UNSATURATED HYDROCARBONS
ALKENES AND ALKYNES

5.1 Introduction
Hydrocarbons in which all the four valencies of carbon are not fully satisfied,

contain less than maximum number of hydrogen atoms, and have car bon — carbon

multiple bonds, are called unsaturated hydr ocarbons. Unsaturated hydroc rbons can
be divided into two main classes, alkenes and alkynes. The ' -aturated

hydrocarbons which contain at least one carbon-carbon double bor. are called
. alkenes. They have the general formula C,H,, (n = number of C atoms). As a class

alkenes are commonly known as olifines (Latin; oleum oil ; ficare = to make)
because the lower members form oily products on treatment with chlorine or

bromine.

Many alkenes contain more than one carbon - carbon double bond. They are
called alkadienes, if the number of double bonds is two, alkatriens for three
double bonds etc. If two double bonds are adjacent, they are called comulated double
bonds and the alkenes with comulated double bonds are called allenes. The allenes
are highly reactive compounds and are therefore difficult to prepare, thus only few
allenes are known. If the two double bonds are separated by a single bond, they are

called conjugated double bonds and the diene is called conjugated diene. If the two
double bonds are separated by fwo or more single b{)ndb they are called isolated

" double bonds and the diene is called isolated diene.

CH;CH,CH =C = CH, CH;CH=CH-CH=CH, CH; = CH - CHZ —CH = CH2
1,2-Pentadiene 1, 3- Pentadiene. - = - 1 /4-Pentadiene:
(Allene) oy (Conjugatea) _ .. (1solated)
The term alkene is spociﬁcally used for those unsaturated hydrocarbons which have
carbon—carbon double bonds. The carbon—carbon double bond 1s called

"~ isolated:
ollﬁmc bond.

; - The unsaturated hydr ocarbons that contam a tr iple bond (-C = C-) in their
- molecules are called alkynes and ‘are isomeric with alkadle_nes A triple bond 1s

compris_ed of one strong o bond and two weaker m bonds. The general formula for
alkyne is C,H,_ ,. The first and the mos* important  member of the alkyne series 1s
acetylene, HC = CH, and hence they are also called Acetylenes, and the triple bond

is often referred to as.the acetylenic 11nk¢ ge.

5.2 ALKENES

Methods of preparation of Alkenes | ,
Alkenes may ‘be prepared from satur .ntud compounds by the ehrmntlon of

atoms or groups from two adjacent, ( v1c1nal) carbon atoms. Such reactlons are called
elimination rezctions. "Reactions in which two atoms or groups are eliminated from
two adjacent carbon atoms of the substrate molecule to form a multiple bond are
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called elimination reactions" *

X Y

_ é}_ (lj _ _e__lirﬁill_@tinn_) _C=C- + XY
. |
There are three common types of elimination reactions. |
1. Dehydration of alcohols 2. Dehydrohalogenation of alkyl halides

3. Déhalogenation of vicinal dihalides. : |

1. Dehydration of Alcohols. Alcohols on heating in the presence of a Bronsted\ acid
such as sulphuric acid, phosphoric acid or a Lewis acid such as aluml_na (Al,O,} lose
a molecule of water to form an alkene. The dehydration of & alcohol involves loss of

the —OH group from o — carbon and loss of —H from a 3—carbon.
' conc. HoSO,
—

CH3;CH,0H —o  CHy=CH, +H,0
CH, - CH CH, %254, CH, - CH=CH, +Hy0
OH |
CH, c ., Es CH,
CH3-—(:3 -;-CH3 A= H{f% CH; —(I3 =CH, + H,O
OH

The ease of dehydration of alcohols is: tert > sec > primary. _
Mechanism. The most accepted mechanism for the acid catalysed dehydration of
- alcohols involves the following three steps.

1. In the first step, a proton is rapidly transferred from the acid to one of the
unshared electron pair of the oxygen atom of alcohols to form protonated alcohol.

H
|

. Stepl. CHg“CHQ."Q—H+H3OT —— CH;-CH,-0' -H

i - 2. The positive charge on the oxygen of the protonated alcohol weaken the C' -0
bond. Thus the C-0O bond breaks to form carbonium ion, leaving a water molecule.

H
StEP 2. CH3 _CHz'; O+' -H —— CH& = +CH2 + H2O |
3. The carbonium ion stabilizes itself by transferring a proton to a water molecule,
resulting in the formation of alkene. |

Step 3. CH3 = 'CHy + HyO. -—— CH, =CH, + H30"
Orientation in Elimination. Alcohols containing more than one B-carbon Bearing
- ‘zahydrogen atoms, on dehydration gives mixture of alkenes in accordance with
{>*Saytzeff rule. The rule states that when alternative exist, hydrogen is preferentially
_eliminated from the carbon atom with fewer number of hydrogen atoms. For example,

guprad A -
CHj - fCH, - °CH - "CFiy “2224, CH, ~ CH = CH - CH, + CH, - CH, - CH = CH.
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Carbonium Ion Rearrangement. Some primary and secondary glcohols also
under go rearrangement of their carbon skeleton, involving carbonium ion as an

intermediate. For example,

~ CH, + CH;  CHy.
CH; G - CH- CH3£I—-—3'—‘"O—_CH3 -C - CH-CH; 5y CHy - C - 'CH- CHys=>
CH, OH CH, 'OH, ~ CH,4
| (IJH3 - (%Ha' L (|3H3 _
CH; - C - CH - CHy == CH, - C = G- CH + CH, =C-(|}H"C~
CH; , | CH, ~ CH,
- 80% -  20%

In this reébtion, the sécondary carbonium ion formed as an intermediate 1S
converted into a more stable tertiary carbonium ion by the migration of methyl
group, along with its bonding electron pair, from the neighbouring carbon atom. The -

- tertiary carbonium ion then undergoes deprotonation to form a mixture of isomeric
alkenes in accordance with the Saytzeff rule.

2. Dehydrohalogenation of ‘alkyl halides. Elimination of hydrqgen- halide
molecule from alkyl halide is called dehydrohalogenation. When an alkyl halide is
heated with ethanolic solution of KOH or sodium ethoxide (C,H;O Na*) in ethanol,

a molecul_e of hydrogen halide is eliminated and an alkene is formed. The reaction |
-goes through E2 type elimination. | - + -

"CH; -°CH, - Br+KOH “225°%, CH, =CH, + KBr + H,0
o | ‘ I +-_CzH50H. ' i WIS NS
R'—CH2 '-CHzBI'+C2H5ONO' 'z'm—-) RCH=CH2 +02H50H+N3Br_

. Potassium tert-butoxide in tert-butyl alcohol is probably the best feagen L for
. an elimination reaction. , - _ . .
- 40°C ,

Under these conditionssubstitution reaction can occur which competes with
the elimination reaction. | L | | '

RCH, < CH,Br +(CHy);CO'K* (CHa)sCOH | p vy oy (CHg4);COH + KBr

s .+ CoHsOH ' 6 08 g
R CH, - CHyBr + C;H;0 Na* =255 RCH = CH, + RCHyCH,0C,H;
. N - . G Elimination substitution product
product o

- This method gives saiﬁisfactory results only with seco'nd‘ary and tertiary alkyl haiid*es-.

~-but not with primary alkyl halides because substitution reaction dominates ‘and:
ether is the main product. . | <} & |

The ease of dehydrohalogenation of alkyl halides is: . il §
Tert alkyl halide > sec alkyl halide > primary alkyl halide. .
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L It Bf hydrogen is availble at more than one position, a mixture of isomeric
alkenes 1s formed, the more highly branched alkene being formed is more stable and
in larger amounts. | |
CH, -CH,; -CH -CH KOH 02H50H : '

3 2 3T R CH3 éCH=CH—CH3 +CH3 CH2 CHZCHZ

e AL 81% 19%

The mechanism of the elimination reaction is discussed in chapter Alkyl Halides.

. 8. Dehalogenation of Vicinal dihalides. A compoud having two halogen atoms on
adjacent carbon atoms is called Vicinal dihalide (or vic-dihalide). Vicinal dihalide on
heating with Zn dust i in ethanol or Nal in acetone gives alkenes.

5 ar ethanol
CH3 (IJH (lef)' +ZH W CH3 —CH = CH2 + ZnBr2

' . Br . Br 2 e
Br-CH, --CH, - Br+2Nal -2cetone, oy _ CHy +2NaBr +1

- Mechanism: Dehalogenatmn takes place on the surface of the metal and a possible
mechamsm is as follows:

Zn —— Zn“* + 2
RCH-CH, —£— RCH - CH, ~—>REH L0, — RCH=CHy+ Br
"Br Br | Br (B |
Zn?* + 2Bf —— ZnBr,

4. Thermal Elimination (Or Pyrolytic elimination) Reactmns _

| These reactions are brought. about on heating a compound without the
presence of other: reagent. These reactions involve a cyclic transition state and needs

" "the two eliminating groups to
other leaving group are remove

I

d from the same side of the moleculé. In these

be cis - to each other, i.e, both the proton and the

reactions no rearrangement of carbon skeleton occurs. Some: 1mpartant reactmns

involving cychc transﬂ:mn states are given below:"

(i) Pyrolys:s
the a]koxy group are heated to 500°C, elimination of carboxyhc acid occurs with the

 formation of an alkene n-Propyl acetate on heating to 500°C glves propene.

5 rg?rrir;-_,-—r ) - O
E R | |

CH BCH2 CH,-0-C- CH3

The mechamsm 1nvolves a cychc transition state is explmned below

500°C, CH _CH-= CH2+CH3COOH

of esters. When esters that have hydrOgen on the B - carbon atom of

CH3 C) 2(> o, 500°C, |CH,- CH («)t  |—>CH, CH CH2+CH COOH
3 , ~ 1

(u) Chugaev Reaction (Pyrolysm of Xanthate esters) Xanthates are the

dialkyl derivatives of di
w1th NaOH and CS; to gi

thiocarbamic acids and are prepared by treating an alcohol |
ve sodium xanthate (RO - CS SNa), which on treatment
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with methyl iodide yields xanthate ester.

S S
] 1

CH';CH;OH+NaOH+CSs>—>CH3 ~-CH, -0O- _C-5Na SHsl, 3% CH,-CH,-0-C-SCH;+Nal
Methyl Xanthate

The xanthate ester is then heated to 180 — 200 C to produce alkene.

i ' i
1 _ 0 ~ |
CH, - CH, -0~ C-sCH, 80209C, cH, _CH, + CHz~S-C-SH
H>, - CH, sl, ("JH2 - gs
HE —> + .| =—> CHSH +
o CHz SCH_}ZOO C CH, C- SCHJ CH, / 3

When more than one B-hydrogens are available, isomeric alkenes are obtained,

e.g.
0CS,CHj

CHj --f‘CH2 _GCH - PCH, 180°C, CH; -CH = CH - CH, + CHjy _CH, - CH = CH2

70 % 30 %

j__d-"‘

(111) Cope Reactmn (Pyrolysis of amine oxide). Tertiary amine oxides are
. obtained by treatmg tirtiary amine with hydrogen peromde H,0,.

: ;. CH3 _
- ' /CH:} H;)O- b, I
 CH; -CH, - CHr-N\ ~ —£=» CH, - CH,3 c,H,2 II\I CH; + HO
b CH; .' B e ot
N N dlmethyl ammopr()pane - . tert aminé oxide

The amine oxide when heated to 120 - 150°C gives alkene via a cyclic

transﬂ;lon state.

CHy - CH2 ~CH, —II\I—(CH3)2' 120°C, CH3--—CH=_CH2 + (CHg), NOH

¥ Cléz+/0h oy T LI _
H,;C—Cg ¥ N(CH,),|—> CH;- CH =CH,;, + (CH3),NOH

If two [3 — Hydrogens are available, isomeric alkene would résult.
' 'CH3

n1i, - 'CH, - CH - N(CHJ)QMO -G, CH, - CH = CH - CHj + CH - CH, - CH = CH,
| o 8% e 67%
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(iv) Wittig Reaction. In the Wittig reaction an aldehyde or ketone is treated with a
ph'ﬂ'SF‘l'lm“uS y lide to give an alkene through a four centre transition state.
~ phosphorus }':?‘dES, Wh‘ich are hybrids of two canonical forms, are usually prepared
from tﬁphenylphﬂsphine and alky] rhalides which react together to form
phosphonium  sajts ‘Which on treatment with a strong base as NaOH or
n-butyllithium or Phenyllithium in dry ether, gives a phosphorus ylide.

(Cetls)s®: + CHyl—s cgH, ), prcp, - CoHaLi, (C¢Hy)3 P=CHy + CgHg + Lil

Triphenyl phosphine methyltriphenylphosphonium - phosphorus ylidq’ |
| ' 10dide | |

(C6H5)3P= CH2 — (06H5 )3 IT)-—GHJ

( Canonic'al .fc.nrms of ylide)
L_ C\H3 " | | CIH3 _ | ‘ &,

/C=O + (06H5)3P+"‘CH2 o \ C}Ii_C=CH2+(CbH5)3 PO

eaction Proceeds through a fouy centre transition state:

CHy . cm , _

: - . - = ‘\‘L . 24 . | L &R
=0+ (GeHy); P*-CH, 2 _G-CH,-P' (CgHy)y — s
- CH;, T {1 afin B . CHz O7. .. |

CHY-siamay

| . I

| 1 1 AN Ald i ' ' L l
—— CHy-C=CH, + (C4H;), PO

Like alkanes, the only forces that influence the phyvsical properties of alkenes .
are the weak van der Waals att;active forces. Therefoye, (1,e .:[Jh\’“ii(.:.'il pPropert; § '

3 - HIE physic ‘ties of
alkenes are essentially the same as those of the corresponding . |

The first thre_e' alkenes are gases at’ room tmnpeml.um,.‘ the
Members containing 5 to 17 carbon atoms. are volatile ]iuuid*.* anc
thgn 18 carbon atoms in thg molecule are solids. They are insolu
- Quite soluble in nonpolar solvents like benzene, ether or 'Chlo‘rofof
dense than water. The boiling and melting points, In:generg]

Wolecular mass. Branching, however, lowers the boiling point
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Table 5.1 Physwal Constants of Alkenes

. Name Formula - M.p.(°C) B.p.(°C) Density (g /cm3)

Ethene , - CH,=CH, , -169 =102 - 0.6100

. Propene CH;-CH=CH, . = -185 -47 - 0.6104
1-Butene . CH;-CH,-CH=CH, -185 =6.9 0.6255
2-Butene | CHj —CH=CH—CH-3 | =139 -3.7 -
1-Pentene ~ CH3(CHy),CH=CH,  -165 30 0.643
2-Pentene(cis) CH,CH-CHCH,CH; -151 - 37 -  0.656

' 2-Pentene(trans) © . CH;CH=CH CH,CH; -140 36 0.648
1-Hexene . 'C_H3(CH2)3C_H=CH2 =140 63 0.674

- 1-Heptene ~ CH4(CH,),CH=CH, -119 93 0.697

1-Octene . CH3(CH,);CH=CH, ~-104 123 0.716

5.4 Relative stability of Alkenes

Different alkenes have different relative stabilities Which depend on the

- position of the double bond in the molecule, and the number, nature and relative
positions of the substituents on the double-bonded carbon atoms. The greater the
number of alkyl groups attaehed to the double - bonded carbon atoms, the greater is
the stability of the alkene. Thus R,C=CR, is more stable than RoC=CHR, which in
turn is more stable than R,C=CH,. The relative stability of geometric isomers of

' alkenes, which give the same products CO, and H,O on combustion, is determined
by comparing their heats of combustion perﬁl‘nole (—AH combustion). The more stable
‘isomer has the smaller value of heat of combustion per mole. Trans ‘alkenes have
the smaller values of heat of combustion and hence are more stable than the cis

isomers. | | o |

CHacHch CH2 + 602 S 4002 + 4H20 + 2719 kJ/IIlOl
- 1- Butene , : | |

czs 2. Butene

- C C o+ ;602 — 4COQ*+ 4H’20 + 2707 kJ/mol |
trans-2-Butene

(CH3)2C CHZ + 602 —_ 4002 + 4H2O+2703 kJ/mol

Is obutylene

+« _ Tha cis isomer has higher energy because there is greater steric repulsion
Bedweoir ivs alkyl groups on the same side of the double bond than between an alkyl
fmup and H in the frans isomer. These repulsions are greater with larger alkylﬁ—

r 5

o
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groups, Which produce larger energy differences between geometric isomers.
In 1-butene, there is virtually no

| steric strain. Therefore, 2-butene is more
stable because of steric repulsion than 1-

butene which is supported by the heat of
lative stabilities of alkenes is:

The characteristic feature of the alkene structure is the carbon - carbon
double bond, which consists of a strong ¢ bond and a weak 1 bond. The 6 bond is |
formed by the overlap of sp? hybrid orbitals end —to—end and 'is symmetrical about
an axis linking the two carbon atoms. The &t bond is formed by the sidewise overlap
of two p orbitals and has a cloud of electrons above and below the plane of the o
frame work. Thus = electrons are loosely held and are, therefore, available to a
reagent that :s seeking electrons (1.e, electrophilic reagent). Thus double bond acts
as a nucleophile. Therefore, electrophiles or acids would react with an alkene. The

typical reaction of an alkene is thus electrophilic addition Free radicals also seek an
electron, so alkenes also undergo free-radical addition |

( ) PP O
- sp™-sp i |
- TN
~ P—p _
Fig.5.1 Carbon - carbon double bond and a = bond showing cloud of &
electrons. ' | |

Most alkenes contain not only the C - C double bohd but also alkyl groups,
which have essentially the alkane structure. Thus the reactions of alkenes can be
divided into two main catagories. (i) Addition reactions due to the carbon-carbon

L1

double bond, and (ii) Substitution reactions due to the alkyl groups.

Mechanism of Addition "to C-C double bond. The addition “of electrophilic
reagent to a double bond generally takes place in two steps. In the first step one of .
the double-bonded carbon forms a bond with an electrophilic part of the reagent to -

~ from an intermediate carbocation, which then rapidly combines with the other part
of reagent which now acts as a nucleophile to give the addition product in the second
step.

For example :

0+ O- ' -\'+..

\ 7 e slow 7 T Fast, N, ;
C=C_ + H-Cl =— C (|37\+.Cl —> /(|J-(IJ\
' H - Ci H

9.6 Chemical propertie's '(Re'actions)'_ of Alkehes

1. Hydrogenation (Addition of Hydroger})‘-‘ The reaction of an unsaturated
compound with hydrogen in the presence of a finely divided metql catalyst to form a

saturated compound is called catalytic hydrogenation,
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The most commonly used catalysts are platinum, palladium and nickel. Pt ix
used as PtO, Pd is employed as a fine powder supported on charcoal, nickel is used
as Raney Nickel which is obtained by dissolving Ni-Al alloy in NaOH which
dissolves Al leaving Ni as a fine suspension, called Raney Nickel.

Alkenes react with hydrogen under pressure and in the presence of Ni, Pt or
Pd catalyst to form alkanes.

CH2 =CH2 + H2 9-51::}tc—) CH3 = CH3

CH, =CH-CH=CH, + 2H, %@_C} CH; - CH, - CH, - CH,

Hydrogenation is carried out in a a solvent; alcohol, acetic acid and ethyl
acetate are generally employed. The addition of hydrogen to an alkene 1s a cis
addition. The hydrogenation of alkenes occurs at the surface of the metal catalyst.

- The metal adsorbs hydrogen by providing electrons to form the metal hydrogen
~ bonds. At the same time, alkene is also adsorbed on the surface of the matal that
breaks the 7 bond of the alkene and helps in a step-wise transfer of hydrogen atoms

- to the alkene to produce the corresponding alkane which then leaves the surface of
the metal. ' '

Catalytic hydrqgenation has'_ many applications (i) Since the reaction is
quantitative, therefore, hydrogenétion can be used to determine the number of
double bonds in a polyalkene by measurement of volume of hydrogen used. Vitamin A

- requires five molecules of hydrogen for complete reduction and hence has five double

bonds in its molecule.
. - 4

(11) An important industrial application of catalytic hydrqgenation: 1s the preparation
of vegetable ghee from vegetable ojl. iy | | . —

(iii) Heats of Hydrogenation,. Hydrogenation of alkenes is an :e:{othermic reaction.
The amount of heat evolved when one mole of an alkene is hydmg:enated'is called
heat. of hydrogenation. The heat of hydrogenation of most alkenes is about 126 k.J
for each double bond in a molecule. However, the heats of ‘hydrogenation of
individual alkenes may slightly differ from this value. These differences in heats of

hydrogenation allow us to measure the relative stabilities of alkene isomers when

% , for example, the
, C1s-2-butene and trans-2-butene. each
gen to produce the same product, n-butane.

'CH3-CH, -CH=CH, + H, %,

CHg ~ CH, - CH, - CHy + 126.8 kd/mol

- X=¢{ + Hy L CH3-CHy-CH,~CH4 + 120 kd/mol
By M

ﬁ - ' /C =G + H, ’Lt CH.‘-],'“CI_IQ“CHB“CHH + 116 I{J/inol e
| | | H CH3 | | | | | A .
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This can be seen that of the three isomeric alkenes, that 1-butene evolves the
largest amount of heat of hydrogenation and trans-2-butene evolves the least. Thus
trans-2- butene 1s the most stable and 1-butene is the least stable isomer and cis-2-
butenes lies in between.

Comparing the heats of hydrogenation of 1-butene and 2-butene, we conclude
that greater the number of alkyl groups attached to the doubly bonded carbon

atoms, the greater is the stability of the alkene.
' The order of stabilities of alkenes in general terms is as follows:

R02 =CR; > RyC=CHR > R,C=CH,>RCH=CHR > RCH=CH,>CH, =CH,

tetrasubstituted trisubstituted Disubstituted monosubstitted unsubstituted

2. Addition of Hélogens. Alkenes react with chlorine or bromine in an 1nert
solvent like CCl,; at room temperature to form vicinal dichloride or vic-dibromide.
Fluorine reacts too violently to be controlable and iodine does not give stable vic-

d_uod:ldes

CCly, o

| CH2 = CHQ + BI‘2 CH2 = CH2BI'__ |

1,2- dibromo ethane

CH; -CH=CH, +Br, =24, CH, - CH-CH,
Br Br

- The addition of bromine to alkene is used as a simple qualitative test for
unsaturatmn The red colour of bromine solution is rapldly discharged when it adds

to alkene to form colourless dibromo compound.

Mechanism: The & electrons of the double bond attack on one of the bromlne atoms
to form cyclic bromonium ion and bromlde ion. N

\/ | N

I + Br—-Br — | -'BI' + Br .
e Lt /C\ |

In fact, as the 7 electrons of the alkene approach the bronnne molecule, the
Br-Br bond is induced to be polanzed and is thus weakened Wh_lch 1s finally broken

| heterolytlcally
The bromide 10n thus produced then attacks one of the carbon atoms of the

bromonium ion from the backside to form the trans-addition product

N/ _

C~. & \ 7/
Br+ | >Br —— Br-C

C-~ - sufbog

/ N\ C - Br

| / \

3. Addition of hypohalous acid. When halogenation of an alkene 1s conducted in

aqueous solution, halohydrin is formed in addition to vic-dihalide, the major product
is halohydrin which shows the addltlon of hypohalous acid (HOX) across the double bond.
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ZCHQ =CH2 + 2BI‘2 +H20 ——) (|3H2 = (I}Hz g (_I:Hg = (.}Hz + HBr
' | OH Br Br Br

e et 73% 27%
CH, =CH, + HOCI — (|3H2—(|3H2 -
"OH Cl ,
In case of uﬁsymmetrical alkenes the positive halogen of the hypohalous acid,
1s attached to the carbon atom having the greater number of hydrogens in

accordance with the Markovnikov's rule. In these acids, halogen 1s the positive part
and — OH group is the negative part.

CH; -CH=CH, + HOCI — CH, -CH-CH,
propylene | CI)H | (ljl
| | - propylene chlorohydrin .
4. Addition of 1ha10gen acids. Alkenes react with halogen acids (HC1, HBr, or HI)
to form alky halides | |

- CHy,=CH, + HBr —» CH; -CH,Br |
The 61':de'r of reactivity of halogen acids with alkene is HI > HBr > HC1 > HF

Mechanism. The addition of -héllogen acid to an alkene takes place in two steps. In

the first step the alkene accepts a proton of the halogen acid to form carbocation as

intermediate that combines with halide ion to form an alkyl halide i1n the second
step. | '

CH4y =CH, +BI;-—6X — [CH,4 —-+CH2 + X' ]— CH3-CH,X
Orientation of addition: Markovnikov's Rule

' In the case of symmetrical alkene, the hydrogen atom of the halogen acid can
ai%tach 1tself to either of the double-bonded carbon and the halogen atom to the other.
However, in the case of unsymmetrical alkenes, the addition of halogen acid to an
unsymmetrical alkene follows the Markovnikov's rule which states that "in the

- addition of H ~-X to.an unsymmetrical alkene, the hydrogen adds to the carbon of the
double bond with greater number of hydrogens". Thus th

: | : additi‘m of HBr to propene
_ | gives 2-.bromopropane and not I-brompropane: o . . :

CH; -CH=CHj + HBr -~ CHy~CH- CH; + CHjy -CH, - CH,Br

" Br |
2-bromopr0pane - 1-bromopropane
(Markovnikov's product) * (not formed)

Formation of Markovnikov's product can be explained on the basis of
carbocation formed. The addition of HBr could lead to two different carbocations.

CH3 -CH=CH, +"HBf \— CH, ~CH, -'CH, or CH, -'CH - CH,

Carbocation @~ 2-Carbocation
(less stable) - (more stable)




'UNSATURATED HYDROCARBONS ALKENES AND ALKYNES - 157

These two carbocations are not of equal stability, however. The secondary
carbocation is more stable than the primary carbonium ion The greater stability of
the secondary carbocation accounts for the correct prédiction of the overall addition

of Markovnikov' s rule Thus in the addition of HBr to propene. the reaction takes the
following course.’

CH3 -CH, -"CH,, 2L 3 CH; CH,, CH,Br (not formed)
CH3 "CH:CH2 ++H—E | | | | .

CH; -"CH-CH; -2’ CH,-CH - CH; (actual formed)
|

| - Br
/. The stability of carbocations decreases in the following or der

(CH3)3C™ > (CHy),"CH > CH,"CH, > "CH,

Modern Statement of Markovnikov's Rule

Since carbocation are formed in an ionic or polar reactlons therfore the
Markovmkove rule can be stated as. "In the ionic addition of an wnsymmertrical

reagent to a double bond, the positive portion of the adding reagent attaches itself to a
-carbon of the double bond so as to yield the more stable ion". Markovmkov s rule 1s
obeyed only under polar conditions.

-Antl-Markovnlkov Addition: Free - Radical Addltmn to Alkenes

It has been observed that the addition of HBr (not HCI or HI) to an
unsymmetrical alkenes in the presence of peroxides involves free radical mechanism
and give the product contrary to Markovnikov's rule. Such additions are sometimes
referred to as anti-Markovnikov's addition. For example, the addition of HBr to
propene in presence of peroxides gives 1-bromopropane rather than 2-bromopropane.

'CHy-CH=CH, + HBr —— CHj - CH, - CH,Br (Anti-Markovnikov's addition)

The mechanism for anti- Markovmkov addition of HBr ; 1s a free radical chain
reaction initiated by peroxides. ' - -

Initiation g(l) RO-OR —— Q.RO.-
ters . |@2) RO" + H-Br——'ROH "+ Br'. .
| | | Br -

-Prepagatlon( )CH3 —~CH-= CH2 + Br—) CH3 CH CH2 OI' CH3 CH" CH2
2 free radical

-steps .. Seaid EUETALES ¢

1° free radical

(4) CH3 'CH-CH,Br + HBr———CHy~CH,~CH,Br +Br"

Step 1 is the sunple homolytlc cleavage of the peromde molecuIe to produce
two peroxy free radicals. T .

Step- 2 shows the abstraction of a hydrogen atom for HBr by the peroxy
radical generdtlng bromine radical. -

Step 3 determines the final orientation of bromine in the product. Secondary
(2°) free radical is more stable than the primary (1°) free radical; therefore the

product corresponds to the stable 2° free radical.
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Step 4 is simi)'ly the abstraction of a hydrogen atom from HBr by the more

stable radical produced in step 3. The Br® free radical is regenerated which
continues the chain reaction. '

The order of stability of free radicals is: tert > sec > primary.

In addition to peroxides, such free radicals are also initiated by light, high
temperature or even oxygen.

: Note. That addition of HBr to propene in the presence of peroxide and non-
polar conditions gives 1-bromopropane an anti-Markovnikov's product, whereas in

the presence of polar conditions the reaction gives 2-bromopropane, a Markovnikov's
product. | |

5. Hydration. The process of addition of water to alkenes across the double bond to

form alcohols is called hydration. The hydration of alkenes can be brought about as
follows: | |

(a) Additi'on* of sulphuric acid. Alkenes react with cold _concentrated
sulphuric acid to form alkyl hydrogen sulphates. Markovnikov's rule is followed in

case of unsymmetrical alkenes. Alkyl hydrogen sulphate solution on dilution with
water followed by heating gives an alcohol.

CH, =CH, + H,SO, — CH, CH,HSO, %-9;. CH,CH, OH + H,S0,

The addition of sulphuric acid to- the double bond involves the same
mechanism as does the addition of HX. ' '

- | + — |t i PRI -
CH3 -CH=CH, + HOSOsH — [CH3CHCH;3 + 0SO;H] —
H,O |

CH, - CH-CH; —2> CH, -_-(|JH—*CH3 + HySO,
| , OSOgH ~ OH A |
The overall result of the reaction is the addition of H20 (hydration) to the.

double bond. ‘ *

. (b)- Acid- catalysed hydration (Addition -of Watef). Some réactive
alkenes directly react with water in the presence of acids (usually H,SO,4 and H;PO,)
to form alcohols. The addition of water to the double bond follows Markovnikov's rule.

CHy -CH=CH, + H,0 125%, CH, - CH-CHj
- Hydration of alkenes directly or via the hydrogen sulphates gives the same
Markovnikov’s = product because both proceed through the same intermediate

carbocation and if these are capable of undergoing rearrangement, unexpected
alcohols may be obtained from alkenes. - . o

CI}H3 . ' SRR CI}H3 CH3

y! - |

CHz - © - CH=CH, +H,0 11259, cpy, - G - CH -CH,
| CHg b @, OH
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Reﬂrrangement may be avoided if the alkene is treated with mercuric ace‘Fate
in tetrahydrofuran (THF), followed by reduction in aqueous Na OH with sodium
porohydride. This method is called oxymercuration-demercuration.

(CH3)3C-CH=CH, +Hg(OOCCH3), + H,0 — THF o (0H.),C-CH-CH, + CH;COOH
oxymercuration | | / ,
OH HgOOCH,

(CH3)3C~CH-CHy +NaBH, [ 20-NaOH_, oy ) (o CH - CHy + Hg + CH3C00"

| mercuration

(c) Hydroboration. Hydration may also be achieved by hydroboration. Diborane
(BoHg) reacts with alkenes to form trialkylboranes. Diborane is a dimer of borane,
BH,. Diborane is commercially available in THF solution in the form of THF: BH;.

6CH3;CH = CH, + B,H; LHF, ocp,cH,CH,);B
propene tripropylborane

With unsymmetrical ‘alkenes, the addition of borane, BH3,to a double bond,
occurs 1n a manner such that the boron is attached to the less substituted carbpn

and hydrogen to the more substituted carbon of the double bond. |
TIrialkylboranes on oxidation with alkaline hydrogen peroxide. yield

corresponding alcohol.

(CH3CHyCH,)3B + 3H,0, —291, 30H.-CH, CH, OH + H3BO3.

oxidation

- The net result of the hydration-oxidation is the anti-Markovnikov's addition
of water to a double bond.

6. Oxidation of alkenes. Oxidizing agents are electron deficient species whereas

- the alkene double bond is rich in electrons. Hence alkenes react with various
oxidizing agents to give different oxidation products depending on the nature of the
oxidizing agent, the reaction conditions and extent of oxidation.

(i) Epoxidation. Peroxy acids (or simply peracids) like per acetic acid or per benzoic
acid react with alkenes to form epoxides and the process is called epoxidation.
Epoxides are cyclic ethers with.three-membered rings. In IUPAC nomenclature
epoxides are called Oxiranes. g o ' ' |

O i
1 - o 2 CHCl, ' - :
CH3CH =CHy +' CgH; _—C—_O—OH — CH3—C,H§‘CH2 + CeHsCOOH

propene ch perbenzoic acid . B \0/
. 15 €poxypropane bén%oic a"cid
The epoxidation of an alkene involves the transfer of an oxygen atom from
the peracid to the alkene. Epoxides:are unstable compounds and . are used. as
" Intermediates for the preparation of higher alcohols, . 14 s
Catalytic oxidation (epoxidation). Alkenes react with oxygen 1in the
presence of silver catalyst at 250 — 400°C to form epoxides. '

O

i Ag /N

CH2 =CH2 + ""2-02 2300°C PCH2'—.-CH2. i
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(ii) Hydroxylation. The hypothetical addition of hydrogen peroxide to the alkene

double bond is called hydroxylation. |
Alkenes react with cold dilute potassium permanganate solution to form

vicinal diol (commonly called glycol). The pink colour of KMnO,1s discharged and a
brown solid, MnO,, is formed.

3CH2 =CH2 + 2K:Mn04 i 4H20 =) 3?1‘12—('31‘12 + 2KOH + QMﬂoz

OH OH
This reaction is used as a test for the presence of a double bond

(unsaturation) in an organic molecule and is known as Baeyer's test.
The reaction occurs with cis addition and involves the formation of an

intermediate cyclic manganate ester which is rapidly hydrolysed to cis-diol.

N\ / | l H,0 CH, CH,
CH,=CH, + Mn — 0 0 —=— | | © + MnO,
o 3 7 N\ \N_ ./ OH OH
- O O _ //,Mn\
O O

Hydroxylation with OsO, also gives a cis-diol. Osmium tetraoxide with an

ethereal solution of the alkene forms cyclic osmate ester which on hydrolysis with an
aqueous solution of sodium-sulphite yields cis-diol.

72 G CH,-CH
NaoSO Hz*‘ D,
CH,=CH, + OsO, -ether , 7. o 22773, 72 |72
y 2% P54 \Os/ +H0 ° OoH OH
/ \ »
o o

OsO4 1s very expensive and highly toxic, Use of hydrogen peroxide in tert-
butyl alcohol with a catalytic amount of OsO, provides a cheaper and convenient

method for the hydroxylation. The osmate ester formed initially is converted to cis-
diol by HyO, and OsO, is regenerated for further use.

| .Hz(f—CIJH'z
. H.,O. CH.,,—- CH.
CHy=CHy+0sO,——  Q O  —225 [ 2772,
e | OH OH 4
7\
0 O

(i11) Oxidative Cleavage of double bond. The oxidation"of alkenes with hot

concentrated KMnO, solution cleavages (split) the alkene at the double bond to

form ketones and/or acids. Usually each doubly bonded carbon is oxidized to C=O0,

while any hydrogen attached to these carbons is oxidized to —-OH group.

CH,CH=CH-CH, 0] _ -
, 7% Km0, o~ 7 COOH
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C|)H -i
01 | S
(JH CH,CH=CH, -— [ ) (* -OH - — CO.-11,0
gy 2 KMnOl,OI—I —> CH,CH,COOH + l 1 SR T
LO
CH.
T S SR +) BRIREE (N R
| 3 - St I(NIRU OH C=0 + (,;H_.;;( 'OOUH

H,C”

The oxidative cleav age of alkene may be used to locate the position of the
double bond in the molecule. A better and more useful 0x1dat1ve cleavage of the

double bond can generally be accomplished by ozone.

(iv) Ozonization (Ozonolysm) Ozone (Q5) reacts vigorously with alkenes to form

ozonides. The process 1s called ozonolysis and 1s carried out by passing ozone
contarning air through a solution of an alkene 1n an 1nert eolvent like chlor Ofurr‘
the ozone molecule adds to the double bond formmg initially an addition p1 oduct.
molozonide, which rearranges rapidly to form an ozonide. O: »mdes are unst. ll "
and tend to decompose explosively. They are, threrefore, are not 1solated, but are
reduced directly by treatment with zinc dust in a dilute acid. The reduction pr od L e

. carbonyl compounds (either aldehydes or ketones or an aldehyde and a kctone

depending on the structure of the alkene). Identification of car bonyl products hLlpb
to locate the positon of double bond in an alkene.

N+ 05 — | % >0\ | 7“+H‘ > 2HCHO
H,,C ,,c 0/ - CH., - 0.
CHg' i o \
l . | | (1)0-’1 (\I.—']
CH,-C=CH-CH, e =0+ CHy CHO
| tu)Zn+H3 CH-: 0
' OH,CH,CH =CH, 03 , CH,CH .CHO + HCHO
(]1) Zn + H3O |

7. Allylic Halogenatmn (substitution).

Since higher alkenes have alkyl groups Wthh have the alkene structure, thev
should undergo the free radical substitution reactions characterlstlc of alkenes.
Therefore, when an alkene is made to react with chlorine or bromlne at hlgh
temperatures, allylic hydl ogen is replaced by chlorme or bromine

CH,-CH=CH, + Cl,.2%C, CICH,-CH=CH, + HCI i@ ol
A hydrogen on a carbon atom which is directly attached to a double bonded

carbon atom is called allylic hydrogen and the reaction 1n which allyhc hych ogen

is replaced by halogen is known as substitution reaction.
Allylic bromination can be brought about at lower temperatures by the use of

| N-Bromosucmmmlde (NBS) in CCl, in the presence of free radical initiator i.c.. light

or peroxld
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0 - f

| CHE B C\ light or (JH? - (J\ H + BrCH,.CH=CH
CH'a(-jI{ f CH2 + I '/N]:.))ll|r 17ﬂ;‘t1xi_a? ‘ /N + I' U 9 ‘ — ;- )
| - CH,-C CH, - C\ allvl bromide |
N}fS Q\O . SUCCiDil]‘lideO (3-bromo-1- propene)

_8. Alkylation (Addition of alkanes). Some alkanes add to alkenes 1n the presence
of HySO, or HF to produce higher alkanes. The process is calle:d akylation of
alkenes. For example; 2-methyl propane adds to 2-methylpr opene 1n the pesence _Of
HyS0, to form 2, 2, 4-trimethylpentane — the well known antiknock fuel psed 1n
petroleum industry. '

CI>H3 (|3H3 ' (?Hs' ' (IJH.B
CH3 — (IJ - H + CH2 = C - CHJ E— CH3 — (lj - CH2 ~ (Ij - CH3
CHj i3 CHj | H

9. Polymerization. The process by which small molecules (monomers) join together
to form large molecules (polymers) is known as polymerization. In fact, a polymer
1S ‘a molecule with repeating structural units. Polymerization involves a large
number of monomers and gives rise to a macromolecule, commonly known  as

polymer. Simple alkenes poymerize to form larger molecules. Polymerization of
alkenes is essentially the conversion of m bonds into o bonds which is

thermodynamically favourable process. (For detail see Synthetic Polymers Chapter 14)..
Il CH2 =CH2 ) '('CH:Z —CHQ)B | o

10. Simmons-Smith reaction (Carbene addition): A carbene is a highly reactive

‘methylene (HCH). Carbenes are too reactive to be 1solated for use in synthesis. They

are prepared, by various me‘thods,‘ within the reaction mixture in which they will be
consumed (in'situ). Thus, if carbene is produced in the presence of an alkene, it will
readily add te an alkene and produce cyclopropane. | '

- "A useful appfoa(:h of adding 1_nle.thy1ehe”t'o" an *alke'ne' is by treating
alkene with diiodome'tha‘ne in the presence of Zn-Cu alloy, Zn-Cu couple alloy
generates-a carbene complex which reacts with alkenes L ,
reagent 1s teml_ed ‘a carbenoid'_arnd the process By whi
the Simmons-smith reaction. " RN

CH212 | .+ Zn &) . .CH2ZHI2 *,
i ’ .+ A carbeniod (carbene complex)
N\ Bos / 1 ~ ‘ \ TR - B ‘
4 ,/Cfﬂc\ + (.-H_.fénlg — (C\m/(]\ onI?
' - - CH,
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11. Diels-Alder reaction. A conjugted diene and an alkene form a cyclohexene
which on catalytic, hydrogenation gives a cyclohexane. An alkene with 2n electrons,

- called dienophile.
CH.
| + (lsz 200°C, H(Hj '. (l“Hz My
T CH, _ H(“\ CH., - Ni, 200°C
. C_HZ ethylene CH,_.)/ | iean )
. Tlene Cyclohexene cyclontaa
Tests for Alkenes

1. Alkenes react rapidly with a dilute solution of bromine in CCl;,and as a result
the reddish brown colour of bromine is discharged. . ' |
2. Alkenes are oxidized by cold dilute aqueous solution of potassium permanganate
and as a result the pink colour of KMnO, solution disappears. = 4

3. Alkenes dissolve in cold concentrated sulphuric acid and forms a single phase. An

alkane does not dissolve in H,SO, and hence a two phase system results.
4. Alkenes form yellow n-complexes with tetranitromethane.

ALKYNES
9.7 Preparation of Alkynes

1. Dehydro'halogenation of Vicinal Dihalides. Vicinal-dihalides on treat:rnénf

with alcoholic KOH followed by sodium amide (N aNH.,,) yield alkynes. The removal
of second molecule of HX requires more drastic conditions, therefore; a stronger base |

- NaNH, is used to remove the second HBr molecule. . (ihS
CH,~CHj + KOH aoohol, CH=CH, + KBr + Hy0'

Br Br o _Br | | L
CH =CH, +NaNH, — HC =CH + NaBr + NH;
- Br | | |
CH;-CH-CH, —KOH, cp, _cH-cy M2, oy _c=cyg
| | © alcohol - | 0 ¥,
Br BI' , - Br |

The vic-dihalides may be directy treated with Na NH, to igiv‘e',alkynes'. |

CHy -CH-CH; “~*-5 CHy-C=CH + 2NaBr. + 2NH,
_ - ~ Br Br ) R TRE e
Even germinal-dihalides on treatment with a strong base give alkynes,

9NaNH, / NH; . = NH.
NaNH, 3, CHB_C;CH + 2NaBr + 2NHj,

CH3 CH2 CH BI’Z

2. Dehalogenation of tetrahalides. When tetrahalides, having two halogen atoms
on each of the two adjacent carbon atoms (halides containing a —-CX o —CXqy - syst~.a),
are heated with zinc'dust in alcohol, remove the halogen atoms to form alkynes. '
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X X
0
R-C-C-R + 2Zn -2, p.c=Cc-R + 2ZnX;
|| | heat
X X

This reaction has, however, not much synthetic importance, because the
tetrahalides themselves are generally made by addition of halogens to alkynes.

3. Alkylation of terminal alkynes | et _
Hydrogen attached to a triple - bonded carbon is acidic 1n nature and can be

| replaced by metals, by treating terminal alkynes with sodium amide in liquid

ammonia to produce metal acetylides. These acetylides or alkynides are good
nucleophiles and react with primary alkyl halides to form higher alkynes through

SN2 type reactions.
CH=CH + NaNH, —%~3, CH=C Na* + NH;

CH=CNa* + CH3CH,Br °N2, CH=C-CH,-CH; + NaBr

CH=CH + 2NaNH, + 2C,H;Br — C,Hs-C=C-C,Hj;

CH;-C=CH+NaNH, 29N, cp _c=c Naw ©H5B. cn, —c=c-c,H,

"~ The main advantage of this method is that it can be used to convert lower

_ This method is only useful for primary alkyl bromides or iodides, since
chloride ion is not a good leaving group..Further when secondary or tertiary alkyl
halides are used, the alkynides (acetylides) ion acts as a base rather than as a
nucleophile and the major result is an E2 elimination.. The products of the
elimination are an alkene and the alkyne from which the sodium alkynide was
originally formed. | o

C,H:C=C Na* + CHj - CH- CHy —E2, C,H,C =CH + CH,=CHCH; + NaBr
~ Br | - ' - 0
4. Industrial preparation of Acetylene . ] Ly
| Acetylene is of great importance due to 1ts high heat of combustion and is

" used 1n oxyacetylene torch for cutting and welding of metals. It is used as a starting

material for the manufacture: of large number of compounds which are used to

- ‘prepare polymers. It i1s also a useful source for the synthesis of higher alkynes.

Acetylene is prepared on industrial scale by a process known as carbide process.

(i) Carbide process. Acetylene is prepared on industria! scale by the reaction.of

- calcium carbide with water..The reaction is exothermic and takes place at room

temperature. o | ¢
CaCy + 21,0 ——- HC=CH + Ca(OID),
Calc_:ium carbide is obtained by heating lime with coke in an eleétric furnace.
| CaO + 3C - (L'zn_(',fg + CO * I | I .
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(ii) From naural gas. Acetylene is also prepared on industrial scale by pyrolysis of
natural gas at 1500°C ;

ZCH,l 1500' C

> HC=CH -« 3H2I

5.8 Physical properties of Alkynes 0

The boiling points. melting points and densities of the sin*lple alkynes are

slightly higher than those of the correspondmg alkenes and alkanes. Terminal
alkynes have low boiling points than the 1Isomeric alkynes.

Alkynes are insoluble 1n water but rcadily soluble 1n organic solvents such as
benzene. acetone and ethanol

- Table 5.2 PhySIcal Constants of Alkynes vtk Sin e
—_— T e ATRTER

Compound ‘b.p. (°C) - m.p. (°C) | - Density
Ethyne -84 —89 | _ _.
Propyne -23 -102 | G
1-Butyne o --123 0.65 -
2-Butyne 27 it 89 | 0.691

- 1-Pentyne 40 | -90 ot 0.694
2-Pentyne 56 ' -109 0711
1-Hexyne 71 132 . 0.716

2.9 Comparision of reactivities of Alkenes and Alkynes |

In alkynes, each triply bound carbon is sp hybridized, and contdm one ¢ bond
and two 1 bonds, while in alkenes doubly bound carbons contain one o bond and one
n bond. The alkynes are unsaturated compounds like alkenes. They therefore
resemble alkenes in most of their reactlons For example addition of hydrogen,
halogens and hydrogen halides to alkynes is very much like the addition of these

reagents to alkenes except that an alkyne can add two molecules of these redgents in
a Stepwise manner. |

Although the n-electron densﬂ;y on a C- C triple bond in alk} nes 1s h1ghe1 -
‘than that of a double bond in alkenes, alkynes are less reactive than alkenes'toward’
electrophilic reagent. This 1s,” because the electrons are more firmly hrld G
acetylenic linkage and ther eforo are not easily available to an olenhophﬁlc Leagent .
Further, they offer less resistance to a nucleophilic reagent, thus allw nes unoergo |
nucleophilic addition, that are virtually unknown for simple alkenes

The hydrogens of acetvlene and termi ml alkynes are mmh MOve uf[d{[ thai.
those of ethene and ethane. This can be explained on the basis of hy bll(il!d on state
of carbon in each LOII‘IPOUI'ld Terminal alkynes, where the carbon. is < h\,.L\] dized

with oO% S chaxactex, 1S much more acidic than otheno (sp= h'}bmulzel 33,30,

- character) which in turn is ‘more acidic than ethane ¢ (29 % s character), Increased s
character means that the electrons are closer to the nucleus and hence are fip mly

held by the carbon nuclei. Therefore, release of atlached }ndlogen as A proton s
easier in terminal alkynes relative to alkenes and e]lmnes
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/ Generally, similar compounds differ in acidity because their conjugate bases
differ in stability. Alkynes form a more stable anion than do alkenes anq alkal}es.
We can conclude, then, that that the conjugate base of the alkyne (acetylide anion,
RC=C":) is more stable than the conjugate bases of both alkenes and alkanes,

alkynes are the most acidic of the three types of hydrot:arl?ons. | - |
The sp hybridized bonds are linear in alkynes, rulll}g out cis trans 1Somers in.
which substituents must be on different sides of the multiple bond, while geometric

isomerism in alkenes is the result of restr_icted' rotation about tHe double bond.

 5.10 Chemiéa} properties (Reactions) of alkynes

Alkynes give the same kind of addition reactions as do alkenes. The'se
reactions are due to the availability of the loosely held 7 electrons. However, with
alkynes the addition may take place in one step or two steps, depending upon
conditions. | Tl
Alkynes, in general, are less reactive than alkenes toward electrophilic

reagents but are more reactive toward nucleophilic reagents. The acetylenic
hydrogen is acidic in nature, thus alkynes undergo certain reactions which are not
commonly observed with alkenes. "The more s character in the C — H bond, the more

acidic is the H". Therefore, the order of acidity of hydrocarbons is

| I;I r
=C-H > =C-H > -C-H
P  sp? | Isp3 |

Some of the important reactions are described below:
1. Hydrogenation (Reduction). In the presence of Pt, Pd or Raney-nickel catalyst,
alkynes add up two moles of hydrogen in two steps, first forming the corresponding
alke‘ries'and finally alkanes. | I N T PR Py ol
a8 s N i udon g : .
- CH3 -C=C-CH3+Hy; — CH3-CH=CHCH; W CH;CH,CH,CHj .
_ - However, hydrogenation of alkynes can be stopped at the alkene stage by the
" use of special catalysts or reagents and calculated amount of hydrogen. The alkene
formed may be cis or trams depending upon the, choice of catalyst. Reducion of
alkynes with Lindlar's catalyst (i.e., Pd supported over BaSO, partially poisoned by
~quinoline) yields a cis-alkenes, whereas with sodium in liquid ammonia gives a

L

trans-alkene.
\C? = C/-H (_Na = hq_'NH3 CH.-C=C-CH - Ho+ Lindlar’s catalyst -C{_IS' /CHS
H/ \CH3 tl‘al‘ls_add]t:i()n a 3‘ - 3 "cis qddition' —> /C:C\H -

. trans-2-butene cis-2-butene
2. Add?tion of Halogens ( C‘_,l.z or Bry). Halogené add tolalk'ynes in‘two steps forming
a dihalide and then tetrahalides. The reaction can be stopped after the addition of 1

molecule of halogen by carrying out the reaction at:
- - | at lower t h
d:halide produced has the trans-structure. - | ‘er. temperature and the

/ L

-
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— CCl _,
CH; ~C=C-CHy + Bry ~%, i, - C = C -CH, Brp/CCL4, cn, - C - € -CH,
| Br Br Br Br
| 7%, _ L. 3y |
CH3-C=C-CH, + Br, (-*‘(**l-:> L\C‘,‘_‘ (,/B'
T 0°C /TN
Br  CH,

3. Addition of hydrogen halides and other acids. Alkynes react with hydrogen
halides (usually HCI and HBr) to form either haloalkenes or germinal dihalides
depending on whether one or two molecules of the hydrogen halide are used. Both
addition follow Markovnikov's rule. The order of reactivity of halogen acids is

HI 2 HBr > HCI. The reaction is generally catalyzed by corresponding metallic
halides. - | - | f

Br
~ | |
CHy -C=CH. + HBr 188%, opp _ C =CH, > CH, - C -CH,
_ : - 2 |
E o By Br

Mechanism of addition is _similil'ar to the mechanism proposed for polar
addition of halogen acids. | |

..l..

CH3 -C=CH + H Br — [CH;-C=CH,+Br ] — CH,-CBr=CH,
. | _ . i B
' - Br -,, | I?’ .
CH; -CBr=CH, + HBr — | | —— CH; - C -CH,
' o . FCH3~$—CH3+BI"" O é -

(

- In the presence of peroxides, the addition of HBr to alkynes follows the anti-
Markovnikov's rule as in the case of alkenes. The addition occurs through a free
- radical mechanism. | -

CH, oEaE - HBr _peroxide CH; -CH=CHBr (anti-Markovnikov)

' Addition of hydrogen chloride to acetylene in the presence of mercuric

- chloride or cuprous chloride process produces vinyle chloride (CHy, = CHCD which
polymerizes to polyvinyl chloride ' (PVC) which is used for the manufacturé’ of

gramophone records, transparent wrapping and pipes. o (1. S o

’ | | lymerization | |

or Cu Cl | | ~ | .
X -CL - o Cl ‘n

- Similarly, addition of acetic acid in the.pgsence of zinc acetate or mercuric
acetate to acetylene produces vinyl acetate ( CH, =CHOCO CHg). which polymerizes -
readily to give pplyvinyl acetate which is used in water - base paints. ' 8 |

. Zn (OAc)o ' polymerization : .-
= * CHy=C
CH CH + CHaCOOH m 2L, g | H _\H -[CH? a CH}

- OAc )
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Addition of HCN 1n the presence of cuprous chloride and ammonium chlorde
to acetylene gives vinyl eyanmide (acrylonitrile, CH, ‘= CHCN) which 1s used in the
manufictine of polymers. The tabrics orlon and =2crilon are polyacrylonitrile
polyvmers -

Cu Cl. NH1 C:l

* ‘moerizati | =¥ '
CH=CH . HCN ) CHz (IDH pnlunug{l_h'on ; ""_['CH:J: ?H]}I
' ' CN R CN
- Orlon

4. Addition of water (Hydration). Alkynes react with water 1n the presence of
mercuric ~ulphate and sulphuric acid to forin an aldehyde or a ketone. The addition
follows Markavmkov's rule. The mitially formed vinylic alcohol 1s unstable and
rapidly undergoes tautomerization under the reaction conditions to form an
aldehyde or a ketone. Acetylene gives an aldehyde and all other alkynes give

ketones. 1
T = T L] Hg SO, - [ 7 rearrange - . _
CH=CH + H,0 =22=%, |CH,=CH| —="%5 ' CH,CHO
OH| - _Acel.aldehyde

_ a viﬁyl aicohol .
CH, ~C=CH + H,0 £ 54 [CH, - C=CH,| 220, cpy, C-CH,4
: | 22y |
| S OH - 0O
| _ _ - - - . PR - Acectone
59 Oxldqtlon (Oxidative Cleavage of Alkynes). Alkynes on treatment with ozone
or basic potassium permanganate lead to cleavage of the C — C triple bond to form
carboxylic acids. | | | ol

- ' (i) O. gt st it _
_ CH3-C=C-CH,CH, %*ﬁ CH;COOH + CH,CH,COOH

CH, ~C=C-CH,CH, “SX0L-DH, CH,COOH + CH,CH,COOH
| | 11 3 T : | .

The oxidative cleavage can be used to locate the position of a triple bond in a
molectuile. ' | ki e

6. Hydroboration. Alkynes. like alkene, react with diborane to form
trivinylboranes which, like trialkylboranes, enter into several useful reactions. The
reaction ivolves a cis addition of H - BH. to the triple bond.

5-C=C-R + BoHg —— 2‘,[\-\0 =C7 :| B
| 3

Trivituylborane

I'he reaction 1z useful for ‘the terminal alkynes and for symmetrical
3" ! «t 14 y ATAIA - R T IN ' | 2 ¢ > . ;
ReiEs apstituted ace Lylf- nes. However, with unsymmetrical disubstituted acetylenes a
~intare of rroducts s generally obtained. | "

'l trivinyl boranes may undergo protolysis or

.. treatment with acetic acid to
e adigenoes o

¥
£
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\ R\ /R,p { " f
Ry R

l: /C = C\ ] B + 3CHHCOOH > 3 \C /

_ g H” NH
Thus the overall re_-sult of the hydroboration-protolysis is the hydrogenation of an
a}kynr:;- to form a cis alkene. The trivinylboranes on oxidation with alkaline H,0
give vinyl alcohols which tautomerize quantitatively to the corresponding aldehydes

or ketones. -

]
2

+ (CH3CO00)3 B -

0 :

Ry /R] : - | R R’ _ T
c=Cc’ | B+H,0, O, |3 ¢’ | Q1 3RrCcH,-C-FR

| The overall result of the hydroboration-oxidation is the hirdration' of the -
triple bond in accordance with the anti-Markovnikov’s rule. Thus a terminal alkyne
" in this case gives an aldehyde, whereas the direct hydration of a terminal alkyne by

means of HgSO4— H,;SO,4 gives a ketone.

e (DBoH R\ & H
R-C=CH 276 'C= RCH,CHO
. _ HegSO RC=C "*+- .+ '*
R-C=CH Hgsofl—’ [ | HQ] H', RCOCH,
2504 | OH .

7. Acidity and formation of metal acetylides | AT & L

Hydrogens in acetylene (H-C=C - H) or 1-alkynes ( = C — H) are weakyl
acidic in nature. They can be replaced by metals to form metal acetylides. Thus
acetylene or 1-alkynes (terminal alkynes) react with heated sodium or sodium amide

in liquid ammonia té form sodium alkynides. -
9H-C=C-H + 2Na — 2H-C=CNa* + Hy
" 'R_C=CH + Na NH, 19248, p_c=CNd + NH;
| S_odium acetylides ‘react with primé.ryalkyl halides to form higher.alkynés.' .
R-C=CNa* + CHgBr —> R-C=C-CHy + NaBr

- - Acetylene and l-alkynes react with.ammonical Sbluti_on, of silver nitrate or
ammonical solution of cuprous chloride to form white ppt. of silver alkynide or red
pt. of cuprous alkynide. (sodium alkynides are hydrolysed by water). =g il

P . |
CH=CH + 2AgNO; + 2NH,0H — AgC=CAg + 2NH,NO; + 2H,0
o O T LT - red ppt. rro LY |

Since 2-alkynes, (or other nonterminal alkynes), alkenes and alkanes fail to

give the above test, hbnce these reactions may be used to distinguish 2-alkynes,

alkenes and alkanes from 1-alkynes.
Copper and silver acetylides.are very sensitive to shock when dry and may
| . oy | 1
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explode violently. However, they can be decomposed by strong acids (HNO3) to

regenerate alkynes.

R—CECAg 1 HNO3 —— R"CECH + AgN03

8. Polymerization Alkynes undergo polymerization in two different ways
depending upon the reaction conditions. At high temperature they undergo cyclic

polymerzation. Alkynes when passed through a red hot iron tube, they polymerize to
form aromatic hydrocarbons. ' |

I;I
' - O C C
3CH=cH 500C, | T Benzene
. C )
H” %C/ NH
I
H.
CH,
3CH,C =CH 500°C y . '1,3,5-trinmt,hy1 benzenc

Acetylene, in an inert solvent at 60-70°C under a pressure of 10-20

atmosphere in the presence of a suitable catalyst like N 1(CN),, tetramerizes to form
cyclooctatetraene which can be reduced to cyclooctane. | ooy

HC = HC - .
HC) Lsr'CH - Ni(CN), ' ' ~
[ I 2 Red,
HC’-—\ CH (0°C, 20 atm * 0

HC=HC . - ' |
- ¥ 1,3,5.7-cyclooctatetracnec Cyclooctane

2—butyne polymerizes at low temperature 45°C in the presence of suitable
catalyst to form hexamethyl benzene. '- ‘ - ' 4 by

CH, .

CH

CH3 -C = C—C}Ig _rI_‘l_C!_‘l + (CZH523A1
, & . 4500 _—_ﬁ.

'CH,

CHj

Qn t];1e other hand, under suitable‘ conditions, alkynes alsoiun‘dergo hinear
polymenzatloxg. For example, when acetylene is passed into a solution of Cu,Cl, and
NH,Cl at 70 C forms vinyl acetylene whichl may further react to

form divinyl

acetylene.

o

2HC=CH [q o H:C=CH-C=cH HC=CH, cy,_cy-c=c-cu-cH,

Vinyl acetylene .on ‘treatment with HCI gives 2-chloro-1,3-butadiene -



el

UNSATURATED HYDROCARBONS ALKENES ANDALKYNES  ~T

(chlorop_I‘EHG) which readily polymerizes to form neoprene, which is used as a
synthet1c rubber. '

cH, =CH-C=CH + HCI LaigCly polymerization

NH,Cl 2 =CH-C =CH,

| - ' Cl
9. Isomerization. Alkynes isomerize under the influence of either an acidic or a
- basic catalyst. When 1-alkynes are treated with sodium amide 1n ethanol, 2-alkynes

are obtal ned.

y Neoprene

CH4;CH,C=CH —ROH , oy, _c=c-CH;

| On the other hand, when 2-alkynes are treated with sodium amide 1n
an inert solvent, Spdium derivative of 1-alkyne is produced, which on treatment with
dilute acid gives 1-alkyne. |

N NaNH, . _ .
CH;C=CCH; ———2, CH,CH,C=CNa -Hz-f) , CH3CH,C=CH
2-Butyne H* 1-Butyne -

Spectroscopic identification of alkenes and alkynes ;
| The UV absorption spectra of alkenes show Ap,y at 171 nm. The IR

spectra of alkenes show C-H Stretchjng absorptions at- 3000-3100 cm-1,
Carbon—carbon double bonds give stretching absorption peaks at 1620-1680 cm-1.

Absorptions arising from C-H bending vibrations are at 600-1000 cm-1.

_The UV absorption spectra of alkynes show A max at 173 nm. The IR
spectra of alkynes show stretching absorptions at ~3300 cm-1. Carbon—carbon triple

0-2260 cm-1. These absorptions are

enes are prepared from alcohols and pyrolytic eliminations? Give in

detail the various steps and reactiéns involved. '
(b) Discuss the following reactions with reference to alkenes: (i) Hydration

(ii) Oxidation (ii1) Ozonolysis (iv) Polymerization. =~ (P.U. 1988,1994)
2. Define and expléin: (1) Anti-Markovnikov addition (i1) Allylic bromination

3. Write the mechanism of the fo

l.(a) How alk
llowing reactions:

CH; ——  CHs-CH-CH-CH; (P.U. 1999,2000)
OH OH =
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4. How will you synthesize the following alkenes by using Witting Reaction?
. CH, B
(1) CHjy —(!‘J =CHy, (1) CgH;CH =CH C H-, (P.U. 1999)
0. Explain the following reactions with suitable examples: (1) wittig reaction
(i1) Pyrolytic Elimination (P.U. 2000,2001)
6. Give two methods each to prepare: (1) 1-Butene (ii) 1-Butyne (P.U. 2003)
7. How is acetylene prepared in the laboratory? How does it reacts with the
following reagent? - ; -
(1) Hy / Pd (ii) H, / Pd / BaSO, (iii) HBr (iv) H,O / H,SO, /HgSO,
(v) AgNO; + NH,OH (vi) CuyCl, + NH,OH | '
8. How would you establish the position of the double bond in an alkene? Give
- two examples to prove your method. . : |
9. Write notes on: (i) Markovnikov rule (ii) Ozonolysis (iii)' Anti-Markovnikov
~addition (iv) Polymerization '
10. How will you synthesise Neoprene from acetylene? |

11. What happens when acetylene is passed through. | _
(i) red hot tube (ii) ammonical silver nitrate solution (iii) ammonical cuprous

| chloride solution (iv) dilute HySO4 in the presence of Hg SO,. SN
12. Describe the relative stability of alkenes. Arrange the following alkenes in

~order of increasing stability, give reason for your answer.

T (i) CH3-C=CH-CH;.. . .. . ,CHy
(1) CH,; =CH, . ('3 Sra (i) CHy=C_
M- | - o= . CHj
(Vl) | /C = C\ (V) CH3 = CH = GHQ (1) CH3 —CH = CH"" CH3 ’
. CHg - CHg | MR " .
- 13. Describe the general patterns of reactivity of alkenes. _ |
14. © How will you distinguish between 1-butyne and 2-butyne.: B
o What happens when pfopene 18 subjectéd to 6zonolysis? |
- Ans: A mixture of ethanal and methanal is formed. @~ = =
CH3 -CH=CH, — ‘ CH;CHO + "HCHO
2 4 % G Zn+HgO" TP T
2. . Give structural formulas for the réactants that form 2-butene when treated

with the following reagents:(a) heating with conc. Hy,SO, (b) alcoholic KOH

. (€) Zn dust and alcohol (d) hydrogen and a catalyst. -

OH Br : ' IBr --lBr

_ | e ik . 1 _.
(a) CH3 -CH "CH20H3 (b) CH3 —CHCH2 CH3 (c) CH3 -CH —CHCH3
(d) CH3C =CCH, - e




UNSATURATED HYDROCARBONS ALKENES AND ALKYNES
—_— PO ALRENES ANDALKYNES 219

3.

Ans.

Ans.

Ans.

_ Ans.

Ans.
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Why are dry gaseous hydrohalogen acids and not their equeous solution used
to prepare alkyl halide from alkenes?

Dry hydrogen halides are stronger acids and better electrophiles than the

™+ | ; . ,
H30" formed in their water solutjons. F urthermore, H,0O is a nucleophile

that can react with R* to give an alcohol. -

ﬁrrange the foll(?wing alkenes in order of increasing reactivity on addition of
ydrohalogen acids. (a) H,C = CH, (b) (CH3) ,C = CH, (c). CH3CH=CHCH3.

The relative reactivities are directly_ related to the stabilities of the

1ntermediate carbocation (R+).2-methyl propene, (b) is more reactive

because it forms the tertiary (CH3)"2(E CH;. The next most reactive 1s 2-

- butene, (¢) which forms the sec. CH35HCHQCH3'. Ethylene forms the

‘40 . + . ‘ . ‘ .
I' CH3CH, and is least reactive The order of increasing reactivity 1s:

H,C =CH, >CH;3CH = CHCH, >(CHj),C =CH,,
Give the products formed on hot permanganate cleavage of the following

compounds:
H

(ﬂ). ch =CH2 (b) CH3CH = CHCH(CH3)Z (c) (CH3 )20 =C(CQH552- (d) @H
A terqiinal_ double carbon with 2 hydrogens forms CO, and H,O),a carbon
with 1H of the double bond gives a carboxylic acid, RCOOH; a carbon with no
hydrogen of the double bond gives a ketone, R,C = O. o

(a) HoC =CHj gives CO, and H,O.

~ (b) CHyCH = CHCH(CHj), gives CH;COOH + HOOCCH(CHj),

(C) (CH3 )20 = C(CgHﬁ )2 giVES (CHJ )EC = O ~+ 0 =_ C(CQH5 )g
(d) HOOC(CH,),COOH ' 18

'Wha__t happens when propene is treated with HBr in the presence of peroxide?

Ho0,

n-propyl bromide is formed: CH; - CH = CH, + HBr —2-2, CH3CHZCH2BI' .

‘How will you distinguish between propene and propane? = ' .
Both propene and propane are gases. Passthem. through dilute cold KMnO,

solution (purple) or Br, in CC‘14 solution (red). Propene will decolourise both
the solution; Propane does not react. ST S R f ~

i | - IBI‘

. CHé -CH=CH; + Br, —— CH3~-CH-CHyBr 1,2-dibromopropane

KMnOé.

CH3 -CH=CH; +Br, 50 CHs - CH-CH, 1,2-propanediol
How will you synthegize 1-butyne from acetylene? e
| NaNH, ., CH,CH,Br

HC = CH » HO=CNd —2—2—, HC = CCH,CH, 1-butyne
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9. How will you distinguish between acetylene and ethylene?

Ans. Acetylene gives white precipitate of silver acetylide with ammonical silvey
nitrate solution or red precipitate of copper acetylide with ammonuca]
cuprous chloride solution. For reaction equation see text.

10. Explain the term; Principle of microscopic reversibility. | |

Ans. The principle of microscopic reversibility states that “in a reversible reaction,

| the forward and reverse reactions follow identical mechanisms. For example,
acid-catalysed dehydration of alcohols and hydratmn of alkenes follow the
- 1dentical mechanisms.

H+
RCH,CH OoH < RCH-CH, +Hy0

11. What s Raney nickel?

Ans. A special active form of the nickel catalyst which 1is prepared by treating Ni-

Al alloy in conc. aqueous NaOH which dissolves Al leaving Ni in a finely
divided porous form called Raney nickel.
12. Explain the term Lindlar’s catalyst.

Ans. A finely divided palladium metal deposited on BaSO, and then poisoned by

treatment with quinoline is called Lindlar’s catalyst. With Lindlar’s
catalyst, hydrogenation of the double bond is so slow that the reaction almost

~ stops after the consumption of one mole of Hyby the alkyne. The reaction

takes place on the surface of the catalyst resultmg in the formation of a cis
alkene.

pd (BaSO4) ~GHy  CHj

quinoline } e C C “H

CH3 -C=C-CH;3 +H,

" 3 LR c1s-2-butene - .

13.  Account for the a01d1ty of an acetylemc H for acetylene and 1-alkynes.
Ans. Acetylene and 1- alkyene are acidic in nature, because the electrons of the C-H
- bond in acetylene and 1-alkynes are more strongly held by the carbon
nucleus, which makes it easier to donate the hydrogen (=C-H) as a proton

to strong bases. According to the atomic orbital of the C-H bonds, “the more s
“character in the C-H bond, the more acidic is the H. The more s character 1n
- a hybrid orbital, the closer the electrons of the bond are to the nucleus. The s

character of the C-H bond of acetylene or 1-alkynes (sp -s 6 bond) is greater

" than that of an alkene C-H bond ( sz ~$), or an alkane C-H bond (sp” —s 0 bond )
Therefore the order of acidity 'of hydrocarbons is =C-H>=C~-H> - (I) -H
14. How will you synthe51ze acetylene from ethylene? L

Ans. ‘ HzC CH2 Br2 BI‘CHz CHZBI' K(I)H CH‘! = CHBr % H(J CH
| - ~ethylene ! awe. Vinyl bromide Acetvlene
1'5. Synthesme (a) 1- pentyne, (b) 2- hexyne from acetylene.

E A NaNH, + CH,CH oCHol

Ans. (a)H-C=cH X2z, oy o=&nNt 8272, H_C=C-CH,CH;CH;
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m H-c=cH NaNHy 4 G ocon OBl o, _c=c_pg NaNH

- -, CH,4CH. ‘
CH; -C=C:Nd —320M0l oy - ¢~ CH,CH,CH,

Multiple Choice Questions

1. Which of the following is the major product of the reaction:
CeH5;CH = CH, M@_} 0 "

BI‘Q'/CH;_),OH
?CH3' | K ?CHg
(a) CgHz CBr - CH,Br ' (b) CgHz; —~CHCH,Br
(¢) C¢H;CHBr - CH,Br | (d) C4gHsCH, - CHBr;  Ans: (b)
2. Which of the addition reactions below will not proceed under ordinary
~conditions? . |
(a) CHy =CHy +HCl —— °  (b) CHy =CH, + HOSOgH ——
(¢) CHy=CHy+NaOH ——  (d) CH, = CHy + Bry, —— Ans: (c)
3. If an alkene gives 2-butanone and propanal 'whern treated with O3 followed

by Pd and H2 What is the structure of alkene.

| | CH; _ | CHj
- (¢) CH3 -CH,y - (IJI CHzCH3 (d) CHg- (IJ CH CHQCHQCH3 Ans: (a) |
| 1 CH, 29T T LOH
4.  Which of the following reacts with H, and Ni to form propane?
(a) CH3CH,CH = CH, | (b) CH3CH,CH,OH . o
(¢c) CH3CH,CH = CHCH; (d) CH3CH=CH; - = Ans: (d)

5. - What is the major product when propene 1s treated with Kl\/InO‘,_jr

(a) 1,2-ethanediol (b) 1 2-pr0paned101 (c) propanal (d) propane-2-ol Ans: (b) -
6. Which of the following alkenes has the greatest stab111ty‘7 _

CH3 CH3 | o y ,CHg
© CHy-CH=CH, (@ H,C-CH=CH-CH,  Ans: ()
7. Propene on treatment with diborane followed by -oxidation with alkaline
' - HyO4 gives: ' '

(a) 2-propan01 (b) 1-propanol (c) propanal ol d) p'rlopanlone‘ Ax;s: '(b)

‘ 8. Which of the following alkenes is the most stable?

(a) propene (b) 1-butene ((‘) c1s-2-butene (d) trans-2- butene Ans: (d)

i w0
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9. Addition of Br, in an inert solvent to propene gives:

(a) 3-bromopropene . ’ (b) 1-bromopropene .

(c) 1,2-d'ibrom'opr0pane A (d) 2-bromopropene | _ Ans (c)
10.  Which of the following compounds does not undergo pyrolytic elimination to

form alkene? S - '

| = . . . ﬁ’
| ! e | |

(a) CH30H20H2 -0-C —CH3 | (b) CH3 = CH2 -0 - CSCH3 (a xanthate)

(c) CH3CH,CH, - N-(CHj), (amine oxide)

, 0. 9 o

(d) HO-C-H,C-CH,-C -OH 3 ~ Ans: (d)

11. 'A reaction in which an aldehyde or ketone is treated with a phosphorus ylide
- to y1eld an alkene is called |

(a) Wittig reaction A R (Y Hotmann reaction

(c) Chugaev reaction (d) Cope reaction Ans: (a)
12.  Dehydration of (CH, )3CCHOHCH; yields mainly:

(a) CHy,=C - (IJH—CHg | (b) (CH3),C = C(CHjy),

(¢) (CH3)3C-CH=CH, ~(d) all of the above *  Ans: (b)
18. Dehydration of CH;CH,CH,CH,0H gives mainly: &

(a) CHiCH=CH-CH, = (b) 'CH3CH,CH = CH,

() CH3-CH=CH, = = - | ~(d) CH3 -CH, -CH,CH, Ans: (a)

14.  Which one of the following butenes is the most stable?

- (a) 1-butene (b) trans-2-butene . (c) isobutylene (d) cis-2-butene = Ans: (c)

15. - Which of the following hydrogen halides on addition to unsymmetric alkenes
will give anti-Markovnikov products in the presence of peroxides?

' @ HF. -0 HCl .~ (@ HBr = (d) HI Ans: (o)
16.  Which principal organic.compound is formed in the reaction:
CH; CCICH,CHj + ale. KOH —
B e AR S N R
' (a) CH3—C=CHCH3 o (b) CHy=C -CH,CH,
() CH;-COHCH,CH; = "' (d).CH3-C-CH=CH, =  Ans: (a)

17. . . Which one of the following is called Lindlar's catalyst?
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. ich one of th ' - " : . -

AgNO,? e fOllOWlng will form white ppt. with ammonical solution of
(a) 2-butyne - (b) propene (c) 1-butyne (d) ethene Ans: (¢)

19.  Which of the following will form red ppt. with ammonical Cu,Cly solution?

. ;aa_r) Ethyne | (b) propyx}e (¢) 1-butyne (d) all of the given Ans: (d)
" opyne on treatment with HQQ in the presence of HgSO, and H,SO, yields.

(a) propanol _ (b) propanone
oo (e) Ethan-al ‘ | (d) propanal and propanone Ans: (b)
21. The reactlon_ of O3 with propyne followed by hydrolysis with water gives.

(a) acetic atid ' ~ (b) acetic acid and formic acid

(c) formic acid S (d) acetic acid and COy ~ Ans: (b)

22. The oxidation of CH,;C =CCH,CHjwith alkaline KMnO, followed by

hydrolysis with H30™ gives.
(a) CH3COOH + CH3CH,COOH  (b) CH,CH,COOH + COy
(¢c) CH;CH,COOH+HCOOH  (d) CH3COOH - ~ Ans: (a)
23.  How many acidic hydrogen atom does contain 2-butyne? | |
(a) zero (b) six (c)' three (d) two ' Ans: (a)
24. The reaction of borane with propyne followed by oxidation with alkaline
' H,0, yields: B o e
(a) propanone (b) propanol (c) propanal (d) all of the given Ans: (c)
25. Addition of HCI to acetylene in the presence of HgCl, produces:
(a) 1,1-dichloroethan__e | i (b) 1,2-dichloroethane .
" (c) polyvinyl chloride (d) ethylene chloride | | Ans: (c¢)
26. Which of the following stai;ementsl is not true for a carbocation? B
- (a) A carbocation may combine with a negative ion. N

(b) Rearrange to form a more stable carbocation

) Eliminate a hydrogen ion to form an alkene.

(c , _-
e ion from an alkane ~ Ans: (d)

(d) Not remove a hydrid
27-. CH2 = CH, + CH3CH = CHj- L X; the product & in the reaction is: |

(a) - methylcyclobutane = (b) 1-pentene
(c) -pentaﬁe'_ ' | | . (d) no l'eactipn occurs ~Ans: (d)

8. Which of the following is not a free radical process? .~
(a) Cracking of alkanes (b) Alkerie' + Bry —— dibromoalkane

‘(e) _Photochemical isomerization of alkenes AR ey
(d) High temperature polymerization of ethylene .. Ans:(b)
' which an acid 1s added to a carbon-carbon double bond of an

99. A reaction in | | |
e hydrogen of the acid attaches itself to the carbon holding the

alkene and th
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greater number of hydrogens. The phenomenon is referred to as:

(a) the Saytzeffs rule .. | (b) Markovnikov’s rule
(c) electrophilic addition to C-C double bond involing a carboncation.
(d) Both choices b and ¢ are correct. Ans: (d)
30. What kind of reative intermediate is formed. in the reaction:
CHy; = CHCH,CH, + Br:g light) CHE#CH$H(JH3 + BrCHzC‘H-: CHCH, + HBr
| Br

(a) Carbocation (b) Carbanion (c) Bromide ion (d) Free radical Ans: (d)
31.  Addition of HBr to propene in the presence of peroxide gives:
(a) Markovnikov’s product ~(b) 2-bromopropane
“(c) Anti-Markovnikov’s product  (d) 1,2-dibromopropane Ans: (¢)
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