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Introduction

C,H, . They are characterised by the presence of n >C - C/ (Carbon-earbon

d°“’"“~‘ bond) in their molecules, The Carbon-carbon double bond is nlso referred

efins : Since ethylene, the first member of the

:ilkcnc Sel}'llt-:ls reacts with chlorine to give an oily product of the constitution cHO,
ence, cthylene is nlso. referred to as the olefiant gas (i.c. oil forming). Hence, the
alkene series commencing from ethylene began to be reforred ns olefins.

Structure of Alkenes

The structure of ethylene, the simplest alkene is being discussed hero.

The two C-ntom

s of ethylene are sp*~hybridiscd.

Each C-atom uses its three hybrid orbitals in the formation of three sigma (o) bonds:

One C-C o bon

d formed by the head-on-overlap of sp? hybrid orbital of onc C-atom

with that of the other and two C - H ¢ bonds formed by the overlap of sp™hybrid
orbital of C—atom with 1s-orbital of H-atom.
The o-bond skeleton of ethylene molecules is as shown below :

i

H% sp?-sp? &H
H& %H

Fig. 1.1. : o-bondcd skelelon of ethylene

As a result of sp

%.hybridisation of C-atoms, the cthylene molecule is flat and all thc

C - and H-ntoms lic in tho samo plano, i.c., they are coplanar.

(1)
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There are two systems of nomenclature :
I.  The Common System

The common names of the alkenes nre derived from En.awwﬂvou&un alkanesby

replacing the suffix "ane’ by ‘ylene'. i.c., .

Alkane .-u.“- Alkylene

In case of isomeric nlkenes, the position of the double bond is indicated by the

prefixes a -, p—, y - ctc.
II. The IUPAC Nomenclature
(a) IUPAC Nomenclature of Simple Alkenes
The longest chain containing the double bond is chosen as the parent alkane and
the IUPAC name is derived by replacing the suffix. ‘ane’ of the corresponding
alkane by ‘enc’, i.c.,

Alkane ——— Alkene
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- The carbon chain is then numbered in a manner such that the position of the
double bond gets the lowest possible number, This position number is then
written just before the prefix-ene or simply before the name of the parent
alkene.

The common and IUPAC nnmes of some alkencs are summarised in the table
given below :
Name of the ’
Formula corresponding OWHEQ: TUPAC Name
alkane ume
w}ﬂﬁ« - Jeatradical) Methane Methylene | Methene
CH,=CH, Ethane Ethylene Ethene
CH,-CH=CH, Propane Propylene | Propene
CH,-CH,-CH= CH, Butane a-Butylene | 1-Butene or But-1-ene
CH,-CH = CH-CH, Butane p-Butylene | 2-Butene or But-2-cne
2-Methyl-1-propenc
f Tsob Tsobuty]
sobutane sobutylenc or
CH;—C=CH, 4
3 2 1 2-Mcthyl prop-1-ene
CH,-CH,-CH,- CH=CH, Pentane | e-Pentylene “.._M...asuu or Pent-1-
CH,-CH,~-CH=CH-CH, | Pentane PPentylene { =-Pentane oy Pont-2:
mﬁ -CH,-CH,-CH,-CH= |y ine a-Hexylene “m_ﬂ—oxuae or Hex-1-

(b) 'AC Nomeonclature of Alkenes with Substituents
A\A«._Mﬂv The position of substitucnt is indicated by the number of the C-atom to which
, it is nttached. Note that while numbering, the position of the double bond gets

preference over the substituents.

For cxample,
CH,
5 4 E] 2 &
Gty G, — G — GHi =
3-Methyl pent-1-cno

i i t s of substituents are attached to z.:. parent chain, then while
g “.__.h__m.“.n M._raQ:__umE..n. arc arranged in an alphabotical order along with their
respective position numbers. For example,
Hj CH,CHj
I 2 3 4 ls 6 m:.— ,
Qmulioumuﬁlﬂmulnmlgn 3 -~

5~Ethyl-3-methyl hept-2-cne.
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s Dstituont is repented twice, thrico ete., then th
\:a If the unh%M._.:.“ “._uam with the name of the substituent, For a”“._a_.n_ua dip
5 %

tetra ... -
H 3

L B

Q:.ulﬂllll-ﬂln_:uﬁ—mu

2, 3-Dimethyl pent-2-ene

(iv) Note that while deciding the alphabetical order of various sim
the prefixes di, tri, tetra, etc. are not considered. For examp]e,

¢Hs CHs C,H,
1 2 s "5 6 1
CH, — CH — C = C — CH, CH, CH,

4-Ethyl-2, 3-dimethyl hept-3-cne

(v) If the double bond is at equal distance from either end, then then ,
the parent chain is done in o manner such that the substituents ﬁ...ﬂva:-n
possible number. For example, ¢ lowey

A_um-
1 2
CH, — CH — CH = ¢ — &, &n,
2-Methyl hex-3-eno
(and not 5-Methyl hex-3-ene)

(vi) If o complex substituent is attached to the parent chain, i .
brackets along with its position number. For example, 1o name s writai

gﬂ gunmu

w8 i, b 8y

ple !..v::ﬁc

1 L4
.M\.: e — Complex substituent
CH, 1-methyl ethyl
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— (vililif more than ane similar complox subatituonts are attached Lo the parent chsin,
then thu profixen bia, tris ete. nre used Inatand of di, trl, ote, bofure the nums of
the complox substituont,

For oxnmplo,

B el

1, 1
A\——ul .-——l.n\-'ﬂx.llan-:lc:.
L L
I,C—Cn fcn —ciy
1 7

SHACH,

Complex
subatituents
almilur

2, 6-Dimothyl - 3, 4 - bix (1 = mothyl othyl) hex-3-one
(__JoYAlkenyl groups 1 Just au alkyl groups are obained after the removal of one
H-atom from nlkane for example,

CH, L. .cn,
Methano Mothyl group

(Lo. Alkane —*—  Alkyl)

Similarly, the monovalent unsaturated groups cbtained by the removal of
one H-atom from an alkeno are termed as alkenyl groups. They are named by
replacing the terminal ‘e’ of the parent alkene by ' l.¢.,

Alkene —~— Alkenyl

For example, CHy » CH; —'— —CHa=CH,

Ethene Ethenyl
(or vinyl)

CHy—CH=CH—
1-Propenyl
o:.lm = CH,;
2-Propenyl
—CH;—~CH=CH,
3-Propeny| (or allyl)

&Hy—&H o b1y ==

Propene

E&a In Alkenes
(8) Btructural Isomeriem : Except the first two members Le. ethylene and propylese, .
oll other alkenes exhibit chaln (somerism as well as position [somerism. CH,; "

(Butene)

' Lh’ M Bia e
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For example, C/H, exists in A_EH m%u\__ﬂm\m_nc:_:ou of Alkenos

1

CH,—CH= CH — CH; CH;—C= CH, e  Huntofhydrogonation s nn Important Index for determining the relative stabilitien

CH, — CH;— CH = CHz 3 onte 2-Methyl propene of nlkenen.
’ 1-Bulene 2-Buten © o  Heatolhydrogenntion mny b defined ns the amount of hent evolved when ane mole
. ® @ of nn unsnturated compound |y completely hydrogennted.

Lesser tho valuo of hent of hydraye

» nntion, mare stable fs the nlkene,
The values of heats of hydrogenntion for

varinus nlkenen ore linted in the tablo below ;
Table : Henty of hydrogenation of alkenes

® and ® are positional isomers

i . ® and (© ere chain isomers. o .
H_.»_”.a@:“ﬁmq Wnsam increases, the member of possible isomeric fory,,

ists i tural isomeric formg. Heat of
increases. For example, C;H,, (Pentenc) exists in five structur Sl Alkene Structuro hydrogenatlon
: P J mol) alf
CH; — CH,— CHy — CH= Om.u -CH;—CH= CH— CH,CH, (Jed mo
1-Pentene e 2-Pentene Ethene CI, = CII, 137.2
n_“mu .wmu /l Propene Cil,-Cil = ClIf, 1269
CH;—CH;—C=CH; CH;—CH—CH= Omu 1-lutene O:-lﬁ__nIQ: uﬂ:s 1208
— - 2-Methyl-1-butene 3-Methyl-1-butene ' . CH, /n Q. \0_ Iy
¢is-2-Butene = 110.6
o Ny .,
N cih_
CH, trans-2-Butene A=C 1154
2-Methyl-2-butene n cH,
Alkenes also exhibit ring. ; CH,
ring-chain isomerism with Cyclonlkanes, For example, 2-methyl-1-propenc e m % 1188
7 -
Omulﬂmmuﬂmn . D Qmu.lﬂumuomlomu e 1-Pentene CH,=CH ~CH,CH,CH, 125.9
(Both have formula C;H,) e Cyebitini i 126
. (Both have formuyly CHy 3-Methyl-1-buteno CH, = CH — m: —cn, .8
oub], . cH
2-Methyl-1-hutene —_— .cm - 119.2
cs-trans isomerism.) The esbontlal ””Mmm_oSuM nise N_Mnoﬂnnlna mmmruam..% | ] — 1 3
isomerism n 1or an alkene to
shlic is that each of the two doubly bonded C—atoms must cu o Seometrica] 2-Methyl-2-butene [ 112.6
groups. For example, 2-Buteno exists in the Tollowing ¢y, _,.m attacheq gq two = CH,-C=CH-CH,
L) 0 .
H,C - = 7 Orms : From the ahove table, following points may be noted : ) y
/.n = G\ ¢ N \Ozu (i) Heat of hydrogenation of a trans-nlkenc is less as compared to that of a cis-alkene, . H
:\ TUN C=¢ i.e.,n trans-nlkene Is more stable as compared to the cis-fsomer. For cxample, [
- H H.r.ﬂ\ /m / compare cis- and trans 2 -hutene.
He Bt Erans~2-butene
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far apart from cach %_s._u:a_.
8 are .._wq Waal's strain in a transise.

(ii)

e the two bulky group

Reason : Sin y wding and less Vand o ot
H_HM. thus Wnﬂhﬁhﬂoﬂwﬁ. This accounts for the greater stability of the tny
alkene. CH
N Eu/n <
c=C Vs = N
A H
Bc” H H
trans-2-butene eis-2-butene
AHUkJfmole) : 1154 119.6 .
Greater the number of alkyl groups attached to doubly bonded C—atoms, grealer
the stability of the alkene.
For example, compare :
%E- H—.—-
nu.—ulﬂligngmu omu.l- IQI.IIOE-
2-Methyl-1-butene 2-Methyl -2-butene
AH(kJ/mole) - 118.2 1126

Reason : This is because greater the extent of substitution, greater is the number
of a-H atoms available for hyperconjugative interaction and hence greater is the
stability.

Thus, the general order of relative stabilities is

CH,=CH, < RCH = CH, <R, C=CH, RCH=CHR <R,C = CHR<RC=CR,

PR T

Methods of Preparation of Alkenes

1. By dehydrohalogonation of alkyl halides : Alkyl halides when heated wj
alcohol solution of potassium hydroxide eliminate a hydrogen and a halogen e
from the adjncent C-atoms to give an alkyl halide. tlom

? n _ A_x.
.lﬂl |+§o§|v|ou.l+_g+m~uo
q x (ale.)

(X=Cl,Brorl) -

8 CHy— CH;— CH,C! + KOH ——> CHy—CH=CH, +KC/ +E
n-propyl chloride fnicd Propene

®  Oricntation of dehydrohalogenntion in case of unsymmotrical nlkenes : Saytzeff
Hm:_o In case of unsymmetrical alkenos where the hydrogen can be n:Emn.hE fi
either of the adjncent C-atoms a mixture of isomeric nlkenes is formed. In n:ﬂ”
M.puam. mﬁaﬁ._n. rule holps to predict the orientation of nnvw.__.or:_nnun-.g and
us the major product. Soytzeff rule states that in case of unsymmetrical
n_rc”ﬂu. nhﬁ.w:::.o: of H-atom occurs from that C-atom which has less
number of I1- i
ool hﬁu_uu.u..pﬂuu “Mun_nun to the formation of highly substituted

.
.
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For examplo, compare 1 - Bromobutang nnd 2 - Bromobu

B, 1 2 1
N nmull amul Q=u Wt O.—.—n — Br

4 3 2 1
CHy— CH, — CH — CHy
1-Bromobutane

2-Bromobutane By
A | ale. KOH
,— I | atle. kou )
CH, Iﬂmulomnﬂmu ) .
’ 1-Butene CHs—CH=CH—cCH; CHy—CH,—CH=CH,

2-Butene (Major)

1-Bromobutane can eliminate 5 H-atom onl,
only one product, i.e. 1-Butene. But 2-Bromol
alkene, as it can climin

C=3, togive 2 types of products : 2-Butene and 1- Butene. In this case, SaytzefTrule
predicts that 2-Butene will be the major product as it is more highly substituted
and hence a more stable alkene ng compared to 1-Butene.,

-Znnrsumuan Un_éd_.o.slomm:n:gga take place by either of the following two
mechanisms :

1-Butene (Minor)

i
B
§
E
f
[ 3

4

:

P concerted process involving the abstraction of 8 H-atom from the p—C-atom

1 by the base and simultaneous expulsion of the halide ion from the a-C-atom

L leading to the formation of an alkene. The reaction involves the removal of
a bydrogen and halogen atom situated in trans position with respect to each
other as shown below

4

| L LT

¢ = |0_.3I.nnl. —C=C— :+ HB+X®

' b Aliene  halide ion |

Alicyl halide
ngggﬂgﬂnasrrgﬁg
mechanicn ?giﬂgﬂﬁgaﬁaﬂgmg A
S0z the concentration of elkyl halide as well s that of the base (S, ).

e ) )

Gi) iliumnw-glﬂi.iqﬁnﬁogﬁngmgqaa ;
M&Fﬂn?ﬂfnng?nﬁ%&ﬂngns.n&oi&

sep of the mechaniem,
- H
1 1 o J._ Fast L4
—C —C Illﬂlv —C=C—
n_.\. n—“U x° | ® Alkens JJ
X Cerboration

ism Sollows first order kinetics as the rate of reation i, o,
_.mx Bn&n.””nl tion of alky! halide only, Most Saqunn_.uﬂoucu:u
toney allo balides waderg debyarobalogemsion b E, mechaniem,

———

— |

By dehydration of alochols .
dehydration to give anboMF.ESrQF “pon heating - with acids, - undergo

TG — s R oneew,
Alkene

ols undergo dehydration with 95% H, SO, at 443453 K,

ower temperatures,
CH; — CH, — OH lwwfumaxlv CH,=CH, + H,0
Ethyl alcoho)
(1* alechol) *llcoe
g \
CHs—CH—CH; —=8% > m, 05 o5, 41,0
iso-propyl alcohol Propylene
(2* alcohol) <
" P
gu'ﬂlom IlMFuMOﬂrV Omulnﬂnmut.muo
CH, - Isobutylene
Tert-Butyl alocohol
(3* alcohol)
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o Mechanism of dehydration : Dehydration of alcohols to anummﬂ_.m.lnm_

via the following steps :
Step 1 : Protonation of alcohol
: e ]
CHyCH;—0—H + H —> CH;—CH,—Q—H
BT (from |
add) H
Protonated alcohol
(Oxonium ion)

Step 2 : Loss of water to give rise to a carbocation.

)
CH;CH,L0—H —S= CH,CH, + H,0
‘ m_n Carbocation
Step 3 : Elimination of a proton to form alkene,
PE T
mln_“.u.ﬂ_w — H—C=C—H + H®
H H Ethylene

e The above mechanism suggests the formation of a carbocation as an
intermediate. Now since the order of stability of carbocations follows the
sequence : 3°> 2° > 1°, hence the case of dehydration also follows the sequence :
3"® Alcohols > 2* Aleohols > 1* Aleohols

% E.Egmggmggﬂrmﬁwanmnnnngnunow_.cn:.un
to more stable carbocation by a 1, 2-hydride or 1,2-alkyl shift; then formation
of unexpecied products can be observed. For example, n-butyl alcohol gives.
the unexpected 2-Butene as the major product and not 1-Butene as expected
from the structure. This may be easily explained by the rearrangement of 1°

carbocation to the more stable carboecation as shown -

CH; CH, CH, CH; — OH —5.%> CH;— CH;—CH=CH, + CH; + CH = CH— cp,
m-Pagy) slcdst 1-Butene B

(Minor product, 20%) Major produ .
Expected Unipesitib

- Pl ] 1.2 :
CH, CH, CH, CH, — (H —5i5— CH;CH CH— CH, — 50> CH,CH,— CH — ¢y

More stable
Less stablo (2* Carbocation)

(1° Carbocation) ._4:-.

CH;—~CH= CH— Q:-
2-Butone

ysical Proportlos of Alkonos

Physieal Stato : With tho oxcoption of othylono which hns n faint aweol odour,
all othor mombers nre odourlonn und colourtons, Alkonos containing two to four C-

atoma nro colourlons gunon, those hnving five to vighteon C=atoms nre liquids, whilo
alkenes hinving moro tham ofghtoon C-ntomn nro solldn,

Solubllity s Alkonos are Innoluble In wator but solublo In polar solventa like other,
CCl,, benzeno, ole,

8. Melting Pointn ;
Tho melting points show n rogular Incronso with tho Incronse in moloculnr

Ph
1,

MRAA,
e Allkenes have slightly highor melting polnts as compnrod to allinnos.

Itonson ¢ Thiy is duo to the presenece of n double hond in alkenon which In
moro polarizablo than tho singlo bond and allows the formation of Induced
dipoles in nlkones, which are responsiblo for strongor Intormoleculnr forcos of
attraction and honce higher melting pointy in alkenos,

¢ Trans-nlkenos havo highor molting polnts ns comparod to cla-nlkenow,

For exnmple,
Qz.__/ \Q=._. o:.._/ \=
\O = 0/ \Q ™ O/.
I ] 1 Clly
cin-2-Buleno trans-2-Nuteno
m.pl.= 134 I mpt.= 107 K

Reason : Tho trans-form being moro symmetrical than tho cla-form, fits bot(er nto
tho crystal Inttice, lending to close packing in the nolld atnto, Honco, trans-ntkonoy .-
hnve higher m.pL. as compared to the corresponding cls-inomor,

o




4 Hl:nln Points: T
o The branched alkenes have lower boiling points than straight chain ks

“ g}-
3
CHy — CH, — CH = CH, CHy — H*.M CH,
1-Butene Isobutylene
Bpt.= 267K B.pt.= 266 K

Renson 1 With Inerensed branching, surface nron decreases nnd so do i
Vander Waal's forces of attraction, resulting in the lower of boiling points,
s Cls-alkonos have higher bolling points than the corresponding trass

nlkenos,
For example,
Ox.ﬂ. s H 0:..# \Q:n
C=C C=C
H 3 iozu H 7 /:
trans-2-butene cis-2-bulenc
p=0 p= 025D
Bpt= 214 K B.pt.= 277K

Cis-nlkenes nro more polar than trans-nlkenes whero the o itely oriented
dipoles cancel out ench other, Honco, cis-nlkenes havo ___n_.w_m..n_”wt.__.ﬂn“_____.
corresponding trans-isomers.

By pyrolysis of quaternary nmmonium hydroxides (Ilofmann Eliminution):
Quaternary ammonium hydroxides when heated to 400 k or nbove, underge Hofmann
oliminntion to give alkenes. The quaternary ammonium hydroxides required for the
purpose nre obtained by treating an nmine with excess of methy! iodide (nlso known
as exhaustive methylation) followed by renction with moist silver oxide.

CH, CH, — NHz + 8 CHgl ——>  [CHy CH;N (CHy)y) 1°

id
Ethyl amine Zuh.“wu_e_uﬂ.“ o 4—2_.... Al :
(CH, CHy N (CHy)y] 81
Ethyl trimothyl

amm, hydroxido

(CHy CHy N (CHhJOH —2—> CHy = CHy + (CHy,N + H;0
Ethono Trimothylnmino

Mecchanism : Hofmann climination is also an oxamplo of p —elimination
ronction and involves tho removal of n proton from n f-carbon w.r.t. tho N-
atom of the quaternary nmmonium group.
H™ N\
g o (A & _ Mu
(CHy); N % Q_l.. 2, —~C=C— + (CHysN




Chemlcal Reactions of Alkenes

Addition renctions acrosa the C = C bond aroe the characterintic reactionn of alkenes
Most of them involve attack by clectrophilic reagents. Some of them are dincunsed nx follows :
(I) Catalytic hydrogenation - Formation of Alkenca Alkenes ndd on n molecules

of hydrogen in the presence of finely divided metaln nuch an Nickel, Platinum or

Organic Chemistry | 11
In contrast to dehydro-halogenation of alkyl halides which occurs by n similar Palladium, to form alkanes. The reaction in termed aw hydrogenation.
mechanism and gives rise to more substituted alkene ns per Saytzefl Rulo The temperature conditiona employed vary with the nnture of the catalyst. For
Hofmann elimination gives rise to the nlkene which is least substituted. example, hydrogenation in the presence of Raney Nickel is carried out nt 200-
Rewson being tist the bass mx ralieally abetracts o i _ 250°C while, in the presence of palladium or platinum, it is carried out ot room
hindered position. y racts n proton from the lenst temperature. , k.
For exmple, R « R R R ,
Neac? - s n, 0D, Ng= =
= AN 7N
o » ._\.“._. CH Hy s . Fhant
"
—CH — ken .
HO | (CHy),N m,: CH, J._h.olvnzunoml._hzln:u + CH;CH=C—CH, Alkene Alkane
CH, “Clip N Mnjor Minor The metal catalysts ore often absorbed on support materinls such ns nctivated
P 3-Methyl-1-butene 2-Methyl=2 butene ciforessl.
\a e Mechanism ofhydrogenation : Hydrogenation of nlkenesisn heterogenous
Base removes reaction since the-reactants undergo a chemical change ot an interface, ie.,
proten from on the surface a_. a nolid catalyst. First, the catalynt adsorba hydrogen on ita
surface. Afer this, eomplex formation occurs between the eatalyst and nlkene,

by the overlap of vacant d-orbitals of the metal with the x electrona of the

this less hindered
alkene. This is followed by a stepwisc tranafer of the H-atoms to the alkene.

f-earbon
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The alkane so formed thep diffuses oway from the surface of the metal catalyst.
Since both the H-atomg add on to the alkene from the same side of the molecule,
therefore, hydrogenation is o syn addition process. For example, addition of
hydrogen to 1,2-dimethy) cyclopentene gives rise to a cis-isomer upon catalytic

hydrogenation,
D +H, —
H-7—\~H
IUO O.T.—u Omu Qmu
1, 2-dimethy] cie-1, 2-dimethyl
cyclopentene cyclopentane

I Eann_.av.rm:n Addition Reactions
1. Addition of water-formation of alcohols : Alkenes add on a molecule of
water in the presence of dilute acids to give alcohols,

R R R
N ~R He [
C=C + H.0 —— R—C—C—R'
e Ny
R R ) |
cis-2-Butcne H OH
mpl=134 K Alcohol
For example,
CH,=CH; + H,0 —5 cH,—cn,—on
Ethylene Ethyl alcohol
CHy—CH=CH, + H,0 —2%5 cp,_ CH — cH,
Propylene OH
Isapropyl aleohol

It may be noted that addition occurs in accordance with MarkownikofT's Rule,
which states that negative part of the reagent goes to the C-atom with Jess

number of hydrogen atoms.
®  Mechanism : The. reaction involves. clectrophilic addition mechanism ang

occurs as follows :
N rd e Slew N 8,/
Step 1: \Oun/ + M \nnn/
r\ m
Carbocation
», 7 o \
e/ .e Fast | - Fust Ve
Stepz:  C=C + jOH, L= \H_UL_H/ = A
4\ [ [ ]
H ® 2 H on
Protonated
alcohal Alcohp]

o

S e G
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Morkownlkoffs Itule Addition 1o Unaymmotrien] alkenen 1 MarkownikofTs
rule staten that during nddition te tinmymmetricnl nlkenes, the negntive part of the
rengent goes (o Lhe C-ntom wit)y In bier of _.wu:_r._.:.. For exnmple, conslder
the addition of 11 to propylene w ives twa isomeric producta n propyl lodide

nnd ioprophyl indide of which the Intter in formed in predominant nmounta
Clly—CH = Cllg + Hl ——\ Cly=CHI—CHy + CH,CH,CH,I
Propylene Iropropy| jodide n=Iropyl iodide

(mnjor) {Minor)

Theoretienl Justification of Markownikoffs Rule 1 The rule can bo Justified
In termna of the jonje mechamsm discussed hefore. The mechanism suppests the
Intermedinte formation of n carbocation when alkene nddr on n proton. Now consider
the two possible carbocntions that may be formed when propylence ndds on n protan.

CHy—CH = CH, + Hi D

v v
cy—8Hcn, o Ciy—c,— Cn,
more atable Lenn stablo
2* carbocation 1° carbocation
@ (1)

An seen out of the two possible carboentions, (1) being more stable is formed In
preference to enrbocation (I1). Further reaction of this proferrod carboeation with
iodide ion gives isopropyl iodide ns the major product.

o\\/o

Q—.—uln:lﬁzu + [ — Q—.—ulom—lozh

D lsopropyl iodide
Thus, MarkownikefT's nddition is governed by the relative stabilites of carbocations.
Thus, a modern vorsion of the rule has been put forward which states that : Addition
to the cthylenic double bond involves the formation of the more stable carbocation,
Similarly, addition of HCI to isobutylene gives tertbutyl chloride ns the main product.

CH, ﬁ m":u A_u:u
=
nzulﬁ_\.ngul,,/m Cl —— CHy—C—CH, or CHy— CH —8H,
more stable Less stable
L 3" carbocation 1® carbocation
i [
g g
O__ulmn.lozu n—*-lg_ln_qun_,.\ s
1 & i
tert-butyl chloride  Isobutyl chloride
(MaJor product) (Minor product)
PSS We—




1.

Addition of Free Radicals : It has already been discussed that peroxide effect i.c.

Asti-Markownikoff's addition of HBr to alkenes in the presence of peroxides, occurs

by a free radical mechanism. ) .

Another example involving the free radical mechanism is addition of CC!, across the

double bond. This addition also occurs in the presence of a peroxide.
R—CH=CH, + CCl, -Boxdey, R__CH—CH,

I I
Cl CCly

Mechanism :

Peraxide —— R
R + X ctl,—> R—Cl+ GCls

R—CHYCH, + CCly—> wlmmlﬂ_”mu
. CCly
R—CH—CH, + m/lvoeulvnl._ﬁln_umu + by
ccly o coy n%,s
further

. s n an

8. Hydroboration - Oxidntion of Alkkones t Alkones renct with diborano (BH,), to

givo alkyl boranes (n process known ns hydroboration),

The nlkyl boranes upon oxidation with an nlkalino rolution of hydrogon poroxide
givo rise to aleohaly, The averall result of the renction is addition of wator to nlkoncs

ns per Anti-MarkownikefTs addition to give nleohols,

ydroboration accurs in threo stepr to first give n mononlky! borane, then a dinlkyl
borane nnd finnlly o trinlkyl borane, For example, conalder the nddition of diborano

to othylone

Cly = CHy + (MHy), — cH, CI1, B, -Sla=Cih,

Sthylone  Diborane Ethyl borane
(CHyCHy)y BH —=2y oy cpy B
Diethylborane Triethyl borane

Tho bornne so formed upon oxidntion gives rise to nlcohols,

(CHy CHy)s B + 3H,0, —> 3 CH,CH, OH + H,B0,
Ethyl nleohol  Boric neid

In goneral, the renction mny be represented as follows ;
uﬂ- —N. q. —ﬂ. —ﬂ. w-
[ | I [ |
R—C=C—R + H—BH,—> nlmlmlz ot R— ml_wlw

H BH, H OH
Alcohol
Noto that during oxidntion the boron part gots replaced by - OH group to give
nleohol ns per Anti-MnrkownikolTs nddition,
For exnmple,
Caongidor hydroboration — axidation of prapyleno which gives

Cll,- CH = CII, ——%_ CH, - CH, CH, BH, —l=Cli=ct
n-propyl bornne

(CH, CH, CH,), BH

Propyleno Di-n-propyl borane

S-AU=tl__ (ol, CH, CH,), B —1%— CH,CH,CH,0H
Tri-n-propyl ol n=propyl nlcohol
Borane (Anti-MnrkownikofT Addition Product)

Dy
or simply CH, - CH = CH, |J._|:..|:m|. CH, CH, CH, OH

(1o /ol bl

propylene

A



oboration oxidation : . )
Mﬂwﬂrnd._wﬂqﬂﬂ.ﬂwuﬂ_ea : Diborane behnves like a dimer _“_. co._..“_ﬂ” “MN.W_ MM ”“__. ”-.
BH,, the boron atom 18 ¢lectrophilic, i.e., electron-deficien “En:nuw_.:n borane 5._”
its ,.....__a.:na shell The z-clectrons of the alkene E..b....x SMM...:E r bonded C-atog
the boron atom getting attached to the less !..__uu:_c:_ o 5“ boron o, T
This leads to the development of partinl negative charg J.ou ured because azf."
attachment of born to the less substituted C-atom is favo

asons : . \
m...w o.mﬁn less substituted C-atom is sterically less crowded and can be casily

by the boron atom.

(i) Mﬂwﬂﬂﬂmﬂnﬂp of boron to the less substituted c-atom leads to the maﬁe_mmss_
of the partinl positive charge on the more substituted C-atom, nvﬁﬁmﬁ_sn to
greater stability of the transition state. This is followed by the transfer of hy rogea
from the B - H bond of the borane along with its electrons to the c-atom carrying
partial positive charge. The product so formed is a monoalkyl borane.

The step may be shown as follows :

[ 23 [
B

H—B—H H Iﬂ —H
! H
H Four
centered
T.S
R—CH—CH,

R an QT—» mmmu or — —
Monoalkyt borane H BH,

The steps may be repeated by the transfer of H of B-H bond of R CH, CH, BH,

to another molecule of nn alkene to give a dialky! borane having the formula

(RCH, M_:L. mzmm mmﬂ___w_.-nhw‘. Fq.ﬁ.ﬁ.. transfer of H from B — H bond of dialkyl

borane to nnother mo e of ene may giv i

formula (% CH, CH,), B. © My gtve n triallol borano with the
t may be noted here that unlike other ordin, 1

reactions, hydro boratfon does not involve Fuﬂmuﬂon_.”ﬂn% nte sddition

of a carbocation. This is evidenced by the fact that hydro

never lends to rearranged produets,

Slep 2.1 Oxidation n«wb__ww_vo..nuo- t Oxidation involves ::5%5&%..&
the hydroperoxide ion on the electrophilj |
shown below ; o0 Philic Boron atom ofa trinlky] va-.n.ﬂm."u..

mlolb.ﬁ)mz ——sd—on. H,0 |
Hydrogen Peroxide Hydroxidoion  Hydroperoxide |
ion

D R CH, CH, |
(RCH; CH;3 8 4+ O—OH —y RCH, n:uV. B—o .DE

Trialkyl borane  Hydroperodde Ry, o </ |
ion ol

o
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g

%

e g g o 4 -

e

A W mwn

— RCH,CH, O CH,CH,R

~ 15,0,/011
B —OCH; CH, R RCH;CH,—B
R CH,CH,” \0 CH; CH, R
Monoalkoxy dialkyl borane Dialkoxy monoalkyl borane
O CH, CH; R
OO0 5 RCH,CH,0— B —WeOll, 3R CH,CH;OH + NayBO,
0 O:u O=u R Alcohol
Trialkoxy borane

The net result is addition of water to an alkeno as per Antl-Markownikoff's
rule : During oxidation, the B-ntom is reploced by nn -OH group. Tho above reaction
is an example of a regiosclective renction nos the hydroxyl group alwnys
appears ot the less substituted c-atom, For oxample,

CH 1 CH
! i h

O el (5| -0 (5,

1-Methylcyclopentene cin~addition Trons methyl
cyclopentane
In general
RCHeCHy, — b, p__ mz = ._uz. Moy R— CHy— CH,
H' BH, &:

9. Oxymercuration - Demercuration of Alkones Alkenos renct with mercuric
acetate in aqueous THF (tetrahydrofuran) solution lo give hydroxy morcurial
compounds. Thia in known ns oxymercuration. This i followed by the reduction of
the mercurial compound with NaBH, (od. boro-hydride) reduction of the mercurial
compound with NaBH, when the mercuri-ncetate Eroup gets roplaced by hydrogon
to give alcohols. This step is known ax demercuration.

In general, the reaction may be represented ns follown :

:lo::n:~+=no¢=a8noo=ru='aau_zw,iv R—CH—CH A
Alkene Mercuric __8:_—-.. - nw .w g nm_uQQOE,
OH  HgOCOCH,

Bon A~ By o —— =i,
OH HgOCOCH, OH
Alcohiol
Overall the reaction may be represented ns ;
1) A OAC)/TIP-11
R IMW =CH, ) Hanfy, R— ﬂ—*llnmu
e w OH
| Alcohol

(—=0AC=—0—C—CHy) .~

?Sn:agn.go_..nnn.._n:_. .EE__S lu-og_an._eonam n?n-.._ao_._n_m:.
ficcordance with Markownikoff's tulo :

\‘\\\\
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Step 1. : Oxymercuration
(@ The first step involves electrophilic attack by mercury species upon the doy,
bond to form mercury bridged carbocation.

8

R—CH=CH. + Hf 0OAC—> R— CH~—CH,
<CH; + _Hr ﬂ
w.mwObO
It is to be noted that the .
Hg specics will attack the less-mercury bridged carbocation substituted douty
bonded c-atom to the alkene.

() The mercury bridged carbocation then undergoes nucleophilic attack by wate
to form hydroxy mercurinl compound

\) O

R— CH=== CH, —&, wlmml.w:u =,

Hm
R~ mlq.mn
HgOAC HgOAC
/ﬂ\mno»n - 0.

§ . mercurial
; compound 4

Step 2. Demercuration _ﬂ...n. rm,manw mercurial compound u ;&M&WE ith
NaBH, undergoes demercuration to give alcohol as the final uqowmii
OH

OH
| _
R—CH—~ ) —XBh, R—CH—CH,
HgOAC Alcohol

From the mechanism, it is scen that as the Hg speci

. ¢ pecics gels nttach
substituted doubly bonded C-atom of the alkene, the ..O:nn_‘o:“. com R_So _Mr o
substituted doubly bonded c~atom, Thus, s to the more

with MarkownikofT's ruic. Fiving rise to an aleohol in accordance
For example,
™ H,
CH, — CH; — C = CHy 5255 CHy — CH, — C— i,
2-Methyl-1-buten M
i ’ H HgoAc
h.ra_.
n_"mu
Q&n . Q:n — n\" Qmw-
OH
2-Methyl-2-butane)

Mechanism of Oxymercuration - Demercuration o

12. Oxidation Renctions : Certain oxidation reactions involve simple addition o the
double bond. while athers result in the cleavage of the double bond. Both types are
being discussed below :

Oxidation with cold dilute aqueous solution of potassium permanganats
(KMnoO,).
When treated with eold dilute aqueous KMnO, solution, alkenes undergo cis-

hydroxylation (L#. a hydroxy groups is added to each of the doubly bonded c-
atoms from the same side of the double bend) to give
Vicinal glycols.
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~ B R y
|
win:_ulu . B0+ 0] =20 =I+I+I=
g OH OH
Vicinal glyeol
For example
CH,=CH, + B +10) =22 ._urlﬂ_umu
Eiogfene oH OH
Eihylene glyed

CH, —CH=CH, + B0 +10)1-2225 CH,—CH—CH,
Pragpens bn on
Propylene gyool

o Baeyer's Test : Sincs during the sbove cxidation, the pink colour of KMnO, s

discharped therelore, this may be vred o2 8 diagnostic Lest for the identificalion
of 3 carbnm-cazbons dostle bond jn 2 melezule. This text in called as the Basyer's

Tt
s Mechazios : Merhanisn imvoives the formation of a cyclic manganate exer

wisich sy beydeslyvis ghves rise U 3 gyorl. . _—

e~

|- Wh.\c —
\n.,\.lirl. \.\ /Q@

i
o
7N
A eydlic mangrmats ester

b
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b.

Ozonolynln 1 1t ig nn important ronclion of nlkenes which results in :8183!-

enrbun enrbon double bond of nn alkene.
The renction invelves sddition of vzono ncross the double bond of an alkens o by

form nn ozondde, This eronide upon decomposition with zine dust and water g,
rlses 1o aldehydes or kotonos, dopending upen the structure of nlkene. Howpy

oronide when trented with hydrogon peroxide (H,0,) gives rise to acids i.e.

O\ 72> RCHO+ RCHO
HeCHwCH—R =2 R—CH CH—R
©, 2 RCOOH
Acids

Alkene
Ozon

For oxamplo,

ﬂ__u cH uvx\ /Q\O_.mu

O_—ul.n__unl.n:- + 0y —m .
2-Methyl but-Z-ene H ._v n_v CH,
Ozonide
e
CHs /G-
\Q =0+ 0= 0/
H CH;
Acotaldehyde Acetono
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UESTI CTIC
Q UNS FORFRA CE (b) Explain the following in brief: —
(i) 'Why dipole moment of trans-But-2-cne is zero?
(i) Why is the boiling point of neopentanc lower than n-pentanc?  (K.U.K. 203,

1. Name the following olefins according to IUPAC system A
()} CH,=CH, 5. Discuss the mechanism of the following :
» CH.CH = OI- (i) Dehydration of alcohols
) (i) Formation of halohydrin
() CH,CH,CH= OIOI-OE. (iii) Free radical polymerisation of alkenes
(d CH,(CH),C= CH, (iv) Dimerisation of isobutylene.
© (1), C= 0y, T i bl nrion o byt o sl b Bk
0 ; ; : K. 2002)
. o %M._ A um._ OON.M CHC (CH,), (K 8. M”w wﬂnn:”a the preparation of alkene by dehydration of alcohol, giving E,, mechanism
d re the products : O . . at happens when isobutyl i
. and explain the mechanism involved in the following 0] n_,_swna water R mﬁﬁﬂ% e
(i Q ; . S eeris
ropene .,r~|032= —— . an Mauuwnma .._.o...._.mm_na. ro_v.u..n:uacon,:.:__ a suitable example. (M.D.U. 2003)
(i) Propene —Si— "8 Diteue the mechanim and reatve reacivies o debydracion of kil
T , o reactivitics of dehydration of alcohols.
(1) Complete the followi ' (K.U.K. 2003)
P ing 3:“»8:@ : 10. M”“ ...M”_: is anti Markownikoll's rule? Give its mechanism,
ut-2-cne + C =t alkene on ozonolysis gove two molecules of " :
. mnzu e structure and write equations involved. Uk St repietionn SRy 1on
i Propene + m.:. _yoyon (e) What happens when propene is treated with :
(i) Cold (1%) aqucous alk. i
(iii) C,H,CH = CH, E...‘WH (ii) Chlorine npﬁmascﬂpgﬂuﬁ“qoﬁm_%s:o%
. _ (iii) Peroxide as initiator of Zeigler-Nntta catal
(iv) CH, — CH = e _ : : gler-Naita catolyst? (M.D.U. 2004)
. H,—CH= OF e " | 11. wu_wﬂuw_uﬁpra substitution of allylic and vinylic positions of alkencs by taking suitable
- Explain briefly the following 12. (n) Discuss the following mechanism: . Aﬁnc._ﬁ gaaih
@ Regio selectivity alcohol dehydration | m >MM=€= N Dorntes Uc 4
®  Relatic o , (ji) Addition of Diborane to propenc s
o 2::., ¢ stability of alkenes on the basis of hyperconjugati ! 0 Whektappeawiitn
{ w Substitution at allylic and vinylic positions of oo, (F @ 1, 2Dibromo prupans is heated with zlac,
Write short notes on the followi s of alkenes, (i) Ethene reacts with cold alk. KMnO, soln,
i S e following : (c) Convert the following :
v. SaytzefT rule (¥ (i) Ethene into epoxycthano (KUK 20061
®  Hofm C . (ii) Propene into 1-Bromopropa
© Ing E_._.. climination (iii) Ethene into H.N.E_.aso%;“”n ”
. ustrial applications of ethylene and pro Fi ol stesiy . :wc.w wuo.: ;
) Peroxide offect pene. M Addition of carbene to alkene (M.D.U. _
§ (a) Convert h i ) (ii) Dchologenation of dihalides !
'ort the followi 14. (n) Give the cyclohaloni § .
¢ lowing f el 809 alonium mechanism of addition of bromine to ctheno
1) ?d_x_:a into mu.dv:nl—lg mple ¢ equations,
(i) Ethenc int () CH,—CH=CH,+Cl, ~IEE_
o .. 007
mothnanal (ii) 1, 4-Dibromobutane + Zn —— .S
) lain th i i
— (c) Expl e alternation cffect with referenco to melting point of n-alkanes. W
. - T L
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Arenes & Aromaticity
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Introduction :

In the carlier times, the term aromatic was used for those compounds obtained from
natural sources which had a characteristic smell. (Greek aroma = fragrant smell). The
properties of these compounds were quite different from those of aliphatic compounds; instead
they were found to closely resemble those of benzene. Later, a large number of compounds
were identified which did not possess any characteristic odour but their properties resembled
to these of benzene. Thus, the term aromatic is now applicd to those compounds which
resemble benzene in their chemical properties.

The characteristic propertics of aromatic compounds which distinguish them from
aliphatic compounds are termed as aromatic properties; like, aromatic compounds undergo
substitution rather than addition reactions which are characteristic of unsaturated aliphatic
compounds. Also, aromatic compounds arc resistant to the action of oxidising agents and are
thermally stable.

e Classification : Aromatic compounds are broadly classified into two Bgnoln.m."

(a) Benzenoid aromatics

(b) Non-benzenoid aromatics .

(2) Benzenoid aromatics : Those aromatic compounds which contain at least
one benzene ring. For example, naphthalene, anthracene, anilines phenol nre
all benzenoid aromatics.

NH, OH
@ GO0 © ©
Naophthalene Anthracene Aniline Phenol

(b) Non-Benzenoid aromatics: Those compounds which do not contain n benzene
ring but still exhibit aromatic wnrwSccn. For example, pyrrole, furan, thiophene
cyclopropenyl cation, cyclopentadienyl anion are nll non-benzenoid aromatics, |

H

¢ Q@ ¥ A
4 Thioph
H Furan iophene nwn_.__._mo_a:w_ Cyclopentndieny]
Pyrrole cation onion
(61)

o
e

—
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e  Arcnes: In general, all aromatic hydrocarbons are known os arencs. The paren, |
aromatic hydrocarbon is benzene. Arenes include all the alkyl, alkenyl or alkyny)
substituted benzene compounds. The term also mnn—_..anm condensed aromatje
hydrocarbons containing two, three or more benzene rings linked together, like,

naphthalene, anthrace, biphenyl etc.
m.._ %u muomu MVU: -
8
Toluene CH, Ethyl benzene tyrene

xid (Vinyl benzene)
p-Xylene

Nomenclature of Benzene Derivatives :

The word root for nomenclature of all benzene derivatives is benzene.
(n) Nomenclature of monosubstituted Benzenes i
(i) The mono substituted benzenes are named by prefixing the name of the
substituent before the word root. For example,

" § &3

Methyl benzene  Ethyl benzene Chloro benzene  Nitro benzene
(i) In some case the name of the substituent is written after the word root. For

Ty o it Y B.»ﬂﬂ.-ﬂf;.? n "3 ety e, B ' ) ‘ . firtin
OH e Mmuo
.,wnn.uo_._aum__.w_gm_m_mwm, ' ...u..ugm__ug.ommn.wosmcﬂ_
; s et o8 chloride ,
(iii) Many monosubstituted derivatives.are known by their special names. For
example,
.Ju.. NS, o
Y g m»omu:. | m mu ..
F ! Tolucne' | Cumene Thenol v ,>..===a, .
m = Ommu %&m- Mﬁu HO
Styrene . Phenctale _ ,>=_-a: we...u.._.__%v.n_a i N

LA i)
il
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(b) Nomenclature of monosubstituted benzene derivatives
E

i i known
Three isomeric forms are possible for &m__vm::.:hn benzenes ,ﬂr..__.”.ﬁ_”._.o.” ition of
as ortho (1, 2); meta (1, 3); para (1, 4) depending upon the relal
. & i for
ﬂmp“cw—”w_"pﬂﬂ_m use of ortho, meta and para is mxn_cﬂa.m_mv.own”ﬁwmmun
disubstituted benzenes and cannot be used for cyclohexan

mvaSEu.
un M x
_.ww _ u _ u
HWH» @
™y ,,u
ortho (0~) meta (m-) E:M -
(1,2) (1,3) a4 ,

ing, the prefix
ii imilar substituents are attached to the c.nnunnn. ring, the
o Me.w__m”u:”% MMME the name of the substituent and their relative positions are

specified either by numbering or by the symbols 0, — m-orp—,
For exmaple,

m.mu Omu Gmu
mowo; o @
CH;

1-2-Dimethylbenzene 1-3-Dimethylbenzene

CH,
{or o-Xylene) {or m=-xylene) 1,4-dimethyl
benzene |
(or p—Xylene)
NO. 1
. W * ,w. Cl
ot v ichloro benzene .
1,3-Dinitro benzene 1,2-Dich ”__..a nzen
Sldmnm%“ benzene o-Dichloro benzene

(iii) When the two substituents attached to benzene ring are different, then the

names of the substituents are arranged alphabetically and the numbering is

done in such a manner that the substituent which comes first in alphabetical
order gets the lowest number,

For example,

0,
2
r
1-Bromo—3- chloro benzene  1-Chloro-2-nitro benzene
[

or
lagwn—_ﬂggn o=chloro nitro benzene

AXMI Text Book Serics [B.Sc.~1 (Semester-11))

(iv) Ifone of the groups imparts a special name to the com

pound, then the name of
the other group is prefixed to the special nnme.
For example,
CH,4 H COOH
1 ! 1 Cl
2 2 2
3 3
[ NO,
Ci L
4-Chloro toluene  3-Nitrophenol  2-Chlorobenzoic ncid
or

or or
p~chlorotoluene  m-Nitrophenol  o~Chlorobenzoic acid

(c) Nomenclature of tri-and higher poly-substituted benzene derivatives :

() The position of the substitucnts is indicated by membering which is done as
per the lowest set of locants rule, For example,

CH,

zo~ Wﬁ_
1 _Cl 1 r
AL, 2 2
5 a 3 k]
H,” Y “cH, _. m«

1, 3, 5~ Tri methy] benzene 2-Chloro—4-iodo 1,2, 4-Tribromobenzene
(or Mesitylene) nitro benzene &mot
1, 8, 5-tribromobenzene

(i) I onc of the substituents imparts a specinl name to the compound, then the
numbering of the ring starts from that carbon,

For example,
H ‘ OH H,
1 A . Br P! . NO,
7 3 NT? BN
NO, ct NO,
4-Nitrophenol

2-Bromo—4—Chlorophenol

2, 4-Dinitrotoluene
or
p-Nitrophenol

(iii) When different functional groups are attached to the benzene ring, then the
numbering with the principal functional group.

For example,
CHO 00H
! _OH 1
2 2
e
o-hydroxy benzaldehyde 3-Chloro benzoie ncid
(also known as or
salicylnldchyde) m~Chloro benzoic acid

- e

J
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041 H,
e L _NOy
4
2-Bromo-4-hydroxy )
benzene sulphonie .Mz 4-Chloro-2-nitro aniline

- Aromatic Nucleus, the Side Chaln and the Aryl Group

.

Aromatic Nuclous : The aromatic nucle: i i
Mﬂn«%ﬂ”ﬂga by .a“ us refors to the aromatic ring of six carbon
Side w3 Any alkyl group or ¥ other substituent wi

liaked to the aromatic nucleus is w”...rﬂ.. as side ovpm”.o_.. R o e

sl Shadn on Side chain

Side — €— with at least

(simple alkyl) : = one C-atom
Nucleus — ¢——— Nuclous

%ia?-?aggzrorzo CHO, - COOH, - N
, = c = - . Trel N Q«
W&Z& “M.Mor& to benzens ring do not constitute a side Qazm.r Vﬂ« s
olnusnn n which the functional Rroup is dircetly attached to the benzene ring
are 1!":..9. naﬂ.ﬁza and the compounds in which the functional grou
i% prosent in a side chain are called side chain derivatives. e

E

znwr._ﬂavgnosn gwm.a\o Benzyl chloride  Benzene amine
— — —
Nuclear Derivatives Side Chain Derivatives

——

Aromaticity

Certain characteristic properties distinguish benzene and some other compounds
from aliphatic compounds. Such characteristic propertics define aromaticity or
aromatic character. These are listed as follows :

(a) Even though their molecular formulace suggest a high degree of unsaturation,
yet they resist addition reactions characteristic of aliphatic unsaturated
compounds, Instead aromaticcompounds undergo electrophilic substitution
reactions.
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(b) They are unsunlly stable compounds as evident from their low heats of
combustion and hydrogenntion.
(¢} They are eyclie compounds containing five, six or seven membered rings,
(d) The rings present in their molecules are generally flat or so.
Initially, aromaticity was thought to be only associated with those compounds which
contain a benzene ring in their structure (called benzenoids). Later on many
hetero cyclic compounds ang many other cyclic compounds which do not contain
only benzene ring are nlso noﬁum to be aromatic (called non-benzenoids).
Huckel's Rule
Eric Huckel gave the most satisfactory explanation of aromaticity. This is known as
the (4n + 2) g rule,
According to this rule, for a compound to be aromatic, it must fulfil the following
requirements :
(a) It must have a planar ring structure.
(b) It must have a cyclic delocalised = electron clouds above and below the plane
of the entire ring.
(c) The n-clectron cloud must contain a total of (41 + 2) n electrons where i = 0,1,
2,3 ... ctc.)
Thus, as discussed above for a compound tc *  .romatic, it is not necessary for it to
contain a benzene ring. The essentinl requirement for aromaticity is the presence of
a flat ring (benzenoid or not) and a eyclic delocalised n electron clouds lying above
and below the plane of the ring with a total of (4n + 2) = clectrons.

Some examples of aromatie systems :
(@) Mono cyclic systems

=

O=0 @mﬂm& @m@._w_m@_ D=o
H

Benzene - Furan ..h..Ea:_:..:u | Pyridine

Pyrrole
All the above aromatic compounds contain a total of Gx clectrons. The heterocyclic
compounds are examples of non-benzenoid aromatics. In case of pyrrole, furan and
thiophene, the heteroatom donates twa n_...n.._.a_._u.ﬂo the n-clectron could while in
pyridine the heteroatom, i.c., N-atom donates as single clectron to the r-cloud,

() Polyeyelic Systems : Though the Huckel's rule was essentially developed for

monocyclic systems, the rule is also applicable to some polyeyelic systoms, For

00-€0  OC0-0ep

Naphthalene (10 n clectrons)

(c) Aromatic Ions : There are certain jons which possess stnbilities ...::«:npm_.mm:.n of

aromatic compounds.
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A fow of them nre discussed below : T

() Cyclo _.,:.S..n:w.._ cation : It satisfies Huckel's rule ns it hng wa...._aaae
(4n + 2) r withn'=0,
Cyclopropenyl

H
@,
==\
CANANSS
cation

It is to be noted that cyclopropene which nlso contains 25 clectrons, s py
aromatic since the 2x-clectrons are not delocalised over all the three C-nloms,

Cyclopropene

(ii) Cyclobutadienyl dication ; Thoy are nlso non-benzenoid aromatic
compounds. They are represented ns follows :

- [@
40 - o

Phenanthrene
14 x clectrons

Gii) Gw.n_ovem:..&n:.u._ anion : Cyclopentadieny] cation contnins 6x electrons and
is aromatic. The ion is formed by the reaction of 1, 3 — cyclopentadiene with
sodium metal.

3w 23 Q)

i h i s

Cyclopentadiene Cyel .
(Non aromatic) yelopentadienyl nnion (aromatic)

{tv) Cycloheptatriemyl cation (or Tropylium ion) : Tropylium ion has

Gr-electrons delocalised ov
carbon enrrying positive ch

or seven C-ntomg and is shown bolow. Here the

arge does ot contribute nn

v eloctron to the r-clod

n
G

-©

Cycloheptatrieny] cation or Trapylium fon

i i

e e




om mrimuatiey
fo) Cyvie nenstetrsemy! abos : ) o AMNULENES :Annvlenes are completely eonjugated meneeyclie comprunds
e s sromsatic with 10 s-dlectrons Sdn&iﬁﬁgngg&gﬁgma:ﬁq%_ﬁ.g%gr
M {CH = CH})

gsgiss&isihﬁqu%ﬁi&sgi‘s

.gg.waﬂ%‘giaw?witﬁt_gu;g!;
5 Fiuareses susons - Toe Susrsae aiam ..o Moelerirons 2nd fs aromatic O ) D O

Cydlobatadiene  Cyclooclatetraene

A
f&—l\ 6] Annulene 4] Anmulene 18] Annulene
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(i) Aromatic Systems : The cyclic systems whose r-electron energy is legg
than that of the corresponding open chain systems, are said to h _
aromatic. The presence of delocalised = electron cloud leads to the stabilisation
of aromatic compounds. For example, .

H
=~
— —.—

1,2, 5-Hexatriene
Acyclic
6n—clectrons

Benzene cyclic
Cyclic Ga clectron cloud
Tins grenter delocalisation

energy or lesser n—cleclron energy
- Aromatic

_H .
3 = @

/luAm

P’entadienyl anion Cyclopentadienyl anion
Gz-electrons cyelic 6r—-electron cloud
hos lesser n—clectron energy.
| LAXMI Text Book Series [B.Sc.~I (Semester—ID] : T s
A number of large ring annulenes have also been synthesised. For exampie,

e
CH,
\ =21t 3 A

Allyl cation Cyclopropenyl cation
|18) Annulene 2z—clectrons cyclic 2r=clectron cloud
has leser-r—clectron cnergy.
- Aromatic

1101 Annulene  [12] Annulene.

(ii) Anti-Aromatic Systems : The cyclic systems whose z-cleciron encrgy
is greater than that of the corresponding open chain systems, are
snid to be anti-aromatic. In other words, the formation of delocalised cyclic

n-clectron cloud leads to the destabilisation of nnit-nromatic compounds. For

example,
— H
)61 =2m .I||
—H —_—
H
1, 3-Butadicne Cyclo butadiene
4z~elecirons cyclic 4x clectron cloud

has lesser delocalisntion cnergy
or greater'x-clectron encrgy
" “ Anti-Aromatic
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Pentadi H
4nclectrans Cyelopentadieny] eation
eyche d2—clectron cloud
bas greater x—electron energy.
8 Asti-danmaiie
P
—
n/nzu 3
Adlyl anmign
E- g
gh?}:”n.-rl
Bas preater —electron emergy
) Now-Aromat; < Anti-Arsmatic
Systems:The eyclic syste
Parable (o that of the lreﬂ.a.lﬂﬁag.n

‘B
= Crtisecistotraene
Lis Er—eiectrees, Xem-AROMATIC
-4 O s rpemy lllnl.“-_-_ . &-ir-iruul nr_ )
T i

Crtishrptatricsy] amion
-n.gun@z:bgfd
illlﬂlrguo.r.-l-_m-ﬁru

ln%[i.‘l}ni

Aromatic Electrophilic Substitution

e Electrophilic Substitution rcactions are charncteristic renctions of
aromatic substrates.
Renson : The presence of a cyclic delocalised x-clectron cloud nbove and below the
plane of the ring, attracts clectrophilic (clectron deficient) reagents. Further, due
to delocalisation or resonance stabilisation, they undergo substitution rather thon
addition.

e Some important clectrophilic substitution reactions are shown in the
chart below :

!
. FeCIYAIC]
g [ Chiormton muu
o TS MALOQENATION | Chlorobenzene
Cone. 11,50, .
Benzene
sulphenic acid ey Pl @
R 1 Drumination
T @ Dromo benzene
ALKYLATION DBENZENE 1
R-Cl, Anhy.
Alkyl benzenc AT, _-.:—Q. @

lodebenzene

COR
i CYLATION
Al i
Ty |
Acyl benzene

Hg-0-C-CHy NO,

@ MERICURATION
—
A0COCH ),

Aceloxy mercuri
benzene

NITRATION
e
conc 1INO,

eone. 11,80,

Nitrobenzene
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Gormeral mechanisar of aromatic electrophilic sshetitution T .

L J
Sorp I - Canerstion of clectreghile
3 ne. & -0
E—Z— B+ I-
Seep 2 - Astack of elecirophile on the benzece ring leading to the formation
of 2 resonanee stabilised earbocation.
N fE E HE B E H E
S
Sr=[- g - &
&
. Carbocation or wheland
intermediate or Arenium ien

The formation of carbecation constitutes the rate-determining step of the mechanism.
The resonance stabilised carbeeation so formed is also termed as the arenium jon

wqg.nwgg.ww"owng?::hngémn
i nature as it has 4z electrons which are delocalised over five sp™-hybridised

n.\RaB 38.0&85 carrying the electrophile becomes sp? hybridised and no longer
participates in the formation of z-electron cloud.
Step 3 : Removal of a proton by the base from the earbocation to form the

substitution product :

H. _E
N.m\‘.- @ T % + Z—H

Product

In this step, the aromnticity of the benezene ring is restored,

() Evidences in favour of mechanism :
From the isolopic tracer technique studies, it ig found that the rate of

substitution in the substrates labelled i
substrates containing ordinary _c:__sna”_eww il i ¥ ok ohahe

CH, g €11
CD, et C.1)

Sabatitiiion

Both occur at the Bname rate

protium, This ean happon only If the earb

in the rate determining atep na EEE_MM__ ____“.____.“.%eha.wﬂmcﬂﬁo in not fnvolved

dentorium bond in broken more slowly than n enrbon nism. As n enrbon.

nbsenco of isotopo efuct in aromntjc substitution can o “Protium bond, the

rato dotormining stop of the ronction doos not involve ==%=”“=& only if the
nvage of C—H

bond.

—
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(ii) The absence of isotope effect also rules out the possibility of a single step

concerted mechanism. Since then the C—H bond cleavage would have been a
g step and then isotopic effect would have

part of the single rate determinin
been observed.
+5 4
_ m_,. \m ) E
Q- r—{ 0|0
Transition Product

state

Single step concerted mechanism world exhibit a large isotopic cffect
But this is not found to be so in actual practice, as aromatic electrophilic
substitution occurs by a stepwise mechanism in which the formation of

carbocation is the rate determining step.



(T8 for formation of ocomplex has kigher E_, than the T'S. for m-complex)
. M—g of some common aromaticelectrophilic substitutionreactions.
WMW%MMNM mﬂg or chlorine reacts with benzene at low temperature

. presence of strong Lewis acids s =
aluminivm halides, t; form go&anﬂusﬁvmnwnunnmw.: o us ferric balides or

(o}
© % #% © o
Benzene Chlorobenzene
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Reactivn with fluorine occurs vigorously and is difficult to handle oo

¥ bile

reaction with iodine (I,) does not proceed, as the Ecm_mwlc,a is cu\am*@rm.w

and the reverse reaction proceeds much faster than uqc-.:w»_n substitution
Mechanism : The lewis acid catalyst forms a complex with halogen moleryly
by virtue of which one halogen atom becomes strongly positively polarised This
positively polarised halogen atom then attacks the ainﬂxﬂ cloud of benzens ring
to form a resonance stabilised carbocation, which then eliminates a proton 1o form
{he substitution product. This is shown as below :
Step 1 : Generation of Electrophile

B & o 0O
Cl—Cl + FeCly = C|—Cl——FeCl; —> Cl + FeCl,

Chloronium
ion

Step 2 : Formation of Carbocation

E

Resonance stabilised earbocation Resonance

) hybrid
Step 3 : Elimination of a proton from the earbocation to form the substitution
product
—H ¢l Cl
=)
FeCl, + @ LN + FeCly + HCI
Chlorobenzene

Halogenation may nlso be brought about with
of strong protonic acids or by the use of interhal
mechanisms are shown below ;

hypohalous acid in the presence
logen compounds. The respective




2. Nitration 1 Nitratlon s earrod out by hesting benzene with a E?E_.ev&.
cancontrated nitrie neld and concentratod sulphuric neld (nitrating mixture),

NO,
@ + eome, HNO, ~melifio, @ + 1,0
Benzona Nitrobenzene

Mechonism s
Btep 1. : Generation of electrophile

H
O;N—{)—H + conc. H,80, —> ouz.hwal H + H80Y

I

H,0 + No,

Nitronium ion
Step 2. : Formation of earboecation

H NO; H NO, H No, NO,
0=/ (5 oS o | &
e

Resonance stabilised carbocation

Resonanee
hybrid
Step 3.: Elimination of a proton to form the substitution product
o\tm NO, NO,
HSO, + @ —_— @ + H,S0,
: Nitrobenzene

~
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3. Bulphonation : Bulphonation is earried out by treating benzene 19.
concentrated sulphuric acid or oleum (H,80, + 80,).

80;H
@ *3:9&»@91%*. H0

Benizens Benzene
sulphonic acid

Mechanism :
Step 1: Generation of electrophile

]
2H,80, == 50, + H,8 + HSO,
Electrophile
Step 2 : Formation of carbocation

vabl.mﬁlmﬁ. A

Resonance stabilised carbocation.  Resonance
hybrid
Step 3 : Elimination of a proton to form the substitution product

—H_So, $o,

HSO; + @ —_— @ + H,50,

Sulphonate
ion

Step 4 : Reaction between sulphonate ion and hydronium ion to form sulphonic ncid

<]
S0, SO;H

@ +mum|lvm0u+m»o

Benzene
sulphonic acid
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6. Friedel Crafts Acylation : The reaction is similar to that of nlkylation, excep;
that acid chloride is used in place of alkyl halide. The reaction gives aromal;,
ketones as product.

(o]
Il
A__w —R
© + R—C—(y -2obydCh, + HC!
Benzene Add chloride Aromatic ketone
For example,
(0]
I
m_u —CH;
@ + CHy—C—(y Ambrac, + HOl
Benzene Acetyl chloride Acetophenone.
Mechanism :
Step 1. : Gencration bf clectrophile
“.w (0]
R—C—cl + AlCly —— wlﬁ_\_a + >m~or
Acylium jon

(or ncyl cation)
Step 2.: Formation of enrbocation

P HE-R HC_R g ¢_p

@\ynlm =y R — «——0

Step 3. : Elimination of & proton to form the substituti
n__v 0
Act
.+ ll..v@‘.tna..rmﬁ

Aromntic
ketone

Energy Profile
Diagram for Aromatic Electrophilic Substitution

Energy ——>

Progress of reaction ——>

The energy changes as expected from the mechanism discussed before are shown

above : '

(i) Since the formation of the carbocation (also known as the arenium ion) is the
rate determining step, hence the first step is shown to have a high energy
transition state (T.S.1.) with a high energy of activation (Eq,). This step is
highly endothermic and takes place at a slow rate. This is obvious as the
benzene ring loses its aromaticity as the clectrophilic begins to attach itsclf to
the ring. In T.S.1., the bond between the ring carbon and clectrophilic is only
partially formed.

i) The second step leading to the substitution product from the arenium ion is a
fast step with a T.S.11 with a smaller encrgy of activation Eda,. Note that in T.S.
11, the bond hetween the ring carbon and hydrogen is only partially broken.

Role of 6 x Complexes in Aromatic Electrophilic Substitution : As discussed

In the mechanism before, the electrophile attacks the benzene ring to form a

Fesonance stabilised carbocation, which is also known as the arcenium ion or




whelond Intormedinte or nlso known ns the a-complox. The namo in dorived g
tho fict that the eloctrophilic is nctunlly bonded to tho ring enrbon by mopp,
of n o-bond, The lonic character of this a-complex fu ovidonced by tho fact thy
benzene when treated with HCI in the presence of anhydrous ALCI, forms n colourgg

complex whoso solution {s conducting, thus reflecting its jonic character, Thiy “

a-complex then oliminates n proton to form n substitution product. The formation of E
| Organic Chemistry | 79

n substitution product Is proved as when DCI is used in placo of HOI, the benzeng
um, ,
hydrogens aro successively ropinced by dentorium |~ In most of the renctions, formation of o-complex fn rote determining. However
in some aromntic substitutions, even the formntion of r-complex could be ::...“

(D
: m a_nwﬂ.”.ﬁ*_”ﬂ ..SE Tespective eneriy profile dingroma for both the situations are
Q + HCl (or DCI) + AICl; —> cly - .

Arenium ion
or
g~complex
(eoloured & conducts eloctricity)
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|
|

!

But this o complex is not formed directly. Before the bond formation between the
electrophile ond the ring carbon atom, the clectrophile forms a Joose association
with the r electron cloud of the benzene ring. This is known as the n.complex. Note
that in n-complex, there Is no actual bond formation, but the clectrophic is O B

merely held elose to the r-electron cloud of the aromatic ring. This n-complex o m +H

then changes into a n-complex,
Progress of reaction

Energy —>

(a) Energy profile diagram of electrophilic aromalic substitution in

E HF
@ v B — Q» £° —s @ which formation of x complex is rate-determining.
{Flectroghile) n-complex (T.8. for formation of n-complex has higher E_, than the T.S, for o-complex)

The pononic character of ncomplex is evidenced by the fact the benzene when
treated with HC! in absence of AIC,, forms 1 : 1 complex whose solution s colourless
and non-conducting in nature,

Bimilarly, the elimivation of a proton from the n-complex also takes place via
a s-compiex. In the latter rcomplex, the departing proton is held lovsely to the

o-complex

Encrgy ——

welocdron choud of the ring. This z-complex then loses the
(he o) sulestitstion product, proton completely to form /- @an )
+E LT
Er H O G... H
@ — - + H® Progress of reaction
s-shmwger seympler Bubstitsstion product (b) Energy profile diagram of electrophilic aromaltic -:wa:::.o:
in which formation of o-complex is rale determining.
©) « nat — (Grno
r~vompher (solourless & non conducting )



QUESTIONS FOR PRACTICE

Give npproprinte nnmes to the following compounds : (K.U.K. 2013)

¢ )~ cocn, @ O-cmbr iy ¢ )~ cuer—cn,
O:H a
NO, (v valzo
2

(iv) H,C IA vl OH v} Hyc
icity nnd non-aromaticity.

O,N
Which of the following exhibit aromat .
(ii) Ou.n_ou..._..nn&n:u.n anion

(i) Cyclooctatetracne
(iii} Tropylium ion
(Hint : (i) Non-aromatic, (ii) and (iii) are nromatic in nature,)

4

NS
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State Huckel's rulo and illustrate it with the help of heterocyclic compounds and aromatj, 3
ions, (K.U.K. 2012) (M.D.U, 2007 i
Discuss mechanism of clectrophilic substitution in the benzene ring with reference to the
following reaction, giving the energy profile diagrams (KUK 2013)
(i) Halogenation (ii) Nitration

(iii) Sulphonntion (iv) Friedel Crafts Renctions

(n) Synthesise m-nitrobenzoic ncid from benzene

(b) Give one method of formation of Toluene cyclohexane from benzene (K.U.K. 2005)
Though benzene is unsaturated hydrocarbon yet it fails to give Baeyer's test, explain,

(M.D.U. 2012) (K.U.K. 2007)

(a) Cycloheptatrienly cation is more stable than cycloheptatriene, (KUK 2009)

(b) 8 contain 10r-electrons, yet it is non-nromatic and gives typical addition

reactions of alkenes, (K.U.K. 209)
Assign appropriate rensons for the following : (K.UK 2012)
(i) Methyl group, without having lone pair of electrons, is ortho and para directing in

nature.
i) Halogens are ortho and para directing though they are deactivating in nature.
i) Nitration of toluene takes place more easily as compared to benzene or toluene,
(M.D.U. 2012)
(iv) In the case of ortho and para disubstitution, the para isomer generally dominates,
(v) Alkoxy group ncts as activating and ortho and para directing even though oxygen is
more clectronegative than carbon.
(vi) Amino group in aniline is ortho-para directing but aniline hydrogen chloride is meta
directing. '
(vii) Nitration of benzene takes plnce more rendily than that of nitrobenzene.
(M.D.U. 2012, KU.K. 2012)
(viii) o, p-directing effect of — CH, in toluenc during electrophilic subsatitution.
: (K.U.K. 2013)
.. Discuss the mechanism of nitration of benzene and mention rate determining step of the
reaction. (KUK 2012)
0. (n) Arrange the following compounds in order of increasing tendency to undergo
7 electrophilic aromatic substitution ;
(i) Nitrobenzene, (ii) Benzene, (iii) Phenol and (iv) Toluene
(b) Pick out the substituents which are (i) Ring activating, (ii) Ring denctivating — Br,
i —NH,,— CH,,— NO,. (K.U.K 2006) -
Outline the synthesis of the following compounds starting from benzene : )
'(a) p-Nitrotoluene ' (b) 1,3,6-trinitrobenzenc
. (c) 3, 5-Dinitrobenzoic ncid (d) m-Bromobenzoic acid
. (e) p-Bromonitrobenzene () p-Chloronitrobenzeno
.. Convert benzene into toluene, (KU.K. 2013)
8. Write the mechanism of Friedel-Craft alkylation of benzene and discuss its Jimitations,
& (M.D.U. 2007, K.U.K. 2009)

—
.

(i
s

e85 A

5,5

e

4. (a) Give the mechanism of Fridel-Craft ncylation.

: (M.D.U.-2005 April, K.U.K. 2008, 2007)

(b) Why does side chain halogenation in alkyl benzene take place preferentially at
position alpha to the ring.

e

RCR SR




Dienes m.m__Q_._.nu
(aomnes )

Dienes arc unsnturated hydrocarbons containing two carbon-carbon double bonds per
molecule. They are also referred to as alkadienes.

They have the general formula C, H,, ,and are isomeric with alkynes. But their properties
are entirely different from one another.

Introduction

Classlfication of Dlenes

Depending upon the relative positions of the two carbon-carbon double bonds, they are
classified as follows :
(@) Isolated Dienes: The dicnes in which the double bonds are scparated by more than
one single bonds are isolated dienes. They are also called as non-conjugated dienes,
For example, '
1 2 3 4 5 3
CH;=CH— 2— CH,— CH=CH,
1, 5~-Hexadiene
1 2 3 4 5 [ 7 B
CH;=CH—CH;~CH,—CH,—CH,—CH = CH,
1, 7-Octadienc

(b) Cummulated Dienes : The dienes containing double bonds between successive
carbon atoms are cummulated dienes. They are also referred to as allenes or

cummulenes.
For example,
1 2 3 4 3 2 1
Qmﬂﬂﬂﬂnmu Qmulnmuﬂﬂnmn
1, 2-Propadiene 1, 2-Butadiene
{or Allene) _{or Methylallene)

(103)

—q
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(¢) Conjugnted Diencs: Dicnes contnining nlternate system of single __3-

are conjungted dienes.
For example,

&M, = 6l — CH = CH — &,
1, 3-Pentadiene

1 2 3 Il
O—.mu =CH—CH= O—.—u
1, 3-Butadicne

Nomenclature

The simplest cummulated diene is allene, CH, = C = CH,, All other cummulg|eq
dienes are termed as alkyl derivatives of allene.
For example,

CHy—CH=C=CH, Methyl allenc

1,1 - Dimethy] allene

I 2 13
Omu —C=C= Omn

CHy— CH =& = CH— CH,CH, 1~ Ethyl - 3— methyl allene

According to TUPAC Nomenclature, all types of dienes aro named as nlkadiencs,
The longest earbon chain containing the two double bonds is sclected ns tho parent
chnin and is then suitably numbered so that the position of the double bonds gots
the lowest possible number. The position of the double bonds and substitucnts of any
are in dictated before the name of the diene.

For example,
a4 1,3 = Butadieno
—CH= Omu
H, 2 - Methyl - 1, 3 - butadiene
1 Mu I
Cll;=C—CH=CH,
1 5 3 A 1, 2—-Butadiene
CH,=C=CH—CH,
n_“.mu 5-Ethyl-2-methyl - 1,3~ heptadione

1

. m - mm| mmn.l mm = m_..m — mm — m:u 2, 7- Dimethyl - 2, 5 — octadicne

| |
CH, CH,

Relative Stabilities of Dlenes
The conjugated dienes are found to be more stable than the uo:.no&nn.._oﬁ-
dienes. This is clear from the comparison of their heats of hydrogenation. For a dicne,
its heat of hydrogenation is expected to be the sum of the hents of hydrogenation of the

N
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comgound. For th:h._&.h._.us. the heat of hydrogonation, gronter is the stability of tho

to bo less than the expected .M.__-.. the observed valuo of hent of hydrogenation is found

which are isomeric dienes. ue. For example, consider 1, 3 - and 1, 4 — pentadicnes,

G CHACl, G, CH~CH, - CH = CH,
- e
(A conjugated dieno) 1, 4 = Pentadicne

™ odh (A non-conjugated dicne)
e observ "
KJ/mole which “%ﬁ“_ﬂﬂuancoﬂ of 1,4 - Pentadieno, o non-conjugnted dieno is 254.4

hi ation of 1, icnei

_.Nnaﬁ nn_o” H_S.uuvnag.uuo. a conjugated dicne is found to be 16.7 KJ/mole less than
Since, a conjugnted diene evolves lesser
_—mco... is more stable than the non-conju
dienes is attributed to resonance,

energy; this means it contains lesser encrgy and
njugated dicnes. The greater stability of conjugated
which is explained in detail in the next article.

Struclure of 1, 3 - Butadiene
The extra stability of co

Consider 1,3 - Butadiene,
structures :

njugated dienes ean be explained in terms of their structure.
» which exists as a resonance hybrid of the following contributing

e
CH, = CH— CH = CH; <—> CH, — CH = CH — OH, <—> OH, — CH = CH— CH,

(A) (B) (©)
Out of En above three structures, structure (A) is the most stable as it does not involve
Rv-...-.cou of mrn..ﬂﬂ and makes the most important contribution to the resonance hybrid.
Butadicne exists as a resonance hybrid of the above structures,
®»  Orbital Picture:
All the four c-atoms of butadienc are sp™-hybridiscd. Each c-atom uses its three sp-
hybrid orbitals in the formation of three sigma g-bonds. Now cach C-atom is left
with an unhybridised p-orbitals for the formation of pi z-bonds, These p-orbitals
may undergo sideways overlapping os shown in the figure below :

998 § 988

CH,— CH — Cll — i, WE —CH—CH—CH,

KEE @ﬂd@ @

ernmlnmlnm»

6 86

(a) (c)
= ¢ EFD
CH, — CH — CH—CH; CH,— Cli— CH-- CH,
A_A _B_L S

(d) (e)

Fig (a) shows the four unhybridised p-orbitals. Fig. (b) shows the overlg
u\h.nwEMuh of C-1 with C-2 & C-3 with that of C-4. Fig. (c) shows the overlap aw
‘ p-orbitals of C-2 with C-3 Fig. (d) shows that C-1 overlaps

with C-2, C-2 with C-3, C-3 with C-4,

expected value of 251.1 KJ/mole, But the obscrved heat of
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Or in other words, it may be sald that the = molecular orbitals is spread over 4| ™
four c-ntoms, Such n molecular orbital which is spread over the nuclei of more 1,
two ntoms is known ns dolocalised molecular orbital and the electrons prey,.,,
in them nre termed as delocalised electrons and the phenomenon is referred "

ns delocalisation. » ) .
Thus, delocalisation is responsible for the extra stability of conjugated dienes Jjy,

1, 3-Butadiene where the delocalised clectrons are attracted by four nuclei and g,
two nuclei. Also, as a result of delocalisation the carbon-carbon bond lengths i, )
3 - Butadienc neither corresponds to a pure C-C single bond length nor 6 a pyy,
C = C double bond Jength, but it lies in between the two.

Methods of Preparation of Dienes

Following arc listed some important methods of preparation of a conjugated diene Jike 1,
3-Butadicene :
1. By dchydration of diols: :
1, 3-Butadicne may be prepared by the acid catalysed dehydration of butane - 1,
3 — diol or butane — 1, 4 — diol as shown below :
OHy — GH — CH — ¥y i 5 CH,=CH—CH=CH,
OH OH 1, 3-Butadiene

Butane-1, 3-diol

nm»lnmnlomulmmu I.m._.wv om»uomlomln_r

Butane=1, 4-diol 1, 3-Butadiene

2, By dehydrohalogenation of dihalogen derivatives Dehydrohalogenation of 1,3~
Dichlorobutane with alocholic KOH gives 1, 3 — Butadiene

CH, - CHCI - CH, - CH,Cl —#<{%!—CH, = CH-CH = CH,
1,3 - Buladiene

1, 3 - Dichlorobutane

3. By catalytic dehydrogenation of alkanes/alkenes : 1,3 - Butadiene may be
prepared by the dehydrogenation of n-butane, 1-Butene or 2-Butene over heated

catalyst.
Cry0y/A10,

Au:u —_— OH.—N — OH*H Iomu

n-Butane
n:nnomlnmulnmu ﬂm-nnmlnmnn?
1-Butene 1, 3-Buta
CHy — CH = CH—CH, 0 ) o B, ke
2-Butene
Nu“lllllL
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4. Dy pyrolysis of cyclonlkenes (Retro Diels-Alder Itenction) 1 Vapours of
eyclohexene when pasged over hented nichrome catalyst (nn alloy of nickel, iron and

chromium) gives 1, 3-Butadiene. The renction is the reverse of Dicla Alder reaction
and is reforred to ns retro Diels Alder renction.

R R iy

CH,
Cyclohexeno 1, 3-Butadiene  Ethylene
5. Dy dimerisntion of ncotyleno t Dimerisation of acetylone in the presenco of )
Nicucoland eatalyst (NH, CI = CuCl) gives Vinylacetylono which upon partinl !

reduction gives 1, 3-Butadione.

oCH g CH -~ PWI=0C . CH, = CH - C 5 CH —2MM0_. CIf, w CH - CH = CH,

Aretylene Vinylacetylene 1,3 = Dutadiene

Chemical Reactions of Dlenes !

« The chemical reactions of non-conjugated dicnes are similar to those of simple alkencs

except that the reagont is consumed in an amount twice to that required for ono doublo
75#

« Rut the properties of conjugated dicnes are modified beeause of the interaction between
the two double bonds.

Some important roactions of dienes are discussed ns follows :

1. Blectrephilic Addition Reactions £

{a) Addition of halogens
» With two moles of halogen, dicnes react to give tetrahalogen derivatives. For

example,
CH, = CH-CH=CH, + 2Br, — BrCH, - CHBr - CHBr - CH,Br
L 3- Butadiene 1.2, 3, 4 - Tetrabromo butane

¢ With one molo of halogen, the addition in case of non-conjugated dicnes
may occur across either of the two double bonds as the two double bonds act
independent of each other. For cxample,
CH,=CH-CH,-CH=CH, + Br, — CH,=CH-CH, - CHBr-CH,Br
1, 4 - Meatadione 4, 5= Dibromo - | - pentene |
But in case of conjugated dienes, two different products are formed. For
example,

Br CH; — CHBr — CH = CH,
- 3, 4-Dibromo-1-Butene

CH; =CH—CH=CH; + Bn (1,2-Addition product)
1, 3-Butadicae Br CH; — CH = CH — CH, Br
1, &-Dibromo-2-Butene
(1,4-Addition product)

—q
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The first product which is the expected 3, _.lgr_d.:mTTv:pann is formeg
result of 1, 2 — nddition across a double bond (i.c. addition on ndjacent ¢ J-s”..
The second product which is unexpected 1, 4 - Dibromo-2-butene is a resul o L
4-addition or conjugate addition (i.e., nddition to terminal c-atoms of a 3...?8”
system).
e Mechnnism of addition
Step 1. : Formation of allylic carbocation
The non-polar bromine molecule gots polarised upon approaching the dign,

the positively polarised Bromine ntom then adds to a doubly bonds o.-_““
form a carbocation

8 ®
o:t.ozlo:.\o_r/..?bu.- 3%, CH,= CH — CH — CH, Br

1, 3-Butadiene . Polarised Allylic earbocation
bromine (Resononce
moleculo stabilised)

& not CH, = CH — CHBr — CH,
1* Carbocation
(less stablo)
Two carbocations are possible ns scen nbove. But it is tho allylic carbocatioa
which is formed as it is more stable than the othor 1° carbocation,

The allylic carbocation so formed s @ resonance hybrid of the following (v
structures :

CH, £CH ) &H — CHBr «—> &H,— CH = CH — CH, Br

n
. B4
CHy == CH =='CH — CH, Br
Resonance hybrid
The resonance hybrid hns its positive chare delocalised ovor carbon nloms o
and CH4.
Step 2 : Attack of Bromide ion ;
The allylic earbacation so formed may be attacked by the bromide ion a...:.u
at C-2 or C4. Attack at C-2 gives the 1, 2-addition product, i.c., u..._.u_,__.__“____
1-butane (the expected product). While attack at C—4 gives the 1,4 - addit?
product, i.c., 1, 4 = Dibromo - 2 butene (the unexpected product).

1.
*CHy == &1 ="CH — &, Br
Allylic carboeation
—G__.c
v v
CH; = CH — CHBr —CH, Br BrCH, — CH = CH — CH,Br
3, 4-dibromo-1-Butene 1, 4-Dibromo~2-butene

1, 2-Addition product 1, 4-nddition product
(Formed by addition (formed by nddition
on ndjacent C-ntoms)

on terminal C-atoms)
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2. Additlon of Free Radicals

Like alkenes, conjugated dicnes also undergo free radicnl nddition renctions but
ot a much faster rate again leading to the formntion of 1, 2-as well as 1, 4-ndditlon
_n_d&an:.

For example,

CH,=CH— CH — G,

Br CCl,

Gl = G — CH= CHy + B0 1, 2-Addition product

1, 3-Butadiene
H_uul CH=CH—CH,

boiy

) 1, 4-Addition product
& Mechanism : The free radical mechanism occurs in the presence of peroxides,

.

Peroxide —2—3 R (Radical)
R+ wﬂ/|\lnn..-|v R—Br + mﬂu

CHy=CH— CH YTH, + &Cls nmnuomlmmlﬂ:u

H CCly -.m.:».u.m H.“mmm = .w.mu
|

. CCl,

CH;—CH=CH— mu.-u Resonance hybrid .

Resonance stabilised
nllyl free radieal

e iy~ CH =11 — O,

Lo
Br
. 1, 2-Addition vancmgu

Cli s cH,—CH=CH—CH,
+Br)(ctt, H: I

g—

CHy=CH = CH —

O

r
1, 4-Addition _.a._cmﬂu

—
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‘As scen from the mechanism, the allyl free radical so formed is a resonance hybrig v
two contributing structures. This resonance hybrid has its odd electron m:_:_ash
between C-2 and C—4. Subsequent attack of the bromine radical on C-2 giveg rise |
to 1, 2-ndduct and attack on C—4 gives rise to the 1, 4 — adduct. The newly fory, i |
¢ CC!, radical reacts further to continue the chain process.

e Thaugh the conjugated dicnes aro more stable than alkenes, yet free radjc,
addition reactions of dienes proceed at o much faster rate as compareq (,
alkencs.

Reason : This s because the allylic free radical so formed in case of conjugated diene
is very stable, hence, the energy of activation, i.e,, E,, for its formation is very Jag;
ns compared to the E,, for the formation of the intermediate frec radical in case of
alkencs. Thus, the allyl free radical is more readily formed and the reaction oceyrg

at a much faster rato in casc of conjugated dienes.

3. Diels-Alder Reactlon : (4 + 2) Cyclo addition Reaction

Dicls Alder Reaction is an important reaction of conjugated diencs. It involves an addition
reaction between a conjugated dicne (n 4n-clectron system) and a compound containing
a double bond called a dienophile (n 2x-electron system) to form a six-membered cyclic
compound.

As the reaction involves the addition of 4x-clectron system to a 2z-clectron sysiem to form
cyclic products, the reaction is also referred to as [4 + 2] cyclo addition reaction.

Atypical exampleis the reaction between 1, 3-Butadiene and ethylene to form cyclohexene,

. - \nmu/
CHZA""2 CH, - HC CH,
o G R M
B oW,
CH;
1, 3- Butadiene Ethylene Cyclohcxene
(20%)
Or simply,
ﬂ i __ ATIK @
N
1, 3- Butndiene Ethylcne Cyclohexene
(Dienc) (Dienophile) (20%)

The reaction occurs slowly and gives poor yield.
e  Mechanism : The reaction occurs by a single step concerted mechanism involving
a cyclic transition state when two new o-bonds are formed at the cost of two = bonds

as shown below :

1, 3- Butadiene  Ethylene Cyclic transition  Cyeclohexene
state



=
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%_nv favour the reaction :

() m._.nwonw.a o..cn.__wn....o:-i.:.n.d—.c_:an.d:u- in the dienophile: For cxample
..r.n ...“_...hn ion bef ﬁn: 1, 3-Butadicene and acrolein (which contnins nn n_nn_...on“
vl %ﬁ.n.ﬂ.wh_ wryl group) sccurs under eomparatively mildor conditions along
wi ive yicld of the ndd »
sthylene and butadienc. uct as compared to the reaction between

cH CHO
y. 2
1 e S OO
I + i e T
HCQ CH HC &u
O:» /Omw\ ’
1, 3-Butadiene Acrolein 1,23
+2, 3, 6-Tetrahydro
(dienophile) benzaldehyde

Another example is that of the reaction be

p Lw . .
anhydride (which contains two carbonyl Eoﬂhmﬁwﬂmﬂvn._ﬂn.gn and maleic
temperature with increased yields of the ndduct KESPiaRg- Ak rpah

0 lElv
" . = Il I o]
N HC C
1, 3-Butadi - ._”_u
, 3-Butadicne Maleic cis-1
it + 2,3, 6-tetrah
anhydride phthalic na__w....:.._«Ma

(b) Presence of electron-releasin
; ) C i g groups in the dicne -
ME _M““aum_”.% _.M.?nr contains two clectrons releasing an_w._ W«w”_aawri o
B3 mas Ry ?.__n.._z.u than 1, 3 - butadiene towards Dicls >anaw- =
L ) ncrolein oceurs al 303 K, as compared to the i s
: utadiene and acrolein which occurs at 373 K. PO hyne

HyC, CH c
/ﬂ\ 2 m._\ HO mun/ \nmu/. \nmo
C ; Mm = ] T
Y 2 C

HC | “CH, Acrolein m.un\ /om \om»

’ 2

2, 3-Dimethyl-1, 3-butadicne 1,2,3, 6-Tetrahyd
L B 3

=4, 6-dimethyl benzaldehyde

B. ALKYNES
_..__B%n:o:

Alkynes are open-chain unsaturated hydrocarbons having the general fi
otain a carbon-carbon triple bond (C = C) in their structure. ormuln €My,

fypes of Alkynes
() Terminal alkynes : Alkynes containing the triple bond ot the end of the carbon

chain are terminal alkynes.
() Internal alkynes : Alkynes containing tho triple bond somewhere in the middlo of

the Ba.von chain are internal or non-terminal alkynes. 1-pentync is an example of
a terminal nlkyne nnd 2-pentyno is an example of an internal alkyne.

HC=C- oz-o:.owr :.n -Cu C-CH,CH,
1 = Pentyne 2 = "enlyne
(Terminal alkyne) (Internal alkyne)
Nomenclature of Alkynes

There are Lwo systems of nomenclature:
(2) Common System :1n this system of nomonclnture, they nro termed as derivatives

of ncetylene. Although some of them have special names as well,

Formula Common Nnmo Trivinl Nnmo
HC=CH Acotylene

CH,-C=CH Methy] acotylene Allylene
CH,CH,-C=CH Ethyl ncotyleno «-Crotonylene
CH,-C=C- CH, Dimothyl neotylene p-Crotonylene
CH,-C=C-CH, CH, Ethy] methyl ncetyleno

_Ea_Snaa..oBe_.aoac:n_s.Ed..
According to this system, the name of the alkyne are derived by replacing the suffix
‘ane’ of the corresponding alkane by 'yne'

Alknno —— Alkyne

The carbon chain is then numbered in such n way that the position of the double
bond gets the lowest possible number. The position of the substituents are indicated
ble and triple bonds are present, both are treated

accordingly. I case both the dou . .
at par in getting the lowest number combinntion, the lowest number is then given
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to the double bond and the namo of the compoun
compounds are termed os alkenynes. Some exampl

4 onds with the word-yne. Such
les ore listed below :

Formula TUPAC Nome
CH =CH Ethyne
CH,-C=CH Propyne
CH,CH,-C=CH But-1-yne
CH,-C=C-CH, But-2-yne
Cll, - CH, CH,- om.nm Pent-1-yne
Pent-2-yne

CH, CH,- C=C-CH,

4 3 2 1
CHy—CH-C=CH

&,

3-Mcthyl but-1-yne

H
&, — CH—CH—Cn CH

._Eu

3, 4 — Dimethyl pent-1-yne

H,

m“m.u .I.unm.—l m = ﬁbul Awmm — mmul m:u
CH, CH,

6-Ethyl-2-methyl hept-3-
yne

Hy
ta=t I_mmlmmulnzlnmmlmm.lmmu

H—.—u O=u
Hy

3-Ethyl -5,6 ~ dimethyl oct
=1-yno

| 3 32 4 L ]
CH= C-CH= Q:‘Q—munm.—u

Hox-3-en-1-yno

[3 5 4 3 2 1
CH= an—.—ulﬁmulnxn CH,

Hex-1-on-5-yne

(nnd not hex-5-one-1-yne)
B

-

Siructuro of Alkynes

Lot us conslder the structure of acetylenc.

Both the C-atoms of ncetylene nre sp-hybridised. Ench C-ptom uses its two hybrid orbitals
intheformation of one C-CobondandoneC-H a-bond. As the overlap of the sp-hybrid orbitals
takes place along the internuclear axis, all the four atoms of ncetyleno licalong n straight linc.
Heace, acetylenc is n lincar moleeulo with H-C - C bond nngle being 180%

mh..nnuﬁunu.ﬁuuu

Fig. 4.1 The skelefon of acetylene molccule showing only o-bonds.

After the formation of o-bonds, each C-atom is now left with two unhybridised p-orbitals
which are mutunlly porpendicular to each other os well as perpendicular to tho sp-hybrid orbitals.
Theushybridised p-orbitals of one C-ntom undergo sidewnys overlnpping with tho p-orbitals of
tbesimilar type of the other C-atom to form two n-bonds in planes at right angle to ench other,
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e, ifthe electron cloud of onc r-bond lies above and bolow the Jine joining tho carbon n

then the electron cloud of the other a-bond Jies in front and ot back of the _”:n‘ .-w_m_ r_ e
clouds of the twe s-bands merge to give rise oo eylindricnl r-electron cloud gymmetrieali
::..:.2.::2....:.5_,...2:1.,.; _.rq_’i_:_rc:n:..c below.

@:5& sqprreeany
: u

(a)
verlapping of the p-orbitals of onc carbon t

orbitals of other carbon
(&) Cylindrically symmelrical p cleetron c

(2]

Fig. 4.2 (a) Sideivays 0 vith similar

loud of acetylence.

ds and hasa bond strength
which in turn is greates

Thusa C = C bond consists of one strong o and two weak « bon
of §25 Kil/mole greater than that of C = C bond strength (682 KJ/mole),

than the C - C single bond strength (368 KJ/mole).
Further, due to the smaller efTective size of the sp-hybrid orbitals nnd the formation of

two =z-bonds by additional sideways overlapping, the carbon-carbon and carbon-hydrogen Lond
Jengths arc shorter as compared to the corresponding bond lengths in cthylene and cthane a5

given below :

Ill\\\\l
Formula Carbon-carbon bond Cnrbon-hydrogen hond
Iengths Fll
Acetylene 1.20A (C=0) 1.06A
H-C=C-H
I
Ethylene 134A(C=0) 1094
H,C=CH,
- |I\\\‘-‘l
Ethanc 154A(C-0) 1104
H,C- CH,
\
H 166pm - 20 H
- 180°

Fig. : Bond angles and bond lengths in acelylene.

Methods of Preparation of Alkynes

The various methods of preparation may be studicd under the following headings
(I) General Methods of Preparation :
(a) By dehydrohalogenation of dihalides:
The dihalides required for the purpose may be geminal, i.c., 1,-1-dihalides o
vicinal, i.e., 1, 2-dihalides,

_—

s ]
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The reaction occurs in Lwo steps. The first stop dehydrohalogenation requires the

uso of nlcoholic potash and results in the formati

. tion of n hnloalkene. The sccond
step dehydrohalogenation requires the use of o stronger base like sodium amide
oand results in the formation of an alkyne.

The general reactions are :

Hlﬂm—klﬂmﬂnlm.LF&IOILO“IH.'WF%IOIOI%. \

—KX.=1130

Nz ~KNi0 \

Vicinal or Holo nlkene Alkyno

1, 2 — dihalide

=y

R-CH,-CX,— R — ¥ -— R-CH=CX -}’ XA  R_CaC-R

Geminnl or
1,1 —dihnlide

For example,

ORLBr ~ OH, Br — 35S0

1, 2 - Dibromocthane

CH,— CHBr, —s¥0

1, 1 - Dibromocthane
(b) By dehalogenation of
with zinc dust, undergo

X X
| )

Holo nlkene Alkyne

CHBr = CH, —patir— CH= CH

Bromocthene _Acctylene
. 3 NaNWa
CH, = CHBr — G CH=CH
Bromocthene Acctylene

tetrahalides:1,1,2,2 - Tetrahalides when Theated
dehalogenation to form alkynes. General reactionis:

R—C—C—R +2Zn—2>R—-C=C—R+ 27n %,

1 ]
X X

1,1,2, 2.Tetrohalide
For cxample,

Br Br
[
H—-C—C—

b Br

© Alkyne

H +2Zn —% 5 HC=CH+2Zn
Aciylene

1,1,2, 2,~Tetrabromo

cthane

(I Special Methods of Preparation of Acetylene:
(a) By controlled oxidation of methane at

high temperature
¥_, oCH = CH + 10H, + 2CO

6CH,+ O,
Methane Acetylene
(b) By action of water on calcium carbide
CaC, + 28,0 —— OH = CH + CalO®h,
Acetylene

Colcium carbide.
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(¢) By dehalogenation of haloform upon heating with silver powder

CH{l; + 6Ag + L1iCH —— CH=CH + 6Ag1

Todoform Acelylene

(I Preparation of higher alkynes from lower alkynes :
Terminal alkynes when treated with sodium amide, are converted into their sodium
salts which upon reaction with an alkyl halide are converted into higher alkynes,
The general reaction may be represented as follows :

R—CeC—H + NaNg, —lei R—C=cYNS + NH,
Terminal alkyne Sod. salt of

alkyne
o\ N

R—CeCNg +p Ly s R—C=C—R' + NaX
Primary Higher al
alkyl halide AR

The alkyl halide chosen js preferably a 1° one, since the f2°or 3° i
leads to undesirable side reactions, g T e e g bl

Physical Properties of Alkynes

1. The first four members are gascs, next eight memb iqui i
ones are solids at room temperature, ¢ s i K S ke

2. All alkynes are colourless and odourless ex, i
cept acetylene which
smell due to .En presence of phosphine angd hydrogen sulphide as impurities
3. Alkynes are insoluble in water and soluble in organic solvents like eithe

4. Boiling points ang melting points showa regularincrease with j

Sn_.nrrw::_._avo. ing points and melting points are hi )
oir her t
E_Sn..un and alkenes, ”b:m is because of the linear stncﬂwnn_rwwwwsﬁﬂﬂomﬂ.
better in the crystal lattice than alkenes and alkynes, _

Chemical Properties of Alkynes

(I Addition of Hydrogen (Reduction)
When heated with hydrogen jn the presenee of nj ; .
alkynes get reduced first to give alkenes and Hmﬂnﬂ.ﬂﬂﬂﬂg o Palladium catalyst,

) “ alkanes,
B-CeC-R RoCH=CH-R e b o CH,- -
2— L, -

Alkyne Alkene Alkang
For example
Hs
CH=CH warnva ~ CH, = CH; lﬂ_u__mﬂl CH,— CH,
Acetylene Ethylene Ethane
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— o Partinl Roduction of Alkynos ; It g possible to stop the reduction at the

nlkene stage by the use of some specinl catalysts like :

(i) Lindlar's Catalyst (which is Palladium supported over CaCO, and partially

poisoned by quinoline or Jeng acclate).
(ii) Nickel Boride Catalyst (nlso known as P-2)
(iii) or with sodium or lithium in liquid ammonin,
o Stercoselective Nnture of Reduction

Partial reduction of alkynes with Lindlar's catalyst or P- 2 results in

the formation of cis-nlkencs mainly as the addition of hydrogen tnke plnce

from the same side of the alkyne (also known ns syn-nddition). While partia]

reduction of alkyne with sodium orlithium in liquid ammonja resullsin

the formation of trans-alkenes ns the addition of hydrogen occurs from opposite

sides of the alkynes (also known as anti-addition). Thus, it follows that partial

reduction of alkynes is sterco-selective in nature,

R—C=C—FR
Alkyne
. |
H;-Pd- CaCO Na-lig. NH,
or P-2 M
R R' R H
>e=c{ Je=cf
H H H™ R’
cis-alkene trans-alkene

® Mechanism of metal-ammonia reduction :
1t proceeds through the following steps :

\ll/.r ¥ 1L dw 5./. .
wl@o’%g Wlmnﬁnlmn\lubﬂrv E\OHOIH

Radical anion Vinyl free
radical
- R . ¢ nL Ry H
(From Na) m\o = 0/5 . ..,.ﬂ_. m\o N nMn
trans-vinylic anion trans-alkene

The mechanism starts with the donation of an cleetron from sodium or
lithiummetal to the triply bonded C~atom to form a radical anion. This radiea]
anion has both n negative charge as well as an unpaired clectron. Abstraction
of a proton from liq. ammonia by the radical nnion results in the formation of
a vinyl free radical. Further donation of an clectron from metal then results in
the formation n trans-vinylic anion (this is more stable as the bulky group are
far apart as compared to the cis-vinylic anion of formed). Protonation of this
trans-vinylic nnion gives n trans-alkeno ns the product,

D) Electrophilic Addition Renctions
Due to _«_.E presence of two r-bonds in their molecules, alkynes like nlkenes also

undergo electrophilic addition reactions, with the rengent being consumed in an

Amount twice per mole of nlkyne.

Alkynes which contain two x-bonds aro expected to bo more renctive than
alkones townrds clectrophilic addition but, In fact, nlkynos areless reactive
than alkenos towards clectrophilic addition.
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Reasons : ]

(i) Asthetriply bonded C-atoms in an alkyne are sp-hybridised as compared toalken,,
where the doubly bonded C—atoms are sp™~hybridised, thercfore, due to greate, &
character and smaller eflfective size of sp-orbitals, the r-clectrons are held tightly
and less casily available for attack by electrophiles as compared to alkenes,

(ii) Further the two s-bonds in an alkyne merge to form a single cylindrieal R-tlectro,
cloud symmetrical about the internuclear axis. There is greater delocalisatiop o
electron in this cylindrical z-electron cloud as compared to the situation wheg
the two z-bonds had not merged together. Thus, due to greater delocalisatip,
of z-electrons, they arc less casily available for attack by clectrophiles, Becays,

of the same reason, alkynes are more stable than alkenes, ,

(Gif) Another reason is the less stability of the intermediate jon formed by the attag i
of the electrophile on the r-electrons in case of alkynes as compared to alkenes |

For example, consider the addition of a proton to an alkene as well as an alkyne. ﬁ

o

—cle— e —s —8=Cc— |

Alkene ~._~ ‘
Vinylic carboeation ,

Iﬂnﬂllul.../mo — |~wlmn._m~|

Alkyme Alkyl carbocation

As a vinylic carbocation formed in case of alkynes, is less stable than the
alkyl nu.qvenn:o: formed in case of alkenes. Therefore, a vinylic carbocation is A,
less casily formed and hence, alkynes are less reactive than alkencs {owards |
electrophilic addition reactions. _,
Somc important clectrophilic reactions of nlkynes are di follows: |
(n) Addition of Halogens (6.8 4 re dlscussed as "

Halogens (Cl, and Br,) add on to alkynes to first form a dihaloalkene and
finally tetrahaloalkanes,

X X
R—CaC—pR —%2, R—C=C—pg 1, I._ | ]
Alkyne [ | R n_ul..%.lw
X X X X

Dihaloalkene Tetrahalonlkane

By proper choice of conditions it is i
" possible to obtain di or totrahsl?
products. For example, acetylene on Lreatment with _:.oa_._.__?.g_a_. gives

1, 2—dibromocthene as the product whj
, il i inc in CC
gives 1,1, 2, 2 —teira bromoethane as Eﬂﬂmﬂﬁnﬂup e

Ir 11,0 H B
>e=c "
Br /I
H—C=C—H frans-1, 2~dibromg cthene
Acetylene B
Cly Br,CH — CH Br,
11,2 uu.?r._.e_.oso cthane
|
—_—

 — |

——
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As the n&mr-w_._ brown colour of bromine get discharged during the reaction,
therefore, this reactjon may be used to detect the presence of unsaturation
(both for double as wel] g5 triple bond) in a compound. But this test cannot

mwnnmcmarwo?.@a:umnzzn ganivﬁovgm.:ngbﬁ:u&n.s their
presence. .

e Mechanism of halogenation :

..H._._n mechanism proceeds vin the intermediate formation of a cyclic halonium
ion.

Step1:

wln@r.@..llv xlol/nlw +5°

|

Polarised Cyclic halonium
halogen molecule ion

\ﬁv ® X\. R

_ X |Iv-\QuO/uﬁ

" trans-dihalo alkene

Step 2:

e

W X
A, X R X/ N\ R
‘ VQHA\./,fmlD_ml B8« of
. R X R X
Polarised halogen
molecule

U X X
NCXE SR —sn by
— + —C—C =
R” X m m
X X
Tetrahalo alkane

As compared to alkenes, alkyncs are less reactive townrds the addition
of halogens. This is due to the less stability of the cyclic halonjum ion
formed in case of alkynes (strained due to the presence of a double bond) as

compared to alkenes.
AN / N /
= C—C
A
o . o
Cyclic halonium ion formed in

Cyclic halonium ion formed in case
of alkynes less stable cage of alkenes moro stable
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diti { hydrogon halides (HX) ¢ The hydrogen X or

® Wm_u nmmo_.uu:ono wu“.wusou to first form a haloalkene and finally a dihalo alkane

in accordance with MarkownikofT's rule.
R-CsC-R —™_ R_CH=CX-R —*— R-CH,-CX,-R
Alkyne Haloalkene Dihalo nlknnc origeminal dihalide

For example,
CH= CH —<— CH, = CHC! —“/~ CH, - CHC/,
Vinyl chloride 1, 1 —Dichloro ethano or

Acetyleno ;
or 1—chloro ethene Ethylidene dichloride

Mechanism : The reaction occurs through the following steps :

Stip 13 wln@&..@.l R—CH=C—R +X°
e~ e o

Step2: B CH=-C-R + ¥—+ R—CH=CX—R'
Halo alkene

&
Step3: R—CHLCX—FR + :.Dm ——> R—CH,—CX—R + X°

Step4: R—CH,— &g + 2°

CX—R' +X —— R—CH,—CX,—R’
Dihaloalkane

It may be noted here :.nps in the step (3) of mechanism, the carbocation
formed could alsobe R — CH — Om.xo ~ R'. But this is not formed. Instend,
the carbocation formed is R — CH,- CX-R"
Reason : This is because of the + R effect of halogen atom which causes
shift of x-electrons on the C—atom away from the halogen, which then accepls
a proton so that the carbocation formed s R— CH mx —R

R R’ .

wl.omJum.h.Wu —> wf.mmln_unm..

e In the presenco of i cie
Markewrilhotrg E_a._un_.oxanu. the nddition of HBy occurs against the
For example,
CH,~Cu= CH + HBr —Perovide _ Ou.mulo_.mlnmwﬂ
Propyno . .

1-Bromo- 1
- = ua
Anti-Markownikofl's additio pene

n oceurs vi
discussed for alkenes, UT8 Via a freo radical mochanism as

T E——
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(c) Addition of hypohalous acids (HOX) : Alkyncs add on two moles of

hypohalous acids to first form a dihalodihydroxy compound, which then
decomposes to form a dihalocarbonyl compound. For example,

et

OH

i
(¢}
| cusCH + Cl—OH %5 CHCI=CHOH-1%5 cHey,—cn! —40, chey, —cHo

N\,

H,0) ;
Acetylene (o1 Cl;+ H0) OH Dichloro
:«?MM_MEE (Unstable) acetaldehyde

s Mechanism of addition :

Step1:

mlnnﬂl)mﬁmmlm.m =OHC

:Imnﬁlm

2-chloro ethen—1-o0l

Step 2. : Addition of G/ again to intermedinto (I) can givo rise to two types of
carbocations :

[
mmw.mlﬁlm > mmumlﬁlm
Q &-Lok % A ol

I cl cl
H C o (% A_\. ©
@ HO—C—C-Cl:<—> HO— _ —C=CL

] I
H H H H

(Less Stable)  (B)

Both the carbocations (A) and (B) are resonance stabilised. But the
carbocation (A) is better stabilised by resonance since in it resonance occurs
through overlap between orbitals of same size, i.e., 2p-orbital of C~atom
and Zp-orbital to O-atom. While in (B) overlap occurs between orbitals of
unequal size, i.c. 9p-orbital of C-atom and 3p-orbitals of Cl-ntom. Thus,
reaction proceeds via carbecation (A) and not (B)

rod
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h i i i ol'n compl
i { fons with the alkyne, which is then attacked by water ¢ _.“.ax b Mmeate
Q\\l/m m mercurical compound, The mereury s then oy 0 form a —_u.m:uu..\.
—CH— —> |HO -+ CH — CHCI, ., -y ) Y proton to givo ay
HO—CH—CHCI, + OH + i | enol which subsequently tantomerisos to form a carbony] compound,
at OH y
Unstable “

OH
—C=C— + Hg* - |

T oy S o1
,_‘..m.s - =mC— 2, —C=C—

| Ny T
0=HC—CHC/, % Mg H®
Dichloro acetaldchyde i

_ 0—rH H o
e 7
(d) Addition of water : Hydration Reaction : In the presence of dilute .. b ne " IOWOI —he, avfn_wl
sulphuric acid and mercuric sulphate catalyst, alkynes add on water in _ H H
accordance with MarkownikofTs rule to first form an cnol, which then Enol Carbonyl
undergoes rearrangement to form the more stable carbonyl compound. The | : compound
general reaction is : - (e) >m&=w= ..u._. Acctic nn_n_. “.~= the presence of mercuric salts, alkynes add
H on acetic acid to form additjon products,
—CeC— +m...0|a_a|_wm%v Iopol — In_T.nl : i |
4 L )
Alkyne m_* ﬂi m_m .w CH=CH + CH;COOH —%5 CH,=CcH— 0oC CH, __
M..E_. Cartymyi Acetylene Vinyl acetato i

compound |
Nucleophllic Addition Reactlons . 4

Hydration of different alkynes gives different products ; Duo to greater electronegativity of the sp-hybridised carbon, alkynes undorgo

(i) Hydration of ncetylene gives acetaldchyde nucleophilic addition reactions as well, apart from the clectrophilic addition renction.
The general mechanism of nucleophilic addition reactions of alkynes is dopicted as
H—CaC—H + H0 Spls0:, [cH, =CH—OH| — cH, — cHo _ g Mo
Acctylene Vingl aleohol Aectaldehyde | T n 7Y N N _
! Nu: 4 R—C2C—R —> L=C > z.\a.un/_.H + Ny
(ii) Hydration of higher terminal alkynes gives methyl ketones, For example, | Mucleophile) ~ Alkyne Ha ¥

Vinyl earbanion

dil 11,50, ! First, the nucleophile attacks the alkyne to form n vinyl nn_.__n:mom.u e..._:nr.c..g S_E_.:v
CH;—C=CH +H,0 “Teso, > |CHy— m =CH,| — CHy—C— CH, 2 proton to give the final product. Some important nucleophilic addition reactions are being
Propyne OH a_w - discussed as follows :

(@) Addition of alcohols : Alkynes ndd on aleohols in the presence of base to give

B R —

Acel, I 3
- e ] unsaturated cthers. (or substituted vinyl ethers)
(iii) Hydration of higher interval alkynes gives other ketones For example, | ! For example,
' ! ﬁ Op® _
'H, —C=C—CHCH, 228%Moy _coc_chcn m w CH = CH + C;H,0H —4 405 CH,= CH - OC,H,
e o e ST = CHy— | _ Ethyl vinyl ether
2-Pentyne u_a n_v—.m 3—CH, — m_ulamu CH, m Acctylene  Ethanol
0 )
u:vgr__..-go i
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e Mechanism :

H H/ Y 0 H{ JH
o) D _ /n G\ HOC;Hs, C=C
Ethyl vinyl ether

(b) Addition of hydrogen cyanide : Alkynesaddon _wwm_.o.nn: nwE..m.an inthe Presence
of barium cyanide or cuprous chloride-catalysts to give vinyl cyanides.
For example,

H—C=C—H + HCN —42%5 CH,=CH—CN

Acetylene Vinyl cyanide or
Acrylonitrile
e Mechanism:
29 g

Vinyl cyanide

i Fr————

OxIdation Reactions

With different oxidising pnanﬁ.. alkynes give different products, as discussed belgy .
(n) Hydroboration - Oxidation of alkynes '
Terminal alkynes react with diborane, to first form a vinylic borane

gem-dibora derivative which upon oxidation with alkaline hyd
give nldehydes.

Togen peroxide |

R—C=C—H +(BH;); —> 2 NM-Q"O.IE
Terminel alkyne  Diborane . L

R—CH,—CH—BH,

B,



p—

Organic Chemistry | 129

\mﬂ.ﬂﬂaﬂmﬁ_n.
e_,\nz“lmmlu:“ |_.W_Pv om.om.lmzloz 40 , cH,CH,CH=0
BH, - H Propanal
i,

Note that the borane part gets attached to the less hindered triply bonded C-atom.
e In case of internal alkynes, hydroboration can be stopped at the vinylic stago
by using a suitable amount of reagent. Oxidation with hydrogen peroxido, then
results in the formation of ketones. :

R—CnC—R -T2y aIH-ﬂlw, _oph Tlﬂuﬁli
oL

Internal alkyne BH, H H
i Vinylie borane Enolic
W__ . intermediate
| ._‘._.:ii!

zlnzn|m|=.
0

“ Ketone
For example,
CH, — C w € — CH; —2, n:.lH.HloF Eﬁs_ulﬁmloz.
2Pt
Sa_n_us-_wﬂogu H, H O—H
Vinylic borane ._‘

om.lnmulmlo:.
0

2-Butanone

¢  With sterically hindered borancs, like bis (1, 2-dimethyl propyl) borane also
known ns disiamy] borane (abbreviated as Sia, BH), the oxidation can be stopped

at the vinylic stage for both terminal and internal alkynes.
This is shown as follows.

R—~CmC—H + mEumxlwln_ulﬂl.m
Terminal alkyne H DSia,

R—CueC—R + Biag;BH —* =|ﬂ-nlw.
?_b..a-_-_rwsc H bmmnu

A M:u H:uv
whero, Sia; BH = \CHy — H—CH /, BH

B

ol
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Oxidation of these vinylic boranes with nlkaline hydrogen peroxide then gives
aldchydes/ketones via enolic intermediates. Here ngain, terminal alkynes will
give aldehydes and Internal alkynes will give ketones.

H
enolic intermediate

ntoz.Hmlx Y. TR Tlnﬂﬂﬂlil R—CH;—C—H
0 0

it asz
(Obtained from
terminal alkyne)

’lHl&lmﬂs 1 1 ’IMWW'IW. 5 —wlgulm.l’-
BSia; H
(Obtained from Enollc Intermediate Ketone
internal alkyne)

It may be noted here that hydroboration-oxidation results in Anti-MarkownikofT's
addition of - H nnd ~ OH,

Aldehyde
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(i) Propynerencts with alkaline KM» O ns... 28
(i) 1,3-Butadiene reacts with HBr o 313 K o
() Explain why :
(i) Alkynes undergo nucleophilic nddit
i) y " ition
(i) Oa:..:n_-no_u m_gm. are more stable than isolated dj
(c) ﬂnnwnrm..__.:nn_ reactions for the following : e
(i) Acctylene reacts with ammonical cu _. i
! ous ch
g, Whichone,outof1,4-and 1,3~ vg..__&n:n%._o u.aa“ .““_”_“_M ”“_n“m”“”s sta e

ble and why?
4 Convertl, 3-Butadiene into cyclohexane, (M.D.U. 2012)
5. () Discuss the mechanism of : (KUK 2012)

(i) Addition of Bromine to Buta-1, 3-dieno,

ii) CH,=CH—CH = k
(ii) CH, H = CH, + HBr _s._u“._.wi 1, 4-Adduct

(K.U.K. 2007, 2012, 2013)

{b) Though benzene is unsaturated hydrocarbon i i
() Complete the equations : 4 m, yet it fails to give Bacyer's est. Exploln.

”, @ CH,—C = C—CH,+H, ol

d QUESTIONS FOR PRACTICE

| | o Ceulyre (M.D.U. 2012), (KU.K. 2007)
._ 0n ‘i = CE + 20k, (M.D.U. 2012), (K.U.K. 2007)
.6 (a) moE.mmnn the reduction of alkynes with Lindlar’s catalyst and with alkali metals in ,
1. (a) Explain why 1, 3-butadine undergoes 1, 2and 1, 4-addition. _ SIC BRI
! Sl - {b) How doyou explain thatal ili iti 5
(b) What happens when 2-butyne is treated with: ﬁ domot? FoneEplA: kynes undergo nucleophilic addition nsn.sm_. wu..p %wﬁ.ﬂ \
(i) Pd/BaSO, (Lindlar's catalyst) E =

. mﬂﬁuniguﬂpﬁgn.&oﬂs%mg %Eagqﬂmuna%“
(ii) Sodium dissolved in liquid ammonia ) (M.D.U. 2008 i (a) Acetaldehyde, (b) Acetone, (c) Benzene, (d) 1-Butyne, (¢) 2-Butyne, (f) Chloropyrene,
(&) Give the mechenism of gddition of Br,to 1, 3-butadiene. .U i {g) 2-Butanone, (h) Vinyl bromide, (i) Vinylacetylene, () Vinylmethyl nm_nn.:n.

UK 2011)
8. (a) 1,3-butadienc is more stable than 1, 4-pentadiene. Why?

(b) Write short noteson : F
_— (i) Diel's Alder reaction. -
9. (2) Give the mechanism for Birch reduction in 2-butyne.

(b) Converi . ’

(i) Acetylene to Dichloroacetaldehyde
(i) Acetylene to Methylvinyl ether
{¢) How will you justify the extra stability of dienes? .
@ ?ana&nni.ru&:%nlpr%%:&a.iggg
(H.P.U. 2003)

(¢) Differentiate guﬁgﬂm%vﬂ&jgaﬁ..

i 10 Esm.imgﬁ%ignﬁlnﬁ&aﬂ?g%

1L Explain the following :
fi) Mechanism of Diels-Alder reaction. - )
ii 7 ion i 4 +2) cyclo-addition reaction.
Gi) ﬂwmﬁ%ﬁmﬂganw&ﬂq&sgﬁ 4 2) cycl ) . :
() Mechasism of free radical sddition to conjugated dienes.

iz ??%&r?-&r?&&garﬁiﬁ. OLD.U. 2006)

‘ . L
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fillkyl & firyl Halides

ﬁ I. ALKYL HALIDES u

Introduction

Alkyl halides are the compounds obtained by the replacement of a hydrogen atom .o_. m
alkane by a halogen atom. O, they may be simply regarded as monohalogen nu_._&::m !
alkanes. They may be represented by the general formula C H, | X or as R - X (where
an alkyl group),

Pz

For example,
=
R N CHy—C—0!
\Om —Br |

CHy& CH, CH,

Mecthyl chleride Isopropyl bromide tert-butyl chloride
or or or

chloro methane 2-Bromo propane 2-chloro-2-methyl

propane

Alkyl halides nlso include the molohalogen derivatives of cycloalkancs, For example:

O-a

Cyclohexyl chloride
or
chlorocyclo hexane

Benzy chloride

or
phenyl chloro methang

nam

"
!
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Classiflcation of Alkyl Halldes stry |

Alkyl halides may be classified a5 Primary, secon or tertinry d i
pature of the carbon atom to which the halogen is :-Bn__.uoﬂ_qw ary depending upon the

(i) Primary alkyl halides : When the halogen ntom is attached to a 1° earbon atom,

For example,
CHyCH;—Cl  CHy— CH,— &H,_p, CHy—CH — CH,—Br
Ethyl chloride n-Propyl bromide Isobuty] bromide
ulwan.om.w\.ﬂ_ngm_
propane

(i) Secondary (See) alkyl halides : When the halogen atom is attached to a 2° carbon
atom, For example,

N2
,CH—C  CHy—&H—cH,—cH,
CH, 3
Isapropyl chloride Sec-Dutyl bromide
or
2.-chloropropanc u.u..n-n..n'_.ar.:u
(iii) Tertiary (tert.—) alkyl halides : When the hilogen atom is attached to a 3° carbon
atom, For example,
CH; CH,
| Iy
ﬂum.—ullﬂ_ulmﬁ nmulomulﬂlg
Ou.mn Q.Iu
: * tert-Butyl bromide tert-Pentyl chloride
g or
n.waﬂoo.m.an:.i_ 2-Chlaro-2methylbutane
propanc

®  Itmaybe noted that fluoroalkancs or fluoroderivatives of alkanes ni.ﬂ. S.Eu_w from
the nw_wu_.?raao.mom?mnm..»_mﬁu and arc trented nnu...._.:,&. m.mnnoa. inthis chapter,
we shall limit our discussion to alkyl chlorides, bromides and jodides only.

Nomenclature of Alkyl Halldes

Th 7 enclature:
Enanuoﬁnnhw%wwﬂhhmﬂﬂ%q this system, the individual alkyl halides are ealled as
halides of the particular alkyl group present in the molecule. For example, CH,C! s

called ns methyl chloride.

Hy
1
CIl;—C—CH,Cl
CH,
~ nco-Pentyl chloride
. or
1-Chloro-2, 2-dimothyl propane

—
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an _c_—.>o 8ystem 1 Under thin systom, tho alky) halides are named, as por the followiny |
rules ¢ !
(@) The longest straight chain of C~ntoms Including the carbon carrying tho huloge,
ntom fs choson nw the parent alknne,
(1) The enrbon chnin is then number in such o manner that the C-atom carrying
the hnlogen ntom gots the samllest number.
(¢) The nnmes and positions of the sides chains and the halogen are prefixed before
the namo of tho parent alkane. For example,

|H=u Hmu
¢y — Enpr —Cn —Cn — ém, En,
2-Bromo-3, A-dimethyl hexane
The TUPAC and common names of some alkyl halides are listed in tho table below :

Formula Common Name IUPAC Name
CH,-Ci Methyl chloride Chloromethane
CH,-CH, -1 Ethyl iodide Iedocthane
_‘ Cll, - CH,- CH,- Br n-Propyl bromide 1-bromopropane
.| cH,-cHBr-cH, Isopropyl bromide | 2-Bromopropanc
CH,~-CH, - CH, - CH,Br n-Butyl bromide 1-Bromobutane
CH, -~ CH, -~ CHBr - CH, sec-Butyl bromide 2-Bromobutane ] _,
CHy— CH — CH, Br
a_“m isobutyl bromide 1-Bromo-2-methyl propane
3
n_u:u
CH;— 4 —Br tert-butyl bromide 2-Bromo-2-methyl propane
CH, '
CH, - CH,~CH,~-CH,-CH,C! n-Pentyl chloride 1-Chloropéntane
?mh - CH, - CH, - CHCI - CH, 2Chloropentane |
\ CH, - CI, - CHCI - CH, - CH, 3-Chloropentane
\
— CH, — CH — CH; Cl
CH; —CHy = 1-Chloro-2-methyl butano
CHs ]

S

\I
Formula Common Name IUPAC Name
e
_CH— — CH,Cl
CHa o 1-Chloro-3-methyl butane
Hs
/|
CHy— G — CH,CH, 2-Chloro-2-methyl bulane
3
o:.lm.:lnmglomn 2-Chloro-3-methyl butane
CH,
1-chloro-2, 2-dimethyl
CH,—C — CH,CI ‘Neopentyl chloride propane
CH,

Organie Chemistry | 149

|

Methods of Preparation of Alkyl Halldes )
(1) By halogenntion cf Alkanes : Alky! halides may be prepared by the direct
halogenation of nlkanes in the presence of light.
QF + g |F|' gug + :Q
Methane Chloro methane

¢  However, direct halogen does not give pure Bs._.m._.wmmane. num.,m%n. aﬂ..ran a
mixture of polyhalogen derivatives is obtained even if slkane halogen are taken

_.F..Bocs..-. ..m-__
m_._qmnhbﬂﬂ_n_” chlorination &BQE.E% _Ew_.a_ﬂn_.ﬁn.;irn.
to give di — , tri —and tctrn — chloromethane

HCI
cHol+Cl,—*— CH:Ch 2}

Or
Methylene chloride
hr cucl, + HC
+Cl, —-~
QFQ.» tl ?E;:U-uoun
chlamleam
. ccl, +HC
CHCI, +Cl, T comennie




m
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e In case of mono halogenation, a mixture of isomeric
o¢ziped For example, chicrination l.‘.iuon..qﬂga
soogee] chloride.

ﬂEulhu.mulg.- T mm

monosubstituted products &
-propy] chloride and iy,

&= . CH,-CH,-CH-C + CH,- CHCI -CH,
Feopame =Pirepsi chieride Isopropyi chloride
By addition of hydrogen halides to alkenes : Alkenes add on hydrogen haligs
far Balogen aeids) to give alkyl halides. For example,
CH,=CH, + B — CH,CHU
- Byl chiecide
The adiition sooers in acoersence with Meckowmnikofls i
= . rule. But if carried out i
ElEFEgggaﬁmapmﬁoﬂ”“
= 5 CH,—CHBr—CH,

~ .
{As per MerkewnikofT's rule)

From Alcohals : Alky] halides
i : oo be
i g = Emﬂﬂ&n&%gugﬁn
reaction of alcchels Bydrogen halides
R-OH+H-X R

—_ |M+FO
.ﬂﬂﬁmﬂ.l.g&.g
I hydrogen halides (or halogen acids) towards alcshols

HI>HBr» B

The above erderis the same
asthe
. order o?cn_aen_m:ma. SEvario .
—— 195 B9, g0 us halide ions, i.c.
e o of reactivily of vari
The above order o?ﬂﬂﬁ&“ﬂaﬂu.h_awor towards halogen ge; st

with HCI required the use of n 3.—.&8. from the fact that req _mu sis:3°> 251"
with HX in the presencs of anl, .M_.A Such as anhydroyg is Nn.s of 1* nnd 2° nlcohols
Y- ZnCl, is referreq tons n..om. (reactions of ROH
©'s Pracess). While

reaction of 3° al i i
e BvEm. with HCl occurs in the absene
consider the preparation of Alkyl Chlorides ©ofanhy. ZnQy For example
1 > ¥

CH,-CH,-OH + HClg) — bz
Groove's Process Ou.—u O:u0~ + :no

Ethyl alcohol
N:..! Eo__.E-
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; " CH,
CH—OH + H Aahy. nChy ~
c ®) Grove's proceas \ﬂ: —Cls muo

n_r/

7
MH.-_G_..M_ alcohol O
Isopropyl chloride
n_"=u CH,
- 4 |
CH,4 Mﬂ OH + HCI (conc.) ——> Omuln_"|0~ + H,0
3 CH
tert-butyl alcohol ter-butyl E.“__#oqmnu

Alkyl bromides : are prepared by heating alechol with
’ ; : ( ol with excess of boiling HBr (48%
or by the reaction of alcohol with sodium bromide and concentrated !.“__M:in "mP !

CH,-CH,-OH + HBr(48%) -—- CH,CH,-Br + H,0
Ethyl aleohol Ethyl bromide
CH,CH,0H + NaBr + H;SO, —*- CH,CH, Br + H,0 + NaHSO,
In the above reaction, HBr is produced insitu by the reaction of NaBr and conc. HSO,

as follows :
NaBr + HSO, — HBr « NaHSO,

re prepared by heating alcohol with the excess of boiling HI (57%) or

s Alkyliodidesn
f alcohol with potassium iodide and phosphorie acid.

by the reaction o
CH, - OH + HI(57%) — CH,-1 + HO
Methyl aleshol Mithyl jodide
CH,OH +KI + H,PO, — CH,- 1+H,0 +KHPO,
Methyl iodide
Again, in the above reaction, Hl is produced in situ by the reaction of KI and H,PO,
as follows : : .
KI + H,PO, ---« HI + KH,PO,

osphorous halides (PX, or PXy)

®) By reaction of alcohols with ph
3 ROH + PX,— 3R-X
Alcohol (Or P+ Xy  Allyi halide

ROH + PX,— R-X +
Aleohol Alky! halide

' Alkyl Chloride are produced by the renction ©
For ﬂﬁsﬁ—ﬂh .
CH,CH,0H + PCl,— 3 CH,CH,CI + PO,

Ethyl aleohol Ethyl chloride
—_— om.o_.—.o_._.ﬁ +HCI+ POCY,

CH,CH,CH,OH + PCl Moride
: _”..vaa_ alcohol n-Propy €10

+ HPO,
Phespherous acid

POX, + HX
f alcohols with PCly or PCl,

!
t
|
e e TS R NS A S T AT e
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. Ei&ti»ﬁuisﬂﬁﬂﬁéﬁaﬁ&ssa%& :
tE..m.ww.ﬂﬂﬂﬂvﬁsigé_ugﬂoﬂa&@a._ﬁnungwﬂﬂx
F&Eqﬁo%ﬂ%ivrﬂiﬁagg.u«oﬂo&bn

2P +3Br, —~2PBr,
or 2P +31,— 2PI,
PBry
Q.—mu nmu QE».Wﬂ + H.muﬂOu
CH, CH, CH, OH n-Propyl bromide
n~Propyl alcohal ——> CH; CH,CH, 1 + H,PO,;
*  n—Propyl iodide

(¢) By reaction of alcohols with thionyl chloride (SOCI,): Alkyl chlorides Dm:x
prepared by reflexing alcohols with thionyl chloride (SOCL)inthe presence of pyridine

ROH + SOCI, —2%%=_ RCI + SO, | + HCI |
Alcchel  Thionyl chloride Alkyl chloride

For example,
CH,CH,0H + SOCI, —2™=_ CH,CH,C! + S0, 1 + HC/ |
Ethyl alcohol Ethyl chloride

I
This method is the most preferred onc for the preparation of alkyl chlorides,
because the by products so formed .., SO, and HCI, being gaseous escape the reactiot
mixture, leaving behind the product, i.e., alkyl chloride in almost pure state.

(4) From silver salts of carboxylic acids Hundsdiecker Reaction) : Alkgl

(5)

chlorides or bromides can also be prepared by reflexing silver salts of carboxyli
acids with chloride or bromine in the presence of CCI,. The reaction is referred to2s
Hundsdiccker Reaction. “

RCOOAg + Br, |@|n«= +— RBr+ CO, + AgBr

e.g. CH,COOAg + Br,—-4— CH,Br + CO, + AgBr
Silver acetate Methyl bromide

However, with iodine, esters are obtained instead of alkyl iodides. This Ennmuuw |
known as Birnbaum - Simomini Reaction 1
2RCOOA + I, —qi— RCOOR + 2AgT + CO, A
By halide exchange (Finkelstein Reaction) : Alkyl iodides can bo easily __“%p_.& |
from the corresponding alkyl chlorides or bromides by treating them witha solutio” |
of sodium iodide in acetone, The iodidoion, being n very good nucleophile, displace !
the other halogen from nlkyl halide to give nlkyl iodides. i
R-Br+Nal —*™“_R T4 NaBr _
Alkyl bromides Alkyl lodido _

Similarly, alky] fluorides can be prepared from the corresponding alkyl ehlorides ol

bromides with inorganic fluorides.

2RCI + HgF, —*<-- 2RF + HgCl,

aannu_ properties of Alkyl Halides
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m !&.mﬁ-_ awwpm no._n_..n “.__“ﬂ_ odour
. era alides Iike CH,CI, CH <
Eﬂ_ﬁnw with high molecular Enmnw_ﬂ.ﬂ.ma:mn“_whm Asipcinat puuse, while ighor
¢ CH,l and majority of members are colourless, pleasant ing liqui
@ Solubility u..;o:nr alkyl halides are polar molecules, yet they are insoluble in H.0
Renson : Since alkyl halides cannot form hydrogen bonds with water, hence _mnw
are water — insoluble. However, they are saluble in organic solvents. '
8) Boiling m-omnn_:.
¢ Alkylhalideshave considerably higher b.pts, than the corresponding hydrocarbons.
Reason : This is because alkyl :n:mﬁvrué higher molecular M”umﬁ and are
also polar in nature,
» For a given alkyl group, the boiling points of various halides follow the order:
RCI <RBr <RI
Reason : This can be explained on the basis of increased in the mol. mass of the
halide leading to greater inter-molecular forces of attraction.
» Fora given halogen, the b.pts, of alkyl halides increase with the incrense in the
size of the alkyl group.
Reason : This again can be attributed to the increase in molecular mass leading
to greater inter molecular forces of attraction.
* Amongstisomeric alkyl halides, the boiling points decrease with branching. For
example, consider the b.pts. of various isomers of C;H,Br.
CH,4

a
> .
\nmlnmulmw CHy— _|w..

Qm.-u CH,

Bpt. K 3746 K 364.7K 346K

Renson : With branching, the surface area and hence the Vander Waal's forces
of attraction deerease and so does the bpl.
(4) Density . .
» Alkyl chlorides are lighter than water while bromides and iodides are heavier.
o For a particular alkyl group, the densitics of the halides follow the order :

RC!<RBr<RI

CH,;CH,CH,CH, —Br

LChemical Properties of Alkyl halides

Due to the presence of a polar carbon-halogen bond, a_wu_.—_u_an.u ore quite reactive and
Undergo o Ezm...w of Enn:cnu__.mrn nucleophilic substitutions elimination, reduction ete. Some
"mportant reactions are being discussed as follows @ .
(1) Nucleophilic m:rm_.#cno: —«annzom. = U_ﬂe Siﬂﬂrw_n._o r:d“_na.w..._ ”ﬁw._a.gr.uscmqﬂ:n a
— X band is polar ok
gt ..___M m:.. carbon atom acquiring o small positive charge.

small negative charge an
_ lse &
- A_u& x - .ﬁu —X
Polorised C-X bond



(a)

LaxHil
: i ible to &
The .mimunlzﬁan‘-sauanﬂmz e o
u.ﬁﬁﬁ presence of strong u..-n_mswm—a like OH,CN etc the halide ion —.u wezk
H”Mm.h..r.._& js readily displaced- Thus, alkyl halides undergo a variety of
pucleophilic substitution reactions-
:@w\wzm.mw _, R—Nu+ X°
Substitution
product
the heterolytic cleavage of C-X bond, with the halogen alom
the electrons brought

ttack by nucleophilic reagenty

i d
departng the pei Aun»mn_nns.ﬁnuoeﬁuu ;
e vﬂuﬂmﬁﬁng&wuzgoaoﬁg&_zﬂu—asasu&r
i m"q.roanminu.mavou&
Nvﬁm._ﬁmﬂﬂm—f?

gmallest bond length, and
alkyl fluorides are

19<Bre> ci®>F®

more will be the rate of nucleo
um reactivity and alkyl fl
tution reactions of alkyl halid

philic substitution reaction.
vorides have the least.

Better the leaving group,
es are listed 25

Hence alkyl iodides have the maxim
Some important nucleophilic substi
follows :

Substitution by
treated with agueous NaOH or
Ag,0/H,0, give rise to alcohols.

hydroxyl group-formation of alcohols : Alkyl halides whe?
KOH solution or with moist silver oxide (AgOH)or

L ¢ +l|m...m mm —> R—OH + KX
...... (aq:) Aleohol
e 68

4 X_+ A H—> R—OH + AgX
| Alcohol Ag

1)
—Br + KOH (ag.) —> CH;CH,0H + KBr

CH,;CH;
Ethyl alcohol

Ethyl bromide

i - Organi 2
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) m._.u a a - 'ormation of eth. .
o with sodium ou..voghm:—ﬂu alkoxides, give rise to e-.—-nnnb_—nw— vl_:maa upon reaction

o5 willigmson 8 synthesis. ers. The reaction is ref -

~
p———— &= erred
REXx NatOr —s R—_om + Nax
a

Sod. alkoxide Ether

e
3—0 —
Methyl Sod. ethoxide Fthyl Eo»rw_ﬂn.mm + NaBr
. .o_.._h_.

bromide
Sthers are also formed by reaction of alkyl halides with dry silver oxid
e.
2CH, - Br + Ag,0 —— CH, - O - CH, + 2AgBr
A&Qu Umaﬁp—uu—— ether

© gabstitution by cyano group
”_Formation of nitrites or cynnides
Alkyl halides upon reaction with alcoholic solution of potassium cyanide, give rise

to cyanides or nitrites.
b X m
R4X + KICN(ale) —> R—CN + KX
Alkyl cyanide
or alkane nitrite
. L
S CH CHy+ Br + K 1GN —> CH;CH,— ON +KBr
Ethyl cyanide
or-
propane nitrile

Alkyl cyanides can be further converted into amides, acids or amines by the following

methods : For example,

Alkaline Hi05
_.EE__.“._.&... CH, CH, CONH,
Propanamide

il asdorallali_y, o1y CH, COOH

CH, CH, — CN Complets hydrolysis 0L
Ethyl nuﬁnmma Propancic acad
o Na/CHOR__y, oy, CH, CH
Propane nitrile (Mendiua reduction) 3t n..z.m.wn
or Propannming

(@) Substitution by Isocyanide group
—Formation of isocyanides or jsonitrites

Alkyl halides upon reaction with silver cyanide at high temperature give rise to

isocyanides, .

R—X + Ag—CN s R—N=C+ AgX
Isocyanide

oma.lu+>n|.02||l.v omulzmo + Agl

feth; 1 isocyamide
e ed while with Ag CN, i
o g
¥

* Note : With alcoholic NaCN or KON cyanides aro form
18ocyanides are formed. .‘



Mechanism & Stereochemistry of Nucleophillc Substitution Reactions

Alkyl halides undergo nucleophilic substituticn reaction by either of the two possible
mechanisms.
i)  Bimolecular nucleophilic substitution (8,7)
(ii) Unimolecular nucleophilic substitution (S, ),
Both these mechanisms are being discussed as follows :
(a) Bimolecular Nucleophilic substitution (S,7)
Consider the hydrolysis of methyl bromide to methyl alcohol,

e e
HO + CH, - Br — HO -CH, + Br

oq._._n..@nns._. eRE.-o _a.aoannnihmﬂnnv:umn:. _..%. Sncamunwmnn_nﬂaﬁmu.a_mun
the attack of OH ion nnd simultancous loss of Br ion. The single step mechanism
is evidenced by the fact that the rate of reaction is found to w&.cu% both on the
concentration of nlkyl halide and hydroxide ion.
Rate « [CH, Br] [H]
Thus the reaction follows second order kinetics.
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mmao&naagvnuwnsnﬁn&_oiﬁ

i B A /s
=
o\/u.l_wubuﬁl HO—C—=Br| —> HO—C~ + BF
HO: * g m_m NH
Nodesphile za.mm .Huamn Transition state Methyl alcobol
: %ma.& C is 5p2 hybridiscd

be noted that the hydroxide ion attacks the carbon atom from the side opposite
u:m_mww of Bromine in order to avoid repulsion by the negatively polarised bromine.
ik s known as the back side attack and results in inversion of configuration.
T eochemical evidence discussed later). .

the transition state the bond between carbon and hydroxide ion is partically formed
i 4 the bond between carbon and bromine is partially broken. As the n_an:dnm.e:
uu.m_.o xide ion begin to be shared by carbon, the negative charge on hydroxide ion
wwn.@nmom and acquires a partial negative charge. Ina similar manner, bromine has
M»_.mu:w begun to remove the electrons but not completely bromine also begins to

develop a partial negative charge but not a full negative charge.

The encrgy profile diagram for a S, reaction is shown below.

H

|
HO— —B

Potential cnergy ———>

Progress of Reaction —>

Fig. 4.1 Polential energy diagram for S,2 reaction.
i lcophile,
Stereochemistry of S,? Reactions : Duc to the backside attack of the nuclcophile,
inversion of nasm.“.nc_.azﬂ: occurs i.c. we get a _v:a:n». with configuration opposite
to that of the reactant, This inversion of noumn..__s:oa is also _.n?w_.nm to ns Jdn_m.n:
Inversion', This is supported by the fact that hydrolysis of (~) - 2+ Bromoctane with
sodium hydroide gives (+) —octan—2 - ol with inversion of configuration.

cH
O-m.n 7 (] -
m_m.-/\.dlw_. |mF-v HO— O/llm + PBr
4 CH
CH, - UH ;
(=>-2-Bromo octane +)- oanh?%..o
[x] = -34.6° [ £9:
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Fnotors nffocting S, Renctions _—_

T etk o o gL L ! o carin o e
the mechanism, . r

”r_“nezh_.__w.“.«_.,...___.:_.“. becomes pentavalent in tho T.S. For oxamplo ngain consider

tho nttack of n nucleophile on methyl bromido
H \E
a | &= Z-H e
Nui® + :b.nnDu_. — m:l..woi...m_. —_ z:IO/ + Br
H/ H M H
T.State

{he C-atom in the transition state is attached to three H-atomg
along with halogen and nuclcophile, i.e. C-ntom is pentavalent. As :5.:.:85..
are successively replaced by nlkyl groups and also further as the size o._. Fo
nlkyl groups increases, crowding around the central C-ntom increases giving
rise to strong non-bonded interactions. As n result, cnergy of the «—.m increnses
nnd consequently, the energy of activation for its formntion also increnses and
henee the rate of reaction decrenses. Thus the order of reactivity of alkyl halides

(having the same halogen) towards S,? reactions follows the order:

Methyl halide > primary halide > Secondnry halide > Tertiary halide.
(b) Nnture of halogen in alkyl halide : The reactivity of nlkyl halides townrds

In this case,

8,2 renction also depends upon the nature of the leaving group i.e. the halide

jon (X®). Wenker the base, the more is the ability of X® to nccommodate the
negative charge, and thus better will be the leaving group. The more easily the
X* jon is climinated, more will be the rate of reaction.
The basic strength of halide ions increase in the order :
1°<BP <CP <F°
The case of climination of halide ion would thus follow the reverse order:
1°5BP>CP>F°
3 Hence the order of reactivity of various alkyl halides will be the same as the
W leaving group ability i.e.,
R-I>R-Br>R-CI>R-F
§ (c) Nature of attacking nucleophile
Stronger the nucleophile, faster will be the rate of 5,2 renction. A few common
nucleophiles arranged in decreasing order of their strength are given as under:

N> > CHy OE»Omvmom > OmmuOQV c®s R;N > CH, cod > H,0 > m.m

(d) Nature of solvent medium : In S 2 reactions, tho transitio y
. » n sta
than the reactants as the negative charged is dispersed over &ﬂ”o_.....ﬂw.n”wo _M“E.

+5 -5 5=
N+ R—X —> TA&!..WI..W& —> Nu—R+X°
Mole polar Transition state
renctants (Less polar)

Thus increase in polarity of the solvent will lower the enery
more than the less polar transition state. Overall, the %W mﬂ.—wu__..o_e..a_..nb:ﬁ
the reaction will increase leading to n decrense in the rate of ..nuo_".mw___... e

—
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N

Consider the hydrolysis of tert-butyl bromide to S
(CH3); C—Br + mm —— (CH;); C—OH Y| %_3_:__.
tert— butyl bromide Sert-biotyl alocial + Br
0.

e The reaction occurs by a two - st i
. ] - - 8tep mechanism, Th, 5
and eversible dissocintion ofalkyl halid oy i et
. nvoly i eha
on the alkyl carbocation to v.ma_n_nwh- ,,.._m”ﬂw*_.:_n uttack by the hydroxide _o“
. m._..m _.onnm_as follows mnnve..ﬂ_a.. kinoetics ~.5n the rate of reacti
._. epen : on the concentration of alkyl halide. This :.&ouuns- c_o= et
step involving the dissociation of alkyl halide is the slow, ..un_..- d at the first
process and that the attack of nucleophile occurs in a _.pq.» u_.? etermining
e Thus, the S,1 mechnnism may be shown as follows ; aa

Hy , 5
. HC—C—Br ===, CH;—Ce + B/

15 :

teri~butyl bromide tert—carbocation
= "
muol._ulm_. —ful ., CH;—C—OH
CH, CH,4
Ratc a [(CHy); CBr] Tert-butyl alcohol

It may be noted that tho energy required to break the C~Brbond is pravided
by the solvation of the ions thus produced, ,
® The energy profile diagram for S,1 reaction is shown as follows :

Transition state
&=

ﬂnzuuum - m_.
Intermediate

: m.n.

—> Potential energy

. o e’ S

Reactants m

ﬂo_:uuun —Br+ H Ilom + uw
(CHa1C Jucts

i\l\\\l

f reaction

—— > Progress ©




—
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. T
Fro : jagram it may be scen that the cnergy of nctivationE,
i et _._N.un of the second step E,;. This suggesty

i re than
for the first step is mueh 10 the rate determining step of the reaction,

i tion is . A
that the formation of carbocati 4 2 The undermedinte carbocation s,

istry of SN! renctio 5
* Woﬂ_n._..mn._- _,m_hoh_n.”nﬂu%uamnm swhich can be attacked by the nucleophile from

2 roduct thus obtained is a race ::.n mixture. >==nw from
mmﬂ._mho“ﬂn”m.nﬁ,m.ﬂ. the same side as the r:._ono_.__u n.:Sm a “ﬁa%:n» ﬂ.:w:s
same configuration as the parent alkyl E—_.:_n. While attnck u__.m..: the back
sido/side opposite to that of the hnlogen) gives n product wit _.o SMn_.E
configuration. The back side attack however, is some i_..“_n vqnm erred over
the front side attack. This means that the Edn_:.np consists of a mixture
of enantiomers but the enantiomer with the inverted configuration

inates lending to partial vacumisation. . .
mﬁﬂﬂmﬂmﬂmﬁiﬂ_ B_.mmn owm...p reaction is evidenced by the Eﬂm..o_u.u_u ofoptically
active ( - )— 2 - Bromo octane which gives a partinlly vacumised product.

Cethia
e /H
Attack OH ™ Attack HO—C_
HisC fetan ek H ) from front Inversion, CHy
~_u* n/ Sl mo ©  Fast (predominating)
l'll-l:‘ .
f\r\O —Br iawen % Br
mun H Ommuu Qnmuu
(=)}-2-Bromo nctane Planar H IVQ OH
intermediate A=
carbocation H,C
Retention
(Less favourable)

e Rearrangements in S,1 Reactions : S.1 reactions often give rise
to unexpected rearranged products. This is because the intermediate
carbocation so formed may rearrange to form more stable carbocation
wherens possible. For example, the hydrolysis of 2-Bromo- 3, 3-dimethyl
butane gives the unexpected product 2, 3-dimethyl butan-2-ol instead of the
expected 3, 3-Dimethy] butan-2-ol.

ﬁ_hmu .._umu .wmg n_umu
°
—C—CH—B B —C Rearrangement
CH; _ F > CHy CH 1,2-Methyl shin
n.mu Omu
2-Bromo-3, 3-dimethylbutane 2° carbocation
(Less stable)
Qmu Omu. nmu n:.._. Q.—.Hu Qm.uu
P ], [ [
CH, — C— CH— CH, —21Ls omul._ulnlnmu andnot CHy—C — CH—OH
g _ i
3* Carbocation . - OH H - CH,
(More Stable) 2, 3-Dimethyl butan-2—0] (Expected Product)
(Unexpected Product ) 3, 3-dimethyl butan—2-al -

The unexpected product arises due to the rearrangement initinlly
formed 2° carbocation to the more stable 3° quogmaﬂ..n: oftho el

| _d

(b)

(c)

(d)

\m\éﬂ. affecting S_1 Req
(a)

reaction. Therefore, the re]
the same order as the relatjy
carbocation, greater will be its

ative reactivities of .

e slabilities of carbocation, Ag stable the

Tertiary alkyl halides » secondary alkyl > Primary > Methyl
halides alkyl halides

. ) halides
Nature of halogen in alkyl halides : As the rate determining

M_”nu in 5,1 reactions involves the ionisation of alkyl halide to form
c nmu..vonm:c:. thus, better the leaving group, faster will be the
_.o_.Hp:o_w ow. carbocation and more will be the rate of reaction, The
case of elimination of various halide ions follows the order :
I°<Br®<Cl9<F®
Hence the order of reactivity of various alkyl halides will be the same
as the leaving group ability,ic. R—=1>R-Br>R—-Cl>R-F.
It may be noted here that the nature of halogen influences both the
S,1 and 5,2 reactions in a similar manner.
Nature of attacking nucleophile : Since the nuclcophile is not
involved in the rate determining step of S,1 reaction, therefore, its
nature does not influence much the rate of reaction, However, weak
nucleophiles tend to prefer to S,1 mechanism, since it is casier for
them to attack the carbacation rather than to push the halogen away
from the alkyl and halide, as is the requirgment of 5,2 mechanism.
Thus, in general, strong nucleophiles like OH & OR ions favour 5.2
mechanism while weak nucleophiles like alcohol, water favour S,1
mechanism, (but their nature does not influence the rate of 5.1

reactions). ) .
Nature of solvent medium : Incrense in _S_nup.w.a_. the mo-”.nn_.
facilitates the formation of carbocation. Thisis becausein wv%_..._m..m_ MH”
the transition state for the rate determining step e.nu. nw”u ...n_u“_::.mau
state which leads to the carbocation or T.S.of step 1 0

is more polar than the reactants.

& o e
R—X a— —“—mﬂoxl....Nglllv R + X
T.S. morc polar than
reactants

i bili
Thus, a polar transition state1s mﬂmm_ﬂw hwwm s
due to dipole-dipele mnsqnnuﬂﬁﬂwnww. e
of the rate determining steP,

t
sed by a polar solven

¢ energy of activation
z_u rate On-_dmnn—a:.
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Comparison of S,1 & §,2 o~
S.No. S.2 Reaction S,1 Reaction
1. |Involves a single step mechanism, Involves a two step mechanism,
2 | Nointermediate is involved, Reactions involves formation of carbocatioy
. - | intermedinte. . :
. (" 1. ARvLHALIDES )
3. | Reaction follows second order kinetics. | Reaction follows first order kinetics,
- —] Inty
4 | Due to the exclusive back side attack by | The flat carbocation may be attacked } - oduction
. : y is directly attached to
the nucleophile, we get a product with | the nucleophile form both the front ang _ A in which tho halogen atom is
& - 3 3 nds in whic @ efc are some
inverted configuration, back sides, although the back side attack the yaﬂwwn—..mcm arc uqaauennﬂ“”.wm.a_:no ne, o~chlorotoluene, m-brome toluen
predominates. Thus we get a product with , Sampleg _.n Ting, H.,m_. exampe,
partial vacumisation, ot ary] halides.
- S S Ha
3. | Order of reactivity of slkyl halidesis: | Order of reactivity of alky) halides is : 1 mm
Methyls> 1> 2°5 50 halides, 3 >2°51°s Methyl nwﬂ%mmm sl @ 3 cl
- benxene
8. | Rearranged products are not obtained. Rearranged product are obtained, Frapic E__m:o p~dichloro
. m=
7. |Reaction is favoured by strong foni Chlora benzen o—Chloro toluene
h 2 Reaction is favoured by milg nucleophiles, ¢ , J
| = ction rate i by steri ion rate is contee o
w & |Reaction rate is controlled ¥ steric w.nwnnuu;pnﬁooun.o:&ewn_
2. |Reactio s Savoured by ssiveats of Jow | Reaction M’."’Ill’ll
m P d by high concentration of | Favoured py 1o |
scleephiies Gl mecteopiy=” 1% concentration of




where Ar represents an nqg

so nromatic halogen compounds i,
] chloride is not an aryl halide,
aryl susbstituted alkyl halides)

Text Book Series (B.Sc.-1 G...Bnu__.ﬂ.l: )|

They are represented by the n.w:u:: ?3“.“”“ _\”_._..u_ axn.so
It must be noted that aryl _..___un_au.n_c m...z”. faini-Apay
which halogen is present in the side chain. o_ e iids o
Rathersuch compounds arc referred to as ara N— .
2

Benzyl &__.._.._m_a 5
(an aralkyl halide)

Aralky] halides are entirely different from aryl halides in their properties and are studieg

as a different class altogehter.

Nomenclature - .
Aryl halides are named by prefixing the name of the halogen to the name of the parent
aromatic compound. If more than one halogen ntoms are present on the ring, the name of the

halogen is then preceded by the prefixes
CH; ) NH,
Br. Br

Cl Br
Chloro benzene p-Chlorotoluene = 2, 4, 6, Tribromo aniline

Methods of Preparation

1. By Nuclcar Halogenation : Aryl chlorides and bromides can be prepared by dired
halogenation of the aromatic ring. The reaction is carried out by treating benzece
or any other substituted benzene with chlorine or bromine at low temperature
and in the absence of sunlight and in the presence of Lewis acids catalysts
such as ferric halides or aluminium halides. The function of the catalyst is toactes

a halogen ecarrier. The reaction may also be carried out with some r&.: fillings and
halogen which reacts to give the corresponding Lewis acid ferric halide, For example
ferric chloride can be generated in situ by the reaction between jron __.am nziu_“ .

Cl

Cl,. FeCl,
Low temp. + HC!

@ Chloro benzene

Br
Benzene
Dry, Fellry
Low Lemp. @ + HBr

Bromo benzene
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;a_ungmu:uoaz_n::_
I( cxcess o-. . . ¢ second h v
o-ond p—positions w.r.t. the first halogen, _.,a_._.““m,w__.eﬂs introduced in the ring ot

~
~
+O~u I.E.wz.u; w\g ,..
Eaaa. . +=Q
Chlorobenzene o-Dichloro benzeno |

p-Dichlorobenzens

ryl halides must be carried o

. L ut in th
f Lewis acid catalyst. For if raonaznzo“
ghtnnd in the absence of Lewls acid

It must be noted that preparation of o
absence of sunlight and in the presence o
{scarried out in the presence of sunli
catalysts nlkyl benzenes give rise to aralkyl halides, . hnlogenation th

oceurs in the side chain and not in the nromatic ring, m.,o_..axnsﬁ__.. ion _ES
halogenation of toluene under the two opposing conditions, SR

mu Om.mu Q ) Omu T—»ﬁd
% AT ek, + HO
cl

Toluene Benzyl chloride
(Aralkyl halide)

p—& o—chlorotolucne

- ——
Aryl halides

s Aryliodides cannot be prepared by direct hnlegenntion ns HI produced during
the reaction makes it reversiblo, Thus tho process requires the use of nn oxidising
agent such as HNO,, HIO, ete. in order to shift tho process in the forward reaction
by removing HI. -
C,H, +1, === C/H,~1+HI
2HI + 2HNO, — 2NO, + 2H,0+1,
GHI + HIO, —= 3, + 31,0
»  Aryl fluoride cannot be prepared by the above method sinca the renction is very

violent.

L Bydccomposition of dinzonium salts:
Anyl chlorides and bromides may be prepared from Sandmeyer's or Gattermann

Reaction. .. .
Sand meyer's Reaction involves the reaction of dinzonium galt with cuprous chloride

dissolved in HCI or cuprous bromidein HBr. . .
Ifcopper powder is Enm in place of CuClor CuBr, with HC! or HBr, then therenction

isknown ns Gattermann Reaction.

Bromo benzene

Bromo benzene
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S— w5 pitroms acd. Nitrogs acid is geacrated insitu by the reaction of s

B~

¥aNO, + HGl — HNO, + NaCl
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NH; Sanc’ i %E??:
.M—u - * ) nﬂ.g_ﬂﬁazﬂg.ﬁizahgigiafia
Q) + BNO, + BQ — + H,0 2 “_-_cnlowbonan ngnnanﬁnﬁ&o.a.ﬁh b.pts. increase in the following order -
- ) ® mﬂ-ﬂ.&ﬂ._-a%:.aﬁluiviu.gﬂsﬂﬁonk%nni

igliaigg :
The reaction is referred to a5 Balz-Schiemann Reaction by heating

geop Sutseee
@ The boiling points ﬁggﬂ&inmﬁﬂlﬂmq.prﬁ%g
separation by distillation very difficuit. For example, consider the b.pts. of
;someric dichloro benzenes.

Ny F
: c .
@ XeNO,¥3F, : -
= = + N; + BF,; W\ W
Benrene diszenicm Floore X Cl @

5 b tetrafizore borate benzens o—dichloro benzene m-dichloro benzene p—dichloro benzene

rom Organothallivm Compounds: Arenes when treated with th LKD) 448

acetate in trifluoro acetic aad, und . = s fum tri famy > “MM % 325

ergo aromatic electrophile substitution to fora M.pt(K) e .
poin isomenc m_l_!uq. s dilfer widely

aryl thalfloum bis-trifiuorcacetate. The latter compound upon reaction with potassien

TI (0OCCF),

I
o =+
B0 + CF;COOH

indide gives ideide. ile ing poi
= T1(OOCCF waﬁ th isomers being symmetrical re closely packed in the crystal
@ TI (OOCCF,), —=£20¢ , > ___En.waw pwan..-inns %Evﬁgggﬂmgi
dn - . + CF,COOH chemlcal Propertles .
trifloore acetate . Phenyl thallium Ingeneral, aryl halides n:“_ quite less reactive ,ﬁwﬂ ordinary conditions. Some immporiant
. bis-trifiuorcaceta reactions which aryl halid ergo ore given a5 :
’ e 1 " ?oauﬂn Electrophilic Substitution : The v._.-.euaaon&rn_euun atom deactivates
the benzene ring t wards aromat electrophilic substitution. .:_o.%
[ ibu ir |~nﬁar>p5amﬂuu§%
0 in ing influ
e i nti ic tu

4. By Hundsdiecker Reacti brom i
sromatic acids upen QS»HMMM bﬂ lides may be prepared from silver saltsol NO;
COO Ag with bromine in carbon tetrachloride. Sy ¢
COO0 Ag ! Nitraton Yo,
benzene
© +mr Q - | apaieies
Silver benzoa ) AgBr + Co, _, 1 SO,H
e Bromo benzene ] I conc. 1150, + @
Physical Properties | \I\lr_u.l.ul
1. Physical state, col ! X SOH
bigher membecs -Ennnnw”wh_na“.oﬂ_mﬁ_ halides are colourless oily __n&_w-& . 7 MU — - cacid
. compounds. 8 hnving odour charneteristic of __aa-_w S e X X X
Solubility : Aryl halides nreinsoluble in water but ; S Xk .
such as aleohol, ether, ete. In a particul solublein common organicsol™ : oo
is less ns compared to the ortho isome J..._ﬂ.m_“‘mﬁr the solubility of the _u__:_.aaus_& . g ’ x
of ortho- and para - isomers, i act can be employed for the separ™'” , o.»vLm_:_oIima
X
R
Anhy. NCI
4 : aliylation
: ; ot p-hala Al Benene
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2,

Aromatic Nucleophilic Substitution : A i

natl + Aryl halides s

substitution but only under drastic conditions employing the :MHMN_W_..“M_“._?E:;
Uoﬂ-nEa

and pressure and strong nucleophiles. Some important nucleophilic sub.
3

reactions are given as follows: Hitutioy
OH
NaOH, 623K, Presaure
Cl Replacement by + NaCl
-OH grovp
@ Phenol
NH,
Chloro benzene
NH;. Cu0
mqu.__m. Presaure + CuCl
e b
Aniline |r._muhhuu.u Aniline

s Effcct of substituents on Aromatic Nucleophilic Substitution

In general, the presence of clectron withdrawing group li !

= 0, - COOH, - o =N, - SOH etc. E..,.ro.o_..vnmmm.niw_..w “..“M_Mwmnwa &

un_om.ua m»oE wmcgnam the aryl halides towards aromatic nucl or;.n

substitution. Thisis ns.u_mzw from the following reactions of chloro wmu”_w -

%o HmBn._m. of electron withdrawing group— NO, attached to thering munwhm. ”
¢ reaction occurs mare and more easily, as is clear form the less Sﬁmaﬁ.

the condition employed,
Cl OH
15% 2g NaOH @
43K
NO, NO,
4-Nitrochloro benzene 4-Nitrophenol
Cl OH
” NO; . “ JNO,
25.NA, CO,
4RK
NO; NO,
2, 4-Dinitrochlore benzene 2, 4- Dinitrophenol
Cl OH
O,N. . _NO; - OgN (0]
59. z»-oo.w *
. 4mK
NO, NO,
2, 4, 6-Trinitrochloro benzene 2, 4, 6- Trinitro phenol

(or picric acid)
Ow.ﬁ_a o.m.ﬂ _u.u.uP presence of electron donating groups like
- GH,- OR, - NH, - NHR, R, - R etc. deactivate tho aryl halides towards
aromatic nucleophilic substitution.

|

L

3

i

SIS TP A

PRI P

e e i

-t
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\‘ll" 1 H
s Mechanisms of Aromatic Nucleophilic Substitutions
There are two possible mechanism :
(i) Addition — elimination mechanism
(ii) Benzyne mechanism
Both of these are being discussed as follows :
(n) Addition- Eliminntion Mechanism
(Or Bimolecular Displacement Mechanism)
According to this mechanism, aromatic nucleophilic substitution reaction
occurs in two steps - g
Step 1. Formation of Carbonion : In the first step, the nucleophile attacks
the aryl halide on the C-atom which carries the halogen to form Tensonance
stabilised carbanion, which is nlso known as the Meisenheimer complex.
The formation of the carbonion constitutes the rate-determining step of
the mechanism. It is to be noted that during the formation of carbonions
the hybridisation of tho concerncd C-atom changes from sp? to sp* and
aromaticily of the intermedinte carbanion is lost.

X X Nu X Nu X Nu H Nu
.\l./m 2 o
s Nud 2> D > «—>" =
Aryl halide Nueleophile Resonance stobilised carbanion Resonance hybride

Step 11. : Elimination of halide ion : The second step is a fast step nnd
lusion of the halide ion form the carbanion to give the

involves the exp 4 i ;
substitution product. During this step, the aromaticity of the benzene ning

is nlso restored.
Nu

m.uz__ .
PP
Frul

Substitution Product

{he mechanism docs not operate for simple aryl halides
under ordinary conditions. It is aﬂn_.n._.fn only for those aryl halides
which contain electron- withdrawing groups like -NO,-C,> CN

N=0,- cootl ete. particularly at ortho - and para - positions w.r.t

{hc halogen atoms.

1tistobe noted that
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(B) Elimination - Addition Mechanism (or Benzyne Mechanism) : The addition.
climination mechanism just discussed before proceeds for activated aryl halides, i.¢,

aryl um_“amm which contain an electron-with drawing group, while for unactivated
or deactivated aryl halides reaction occurs only with very strong nucleophiles under

forcing conditions and the mechanism followed is known as the climination-addition
mechanism or the benzyne mechanism (since the mechanism occurs via the formation
of benzyne intermediate).

About the benzyne intermediate : Benzyne intermediate contains an additional
bond between the two ortho carbons of the benzene ring. The two carbons involved are
the Suwoj originally bearing the halogen and an ortho carbon carrying a hydrogen.
The additional bond is formed by the sideways overlap of sporbitals of the two
C-atoms .E&. lies along the side of the ring. The electron could be of this additional
bond ..3...:».. lies along the side of the ring and has very little interaction with the
aromatic s~clectron cloud which lies above and below the plane of the ring. As this
additional bond is formed by the sideways overlapping of sporbitals, it is weak and
hence is responsible for the high reactivity of the benzyne.

H
H
@O =0~

Fig. Representation of BENZYNE

H

Mechanism .
The reaction of chlorobenzenc with strong nucleophile amide jon : NH, in liqui ~
through the addition elimination mechanism and proceeds through ._.Mn Mn_.wu_m:.nsm H,oeet
Steps1: Elimination : The amide ion first abstracts a proton from the carbon which is
ortho with respect to the carbon carrying the halogen, leading to the formation of carbanion-
This carbanion then expels a halide ion to form a benzyne.

+ :NH; —> @m.wvullv O_

Amide ion Carbanion Benzyne

CI

K

Step 2: Addition : The amide ion then adds to the b . .
which then abstracts a proton from liquid ammonia to Econmww.%_ W n.s_m another carbanion
(in this case anilinc). product, nn aryl nmin¢

@\WF e

» Hd

NH,
. NH
L, 2

Cnrbanion Anilin
o

g
ﬂnu_.:nm:

' —T Aliphatic Nuclcophilic Substitution

1

w

o]

femm e = ey

son of Aliphatic & Aromatic Nucleophilic Substitution Reactions

Aromatic Nucleophilic Substitution

p—— 5

SN' reactions involve the formation of

carbocation in the rate-determining step.
|..ﬂo Fnat

— > R — 5> R—Nu

R— X Slow carbocation NP

While no intermediate is involve in the

single step 5,2 mechanism.

Aromatic nucleophilic substitution
involve the formation of carbanion the
rate-determining step.

- x L]
Elxlmvkﬂ%?lz__
Nu

B
5.1 reactions arc facilitated by the presence

N

of electron donating groups, which help
stabilise the carbocation.,

52 reactions are not affected appreciably
by electronic factors.

Aromatic nucleophilic substitutions are
facilitated by the presence of clectron
withdrawing groups, which help stabilise
the carbanion.

Aliphatic Nucleophiii
comparatively faster.

oo substitutions arc

|
L i profile diagram for bimolecular | Encrgy profile dingram for bimolecular
" | aliphatic nucleophilic substitution aromatic nucleophilic substitution
(i.e. 542 Reaction) : ‘ -renction .
. [Nu—R—XI (i.¢., Addition-Elimination Mechanism
- X arbanion
- ?..HZ: X ?—nﬂ:&muﬁ
T.S.
,— >wﬂz=
B Nu®s R-X ~
Q
i B
“ Nu-R + X g
5]
Progress of reaction
frencti
reaction
Progress 0
ubstitutions

Aromatic Nucleophilic 8
proceed at 8 comparativel
(reason discussed later)

y slow rate.

|
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QUESTIONS FOR PRACTICE

“H.m:m”&mr between Sy and Sn? reactions.
ich is more reactive towards Sy

CH, - CH,-cy,

(b)
1 reaction, Explain.

CH,=CH-(J, —
(¢) Complete the following ”.nmn:on : CH,=CH-CH,-C!
& . (M.D.U. 2009)
i) @ lig. Znuhmﬂnzmr ?
Give the mechanism of deh
drohal i

ease of formation of E_S:nw. eeenation of alkyl halides. Explain the orientation end
abu <H.=V.=._m..=mﬂh are u-:mu_.:unmn TB—O a..c-ﬂ. 2002)

chemical reactivity. How do uacmn: compounds but they resemble aryl halides in

a .
@ Complete the following cquations, " S et (M.D.U. 2006)
-e
CH,Br + NaCH (COOCH,), —— S
2 . LU, 200
(a) Uﬁ.nzmm the Emnrnuumu- of Sy! reaction with energy profile di

(b) Write mechanism of chlorination of benzene, (K.U m_nm.ﬁ. am, (K.U.K. 2013)
(c) Explain the ortho and para directing nature of halogen K. 2005, K.UK, 2011)

_—
= T

b
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ain the following :
g BP B

- renctions of alkyl rn.:._._au are nccompanied by partial rncomisation.

S Hydrolysis of cthyl chloride is Sy: reaction but that t-butyl chloride is Sy reaction N
i) 59 reaction proceeds by inversion of configuration. . .

@ S¥ mechanism of an atkyl halide is unlikely for an aryl halide,

) Aryl halides are far less reactivo than nlkyl halides. (K.U.K. 2006)

) Mechanism of bimolecular nucleophilic aromntie substitution. (K.U.K, 2005, 06, 12)

g W Why ﬁ,_.#ﬁ halides are more reactive than primary alkyl halides? or Compare the
renctivity of alkyl hnlides vs aryl halides, - (K.U.K. 2013)

() Givetheclimination-nddition mechanism of converslon of chlorobenzene into aniline,
1, Discuss bimoleculnr displacement mechanism of aromatic nucleophille substitution,

(K.U.K. 2013)
g, Whydoes nucleophilic substitution of chlorobenzeno take place through benzyno mechanism

and that of p-nitrochloro benzene proceeds vin nddition-climination mechanism?
(M.D,U, 2007)

5, () Alkyl chloride undergo substitution reaction by Syt mechnnism wherens n-propyl
chloride reacts with Sy2 mechanism. Explnin,
(0) In E, climination, trans-1, 2-dichlorocthylono undergoes transformntion to
chloroncetylene twenty times faster than the corresponding cis-isomer.
(i) m-Chlorotoluence from p-nitrotolucne
(ii) o-Chlorotoluene from tolueno
() Convert the following:
(i) Benzene dinzonium chlo
10. Complete the following cquntion:
@ CHMgBr+ CHCN —
i) CH/CI+ NaNO, —~
(iiiy CHBr+ cHS Na —

1, (n) Write chemical cquations for tho following : -
Chlorobonzene rencts with ammeoni in tho P
oro

rido into chlorobenzene. (K.U.K. 2005)

nﬁv Writen :—;G—.ﬁ note o0 E.d.ﬂ. “Oﬂﬂe 2018)
(i) Sandmeyers reaction (KUK, 2018)
s (KUK, 2008)
(il) Wurtz react d pi () complexes.
(o) and P
© Write anotoon 4™ B o roactions. (KUK, 2008)

ctor®

additio Jianism of conversion of chlorobenzene into nniline.
ation-

n mec
(K.U.K. 2011, M.D.U. 2003)
o than nlkyl halides?
(K.U.K. 2011, M.D.U, 2004)

ucleophilic aromatic substitution reaction (bimolecular
(M.D.U. 2003)

12, (n) Discusy the _._u

(b) Givethoelim®
1nnd viny halides are Jess reactiv
Tl @) Why oo

' ol ochanism ofn

\ by Expl
: ® displnc®




