isotope effect.

(d) follow first order kinetics.

The mechanism which is consistent with all the above facts follows first order kinetics.
(a) are accompanied by rearrnagement

In E1 mechanism there is formation of carbocation. The rate of formation of carbocation
depends upon its stability . Thus less stable carbocation will try to rearrange for more stable

carbocation. Thus stability order 30 > 20 > 10 > CHGZ?.
Therefore, E1 mechanism is consistent with the fact (d).
e.g. Que. Neopentyl bromide upon E1 elimination yields 2—methyl-2-butene as a

major product.

CH; CH CH;
[ @  [L2-CH, | >3
CH3—C—CH%4-Br —_— CH3—C_CTHf — Q= > CHj- 8 — CH, - CH;

l | shift
CH; ' CH
Neopentyl bromi% 10 V -
CI:H3 Hj

] i
CH3_(|:£H2_OH CH3-C=CH-CH3 +  CH,=C-CH,~CHj
CHj 2-Methyl-2-butene 2-Methyl-1-butene

Neopentyl bromide upon heterolysis gives 19 carbocation which upon rearrangement
'more stable gives 3%—carbocation by [1, 2]-CHj3 shift, which upon loss of B-proton gives
2-methyl-2-butene which is more stable, will be in major amount.

Let us see rearrangement in various alkyl chloride and tosylate.

CH3 CH ) CH
' " _ ks [1,2]-H 3
CH3—(|3—?}‘I-CH3 n;lﬁ)—l) CH3E:$—8H—CH3 m——) CH3—8—?H——CH .
: H "OTs Hied o
' 3-Methyl-2-butyl tosylate (2°) (39
‘ S . ()
’ » -+ CHj R

'CH3——JI =CH—CH; + CHp= ?—Cﬂz—CH3
- chief product CH;
(Major) (Minor)

‘,‘3,Metb912-butyl tosylate upon E1 elimination give 2-Methyl-2-butene as a major porduct.

General Chemistry-1/2017/6
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Aty
(i‘H3 CHj (1.2]-CH CIH3
3
CHy—C—CH—CH, =00 CH3-—C——CH——CH3 ——WCHz—g—(IIH~CH3
CH; Br CCH3 (3°) CH,
3, 3-Dimethyl-2-bromo butane (29)
C'H3 : C|H3 | o
CH, = C-CHCH; + CHy—C=0—CHs
CH, CHj
Minor | Chief product (Major)

3,3-dimethyl-2-bromobutane upon E1 elimination give 2.3-dimethyl-2-butene as a
major product.

1.20 Difference between E1 and E2 :

E1 Mechanism - E2 Mechanism
— It is unimolecular elimination. — It is bimolecular elimination.
— It follows the first order kinetics. — It follows second order kinetics.
— It is accompained by rearrangement. — It is not accompained by rearrangement
— Hydrogen isotope effect does not take place} — Have large hydrogen isotope effect.
— Rate = K[RX]. — Rate = K[RX] [:B]
— It depends on structure of RX. — It not depends on structure of RX.
— Carbocation is an intermediate. — Pentavalent transition state is an
intermediate.

Electrophile : The reagent or species which have tendency to accept a pair of electron
is called electrophile. e.g. NO,™, Br" etc.
1.21 Electrophilic addition : Mechanism :

Alkene undergo addition reactions and reaction take place at double bond. According
to Markovnikov’s rule, the positive part of reagent attach to double bonded carbon atom
have more number of H-atom and negative part of reagent is attach to double bonded

carbon atom having less number of H-atom.

HZ
| CH2 = CH—CH3 Eam— CH3—(|:H—-CH3 + (FHz_CH2 _CH3

- ]-propene 7 7
- + -
HZ = H¥CI-, H Bl‘" H'I-, H2304, (H O“SO3H) H30* (H+O—H )
N The general mecbanism for the addition of the acidic "
(alkmc) can be proceeds via two steps. reagent (HZ) to propen
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Step (1) is the transfer of hydrogen ipn (H™) from acidic reagent to the alkene to form
a carbocation.

| [
—C=C— + H"Z- — — — + :Z (Slow)
Alkene E—g

Step (2) is combining of :Z (negatively charge or neutral) to the carbocation to yield
addition product.

| | |
_‘f'g_ *iZ —‘f~ﬁ— :Z = CI-, Br-, I, 0-SO3H, H,0:
H Z

" Here step (1) is the slow rate determining step. This step involves attack by an acidic
reagent, the reaction is an example of electrophilic addition.

Let us consider specific examples : The addition of :

1.21 (a) Hydrogen chloride (HCI) to alkene (Propene) :
The description of each steps of mechanism is as according to above step (1) and (2)
in topic 1.21. Here :Z = CL ’
(1) CH;—CH = CH, + H:Cl:  ——  CH3—CH—CHj + :Cl:”
®

) CH3—gH—CH3 +:ClT — CH3—C|H——CH3
Cl

1.21 (b)The addition of S:l_lfuric acid, (H,SO4 i.e. H O~ SO3H) to alkene (propene) :
(1) CH3—CH=CH, + H:0 SO3H —> CH3—%H——CH3 +:0S03H"

@) CH3—C£I—CH3 +:080;H~ — CH3—(|JH—CH3

OSOs;H
. T:lle description of each steps of mechanism is as according to above step (1) and (2)
In topic 1.21. Here :Z = OSO3H.
121 (¢) The addition of Water (in acidic medium i.e. H30+ {H+6H2}) to alkene
. .(propene) :
(1) Addition of H* to give carbocation.
' -CH3—-—CH=CH2 + H*OH, = CH3—8H—CH3 + :0H,
(28) Addition of H,0: to carbocation on give protonated alcohol.
| CHy—CH—CHj + :OH = CH3—C[H—-CH3

N ®OH
@) Abstraction of HY to give alcohol. ?

M,
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? +

®OH, OH

The evidences for the mechanism of electrophilic addition are as under.

(@) The rate of reaction depends upon the concentration of both the alkene and the
reagent HZ.

(b) Reaction requires an acidic reagent.
(¢) Reaction is accompanied by rearrangements.
(d) The orientation of addition and
(e) The relative reactivities of alkenes.
Let us examine this evidence.

First (a) the rate of reaction depends upon concentration of both the alkene and the reagent

HZ. This fact is consistant with a mechanism that starts with reaction between these two
reagent.

(b) Reaction require an acidic reagent. According to the mechanism, the first step is the
transfer of a proton to the alkene. This agree with the fact that all these reagents are
acidic (except water) can readily transfer protons.

1.22 Electrophilic addition. Rearrangements :

Electrophilic addition reaction is accompanied by rearrangements. It is observed that the
product sometimes contains the group Z attached to a carbon that was not doubly bonded in the
substrate, sometimes the product has a carbon skeleton different from that of the substrate.
These unexpected products is the results of rearrangements of the carbocation proposed as
intermediates. These rearrangements is same as in Sy;1 substitution and in E1 elimination.

Que : Addition of hydrogen iodide to 3,3-dimethyl-1-butene yields not only the
expected product 3—iodo-2,2—dimethyl butane, but also 2-iodo—2,3-dimethyl butane.

. s o
CHT_?_CH=CH2 o :LES CH3—cl:—gH—CH3 oy CH3;—C—CH—CH,;
- CHy | CHy HyC 1
 33-Dimethyl-1-butene ~ 2° cation 3-lodo-2,2-dimethylbutane
[1,2]-CH,
shift
Hy (l:H3'
CH3—C—CH—CH, _I”
R 3 CH3—~(‘3~C|H—-CH3
 CH
39 cation . CH,

2-lodo-2,3-dimethylbutane
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3,3-Dimethyl-1-butene upon addition of HI gives 2° carbocation. This 29 carbocation
undergo rearrangement by [1,2]—CH3 shift to give most stable 3° carbocation. T ertiary
carbocation (3°) thus undergo addition of I~ to yield product 2-iodo-2,3~dimethyl butane.

1.23 Addition of halogens :

Alkenes are readily converted by chlorine or bromine into saturated compounds that
contain two atoms of halogen attached to adjacent carbons; iodine generally fails to react.
The reaction is carried out by mixing together the two reactants, usually in an inert solvent
like carbon tetrachloride at room temperature. :

| |
Alkene (X9 = Cly, Bry) X X
Vicinal dihalide

For example :
CH, = CH, + Br, =4, Ot — CHy
Br Br
1, 2-Dibromo ethane
CH3 CH3
_ CCly !

CH3 —C—CH2 o BI'2 > CH3 -—_ |C —_ CH2

2-Methylpropene Br Ilg.r

(Isobutylene) 1,2-Dibromo—2-methylpropane

Mechanism of addition of Halogens : (Addition of bromine Br,y)

(i) Bromine is transferred from a bromine molecule as positive bromine i.e. without a pair

of electron to the alkene to form a cyclic bromonium ion.
®Br

A S PR

@ | |
(Br~Br*)  Alkene Bromonium ion

Step L is the electrophilic addition, in which bromine is transferred as positive bromine
(Br+), and left behind newly formed bromide ion (Br7). Alkene is base and so halogen
is acidic of Lewis type.
(ii) In step (2) this bromide ion (Br-) reacts with the bromonium ion to give the addition
product, the dibromide.
RN - ) L N £y Br
et ‘ s e—lb E l . ' I
| : ..é — + rr —> —C—C—
N N | ]
: - | | * Bf
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————

What are the facts upon which this mechanism is based ? They are : (a) the effect of
the structure of the alkene on reactivity (b) the effect of added nuclc?qphlles. on the pf.Oducts
obtained (c) the fact that halogen add with complete stereoselectiwt).' .and in the anti sense
(d) the direct observation of halonium ions under super acid conditions and (€) the role
played by halonium ions in neighboring group effects.

First, there is (a) the effect of the structure of the alkene on reactiv.ity. Alkex.le show
the same order of reactivity towards halogens. Electron releasing substituent activate an
alkene and electron withdrawing substituents deactivate. Next, (b) the effef:t of added
nucleophiles on the products obtained. The bromonium ion formed in the reaction between
ethylene and bromine, it should be able to react not only with bromide ion but also with
F~, I, NO3 or H,O.

Let us consider the reaction of bromonium ion with various nucleophiles (reagents).

When ethylene is bubbled into an aqueous solution of bromine and sodium chloride,
it produce not only dibromo compound but also bromochloro and the bromoalcohol
compound.

— B, CH,Br—CH,Br

1,2-Dibromoethane
Cl-

= 2 CH2BI’—CH2C1
y Brs ‘1— 2-Bromo-1-chloroethane
CH, = CH, _Br2, CH,—CH, ————> CH,Br—CH,!
Bromonium 2-Bromo-1-iodoethane

ion N03_ - . -
3, CH,Br—CH,ONO, (NO; ie. ONO,)

2-Bromoethyl nitrate

1 H,0 ik
e CH2BI‘—-CH28H2 —H“")CHZBI’—CHZOH
2-Bromoethanol

1.24 Halohydrin formation : Addition of the elements of hypohalous

acids :

An addition of halogen (Bry or Cly) in presence of water, can yield compounds
containing halogen and hydroxyl on adjacent carbon atoms are called as halohydrins. These
compounds are known as chlorohydrin or bromohydrins. (i.e. compounds which contains

- halogen atom and ~OH group is called halohydrins,)
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CH,=CH, Bry/H,0 CH, — CH,
Ethylene (B 6 (l)H };l&r
(ethene) 2-Bromoethanol

(Ethylene bromohydrin)
£ Cly/Hy0
(CT* OH) :
Propylene H Cl

1-Chloro—2—propanol
(Propylene chlorohydrin)

e Mechanism for the halohydrin formation can be explained as shown below :
Step-1 : The addition of halogen to alkene to form the halonium ion.

X
N\ 7 72\
B meeldfe . x
Qi 57 |
(Alkene) A halonium ion

Step (2) : Halonium ion then react with water to yield the protonated alcohol which
on loss of H' (proton) to give halohydrin.

@)(O X X

| / [Yolnoterngd nondfvx)

| '—?_C"' fib 420 5 —(|3—$— e —(|3—(I3—

i OHgB OH

| Protonated A halohydrin
alcohol

1.25 Free-radical addition. Mechanism of the peroxide-initiated addition
of HBr (Peroxide effect) :
Addition of HBr to unsymetrical alkene in the absence of peroxide (like HyO,) follow

the Maﬂcovmkov s rule, but in the presence of peroxide it follow Anti-Markovnikov’s rule.
e effect. This peroxide effect account by Kharasch and Mayo.

[ ;ake place by the electrophilic mechanism and Anti-

e by a free-radical mechanism.

irs
nism  involve free-radical chain reaction mostly addition

r the addition of HBr to alkene in presence of
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Mechanism :
Step-1 : This step involve the homoytic cle
Peroxide —— Rad- . .
Step-11 : Radical (Rad") abstracts (take up) electron from HBT to g1ve new radical g,
Rad- + HBr — Rad-H + Bre
Above two steps are chain-initiation steps. .
Step-I11 : In this step, radical Br- undergo addition to alkene to produce alkyl radical, By,
attach itself to one of the doubly bonded carbon atom which have one of the m electrons, The
other doubly bonded carbon atom have an odd electron (free radical).
Bre+-C=C— — -0

R 1
Alkene Br

Alkyl radical
Step-IV : Alkyl radical abstract hydrogen from HBr to give addition product and Br.

-&—("3— + HBr —— —¢—(ll— + Br-
br Br h |
then step-III and step-IV will be continue and these steps are chain-propagation steps.
1.26 Hydroxylation. Formation of 1,2—diols : (di = Two; ol = -OH group) :

Certain oxidizing agent convert alkene into 1,2—diols. i.e. dihydroxy alcohols, containing
two —OH groups on adjacent carbons. (also known as

ave of peroxide to give free radical (Rad-).

is cold alkaline KMnO glycol). The reagent for hydroxylation
is cold alkaline KMnQ,.
_\_é.__é_ cold akaline KMnO, —C| l
Alkene or HCO,OH | Cl“
OH OH
1,2-diol

give anti (trans) addition.
’ .3CH2 = CHZ + 2KM1104 + 4H20 — 3CH

., v 2-CH, +
" Btyions IO . |0 2 + 2MnO, + 2KOH
PRI . . . ylene glycol)
) — HCO,0
e Oy CHeCHy 2000y gy CH - cx,

1,2 i |
Propanedio] (Propylene glycol)
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Hydroxylation of alkene is the most important method for the synthesis of 1,2—diols.
Oxidation by KMnOy is the basis of a very useful analytical test known as the Baeyer test.

The Crown ethers can complex K* ion and thus make solid KMnOy soluble in benzene
is called “purple benzene” is an excellent oxidizing agent.

Following precautions should taken for hydroxylation with KMnOy.

(a) Reaction carvied out at room temperature with stirring. (b) KMnOy solution either
neutral or better, slightly alkaline (basic) (c) Give high yield by using purple benzene (d)
Mild reaction condition are considered otherwise further oxidation of diol take place (e).
Heat and addition of acid are avoided.

Que. What are the precautions should be taken for hydroxylation of alkene with
KMnOy.

KMnO4

H OH
cis—1,2-cyclopentanediol
— (Syn—addition)

H H
Cyclopentene - +
e Heojou (U R
[ 4
\
H OH OH H
trans—1,2—cyclopentanediol
(Anti-hydroxylation)

Stereoselective hydroxylation of cyclopentene.

) 1.27 Ozonolysis : Cleavage. Determination of structure by degradation :

The reagent used for cleavage of carbon — carbon double bond is ozone. Ozonolysis

(cleavage by Ozone) is carried out in two stages : first, addition of ozone to the double bond
to form an ozonide and second, hydrolysis of the ozonide to give the cleavaged products
carbonyl compound. (Small molecules). The ozone gas is passed into a solution of the alkene

in inert solvent like CCly.

~ GeneralChemistry-1/2017/7
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_ Ozonolysis
| || o Tare B
= = C— &.} —CiC— )> \ C< __2___)._—C=O + O=C—
Alkene CCly / \ l

' Zn
O O 4 Cleavage products
\o”/ =7 = (Aldehydes and ketones)
Molozonide Ozonide carbonyl compounds

These compounds containing the C=0 group are aldehydes and ketones. The function
of the reducing agent, (zinc dust) is to prevent formation of hydrogen peroxide which would
otherwise react with the aldehydes and ketones. (Aldehydes, RCHO, are converted into
acids, RCOOH, for ease of isolation.)

Knowing the number and arrangement of carbon atoms in these aldehydes and ketones,
one can work back to the structure of the original alkene. If doubly bonded carbon atom
of starting alkene have ome hydrogen atom then it give aldehyde and if doubly bonded

. carbon atom of alkene have no hydrogen atom (but two alkyl groups) then it give ketone.
e.g

H H H ‘\O l’

CH;
[
b CH3CH,CH,C=0 + O=,CCH3 (_I:[Z%(‘)' C/f ?\C/
| I |
Butyraldehyde  Acetaldehyde [N
(Butanal) (Ethanal) ~ H3CH,CH)C  0—-0 0
) s e 3
H CH,
CH3CH,CH,CH = CHCHj ie. Yo=c{
2-Hexene CHyCHCHy 1
CH3CH2 "0 & CH,CH
o N AN
CH;CH,C=0 + O=CCH,CH; <7, PR
. | I
(Propanal) (Propanal) ROL e
Propionaldehyde  Propionaldehydc Ot 0
- | £ CH _CHyCH;
s e , =
o H H

CH3CH2CH = CHCH2CH3 i.e..
3-Hexene |
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i TEs CH;CH, \ 0 . CH,
CH3CH2(lJ=O E o=é—cu3H20 /
Zn c''e
Propanal Acetone q | * I\CH3
0 [
CH, e

) CH,;CH
CH;CH,CH = C—CHj ice. ~ Yoc{

2-Methyl-2-pentene H CH;

Ozonolysis is a typical means of degradation and desire carbonyl compounds can be

prepare by selecting appropriate alkene.
Another method of degradation is oxidation by sodium periodate (NalOy4) in presence

of catalytic amount of periodate.

The permanganate hydoxylates the double bond to give the 1,2—diol, and is itself
reduced to the manganate state. The periodate then (a) cleaves the 1,2—diol and (b) oxidized
manganate back up to permangante, and the reaction continues. The C-C bond of 1,2-diol

is broken by NalO4 (I04).

| | /) -
-C=C- M —(fv/—?— ] 10_4-) acids, ketones, CO,
Cold 17
Alkene OH OH
1,2-diol

Carboxylic acids, RCOOH are generally obtained (instead of aldehydes RCHO).
A terminal =CH, group is oxidized to CO, and if initial alkene in which doubly bonded
carbon atom have one hydrogen atom then it always give acid and if there is no one
hydrogen atom in initial alkene but two alkyl groups then it give ketone. e.g.

]
CH;CH=CH, —M1% , CH3C|H,ic'Hz Nal%, CH,COOH + CO,
1
I

OH OH

F TR

?H3 e d ' (|:H3 ‘?H3
o  ~y - KMnO NalO4
CH;-CH = C-CH; ——=4 CH3—C|H'#?—CH3 Xal4, CH,;COOH + 0=C-CH;

2-Methyl-2— butene OH OH Acetone

CH3CH,CH,CH=CH, ~204, CH3CH2CH2?H]LfH2 NalO4, CH,CH,CH,~COOH + CO,
- 1-Pentene ) o OH OH
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Write the reaction of cyclohexene towards :

(@) O3, Zo/Hy0 (b) Cold alk. KMnO4 (¢) Peroxyacid (d

wn, (g Con
T N :
Ozonide Dialdehyde
— (Adipaldehyde)
\ OH
Cyclohexene Per?xy ; a
acid H
Cold. Alk, @im{ NalO, _
KMnO
4 OH l
Hot KMnOy4; OH™ . COOH
d COOH

Adipic acid

) Hot. KMnOy: OH

Oxidative cleavage of an alkene produces an acid / ketone / CO,.
— Write the structures and reaction of an alkene; which upon oxidation produces : |

(a) Alkene —-[-(ﬂ-) Acetic acid + CO, (Ans : 1-propene)
(b) Alkene -—[—O—]a Butyric acid + Acetone (Ans : 2-methylhexene)
(c) Alkene —[-QL Succinic acid HOOC - CH,CH,COOH (Ans : cyclobutene)

(d) Alkene —[91—9 Adip'ic acid (Ans : cyclohexene, as above example)
(e) Alkene -[—Q-]—> Propionic acid + Methyl ethyl ketone (Ans : 3-methyl-3-hexene)

(f) Alkene Jﬂ) 2 mole of acetone (Ans : 2,3-dimethyl-2-butene)

— Give the structure and reaction of the alkene that give following products ona
ozonolysis : u
(a) Acetone and acetaldehyde (Ans. : 2-Meth‘yl-2-butene)
(b) CH3CH,CH,CHO and HCHO (Ans. : CH3CH,CH,CH = CH,)
(¢) CH; — (fH ~— CHO and CH3CHO (Ans. : CH3(|3HCH = CHCH3)

- CHjy _ CHy {
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(e) Only two moles CH; — CO — CH3 (Ans : 2,3-dimethyl-2-butene)
(e) What would each of above alkenes give upon cleavage by NalO,/KMnOy ?
~ 1.28 Alkynes :

The alkynes are named according to two systems. In one, alkynes are considered to be
derived from acetylene by replacement of one of both hydrogen atoms by alkyl groups.

CH = CH or H-C=C-H Acetylene (Ethyne)

H—C=C—CH,—CHj Ethyl acetylene (1-Butyne)

CH3—C=C—CHj Dimethyl acetylene (2-Butyne)
CH3—CEC—(13H—CH3 Isopropyl methyl acetylene (4-Methyl-2—pentyne)

CH;
1.29 Preparation of alkynes :

Alkynes can be prepared by two processes (i) by generating carbon — carbon triple bond
(i) by increasing the size of a molecule that already contains a triple bond.

1. Dehydrohalogenation of alkyl dihalides. (i.e. Ethylene to acetylene)

The reagent for dehydrohalogenation of alkyl dihalide is alcoholic KOH and NaNH,

(sodamide)
{ L L i
H-C=C-H-22 ,HC — C-H_KOH@l) g o ¢ g NaNHp -
Alkenie | | i.e. alcoholic | -HX Alkyne
(Ethylene) X X KOH X (Ethyne)
—HX Acetylene

Examples : (Preparation of 1-propyne from 1-propene)
Synthesis of alkynes from alkenes having same number of carbon atoms.

CH;CH=CH, 22, CH3CIH—|CH2 —KOUk), CHCH-CHBr NaNH) gy caCH
Propylene
(l'Pngene) Br Br 1-Bromo—1-propene 1-Propyne

1,2-Dibromopropane
f . (Propylene dibromide)

2. Reaction of metal acetylides with primary alkyl halides. (synthesis of bigger
 alkynes from smaller alkynes). The general method for preparation of bigger alkyne is as

under.
R-C=C-H — 12, R-C=Ci Li* + ¢ RX ,  R.C=C-R' + LiX
- (Acidic Hydrogen) ~ (Metal acetylide) : (bigger alkyne)

The H-atom attached to triply bonded carbon atom is acidic hence easily replaced by alkali
(Na, Li, etc) or heavy metals (like Cu, Ag etc.) e.g. synthesis of bigger terminal alkynes.
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— HC--='C———CHzCH2CH2CH3
1-hexyne (Six carbons)
(n-Butyl acetylene)
nal alkynes. For this, we replace

HC=CH _Li, gooc:-Lit + CH;CHyCHoCH,Br

Acetylene Lithium acetylide n-butyl bromide
(Two carbons) (Four carbons)
Now, we consider the synthesis of bigger non-termi
first acidic H-atom and repeat this step. e.g.

2 . . R'X —
HC=CH-Y, He= c-Li B HC=C-R— Li-C=C-R—> RC=C-R

Acetylene Terminal :)elxjgng;;axlmn-
(ethyne) bigger alkyne allcrns

HC = CH -1 HC = c-Li -8, He=C—CHy; — Li-C=C-CHj i LN
CH3C =C- CH2CH3
2-Pentyne (non-terminal)
Thus, we can synthe size any desire non-terminal alkynes.
CH3(CH2)4CEC:_ Lit + CH3(CH2)3CH2C1 e & CH3(CH2)4CEC—CH2 (CH2)3CH3
Lithium-n—pentylacetylide n—pentyl chloride 6—dodecyne
A carbon—carbon triple bonds is formed in the same way as a double bond : elimination
of atoms or groups from two adjacent carbons.

I
_C;"C“-—)—C=C—-—-)—CEC_
Y Z

Dehydrohalogenation of vicinal dihalides is useful since the dihalides themselves are
readily obtained from the corresponding alkenes by addition of halogen.

Dehydrohalogepation can generally be carried out in two stages as shown below.

i i

o KOH (ale : N

D0 SR e
X X X Alkyne

Vicinal A vinylic halide

dihalides (very unreactive.)

- 1.30 Hydration of alkynes : Keto-enol Tautomerism A
- Alkynes can be hydrated in presence of H,SO, and HgS0,4 which subsequently gives

tautomeric products i.e. addition of water in presence of
~ Acetylene gives acetaldehyde via formation of vin;l g 2504 and catalyst HgSO4

cohol.
o s Hz 0O, HyS04 = Iil H
| . . H»-(’ :-O'H | 1‘18304 | H—(I: = C-H — H—(l:-(|: ie CH3C—H
: oo AEOlo8 L o i (o H OO (",
o . : Vin)fl alcohol [enol form) Acetaldehyde [Keto form]
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Enol structure

Keto structure
Rearrangements of this enol-keto kind take place particularly easily because of the
polarity of the -O—H bond. A hydrogen ion separates readily from oxygen to form a hybrid
anion; but when a hydrogen ion returns, it may attach itself either to oxygen or to carbon

of the anion. When it returns to oxygen, it may readily come off again; but when it attaches
itself to carbon, it tends to stay there.

L R ||
-C=C~Q1’-'H — |-G=C=0| +H*—/—, CcC=0 Keto—enol
stronget acid | tautomerism

Weaker acid

Compounds whose structure differ mostly in arrangement of atoms, but which exist in
easy and rapid equilibrium, are called tautomers. The most common kind of tautomerism
involves structures that differ in the point of attachemet of hydrogen. In keto—enol
tautomerism, the tautomeric equilibrium generally favors the structure in which hydrogen
is bonded to carbon rather than to a more electronegative atom.
1.31 Acidity of alkynes :

A triply bonded carbon acts as a more electronegative species. As a result, hydrogen
attached to triply bonded carbon shows acidity. For example sodium reacts with acetylene
to liberate hydrogen gas and form the compound sodium acetylide.

o
H—C=C—H +Na — HC = C Na® + 11,
| NAcidic (HC = CNa)
Lithium metal reacts with ammonia to form lithjum amide (LiNH,), which is the salt
of the weak acid, H-NH,.
NHj + Li — Li*"NH, + 1H,
- : - Lithium
,, amide ‘
Addition of acetylene to lithium amide dissolved in ether gives ammonia and lithium
acetylide.
"HC=C—H + Li* NH,™ —— H-NH, + HC=C"Lit
. Stronger acid Stronger base :  Weaker acid - Weaker base
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The weaker acid, H—NH,, is displaced from its salt by the stronger acid, HC=C—H.
In other language, the NH, pulls the proton away from the weaker base, HC=C; if NH,

holds the proton more tightly than HC=C—H. )
Que. Acetylene is a weaker acid than water. When water is added to an acetylide,
hydroxide ion is formed and acetylene is liberated. In a similar way, acetylene can be shown
to be a weaker acid than alcohols, too. :
H-OH + HC=C Lit — HC=C—H + Lit OH™
Stronger Stronger Weaker Weaker
acid base acid base
We can now insert acetylene into our sequences of relative acidity and basicity. Other
alkynes that contain a hydrogen attached to triply bonded
Relative acidities : H,0 > ROH > HC = CH > NH3 > RH
Relative basicities : OH~ < OR <HC = C~ <NH; <R~
Carbon — that is, teminal alkynes — show comparable acidity.
According to our sequence acetylene should be a stronger than an alkane, RH. If a

terminal acetylene is treated with an alkyl magnesium halide or an alky lithium, the alkane
is displaced from its “salt”, and the metal acetylide is obtained. For example :

-+
CH3C=C—H + C,HsMgBr — C,Hg + CH3C= CMgBr
Propyne , Propyn-1-yl magnesium bromide

CH3C=C—H + CH;CH,CH,CH)Li ——  CH3CH,CH,CH; + CH;C=C-Li+

Propyne Propyn—1-yl lithium

Que. If acetylene is a stronger acid than ethane, then the acetylide ionm
ylen ust be a weaker
base than the ethide ion, C,H.. In the acetylide anion the unshared
an .gv orbital; in the ethide anion the unshared pair of electrons
availability of this l;air for sharing with acids determines th
compare with an sp°—orbital, an sp-orbital has less p—character
_ P~ ) and more s—character. An
electron ina p-orbital is away frf)m the nucleus and is held relatively loosely than an elecc:rron n
an s.—orbltal, on the other. hand, is close to the nucleus and is held more tightly. The lid
ion is the weaker base since its pair of electrons is held more tightly, in anyslp—orbai::lty -
HC=C:H —*—, H*+HCc=C:

Acetylene Acetylide i
Stronger acid ice ion

pair of electrons occupies
occupies an sp3—orbital. The
e basicity of the anion. Now,

Weaker base
CH3CH2 ‘H «—— gt+4+ CH3CH2:"
T .Ethane Ethide ion
. Weaker acid

Stronger base
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Reaction of metal acetylides. (Synthesjs of bigger alkynes from smaller alkynes)

Metal acetylides are an important or :
‘! . ganometallic , ~ .
| primary alkyl halides to give bigger alkynes. compounds. ‘They can reacts with

O
R-C=CH N2 , pecri o RX — RC=C-R' + Lix °

ethyne to 1-butyne.

o o
HC=CH —MH2_, pecr; + CH3CHBr — HC=C—CH,CH; + LiBr

Ethyne Ethynyl lithium Ethyl bromide 1-Butyne
(Acetylene) (terminal)

Now, 1-butyne to 2-pentyne

0o
CH3CH,C=C-H —M2 5 CH;CH,)C=CLi + CH3Br —s CH3CH,C=C—CH; +LiBr

1-butyne 1-Butyn-1-yllithium (one carbon) 2—pentyne
(Four carbons) (non-terminal)
(Five carbons)

i 1.32 Analysis of alkynes :

In chemical characterization test, alkynes resembles alkenes. They decolorize bromine
in carbon tetrachloride without evolution of HBr and they decolorize cold, neutral, dilute
KMnOy. They are not oxidized by chromic acid. Alkynes are more unsaturated than alkenes.
Upon ozonolysis alkynes give carboxylic acids, whereas alkenes give aldehydes and
ketones. For example :

CH3CH,C=CCH; 23, 29, CH;CH,CO0H + HOOCCH,
2-pentyne Carboxylic acids
Terminal and non-terminal’ alkynes can be distinguished by Tollens or Fehling
solutions. '

}  Acidic alkynes react with certain heavy metal ions, like Ag* and Cu™, to form insoluble
: acetylides. Formation of a precipitate upon addition of an alkyne to a solution of AgNOj in
¢ alcohol, is an indication of hydrogen attached to triply bonded carbon. This reaction can be used
%ito differentiate terminal alkynes (those with the triple bond at the end of the chain) from non—
:‘terminal alkenes. Terminal alkynes like 1-butyne or 1-pentyne can reduce Tollens’ reagent

(silver amonium ion Ag(NH3), ") or Fehling solution (alkaline solution of cupric ion).
¢
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The H-atom attached to triply bonded carbon atom (terminal H-atom) is highly acidic an
easily Hov_mnoa by heavy metals like Cu, Ag etc. This way we can distingushed terminal an
non-terminal alkynes.

_ Ag* o HNO3 - +
OmwomNOUOIm .4 Omwﬁmwﬁm O>m+ —> OmwOmNO"Olm + >m
Tollens X . . .
1-butyne reagent (White precipitate) 1-Butyne
A terminal alkyne | cy*

. > CH3CH,C=CCu*
Fehling solution uawa% ppts.)

+
CH;-C=C-CH; A7, o reaction (" No terminal acidic H-atom)
2-Butyne |
A non—terminal alkyne

j’ll-lhmbll ,'III\J/



