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Relative Stability of Alkenes kg sxinidy
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the stability of the alkene. The relative stability of alkenes may be explained on
the basis of steric effect and hyperconjugation. ‘ S

* Reactions of Alkenes ' b

e, Alkenes generally undergo two types of reactions: (i) Addition reactions due to
ihe carbon-carbon double bond. These may involve electrophilic addition or
“addition. (ii) Substitution reactions due to the alkyl group (if any) present in the mol
These are essentially the reactions discussed in the case of alkanes. Some of the
1. Hydrogenation. Alkenes can be hydrogenated
usually Raney nickel, to produce alkanes. Since catalytic hydrogenation is an exothermic
Mnmbemedwdetmnhndnrelnivesubilityofdkmby ,

hydrogenated

heat of hydrogenation, i.c., the amount of heat evolved when one moleofllmi

2. Addition of hydrogen halides. Alkencs add hydrogen halides, either BY
passing & dry gaseous hydrogen halide directly into an alkene or by using a moderately

in the presence of a catalyst, -
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Unsaturated Hydrocarbop g

lar solvent, such as acetic acid or alcohol, t© form haloalkanes. The reaction follows
:,{oarkowikov's rule. However, the addition of hydrogen bromige 1o
presence of a peroxide follows anti-Markovnikov's rule

3. Hydration. Alkenes on hydration €an add a molecule of water across the

double bond to form alcohols. Hydration of alkenes may be

: (i) Treatment of alkene with cold conc. .H}SOL followed
Direct addition of water to the double bond in the presence

I an acid catalyst such as

an alkene in the

ght about in different

y heating with w

H,S0%. (iii) Reactién of alkenes with mercuric acetalc in a mixture of THF and water,
followed by reduction by sodium borohydride in ag NaOH (oxymercuratiop-
demercuration). (iv) Treatment of alkenes with diboranc, followed by oxidation with
alkaline hydrogen peroxide (hydroboration-oxidation.)

g -'. m first three methods result in _the Markovnikov's a dition of water to amn
mmm the fourth method results in the anti-Markovnikov's addition of water to
e l i

Addition of halogens. Alkenes can readily add a molecule of chl

Ry L

romine in an inert solvent such as CCly at room temperature 10 give vic-dichlorides or

nides. At high temperature (400-600°C), the product that is obtained is that of
on, rather than addition.

5. Addition of hypohalous acids. Alkenes react with an agueous solution of a
to form halohydrin which in fact involves the Markovnikov's addition of
us acid across the double bond. ’

] Oxidation. Alkenes react with various oxidizing agents to yield different types

n products, depending on the nature of the oxidizing agent, the reaction
and. the extent of oxidation. (i) Alkenes on treaiment with organic peracids,
acid, are converted to epoxides (epoxidation) which on acid-catalysed
ols. The overall reaction gives the product of anti-hydroxylation. (ii)
ylation of an alkene can be achieved eithgr by the use of OsO,,
nt with NaHSO;, or by ‘the contre use of cold dilute alkaline

wﬂcbnsuﬂly ell‘k’l!p in the cleavage of the alkene at the position of
(iii) Treatment of alkenes- with o

ozone (ozonolysis) forms ozonides

L”"m;‘__ overall the cleavage of the
L_"'r 8.8 .
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P e that contain a triple bond in thej;
Alkynes are the unsaturated hy ula CsHzs-2-
molccales, and can be represented by the general for™ |

Nomenclature : : )

derivatives of acetylene, the paren

| Simple alkyncs ar usually 1L s are named ccbcingto the [UPAC

system foolfl::m‘:mdlgme rules as employed for alkenes, Mm ending -ane of
the name of the corresponding alkane is replaced by -yne, instead ;

Preparation of Alkynes hlsh M .

lene itself is of great importance due to its high heaf o ustion. The

oxyaécty‘?:::ytorch is commonge::ed for the welding and cutting ggml;h Aoetylen;':s

- prepared on industrial scale by the reaction of calf:xum carbide (CaCy) w : ﬁte;. The

other alkynes can be prepared either by introdl,_ncm.g a carbon-carbo. bon trip ﬂt: n u;_ a

molecule, e.g., by dehydrohalogenation of vic-dihalides, or by increasing the :;:e of a
*molecule that already contains a triple bond, e.g., by the alky_!ahon of a terminal alkyne.

Physical Properties of Alkynes § |
The physical properties of alkynes, in general, are essentially the same as those

of the corresponding alkenes. 4

Reactions of Alkynes e

" Alkynes resemble alkenes in most of their.reactions, except that an alkyne can
add two molecules of the reagents in a step-wise manner, but by selecting suitable
conditions it is possible ta restrict the reaction to the addition of only one molecule of the
reagent to get an alkene. However, due to the acidic nature of the acetylenic hydrogen,
alkynes also undergo certain reactions that are not commonly observed with alkenes.
Some of the common reactions of alkynes are summarized below:

1k Hydrogenation. An alkyne can add either one molecule of hydrogen to form
an alkene or two molecules of hydrogen to produce an alkane: the extent of
‘fydrogenation depends on the conditions and the catalyst employed. ~

§ 2. Addition of halogens. Halo, i i
_ i gens (chlorine or bromine) can add to an alkyne to
form either a dihaloalkene or a tetrahaloalkane, depending on whether one g“m
molecules of the halogen are used.

3. Addition of hydrogen halides. Al | » s
_ kynes can react with hydrogen halides (HBr
and HCI) to form either haloalkenes or gem-dihaloalkanes, followinyg the mdvﬁko’f's

- rule. However, in the : :
“Markovnikoy's rule. prese?ce of peroxides, the addition of HBr follows the-anti-

] -
P

Unsaturated Hydrocarbons 61

formation of vinylic alcohol.

5. Oxidation. On treatment with neutral KMnO, or ozone, alkynes undergo
oxidation to yield 1,2-dicarbonyl compounds. However, the oxidation reaction can be
carried on further to yield the cleavage products.

6. Hydroborltioq- Alkynes react with diborane, followed either by pyrolysis fo
yield cis alkenes, or by oxidation to yield aldehydes or ketones.

7. Formation of metal acetylides. Due to the acidic nature of acetylenic
acetylene or a terminal alkyne can easily form metal alkynides which can react
/ith a number of reagents to yield a variety of products.

8. Polymeri'ntion. Alkynes undergo polymerization under different conditions
to yield a variety of industrially important polymers.
9. Isomerization. Alkynes isomerize under the influence of either an acidic or a
' b.sicm!yst.
ANSWERS TO EXERCISES

Pt i (@) 2-Isopropyl-I-pentene.

(b)) 3-Ethyl-2-methyl-3-heptene.
(¢) 3-Ethyl-4-isopropyl-l-heptene.
(@ 4,4,5-Trimethyl-2-hexyne.
(e)  6-Isopropyl-4-nonyne.
()  3,4-dimethylcyclopentene.
. (8 _ 1-Propynylcyclobutane.
) (B  3-(2-Propynyl)cyclohexene.
(i) I-Hexen-5-yne.
o Lisopropepyl-lé-heptadiyne.

® CH—CH—C=C—CH,
. CH;
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' Chapter 5 ; | : Unsaturated Hydrocarbons ‘ 63
* (&) The name has been based on the wrong parent name. The correct name is

62 . : sbhite
CH : : - 3,3-dimethyl-1-butene.
3 , —CH,CH=CH, 5 ;
@ & (c) The numbering has been started from the wron
)  The correct name is 1-methylcyclopentene.
e tad " (@ Isobutylene is not a parent name according to the [UPAC system. The
c}EC—-CHI"fH_C L c=CH correct name is 2-methyl-2-butene. :
7 CH?"CECH & . (¢) The methyl group at position 1 has not been included in the parent chain.
: = E The correct name is 2-heptyne.

() The numbering has been started from the wrong end of the chain. The
correct name is 4-methyl-2-pentyne.

g side of the double bond.

© CH;

5 (l—) CSHlﬂ’ . CH CHZ HH;,! p }.
3 T R ] X |
CH;CH,CH,CH=CH; s : . GHOH
]-pentene - .a'_Ij,» - ; |;§ 5. . (@) CHJCH)CH2C[ + C;HsO Na —--——)‘l CH;CH=CHZ + C,HsOH + NaCl
e 2-Methyl-1-butene - v 55°C
: CH 1;-:CHCH3 - B ® CHCH,CH,OH ™% cpcH—cH, + 1,0
‘CmFKH=ah ? i A 30 14 : 3Ly —]ﬁzﬁ 3 2 2
. 4 y, - : C,HsOH
3 Me(t:thJHJmene 2-Methyl-2-butene () - ?HafHCHs +CH;0" Na’ %(—:—) CH;CH=—CH, + C;H;OH + NaCl
CH;CH; CH; CH:CH\C*/'_{'- 4 b HIEG ClI e
Nore s 60% H,SO ; :
cis-2-Pentene ryans-2-P ‘_mten‘,".: - = ~ OH ’
feretele o - uanel GHJfHCHzBT =iy CH;CH=CH, + ZnBr,

CH;CH,CH,CH,C=CH CH;CH,CH,C=CCH, A : RO CH;0H .

1-Hexyne 2-Hexyne i i ‘L . v |
CH;CH,C=CCH,CH; CH:THCHzC§H - G "-CH‘:CH'szCHg +KOH ——— CH;CH=CHCH,; + CH;CH,CH—CH,

3-Hexyne CH, & s Br‘ C‘H’OH (Major) - (Minor)
" 4-Methyl-1-Pentyne '7‘ A 0 o _ ¥
. The stability of the given alkenes decreases in the following order: 2,3

CH;CH:?HCECH CH;fHCECCHj dim#‘hjﬁlﬁzibut@QGT3‘25mét]ly1-29pentené > trans-3-hexene > cis-3-hexene > 1-

CH; CHy i | SR : >

’ 3-Methyl-1-Pentyne 4-Methyl-2-Pentyne T
H; »

: CHJ—T——CﬁH

CH;

3,3-Dimethyl-l-butyne

4 (@ Trivial and IUPAC name - P
s have been mixed up, rrect
- tetramethylethylene or 23-dimethv]-2-butene. o el co,rr.ec" ;
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64 e Unsaturated Hydrocarbons 65
be minimized by using potassium t-butoxide as a base for the
= ' roduct but this can be min ogenation of an alkyl halide
eplim;:lation. I would therefore prefer dehydrohal 2] % _ CH:CH\C=C B,Hs CLLEES ((:H: H,0;
this case. ; . . - (R BHCH: #—=—" HCH B ——
ot the cases (1 and isthessorond feompound is:a: betier starting B CHCH | ™| ey S
) rial because the first compound in each case, having figrousn, 8t more L CH
::n one position will give a mixture of alkenes. i >CHfHCH;
CH;CH: s CH;CH,; d E: - CH;CH, OH
5 o v HCHy ——= SCHCH,CH; l;;,_' “CH;CH,, CH;CHl\
: i, Pressut®  CH,CH; ' i ) HCH;, + Br, —» HCH;
" : it it cucry” ccl, aE)
i "~ + CH;CH; r CH;CH ' 22 . CH,.CH;” g, g, 8
f : ®) CHCH; +HCl ——> }f’:CHzCHs CH;CH, CHCHa
CH;CH; CH,CH: "y G )C—CHCH; +Br, —» C—CHCH;
; , CH;CH 0 -
CH;CH: cone 0, CHRCHa ok, B CH:CH” oy pr
© HCH; : CH,CH; —> oo —
crsCHY CH;CH; = CH;CH cHCH, |
;CH; 5 OSO;H 0 HCH; + B, ——— —CHCH,
CH;CH,_ - B C,#s0H
- .CH,;CHy : Bl CH,CHy
CH,CH; = 5 3“8 OC,Hy
CH;CH, OH i ccth Perbenzoic acid CHJCH}\’
' EI F ol >(L=CHCH, S e HCIT,
CECH aimso, - CHECH | H;0 CH;CH : CH;CHZ/ \0/
@ FICH; e ) CH,CH; —> e : B 5, Y
CH;CH; CH,CH; SRR ()KMnoom,a  CTBCH
: CH;CH,* @ .. /C=CHCH, T 'I\CO-I-.C'H;CHO
CH,CH; CH;CH; . 2 CH;CH,
CHiCH,” oy CH;CH. % e (i)O; CH;CH,
CH;CH, CH;CH A (s >Cﬁ; BHCHE = >0 + CH,CHO
@ c—cHcH, HEOMR TN, gy MaBHe ekt T VRO crien |
3 T 2 ; e .
CH,CH; . CHer st CH\CHa i )
OH HgOAc N ey
CH3CH2\ , A '3"_ .7
CH,CH;
e - CHiCHy by
e 2\,C=CHCH He
3 + HBI' —_— H
C‘H P 'dC HCH3
o i~ CH}CH;/C zr _______
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Chapter 5

CH;CH-CHr" HBr ——"‘" CH)EHCH:

T

CHyCH=CHy + By 2> CH;IH-E:*: '
: g r

CH;CHH;*CI; T———’ ClCHzCHHz ¢

CH,CH=CH, + Bry —W' CH,EHCH;B_r"
; &5 2 | H
cra,'cu-_cn,+1<Mno4 4t cn,rlcn,ou
2 ;
H ’

Cly
H oy
CH;CH=CH;+CI; ———C> CICH;CH-nC 2 <2
CICH;?HCH;CI

c. KOH
H, +B CH;CH—CH —b CH H
CH;CH==CH, l'z ——) 3? —'? 2 0°C - !fd 2

Br  Br
QH,CH=CH, LV CHGHCH,
OH
I
CH{CH—CH, + CH,00H e 6. CH,CH&CH;
CHCHmCH, +Cl s ch
S ot CHCHeCHL oo |
CICH,chuza —ﬂOH CICH1?=CH
80°C
ol
CHyCH=CH, + HO| —__, CH;?HCH, Lo HCH,
Ether \
CH; CHj

CH;CH=CH, + (J,

Na
woopr. CICHCH=CH, e
cr

2 =CH
3T ?HszCHICHz

Br Br Br Br

gHcts

13.

@

()

o

LI 5

Unsaturated Hydrocarbons 67

CH:CH—CH, +Cly ——» CICH,CH=CH, .
400-600°C
CH;CH=CH, + HCl —> CH}?HCH;

N
CH,IHCI+CICH2CH=CH2 ’"Em.«—’ CH.?HCHzCl-hsCHz

H; CH;
CH;CH—CH, + B CHyCH—CH, — <08
3 2+ Bn ?—> 3? —(f I-W
Br Br

VS

1 Cl
CH;T=CH; &» CH,—f?—in
B o B
r r

e
CH;CH—CH; +Cl; ——» CICH,CH=CH;, ——
: 400-600°C Ether

: CH,=CHCH,CH,CH==CH,
Molecular weight of bromine (Br;) =160
Amount of Br; in 1000 ml of 0.1 molar solution =16g
Amount of Br; in 14.7 ml of 0.1 molar solution =02352¢g
Molecular weight of the cyclic alkene, C oH s =136

Amount of Br, reacting with 0.20 g of the cyclic alkene =0.2352 g
Amount of Br, reacting with 136 g of the cyclic alkene =160 g.

So, 1 mole of Br; has reacted with 1 mole of the cyclic alkene. Thlsmeans

that only one double bond is present in the molecule of alkene, and the hydrogen

12,

S __daﬁcnmymdmdwalkme is bicyclic.

Sinpeﬁwulkeneeommonly 1 molcofhydropahﬂnmof:

clﬁlynmfomamaudalkane(wmxummlymmm
Onwgaonsoxndahonwrﬂ:KMnO‘mnlkmuudachu!h

ofthe doub[c mm .v

?ﬁmm&e#m
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Chapter 5

CH;CHICHZCHH!
: CHa

H\ CH
CH
y—CH _

CH;CH—CHCH,CH=CH;

e

CHJCH Br;
_—

5

_E’_’_, CH;CH HfHC,Hs
Br Br { alc. KOH -

L 150°C

CH;CHszCHCHJ,

CcCly
v Br
CH;CH, CH

-2 ) Ne—c”’
CH;CH;C’—ECCHJ —‘T" . / \

alc. KOH
CHJ?H—THZ _c___) CH;C=CH
150°C

Br Br

' alc. KOH
CH,CH,CHC, ;T' CH,;C=CH

alc. KOH
—_—>

alc. KOH :
CH;CHCH. CH;CH=CH CH;CHCH
3? = 3 2 E_) 3? ‘f i ereG

Br Br Br
conc. HzSO. Bl’z

——— CH,CH=CH, —>
180°C CCly

ale, KOH
CH;?H‘FH; _— CH}C-——ECH
,150°C ;
Br Br

alc. KOH
CH;CH=CH, —+ CH3?H5:H2 T CH;C=CH

Br Br

lig. NH
HCECH+N3NH2 —3 HC=C" Na* ﬂ—r) CH3C=CH

CH;CH,CH,0H

®) (CH:):?HCH#C HEH, 17.

18.

Unsaturated Hydrocarbons 6

In this reaction acetylide anion is formed as an intermediate which reacts
with the alkyl halide in an Sy2 type reaction. A tertiary alkyl halide is not a
suitable substrate for the Sy2 reaction. Moreover, a tertiary alkyl halide in the
presence of a strong base like acetylide anion undergoes elimination, rather than
substitution. I would therefore prefer the combination (3) for the preparation of

the given alkyne.

? H,CH,B
(CH;):CC=CH "T’ (CH)ICCmE Nat |2 e (CH;);CC=CCH,CH;,
lig
Ha/Pd(BaSO >
(a) CH;CH,CH;C—CH —’:__(_I___‘l CH;CH,CH,CH—CH,
uinoline
U E T CH;CH, CH;
H,/Pd(BaS
CH,CH,C=cCCH, _?P4Bas0) N
Quinoline H/ \H

: H/Pt
(3) CH;CH,CH,C=CH —— CH;CH,CH,CH,CH,

3 H,/Pt
Cl;I;CHzCECCI’b T CH;CH;CH:CH;CH}

CH;CH,CH
Bry/CCl
(©) CH;CH;CH;CECH —rjoc--‘-> 2\C#;/B

Br/
CH,CH,
Br,/CC .
CH:;CH,C=CCH, _::.Tli’ \cg/B

Vi W

r

(@ CH;CH,CH,C=CH ——>B"ISC" cn;cmcmfcmar,
, | L0 : re i
T T
CH,CH,CECCH, f’% CH,CH;? CH,
; " Br Br
Na/lig. NH,

9 CHCHCHC=CH —3 CH;CH,CH,CH—CH,

CH;CH:

Nl,ﬂq NH;

\ CHJCH;CECCH; e———s
—33°C
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Chapter 5 _ ; : Unsaturated Hydrocarbons
70 £ oA e ’
P HROHERY o CH,CH,CBACEL 4 CHiCHCH,C=CH —— CH,CHOH,COOH + HCOOH
w HBOHEBY  cpr CCH ,CBr 2CH3 rin = ‘ g CH; . CH;
ol CH,CHC=CCH; ; - : > M CH,CHszcECH- i CH;,CHZ?HCOOH+ HCOOH
' stfh CH COCH ¥ :
: it/ CHsCH,CH; 3 | R CH CH
® CH;CH:CH,CECH"'H!O g%so 8 % = o ? . e
H;S04 LCH CH COCHJ L B r : 3CHC=CCH; ——— CH;CHCOOH + CH;
N fcCH + B0 == Ui : | e I i
: 3 H‘so 7 Ay r ; CH; CH;
KMnO o % ' s
(i) *CHiCH ,CH,C=CH .—;I—o-—-) CH:CH:CH:COCH s ) H; Hs
0! CH;CC=CH ——» CH;CCOOH + HCOOH
i3 L AELRTOLS CH;CHzCOCOCH3 T :
: CH;CHﬁE_CCHI o CH; CH;
' : - OBH : i
CH. CH:CHzCH=CHz ! H s
(i) CH}CH2CH1 (i) CH: ’COOH 2 20. (a) y HC.ECH —-{I-n;-—) CH;CH;
) _ OBH ey Hy/Pd(BaSO,) ,
; CH:CH;CECCHJ T H.>=< 3 (b) ; H.CECH _-)Quinoline CH,=CH,
:  ()BiHs . HBr/HgBr,
78 CH;CHzCHzC=CH s, 1 CHJCHzCH2CH2CHO REaCi=C — > . CHiCHBr
(ii) Hy0,/OH™ : '
H,/Pd(BaSO,) f Cl
(i) B:Hg ; (c CH=CH — 5 CH H ——
i ) FOJOH CHICHGIR e, g 7. Quinoline i ccl, fH in
' CuCl, A ' & '
, NaNH
CuCl. A L N :
CH;CH,C=CCH; ——» No reaction : i NaNH, . CH
e O cimen M o e O oy, M
() CHCH,CHC=CcH TNl NH, AL, ek Mg Ny £ liq. NH,
2% he— AR oy e ¥ Ay
1 (i C;l;l,Br HJCHZCHZCECCH)CHJ CH;C; Na = 2 ) CHJCECCH]
(i) NaNHy/liq. NH ~ R HQHEHD b ‘ . :
CH;CH;C=CCH; - 5" " No reaction H,/Pd(sasou
(ii) C;H,Br (g) CHJC':CCH; ——:——)Q“ - ‘
e : (Fromj) Ll
19. CH:CH (i) Oy (ii) H;,0 Ay
SCHCHCHC=CH —— 5, CH,CH,CH,CH,CO0H + A

(iiii) Hy0,
CH,CH, ' o
3 2CH2C§CH§ —— CH;CH)C HzCOOH 7 CHJCOOH

CH;CH;CECCH;CH; — 2CH3CH2COOH
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g cr=CH oy

(5) CHC=CH+HCI —— CH;

¢ w3 1 NaNH
2
Br
__(_:E_!___' CH=CCH; —liqTH?

AR ChimC N
CI"J(:"'=£- Na‘

cir CH=CCH;3
* NaNH; C}EC. Na# ———

CHCHP CH,C=CCH,CH,

— )
@® cn=CH — i g NaNH,
o CH=CCH;CH; liq. NH,

C}ECH~ NN cp=C Na"

|
@ lig. NHy CH‘ - CHyCH,Br CH;CH,C=CCH,CH, “ 3
CH;CH,C=C B

stohﬁ(?ec

CH;CHO
(m) CH=CH+HO HesO. .

HgClz “HCI
() CH=CH+HCI ——> CH=CHC

HB
H/PABS0) oy CH, ——> CH;CHBICH,
_— s
Quinoline

© HgCl H,

(a) CH;C=CH

Cl

(i) BaH
—_—
(ii) H;,0/OH"

H;80,, 60°C
(@ CH;C=CH+H,0 ‘Hﬁ, CH;COCH;
4

* CuCl, Hngl
) CHCECH ——") CHC=C—C=CCH; — "'y CHy(CHy)(CHs
Pyridine

O e O o B
Quinoline Peroxide
CH;C=CH ‘::%’:_3_) CH,C=C Na* 2CHICHBe
CH,C=CCH,CH,CH, 1% Nt CH\czc/H
o w \CH2CH;CH3
() CHe=cy _CCl4 '

e CHIC=C—C=ccp,

) T T S 4

Unsaturated Hydrocarbons

F The sample of 2-pentyne containing 1-pentyne as impurity is mm‘i’ ‘:Nt;ttz
an ammoniacal solution of silver nitrate whereby 1-pentyne forms a precip 57
which can be removed by filtration. 2-Pentyne does not react with the reag
and remains intact.

(@ . 1-Butyne forms a precipitate with an ammoniacal solution of silver nitrate,
whereas 2-butyne does not.

()  1-Hexene decolorises a red solution of Br; in CCly, whereas cyclohexane
does not.

(¢) Propyne forms a precipitate with an ammoniacal solution of silver nitrate,
whereas propene does not.

(d)  Isobutylene dissolves in 65% H,80,, whereas isobutane does not.
(¢)  1-Pentene dissolves in conc. H,S0,, whereas n-pentane does not.

()  2-Pentyne decolorises a red solution of Br, in CCly at room temperature,
whereas n-pentane does not. :

(g 1-Pentyne forms a precipitate with an ammoniacal solution of silver nitrate,
whereas 1-pentene does not.

The unknown compound is treated with ammoniacal solution of silver
nitrate. If it forms a precipitate, it is 1-pentyne, and if it does not, then its

- possibility of being 1-pentyne is ruled out. Similarly the characteristic tests of

other compounds are also performed one by one.

If it is 1,3-pentadiene (a conjugated diene), it should undergo Diels-Alder
reaction to form an adduct with a dienophile, such as maleic anthydride, to give a
new solid product, as determined by its melting point. -

2-Pentyne should consume two equivalent of hydrogen in the presence of a
catalyst, whereas the alkenes consume only one. 3

Trimethylethylene and 3,3-dimethyl-|-butene dissolve in 65% H,S0,,
Wwhereas 1-pentene and 2-pentene dissolve in 85% H,804. Out of these two pairs,
3,3-dimethyl-l-butene and 1-pentene on oxidative degradation with KMnO,
evolve CO, which turns lime water milky. :

If the unknown compound does not respond to any of the above tests, then
it is n-pentane, 4

CH ‘ B ot

CH;CH;?CECH LA CH;CHsz hCHy . AT ES0R,
s H o ; ) ‘;, e r 3 ’H-‘.". ‘ » ﬁ“’iis-%-?‘i"{ Ar T Sl ey

Bt i oot o AR
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26.

to attack an €

i (g Saytzeff rule

" nickel-aluminium alloy with - conc. aq.

Chapter 5

; ; accepts an elec_tr -Da;
(a) Electrophile (electron-loving) is 2 species that o i

from an attacking nucleophile- :
() - Nucleophile (nucleus-loving) is a species
lectron-deficient centre.

which an atom orf

with an electron-pair that tends

: ; in a -
© Substitution is a reaction 1n a, grovp. n molecule g

replaced by another atom or group. : . |
n which two atoms or groups are removed from

feiss ion'i )
(d) ~ Elimination 1s 2 reaction b cacated double bond.

adjacent carbon atoms in a molec % i .
(e) ' Markovnikov’s rule states that in the addition of a hydrogen halide to a

ical alkene, the hydrogen ato
double bond of an unsymmetr:cal a =t =
:mt:m? tootlllne carbon atom of the double bond that already holds greater

number of hydrogens.
Hofmann rule states that in th_e th
ammonium hydroxides (Hofmann reaction),

which is least substituted.
states that in an elimination reaction, the most highly

substituted alkene is formed predominantly. :

() Raney nickel is a catalyst which is specially prepared by the treatment ofa
sodium hydroxide which dissolves

aluminium leaving nickel in a finely divided porous form.

()  Lindlar’s catalyst is a finely divided palladium metal deposited on barium
sulphate and then poisoned by treatment with quinoline.

ermal decomposition of quaternary
that alkene is formed predominantly

() Hydration is a process in which a molecule of water is added across a
double bond to form alcohol.

(k) Epoxidation is a process in which an alkene is converted to epoxide by '

treatment with an organic peracid.

(1) Hydroxylation is a process in which two hydroxy groups are added across
a double bond to form a glycol. Mhydroxy groups are . s

(m)  Ozonolysis is the reaction of ozone with an alkene to form an ozonide.

n . - . i .
(v i : l;:tl:t:ac'tlon is stereospecnﬁ_ckwhen a particular compound reacts in such 2
y that it gives a specific stereoisomeric form of the product.

0) If 3 apr %
(©) a reaction can potentially yield two or more constitutional isomers but

actually produces on|
one inar ' ion is sai
S y (or predominantly one), the reaction is said to be

(¢) Isomerization 4
zation is a process in which one isomer is converted to another-

(@ Polymerization isa

: process in whi
combine together to form hich small

a large molecule (polymer).

organic molecules (monoméfs) g

W

R -

27.
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() Principle of microscopic reversibility states that in a reversible reaction
the forward and &e reverse reactions follow exactly the same path.

(@ On heating. in the presence of formic acid, neopentyl iodide ioni

: et , izes to
produce neopentyl .carbocatlon _Whlch is a primary carbocation. It rearranges to
the more stable tertiary carbocation which then leads to the given product.

H
_ JCHI HCOOH ?H3+ Rearr. 3 <
CHg—(f— 2 —A'> CHJ“?—'CHz——) CH;—{:,‘—CHZCHJ —
¥ CH; CH;
3 Hs
CH3—C=CHCH;

(b). Ethanolic potassium hydroxide is a rea ich i

: gent which is used fi
dehydrohalogenat}on of an alkyl halide to form an alkene. Foc:'r :}}11:
dehydrohalogenation of an alkyl halide, a hydrogen B to the halogen is necessary

which is not available in neopentyl chloride. So i
ch 1 . So, neo l
react with alc. KOH and is recovered ufichanged. U iy

- (¢) 2-Butene is more stable, and is at a lower energy than 1-butene. It therefore

requi{es more energy of activation than 1-butene to form the same carbocation
This is why the reaction of I-butene with HCl is faster than that of 2-butene. -
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Stereoisomerism

CHAPTER’S SUMMARY _

- The compounds which possess the same molecular formula but different
structures are called isomers and the phenomenon is known as isomerism. There are two
main types of isomerism: (i) constitutional isomerism and (i) stereoisomerism. The
constitutional isomerism is shown by the compounds that have the same molecular
formula but different connectivity, i.e., the sequence in which the atoms are bonded to
each other in the molegule. It is further subdivided into skeletal isomerism, functional
isomerism and positional isomerism. The stereoisomerism is exhibited by the compounds

- that have the same connectivity but different arrangement of the atoms in space. It is
subdivided into conformational isomerism and configurational isomerism. The latter is
further subdivided into optical isomerism and geometrical isomerism.

CONFORMATIONAL ISOMERISM

. Conformational isomerism is a phenomenon in which the stereoisomers are
mterconverp'b@ simply by the rotation of one part of the molecule with respect to the

Conformations of ethane and propane. Although rotatior
”’b""‘iﬂslcbonaﬁm  Hee i b v S fons T
Prgpamhutwom‘a conformatio i ¢ R e

414 eclipsed conformation (having higl

(having hi(ah.._.t lng |

s
s - '
e ol
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Chapter 6 79
- Stereoisomerism
78 ereas that of the partially ec|; :
formation is 3.5 kJ/mol, wh conformation is 18.8 kJ/m TM s 2 : its 3
from the anti-staggereC 6% y 4 that of the fully eclipsed g this system, a compound is designated as R if the sequence of the substituents on its =
{ conformation is 15.9 ki/mol an lohexane hias tWo main conformations, ie : chiral carbon atom is clockwise in order of decreasing priority, keeping the substituen’
formations of cycloheu'ne. C)’c,ooonfomation is more stable than the bo{{ the lowest Qriority away from the \fie\_aver. A counter-clockwise sequence
h haiﬁ‘::i the boat conformations. The ;’::’99% of cyclohexane therefore exists in the ; subsﬁmeg‘;ts in the same order of priority will .assign the configuration §
JRPETH kJ/mol; more . oo of cyclohexane can be diy; compound.
ation by about 27.2 chair form of cyc ) 1Videg
:ﬁ:i?:gnfonnaﬁon' ecs bozldlse: ft.l:ehcaxial bonds and m eﬂwonal bonds; e, " The racemate. An equimolar mixture of a pair of enantiomers is called a
into two sets of six bonds each, ¢ al bond. Substitution at the’ €quatorjy] | racemate, and does not show optical activity. Whenever a symmetrical substance is used

. tori 2 : : i ; :
ne axial aﬂ:i‘c‘;'l‘; :f:,: favourable than at the axial position. for the preparation of a chiral compound, a racemate is obtained. However, a racemic
8 i mixture can be separated into optically active enantiomers by several methods.

¢ : Conversion of an’ optically active compound (either enantiomer) into an equimolar
M mixture of its enantiomers, i.e., the racemate, is known as racemization.
OPTICAL ISOMERIS

Optical activity. Optical activity is the property pos§ess]edce|;y‘a .compt;:und of
ing the plane of polarization of light when the compound is placed in its path. If the
rotating the p n in the clockwise direction, facing the beam, it

compound rotates the plane of polarizatio ¢ B s Leam,
is ca':l,led dextrorotatory and if it rotates the plane in the counter-clockwise direction, it is

i lane of polarization is rotated, is
called levorotatory. The angle through which the p :
referred to as optical rotation and is expressed by the symbol a..The obs?ewed optical
rotation is related to a very useful physical property known as specific rotation, [a], of an
optically active compound as follows: :

carbon possesses one 2
position of cyclohexane 15 ene

Compounds with more than one chiral carbon atom. The stereoisomers

. containing more than one chiral carbon atom may be mutually enantiomers,

diastereomers or meso forms. The stereoisomers which are not enantiomers are

diastereomers, and behave like different compounds; they differ in their physica

properties. Any stereoisomer that has a plane of symmetry passing through it, is called
meso isomer, and does not show optical activity.

Chirality and symmetry. In spite of the presence of chiral carbon atoms, a
molecule will be achiral (not chiral) if it has any of the elements of symmetry, such as (i)
- plane of symmetry, (ii) centre of symmetry or (iii) alternating axis of symmetry.
. On the other hand, a molecule may not have any chiral carbon atom, but still be
chiral if it has two mutually perpendicular planes such that none of the planes is a plane
of symmetry. /

f
i
By

[a)f = I—:l‘; (solvent)

where, (] is the specific rotation, ¢ is the temperature at which the measurement is made,
- A is the wavelength of the light used, a is the observed optical rotation, / is the path-
length in decimeters and ¢ is the concentration of the solution in g/ml.

Chirality a.nd optical activity. A carbon atom that has all the four different
groups attached to it, is called a chiral carbon atom. If two steredisomers are related to
each other as our right hand to the left hand, i.e., they are nonsuperimposable mirror
;ﬂg‘;‘;ﬁ" of each other, they are said to have ‘handedness’. A molecule that has
A chi ral?rif;l’:cmd‘to :’e chiral, and the property of having handedness is called chirality:
eirl s enantion:s a “’_F}'S optically active. The two stereoisomers that have handedness
e he enantiomers have identical physical and chemical properties

Y rofate the plane of polarization in Opposite directions, to the same extent.

St .
not e 1
CIE\Dlsol"els that are no! nant omers are Cﬂl]ed d]asteleol"els l hE C

GEOMETRICAL ISOMERISM

The presence of a double bond in a molecule gives rise to a new type of
stereoisomerism called geometrical isomerism or cis-trans isomerism. A molecule is
_designated as cis if the two similar substituents on the two double-bonded carbon atoms
are on the same side of the plane of the double bond, and trans if they are on the opposite
Slq.es. However, the geometrical isomers can be assigned a more clear configuration by
using the Cahn-Ingold-Prelog system of nomenclature. According to this system, if the
groups of higher priority on each of the double-bonded carbon atoms are on the same side
of the plane of the double bond, the molecule is designated as Z, and if on opposite sides,
then it is designated as E. ;

Determination of configuration of geometrical isomers. The M

dth 8eometrical isomers can be determined by using different methods
. € phenomenon is known as optical isomerism nature of the compomdljeSome = dl:ymwgmﬂ@ e
ute ; - - g » e N
Tc::tly eXpressed by Fischer projgcnt‘i.'ogn‘;"i\tlon. The Co{lﬁgurations of optical isomers are ;}'Cllzanon, (ii) correlation with compounds of
comrelated to D o L-glyceral deh\‘dg compound is assigned D-or L configuration 1pole moment, and (iv) some other methods

confj i de 3 ; . , oh
. "il:lr‘ilcxiog 'of the compound, The E\E’S‘Ol.mrespectwely, and is termed as the relati¥® Properties,
Y applying the Cahn-Ingold-py © configuration of a chiral carbon atom ! 1

elog sy %
& System of nomenclature. According
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2 3 (@ CHCH.  CH CHiCHa, _C/H
[ ‘ -’ 2 <
B e et
] s > i 5 cis trans

~ Trans isomer is more stable because it is more symmetrical and the
interaction between two large groups is minimum.

‘(b)

e
trans = cis

Trans isomer is more stable because in this case the two rings are joined

4 2 e St d  through two equatorial bonds, whereas in the cis i the two ri e joined
Eclipsed . Staggere f q 3 in the cis isomer the two rings are jo
Eclipsed Staggered p : through one equatorial and one axial bond. :
s ey
/ \C=C _~H
14.21
>
2%
D o~
50 = 3
<>>§ cis - _ trans
T S TIEA he - : g
E< ; Cis isomer is more stable because the trans isomer would be highly
&1 04 o strained molecule. ‘ : ST
O 60 120 is0 o240 300k Al R edn g 4
Angle of rotation ’
2 ' SherEr |
A planer cyelopentane molecule would have a bond angle of 108° which

50 cl
ve Howz::rmi tthe"?lomal tetrahedral angle that almost no angle strain is expected:
~  significant tor\s\i:)n;:ﬂve all the ten hydrogen atoms eclipsed that will cause *
. strain. The molecule finds it energetically favourable to t¥!

an en AR :
the plane of the oth velope shape in which one carbon of the ring 1S ©
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. CH’ m 0
cis
, in thi methyl grou
! SR wmtﬁlswm PS can b
'l‘nns|s-cmel't_s_ﬂw'e hmedsm“"m‘ﬂ‘ylmuphastobe
at the equatorial positions,
at the axial position.
. (4
i % ~ i
. € L
CH, cis ‘ trans

Cis isomer is more stable because in this case both methyl groups can be at
the equatorial positions, whereas in the trans isomer one methyl group has to be
at the axial position.

Equatorially substituted cyclohexanes are generally more stable than the

ing axially substituted cyclohexanes. The energy difference (AG®)
between the two conformations of substituted cyclohexane for various
substituents is as follows: :

Substituent AG® (kJ/mol Substituent AG® (kJ/mol)
F 14 CH,CH,CH; 8.3
c 25 CH(CHs), 9.2
Bl' 2.5 C(CH3)3 ; 230
I 23 CeHs 13.4
g: 46 C=CH 2.1
3 7.5 CN 1:2:
CH,CH; 8.0 COOH 6.2
(@) .
C¢H
CH, Ljy\ ¢Hs
AG® = -8.0-~ 8.3 o
=~16.3 kJ/mol AG® =7.5-134
=-5.9 kJ/mol

—

Stereoisomerism 83
/" ~CH,;
CH. =
: on OB =
AG°® =7.5-(7.5%x2) AG® =4.6-(4.6%x2)
=-7.5 kJ/mol = =-4.6 kJ/mol
(e (1))
: O OH COOH
Cl
OH i CH,
AG°® =-46x3 AG® =—462-75-25
- =-13.8 kJ/mol =-16.2 kJ/mol
: C(CHs)s
H
(4) © (B
AG® =4.6-23 AG® =23.0-4.6
=—18.4 kJ/mol = 18.4 kJ/mol

The conformation A is more stable than B by an amount of about 36.8
kJ/mol. This difference in energy is sufficient to make cis-d-fert-
butylcyclohexanol to exist almost exclusively in conformation A.

Chiral Achiral o +
() ~Shoe (a) Pencil Sal=2
(g) Ear E () Book : éo +
(h)  Foot @ Cup
(i)  Person (e) Fork
. (m) Football (laced) (0 Kitchen knife
(n) Screw ' () Ess
(o) Spiral staircase (k) Funnel

(1) Spoon (plane)

The optically active compound contains 80% (+)enantiomer and 20%
(-)enantiomer. This means that its mixture is 40% racemic and 60% pure
(+)enantiomer, i.e., the compound is 60% optically pure. )

[ !
60

Optical purity ©p) = 00 percent

R e 05 (L T

: e
| ! -
t ke s
L | e
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Sterecisomerism % =
H

H H
Hof\\: H H\‘\C' J-oH
H o 4 —=c Chh
/ H

H H w' \CH, CH3/ = TN Ex

4 5 6
asare 3 and , :
1 and 2 are enantiomerS 3 Landd, L and 5 1and i 1 d'{‘;d 47£n2d s CH . CHs
Allotherpairg‘gszzi:j‘;?;and'5,3‘“d6.’3and7'4m ' e ,\c=c/H J H\CJ S =C<
G e ly active, while 5, 6 andZanE e g lorms. HO' N H’  OH
X 1, 2, 3 and 4 are optically 8CtiVE: : H H H; &l

7 8
1 and 2 are enantiomers, as are 3 and 4, 5 and 6, and 7 and 8. :
- All other pairings: 1 and 3, 1 and 4, 1 and 5, 1 and 6, 1 and 7, 1 and 8, 2
and 3,2 and 4,2 and 5,2 and 6,2 and 7,2 and 8,3 and 5, 3 and 6, 3 and 7, 3 and

8, 4and 5,4and 6,4 and 7, 4 and 8, 5 and 7,5 and 8, 6 and 7, and 6 apd 8 are
diastereomeric.

H HzH
$ s H\‘\: ~E<.)<CH’ CH>==C/H ; H/\=C<CH3
e o i
Y 2

1

HH\C e

N ,

; CH>’#< ‘<%/H
H

All are optically active.

G Hy N CHs
> Fiin \CH 12. /C=O + HCN —> /,C* +CN —— ; ’f_CN s NC—<
e ’ H H’ \OH = HE H
: O HO

The reaction involves a barboc_:ation as an intermediate, which is a planer
molecule. In the second step, CN™ can attack from either side of the plane of the
carbocation with equal possibility, to produce a racemic mixture which does not

show optical activity. The product of the reaction therefore will not show optical
activity.

Every structure is diastereomeric with every other struture. All are
optically inactive. . _ ;

In a molecule having a plane of symmetry, one half of the molecule is the
mirror reflection (enantiomeric) of the other half. If one half of the molecule
rotates the plane of polarization in one direction, the other half will rotate it in the
opposite direction to the same extent. The net result is that the rotation due to one
half of the molecule is cancelled by the other half, and the molecule as a whole
does not show optical activity. : .

Chiral structures: ¢, and e. ; T il %

jeed Achiral structures: a, b, and d.
HO H H H// %\\ H 8
i H H 9 (a)  Diastereomers
3 ‘ (¢)  Enantiomers

(e) " Diastercomers
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{a) Isomensm Isomerism is a phehomenon -in which more than one
compound have the same molecular formula but different structures, e.g.,

CH:CH,OH and CH;OCH;

(6) Chirality. Chirlity is the property possessed by a molecule of having
handedness (nonsuperimposability or its mirror reflection), e.g., lactic acid has
chirality.
CH; CH3
_+<—COOH HOOC
HO ¢ }_;OH
(c)  Connectivity. Connectivity is the sequence in which the atoms are bonded

0 each ot i
cach other in a molecule, €2, ethanol and dimethyl ether have different

connectivity, whereas the .
S5 two ciaci
connectivity, cnantiomers of lactic acid have the same

- of a chiral reagent or

Stereoisomerism 89

chiral centre. Not all stereocentres are chiral centres but all chiral centres are
stemocenu'es.

(e) Racemate. An equimolar mixture of a pair of enantiomers, e.g., that of
Jactic acid, is called a racemate or a racemic mixture.

Resolution. Separation of a racemic mixture into enantiomeric components
is called resolution, e.g., separation of dl-lactic acid into d- and /-lactic acids.

* yarious methods are available for the resolution of racemic mixtures (see the

Texthook).

Elements of symmetry. These are the characteristics present in a molecule
which make the molecule symmetric, e.g., plane of symmetry, centre of
symmetry and alternating axis of symmetry. If any one of these elements of
symmetry is present in a molecule, the molecule will not show optical activity.

(h) Puckered. Cycloalkanes usually adopt a nonplanar structure to relieve off

' their angle strain. This nonplanar structure is known as the puckered structure,

e.g., the chair or the boat structure of cyclohexane.

(i)  Flagpole interaction. In the boat conformation .of cyclohexane, the two
hydrogens emerging upward on C, and C, are close enough to each other to
cause nonbonded van der Waals repulSion, as shown below. This repulsion is
called ‘flagpole’ interaction.

() Time-average plane. The carbon atoms of the chair conformation of
cyclohexane lie in two parallel planes, 0.5 A apart, each plane containing three
alternate carbon atoms. However, the chair structure of cyclohexane is dynamic
in the sense that the two planes of the ring are continuously interchanging. At
room temperature this interchange of the two planes is so rapid that it appears to
be planar. This is why that the plane of the cyclohexane ring is said to be the
‘time-average’ plane. : :

(k)  Restricted rotation. Generally one part of an organic molecule rotates
freely about a single bond with respect to the other part of the molecule.
However, this rotation can be restricted by certain structural features in the
molecule, e.g., a double bond or substitution of large groups in all the ortho
positions of a biphenyl molecule. said to be restricted.

()  Asymmetric synthesis. It i

-

optical isomer
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Chapter 6 :
. H H
0 i H wlo: L.W_n,
(GOt Hy + CRCRCHMgCl— (CRRCR et Gy,
32

CsHs
90% (+) and 10% (=) product

i  be supplied f
i ount of energy which has to or
It is Emw_w_”” to another. For example, the energy barrier
d conformation of ethane to its eclipseq

(m) Energy barrier. :
the conversion of one stereol
for the conversion of the staggere
conformation is 12.5 kJ/mol.

(n) Dihedral angle. It is the angle between So. v_msnm. of two bonds op
adjacent carbon atoms, €.g., in the following VM._mEn. 0 is the dihedral uzm_o.,

(a) Constitutional isomerism is shown by the compounds that have the same
molecular formula but different connectivity. The constitutional isomers are
distinguishable by two-dimensional structures, e.g.,

OIuﬂINOI and OIuOOIw

Stereoisomerism is exhibited by the compounds that have the same
connectivity but different arrangement of the atoms in space. The stereoisomers
can be distinguished only by three-dimensional structures, e.g.,

ﬁI.,/ CH;
_4#—COOH and M\lﬂOOI
i HO'4 ;
) Configuration is the stereo

converted 1o jtg stereoisomer w
stereostructure of lactic acid.

reostructure of a compound, which cannot be
ithout breaking and making the bonds, e.g., the

.

Conformation ;

1s the stereostructure :

) ; of a com

converted to jts stereoisomer  s; pound which can be

stereostructure of ethane, mply by rotation about a bond, e.g., the

nantiomers, e.g., the
(d)  Optical rotation ;
el ation is the gpp| .
light is rotateq : angle through which th et
€d when it passes through the mo_caow u%:m:owwm_ma___um:o-“.m.
cally acti

'

Stereoisomerism 91

compound. On the other hand, specific rotation is the observed optical rotation
divided by the pathlength taken «in dm and the concentration of the sample
solution taken in g/ml, i.e., -

o
F&» = ﬂ (solvent)

where, ! is the temperature at which the measurement is made and A is the
wavelength of the light used.

(e) Racemization is the conversion of an optically active compound (either

- enantiomer) into an equimolar mixture of its enantiomers.

Onm Oumm Oum
.J\Yomo e / —CHO + / —CHO
H e, _ - Oy
50% 50%

Epimerization is the inversion of configuration at one chiral carbon atom

~of a compound having more than one chiral carbon atom.

“ : I

\\\om . JOH
CHy |h\

" O:u /
qlomo SF—CHO
o7 4

= H S, CH
() . Mirror plane and plane of symmetry are the same thing. It is an
imaginary plane that bisects a molecule in such a way that the two halves of the
molecule are mirror reflection of each other, e.g., in meso-tartaric acid.

(g Racemic form is an equimolar mixture of a pair of enantiomers. It does
not show optical activity because one enantiomer cancels the optical rotation due
to the other, e.g., 50/50 mixture of (+)- and (-)-lactic acids.

Meso form .is an optical isomer which has a plane of symmetry. It is

optically inactive because one half of the molecule cancels the optical rotation

due to the other half, e.g., meso-tartaric acid.

(h)  Fischer projection is a way of representing a tetrahedral carbon atom on
Paper. In this way, the two bonds of the tetrahedral carbon atom projecting
forward from the plane of the paper are represented by horizontal lines, while the
tWo bonds projecting backward from the plane of the paper are represented by
vertical lines, the tetrahedral carbon itself lying in the plane of the paper, as
shown below: !

COOH Juooz
H— d—oH ot :Iﬂlom
m:u e CH;

Fischer projection
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shown below:
1
e€ncounters
e U e

() Let us consider the molecule of n-butane. The anti-staggered

Chapter 6

i formation on paper. |,
: f expressing a con P

reeives viewing the molecule fiom one end direay
front carbon atom is represented by ,

s emerge. The rear carbon atom jg
the edge of the circle, 4

H; 4

Newman projectio
this way, we imagine ou ;
along the carbon-carbon bond ax:zm'l;h;o 2

int from where the three rema ofics
f:presented by a circle with its bonds originating from

H} ' ; H

e C\_H' plez g

e

CH;
(i)  See Chapter 4, Exercise 32 (k) and (j).

CH;
Newman projection

conformation is that in which the carbon-methyl bond on one carbon atqm bisects
the H—C—H angle on the other carbon atom, when the molecule is viewed
along the middle carbon-carbon bond axis. In this conformation, the two methyl-
groups attached to carbon 2 and 3 are farthest apart:

The gauche-staggered conformation is that in which the carbon-methyl
bond on one carbon atom bisects the H—C—CH; angle on the other carbon
atom. In this conformation, the two methyl groups are adjacent. The two
conformations are shown below: :

H, [ CHy N
: H Hjﬁc”]
H H ‘
: CH; é H H
Anti-staggered Gauche-staggered

g‘r)a ‘. Centre of symmetry is a point within a molecule from which if a line is
! on one side and extended to an equal distance on the opposite side, it

identical environments, e.g, in 2,4-dimethylcyclobutane-1,3-

dicarboxylic acid.

Axis of Symmetry of
molecule is rotated through ce
from a plane perpendicul
molecule, e.g., in 1,2,3,4-1

2 .[nolecule is that axis about which when ‘the
rain angle, we obtain a structure whose reflection

:'xr to the axis is indistinguishable from the original
ctramethylcyclobutane. &

KA\{I#""  ah

~ Alkyl Halides

CHAPTER’S SUMMARY

= A fum.:tional group is an atom or a group of atoms that defines the structure of a
?mncular fi}mlly of organic compounds and also determines their properties, e.g., —OH
is the functional group 6f alcohols and phenols, and —COOH is the funciionalhgroup of

carboxylic acids.

Organohalogen Compounds

Compounds in which one or more halo
; gen atoms are bonded to carbon are
known as ‘organolfa!ogcn oompou_nds. These are named as alkanes with the halogen
atoms being oonsxdereq as substituents, arranged. alphabetically, and their positions
indicated by numbers using the principle of lowest numbers.

ALKYL HALIDES

" Monohaloalkanes areaisually called alkyl halides and are classified according to
nature of the alkyl group to which the halogen atom is attached.

Preparation of Alkyl Halides
Alkyl halides can be prepared by various ﬁethods as follows: Py o

. L By the reaction of alkanes with halogens (chlorine or bromine) either by
heatmg at 250-400°C or under the influence of light. = o hplkahe o »

hydroge " Y the addition of hydrogen halides to alkenes either by
2 r(;gen halide directly into the alkene or by using a
*0I¥e both the polar hydrogen halide and the nonpolar

3. By the treatment of alcohols either with halo;
*"Phosphorus halige, |
4. By the de: :
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5. An alkyl iodide is often prepared from the corresponding alkyl bromide o
chloride l;y treatment with sodium iodide in acetone.

sical Properties of Alkyl Halides ) S :
Phy The lower members, i.e., methyl chloride, methyl bromide a"dtethyllf.mm}de_are
hyl iodide and majority of higher men!ber_s are sweet-smelling liquids

whereas methy the boiling point rises with increasing number of carpg,
it increases with increasing atomic ‘V{elght of the
the boiling point. The density of iodo, bromo,
f water. Alkyl halides are generally

gases,
In general, for a given halogen,
atoms, and for a given alkyl group
halogen. Branching in the molecu.le lowers
and polychloro compounds is hlgher'than that o
insoluble in water, but soluble in organic solvents.

Reactions of Alkyl Halides

Alkyl halides are extremely important organic compounds becgqsc they undergo
a variety of organic' reactions leading to the synthesis of a large mfmber of organic
compounds. Some of the more important reactions of alkyl halides are given below:

1. Substitution. Alkyl halides undergo a variety of substitution reactions in
which halogen is replaced by various nucleophiles.

2. Elimination. Alkyl halides on boiling with ethanolic potassium hydroxide
undergo dehydrohalogenation to form alkenes.

3. Reduction. Alkyl halides are reduced to alkanes by various reducing agents,
s_ucb as dissolving metals (zinc in aq. acid, zinc in alkali or Zn/Cu couple in'ethanol),
lithium aluminium hydride or sodium borohydride, or on catalytic hydrogenolysis:

4. Reaction with metals. Alkyl halides react with almost all metals in dry ether
to produce a broad class of compounds generally called organometallic compounds..

5. Wurtz reaction. Alkyl halide i ium i i
e 3 s react with sodium in ether to form higher

6. Friedel-Crafts reaction.

) Alkyl hali . 3
group into the benzene ring in the e yl halides are used for th‘e introduction of alkyl

esence of AIC;.
7. Rearrangement,

| rearrangement.
E .
LIPHATIC NUCLEOPHILIC SUBSTITUTION
The aliphatj ili itutior
are generally regr:sleitzzcleg%hlllc substitution reactiong are of a fairly broad nature and

Alkyl halides on heating at about 300°C undergo

BYe e

R—X
Nucleophile

Substrate

Alkyl Halides 95 ]

Mechanism
The mechanism of a reaction is the actual pathway through which the reaction

ceeds, i€ which bonds are broken, which are formed, and in what order; how many

pro s are involved and what is the relative rate of each step, etc.

step

For an aliphatic nucleophilic substitution reaction, several pathways are possible,
depending on the nature of the substrate, the nucleophile, and the leaving group, and.the
re;:tidm conditions including the solvent used. However, the most common mechanisms
are Syl and Sx2.

The Sx1 _mechanism. It is a two-step unimolecular mechanism following first-
order kinetics, and involves the intermediate formation of a carbocation.
|

RI\ ~ Slow T ‘
T C>c\~© +X

RZ// R/: R
R3 . : z 5
i Fastl‘Y;

Rl

. ~§f_y+y

R’ o4

If we start with an optically active substrafe,'the product is a racemic mixture.

\\ Rz
R?

The Sx2 mechanism. It is a one-step bimolecular mechanism following second-
order kinetics, and involves inversion of configuration.

Transition state
Reactivity

. The reactivity and the mechanism of an aliphatic nucleophilic substitution
Teaction depends on the ni'ure of (i) the substrate, (ii) the nucleophile, (iii) the leaving

8roup and (iv) the solvent, .

S The effect of the substrate. The primary alkyl substrates generally react by the
N2 mechanism, whereas the tertiary alkyl substrates react by the Syl mechanism. The
:lecondﬁ,ry alkyl substrates could proceed either by Swl or Sx2 or both mechm;m
tepcndmg on the reaction conditions. The rate of the Syl reaction increases as we change
ee Substrate from primary to tertiary. On the other hand, the rate of the Sy2 reaction
Creases as the number of alkyl groups surrounding the g.epir_al “"bﬁ’“mm &
The effect,of the nucleophile. f the Syl reaction i not inl
lophile because the nucleophile is not i
Nis reaction. On th er h
*Ophilicity of the nu

the nygj
St

Aug,
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Chapter 7
Sy2 reactions are favoureq b
Both SN} and sth:its bondi a
leaving grouP- ¥ ¢ off along with its bonding elecy;,
of the p comes O ir is a better leaving groupn

nce the leaving 870! tron . :
accommodate the elect f:; d to a good leaying &roup

like OH, may be conve

t to tosylate: S

ction in which a carbocation is formeq j,

The effect of the s ore favourable in polar solvents. For Sy2 reactions,
15 m ,

; neEvE i . by increasin
the rate-determining step, in the transition state, is favoured b 8 the
h reated in the n which charges are either destroyeq

The effect

i Si
tter leaving group:
::ir, the group that can better
‘However, a poor leaving group,rtin :
cither by protonation of by converting -
; solvent. The Syl rea

" reaction in which charges are ¢ i -
ot hereas the reaction 11 WilF £
B e vanshionsae s favoured by decreasing the solvent polariy
is / . ‘
ELIMINATIONS :

: Y

“The most common form of eliminations involves thF lqss- of two atf)ms (or

groups)’ from the adjacent carbon atoms of a molecule, resultx.ng 'm the formation of 3
multiple bond. The process is generally known as 1,2- or B-elimination.

" CH—CH,—Cl ———» CH,=CH,+HClI

Mechanism
Of all the possible mechanistic pathways usually available for the B-eliminations,
El'and E2 which are closely related to the Syl and Sx2 mechanisms, are most common.

n, like Syl, is a two-step unimolecular

The E1 mechanism. The E] reactio
ediate.

process following first-order kinetics, and involves carbocation as an interm

HJ H_;
I

CHJ _X & Cl_,3 + gt x—

CH, CH;

le B: .
CH A + D 4

e ZH ‘*Fa? CH;—C:(:H2 +BH*
- 3

The EI reactiop j :
'on is thus analogoys to the Sy1 reaction and often competes with g

The E2 mechanism, [t is a

order Kinetics ang requires antiperip| one-step bimolecy|ar mechanism following secontf' “

anar geometry of the substrate.

S+
B~}

C“g?;‘z ~— BH + CHy—CH, +

h E <

l € 2 leac[]on 1S a“alo ous to >i|e S 2 leacthIl a“d O"e COlllpeteS
g N

n

~ Reactivity

fact that whether the attackin

Alkyl Halides

. Orientation of Double Bond

. If the substrate contains B-hydrogens at more than one position, more than one
o]éﬁnfc- product are possible. Wl.lich olefinic product-dominates depends on va.riq;lli
factors. In general, thfa El reaction follows the Saytzeff rule, i.c., the most hlgh’y
substituted olefin dominates. In the case of E2 reaction, if the substrate contains an
uncharged leaving group (that comes off as a negative ion), the Saytzeff rule is genehflly
followed, as in the case of El reaction, and if the substrate contains a charged leaving

up (that comes off as a neutral molecule), the Hofmann rule is followed, i.e., the [éast

4 g:';h ly substituted olefin dominates.

’

~ Like substitution reaction, the pathway followed by an elimination reaction and
its rate, in addition to its competition with the substitution reaction, also depends on
various factors. 1

" The effect of the substrate. Like substitution, the elimination reaction proceeds
by El mechanism when the substrate is tertiary, while with a primary substrate it
proceeds by E2 mechanism. However, unlike substitition, E2 mechanism is also often
observed with tertiary substrates. In the case of a secondary substrate the mechanism may
be El or E2, depending on the reaction conditions.

 Crowding within the substrate generally favours elimination over substitution,
whether the mechanism is unimolecular (E1 vs Sy1) or bimolecular (E2 vs Sn2).

The effect of the base. The reaction is elimination or substitution depends on the
g reagent is a better base or a better nucleophile. When the

base is weak or in low .concentration, E1 mechanism is observed with tertiary and in
some cases with secondary substrates. If a strong base or a higher concentration of the
base is used, E2 pathway will become favourable even with a tertiary substrate.

The effect of the leaving group. Like substitutions, a better leaving group
favours E] pathway, whereas a poor leaving group favours E2 mechanism.

The effect of the solvent. Like substitution, EI mechanism is favoured by polar
solvents, while in nonpolar solvents the reaction will tend to proceed by E2 mechanism.
4 In a bitholecular reaction, elimination (E2) is favoured more than substitution by

ecreasing the solvent polarity. : ‘ | g% i

The effect of temperature. An increase in temperature m
More than substitution, whether the mechanism is unimolecular

GRIGN

: Grigna.i,dt s *l-a e a{@ '
Teparation of Grienard ts
in g, Orignard reag
dry ether in conta
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(iii) 2 ,3-D!'bmmo-2,3-dimethylbufane
(i) 1,2-p1ch|oro-l,l-diﬂuoro-2,2-diiodoethane i

ies. They react with numerq,,,
(»)  Chlorocyclohexylmethane or Cyclohexylmethyl chloride

ts
{ctions of Grignard Reagen _ |
Reactio hly reactivé spec of organic compounds. Some e

; i higl 5 v X
Grignard reagents e ducé a wide variety low:
i nic reagents (0 Pro ts are given below: : i) . CHsCH,CH,CH.
thorganic and orga f Grignard reagef ignard reagents can readj| o O -lij:nobzutaniBr : CHJfHCHz(:H}
: i Br

onnd.s. Grign:

“he more important reactions O
A ve hydrogen comP amine, whereby the alkyl group of th,

“ . 1. Reaction with m.:ﬁ d :
react even with weak aci(!s hke wate:“,v ::::;gi ::e comspondnng»alkane. o 2-Bromobutane
Grignard reagent is quantitatively c0 e alkyl-magnesium bond i, | :
2. Reaction with carbonyl €OMPYVCL K polar carbony! group occurs jy i sy CHy—CH—CH;,B
R " eagents is polar, the ;dditionezf; :ronega‘i"e oxygen atom and R to the e e "“f »Br
te the mor . : ti e x CH
such a way _tha% i‘tjgrsn b carbonyl group, rpsultlnga:g the] ?;:a ol::dOf a an 2-Br0m0-2-m'6thylpropane I-Bromo—Z-m:th i ro
el'ecmmegﬂbtc;;‘mbond Thus, with suitable variation of the carbony Pouncs a: wids (i) CICH=CH—CH ; ‘ s
RO ommisounds car be prepareld. . e  CH,—=CH—CH,CI
yariety of organic compo R L R e R osIpropenc 3-Chloropropene
3. Reaction with nitriles. Grignard reagents add to nifrfies €0 P Mot et e . -
through t}.:e intermediate formation of ketimines. ‘ : : CHz=f_—.CH3 e s D_Cl
4. Reaction with oxygen. Grignard reagents react.WIth O elo W 50 (5] R ; . :
temperature (_70°C) to produce hydroperoxides. The reaction is very VIgorous at room 2-Chloropropene & ebpuopdie
temperature, and the product is an alcohol. _ 5 (iij) CH;CH,CH,CH e ' o
5. Displacement reactions. Grignard reagents provide a very good nucleophile : i ls-f’l:oro::e m;f,::‘?l: i : CH;CH;CH;?HCH,/
(R:") which can bring about displacement reactions on alkyl halides or al.kyl sulfonates. : F
.Grignard reagents also react with small-ring cyclic ethers to produce ermary alcohols 2-Fluoropentane
containing two or three carbon atoms more than the alky! group of thg Grignard reagent, _ P e . H, st
6. Reaction with halogenated ethers. Grignard reagents can react with o- .CI;.:?]%?!CHCECHJ £ FCH,—CHCH,CH, /
monochloro ethers to give higher ethers. S Av s pEine I-Fluoro-2-methylbutane
H; 7 15 HL
: 3 T
ANSWERS TO EXERCISES ST S ‘ : &
] CH:—f—-CHﬁH{ :  CH—CH—CH—CH,
. (@ () CH;CH,CHCHCH; (i) CH;CCH,Br e : | - S
Il EH ) 3? 2 - 2Fluoro-2-methylbutane 2-Fluoro-3-methylbutane
5 [ - . ; = i RARe
?’T i T Raiekie, 5l ~CHy - 2
CH;—CH—CH,—CH,F sl ‘8
(Hl) B[CH F * 2 l-Fluo'ro_s.meth lb t}:!z.lpj BT Y ': pl S
T (iv) H,Cl gronHicelitutane, ege
H, (i) CH;CH:CHzTHBr YRS
I (") CH; CH . e o
‘-CHZBF . \ b ST e xB 3 -~
3 CH; o

(b) ) 2-Chloro-4-iodo-3-methylpentane

(1) 4,4~Diﬂuoro-2,2-dimethylhexane

5 ‘ -
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N CH—CH-Chy
I-Fluom-l-iodo-2-methylpmpane

2-F1uom-l-iodo<-2-m'riz‘b ‘

H;

FCH—Ch_cpy
- 1 . 2
1 . 3~lodo-2-m_eﬂzy!propane
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02 Chapter 7
For the mechanism, kinetics and stereochem istry of Syl and Sy2 mac‘i°"3,

see the Textbook.

(@) Since Syl reaction involves
there is a possibility of rearrangeme

* of rearrangement in Sy2 reaction. |
thmugh C;Hs, iso-C3H; to tert-C4Ho, the rate of

hat of the S2 reaction decreases.

the intermediate formation of a carbocatiop,
at. On the other hand, there is no possibily

(5) As R changes from CH;
the Sy1 reaction increases, whereas't
(c) The rate of both Syl and Sx2 reactions increase as X changes from j

through Brto L - ;
(@ (i) The rate of both SyI and Sy2 reactions increases as We increase the
concentration of the su_bstrate, RX. E

(ii) The rate of Sy2 reaction increases with the increasing conceptration of
the nucleophile, [OH], whereas the concentration of th‘e 'nucleoghlle has no
effect on the rate of Syl reaction because it is not involved in the rate.
determining step of this reaction. -

(iii) Increase of temperature will increase the rate of both Syl and S)2

reactions.

(iv) Increasing the proportion of H,O will increase the rate of Syl reaction.
For Sx2 reaction, the rate will increase if charges are created, and decrease if
charges are destroyed in the transition state, with the increasing proportion: of
H0; however the effect is small. :

6. Protic solvents
(a)  Ammonia
(c)  Ethylene glycol
(d) Formamide

Aprotic solvents
(b)  Trimethylamine

(e) Benzene
()  Tetrahydrofuran

7 (@ NH; > NH:: wi P e
S 3 with the same nucleophilic atom nucleophilicity corresponds

® Pt > NHs; going down a family of atoms in the periodic table, as the

atomic number increases, th izabili
: I » the polarizability of i
thus the nucleophilicity increases S e it e

(c) RO > ROH; the same reason as in (gj,
@ SH > OH’; the same reason as in (3)

() (CH;),NH> CH;NH,; the same reason as in (g)

# CH0™> CH.CO- ;
o 3CO3; the —ve chagge on O i delocalized jn CH;C0;

~Lqlg > {-C4HQO‘; i[ l X .
of the substrate dye to steric hindsr;jrllzzclllt for -C4Hs0™ to approach carbon atom

) CHo > . .
"~ PNOCH,0 » the —ve charge js delocalized : -

Substitution product may be

Alkyl Halides 103

than in the former.

) Cj_Hjo‘ > (;GAH,O'H; the same reason as in (a).

7 @J> (C:Hs)N;  both are tertiary amines but the bonds in

quinuclidine are tied Up on the backside; it therefore involves less steric
hindrance than triethylamine,

Both reactions proceed through S\2 mechanism. In reaction (i), the
substrate contains 3 hydrogens. It therefore also gives E2 product (an olefin) in
addition to the_SN? product (an ether). In reaction (ii), the substrate has no B-
hydrogen, and it gives only the substitution product, i.e., ether. The reaction (i)
is therefore expected to give better yield. ;

In this reaction the substrate is first protonated by HI to convert the leaving
group into a better leaving group. Then the nucleophilic -iodide ion (I") may
attack the fr1ethyl carbon or the benzylic carbon to bring about the substitution
reaction. Since the methyl carbon is more electrophilic than the benzylic carbon
the nucleophile preferably attacks the methyl group to yield methyl iodide and
benzyl alcohol. :

CsHsCHzOCH; + HI —_— CGHSCHZ_?_CHS +I
H

JEe=E CH;'C?—CI‘IngHs .__) CH3I+C5H5CH20H
H b

.If an alkyl chloride (or bromide) is treated with sodium iodide in acetone,
chlqnde Is replaced by iodide to form alkyl iodide and sodium chloride. Since
sodium c}}loride (or bromide) is. insoluble in acetone, it will form a precipitate.
The reaction proceeds through the Sy2 pathway. A primary alkyl halide is the
best substrate for the Sx2 reaction, whereas a tertiary alkyl halide is the poorest
§Ub§trat.e. Thus, when these alkyl chlorides (or bromides) are treated with sodium
lodide !l acetone, a primary alkyl chloride will give the precipitate of NaCl
'mmediately, a secondary alkyl chloride will give the precipitate slowly, whereas
atertiary alkyl chloride will not form the precipitate at all. Z o

¥

-
.

in the

When an alkyl halide is treated with alc. KOH, it mainl
;ez;s:tlon to form an olefin, provided that a B hydrogen is
alide. If hydrogen is present at more tha,n R L

groduct may be formed i roportion Spo
)’drogen is prqsem;)ghg

alkyl
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. C

(@ >‘F‘fﬂ—-cﬂs CH’ ajon) CH',V,
% J\<:=<:ch, +CH, —CH,(;H3
® CH>f—CHz—CH3 i /(Ma,or) o ,=(?:H3 }
3 Br
Hs = H; _
© C HE (= CHy = No elimination product
c 4 k. 48
" CH; Br CH;

No B hydrogen is avai lable.

(@ CsHsCH:Br —— No elimination product

 No B hydrogen is available. :
—» C¢HsCH=CHCH; *+ CeHsCH—CH=CH,

H:
(e) CsHsFHrffH—‘C 3 (Major)

—_— C&HSCHﬁHCHZCHS g

' H,—CH—CH,CH
@ CGHSCH'?—? i 1 (Major)
CsHsCH,—CH=—=CHCH;
() ?H_ HBr —— CH=CBr 3
Br Br

r r w L

ﬂl‘) CﬁijH‘?CﬁHj _— C6HST:=CC6HS e
Br Br Br

- In a reaction mvolvmg isopropyl bromide as a substrate the followmg :
members of the given pairs give the larger substitution to ehmlnatlon ratio: o

(@ I (b) H,0

(c) CH;S (d) CHsO

(¢) (CH;)P (®  H,O (as solvent)

&) 50°C " 40 (h) —OTs (as nucleofuge)

H;
C,11,0H

(@ CH,—?—?H—CH; +C,Hs0" Na* ——— CH;—?—CH—CHJ +B
(dil. sol.) SsIEI

CH; i

14.

15.

.:kb)'

@

®
@

®)

(c)

Alkyl Hai
kyl Halides | -

i an :
i : H ] y x H3 H3
f H—CH, e CH, H—CHj + CH—C— CH—CH,
: H; ‘ - CH; OC,H; CH;
H HJ H H; : H; H;
:(?Hr—C—CH—'CHs — CH,—f—CH—CH, +CH;—C=—C—CH, +
! OC3H, (Major)
s . HJ
’ CH,—=C—CH—CH;
cx;ou i |
cnrf—fH—CH3+czH,o- Nat == cn,_f_cu
PG
(conc. sol) SN2/E2. -
CH Br CH;
CH —CH=CH1
r—? (Ma_|or)

B .
]

I'>Br> Cl‘ > CH,CO2 >CH;O" > HO > H-

OTs™> H,0 > p-O;NCiH,0™> CoHiO |
CH;MgBl‘

CH;MgBr + NH; —» CH, + H;NMgBr e

hh‘ .
 CH+ HN(MgB 2 ——ngB CHy+ N(MgBr);

."L/
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: PR ok H,fHOCzHS il CHJCHO ® cHsMSBf+HC(°Csz)s m CHiCH(OC,Hy), —5
© _CH;Mst"_HCOOC’ 3 ch e i CH;CHO + 2C,HsOH
i s0MeBr | CFs _ s e S H,0
HO () CHMgBr+CH;C(OCHy); —— CH,C(0CHs), ——>
ST - —GHoM e
(cH,”C"i;dgEr e (CHJ):CHOH - : ’ o j—ZH,
r . . ; o 4 % " 2 .
. ; ,-EBH  CH;MgBr o e A ‘ CH>50+2CHs°H
Pk ; CGHiC—OCHs —=—— o . ! 5 2 ,
@ CH:MgBr + G:HCOCaHs G ’IH, e i RS o S
CH; : ' H, ¥ - gl ey H; : SIS CHy
H;0 B + ‘HCN . e g !'!10 et 4
CZH,_f_-oMsBr R Csz—f——OH RS e e e e
CHJ S CHJ ‘ H;O
H; b H; o . Sn <ot ¢ |
CH. ' CH;MgBr o ;
# s ’\C 0 CH r-f—OMSB" ——-) CHJ—f—OH (CH:);COH 4——-— (Cﬂjmmr / 0O + NH;3
CHs CH; JCHs S e
MgBr C . (n) CH;MgBr+Oz ——) CH;OOMgBr —-> CH;OOH+HOMgBr
7 , i 3Mgbr
() CH;MgBr+(CH;0»C0 —— CH;C(OCHs) _——""ZCH,OMgB, (@) 2CH;M38:+CH;COCH;CH;CO;C;H, —_—

(CH;);COMgBr ———> (CH;);COH

(i) CH:MgBr+CH,COCl ——> CH,—f—CI BR Lo = 0
CH, CH;v ¥

~CIMgBr | CH,MgBr
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CH;CH,CH,OH+HBr — CH,CH,CH,Br + H,0 '

108 .
(®)
1 H;CH,CH,Br+2Na —_,
- [>‘ MeBr —> l = b s CH ;H+ CH:CH,CH,CH,CH,CH, + 2NaBr
16. (a) Br _Ether’ (c) CH}CH2 2 HBr —_— CH3CH2CH2B]'+ HZO |
' H,0 s |
M 2 D—OMSBI‘ 2 ) D\OH : (ﬂ 5 CHSCH:CH2OH+I{BI' _—)O CH:;CHzCHzBl’ T—) CH;CH;(,HZNIgBr
- 45 MgBr + Sy,
HEHO . ACH;CHzCHz gBr CQO 7 H, — CHyCH,CH,CH,CH,0MgB: -,
HZOMgBr > e
e CH;CH:CH2CH2CHZOH + HOMgBr

4‘ CN
@ CH’CHICHZOH+P[Br -H,0 CH]CHzCHzBr —> CH;CH,CH,EN
Y CH:CHZCH20H+N3 —_— CH;CHZCH;,O Na*

' CHyCH,CH;0H + HBr =5 CHCH,CHypy ZHATHO N
’ : —H

CH3CH,CH,OCH,CH,CH;

/ e
(7 O—B Ether o o
; H,O
e O—CHzOH

y Bk
(ii) <>—CH;B -———-> O—CH;MgBr—)
Ether
{ )—CH,MgBr . :
O——CHZ—O—O—MgBr N L <>—CH20M8Br

H,0~

; Mg
Hon i (g) CH;CHZCHJOH +HBI' _H—) CHJCHZCHzBr E_lh—) CH;CH;CH;MgBI"

i CH;CHZCHzMgBr +D,0 —— CH;CH,CH;D + DOMgBr

8. (@ lOdldc is a better nucleophlle than’ chlonde and is also a better leaving

(c) CH;CH,MgBr+ CH;CHO —> CH;?HOMgBr ——) CH’fHOH
group. So lt readlly replaces CI', and is also readlly displaced.

CH,CH;3; CH,CH;’

H,0
of CH;CI +I -_-C—> CH;I geroey CH,OH +T+H

-

y H,0
CH;MgBr + CH,CH,CHO ——— CH;CH,CHCH, ——

OMgBr ; ‘(b) The hydrolysns of t~butyl chlonde proceethrough Syl mechanism which

involves ionization of the substrate in the rate-deténﬂhmg step.
(CH;);CCl ?-_-i (CH3)3C 2
The ioni tlon is retarded by the addmon of sodium chloride due to the

common |on effect G

(C) ‘The reaction of 2rwdoectane with KI in acetom proceeds through Sn2
mechanism which involves inversion of configuration. The product is therefore A
the enantlomerfeﬁtheﬁsubsmte 'I’hus, th° reachon leads 10 the racemic mixture ik

wh:chshows non " al acti

CH;CH:?HCH3 {

(@ CH;CH,MgBr + (CH;CH,),CO » ' o
= \
/ (CH3CH2)3COH ]

2CH;CH,MgBr + CH;CH,CO,CH,
or :
. 3CH;CH;MgBr + (CH;0),CO e

Mg D,0
(¢)  (CH;);CBr o> (CH:CMgBr —— (CH;);CD + DOMgBr

, % Mg D;0
() ' (CH;);CHCH,Br —— (CH,),CHCH,MgBr b (CH;)zCHCH?

- f

17. :
7 @ CHSCHZCHZOH + HBr T’ CH;CH,CH,Br ——) CH;CH:CH:M,

Ether

CHqCHvCHzMgBr +H,0 —— CH;CH,CH; + HOMgBr
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()  The alkyl halide ; -
. o of sl in ethereal SOIU'(I'

: ide. It is therefore not a g;
. - orimary alkyl hatide: 3 itabj
. te is 8 primary -able for Sn2 reaction beca
s rescton I 850 16 S cally hindered. USe the
5 H-)anddom not jon:
leaving group (© ’ 1Ot ianjy,
<1 alcohol has & very PO | group of the alcohol to conyey, :
zﬂy.&mmt Hmmw‘;t; ::lhmkks the substrate to ionize easily " "
into a better leaving .
H Sl (CH;)JCéH! :
(CH::CO 7 e :
(CH;)sc* —_— (CHJ)SCCI
< 3-rdrohalogmat10ﬂ' of an alkyl halide P@w\i‘j through E,
@ B?s'c deh s os trans perip]anﬂl' geometry of the llalldq‘and the B
ydrogen Whmmhmue A has no B hydrogen trans periplanar to any chlorige,
: WEVET, th?mnneBdoslnveachloﬁdeandBﬂydmgeP that are tran,
;{;iplana;‘m each other. It can, therefore, easily undergo E2 reaction.

6 Aaffer 8
(CH)C’ +H:0 " -
Aromatic Hydrocarbons

CHAPTER’S SUMMARY

The aromatic hydrocarbons include benzene and those compounds of carbon and
hydrogen that resemble benzene in their chemical behaviour. G

Structure of Benzene i ; :

c a ; -
1 l The structure of benzene was established on the basis of t-h‘erfpllowing facts:
Cl+ OH' H G 1. Elemental analysis and molecular’ weight determination show that the
=H molecular formula of benzene is C¢Hs. ' ;
a H - 2. Benzene is not oxidized by aqg. KMnQj, neither it adds bromine in CCly. It is

also not hydrogenated even in the presence of a catalyst except at a high temperature and
pressure. This behaviour of benzene is not consistent with an unsaturated molecule,
despite its hydrogen deficiency thdex of four. >

3. However, benzene does react with bromine, but the reaction involves
substitution, rather than addition. As a result of this substitution- reaction only one
monobromobenzene is formed, indicating that all the six hydrogen atoms in the benzene
molecule are equivalent. It forms three isomeric dibromobenzenes.

4. The substitution product can undergo further substitution of the same kind,
indicating that the characteristics of the benzene ring remain intact after the substitution
reaction, i.e., the benzene ring resists destruction. This is why it does not give addition
reaction which would destroy the ring system. This means that the benzene ring is very
stable. The extent of its stability can be estimated from its resonance energy. Its
fesonance energy is 150.5 kJ/mol. - 2 Lt A R :

5. In view of the above facts the structure of b
regular hexagon containing a circle i

(g The formation of r-butyl ethyl ether from -butyl bromide fc_)'llows Sul
mechanism in which the rate-determining step involves the ionization of the
substrate, and the nucleophile is not involved in this step. The rate of the mcﬁqn
is, therefore, not affected by changing the mucleophile. -

(CH;):CBr == (CH;);,C" + Br
Slow
. (CH;):C’C;HsOH (OT CszONa) ?—) (CH3)3COC2H5
ast

(h)  The substitution reaction of isopropyl chloride with W ";

ammonia proceeds through Sy2 mechanism in which the substrate js attacked by
a nucleophile in the only step which is the rate-determining step. The rate of the
fpon thercfore depends an the nucleophilicity of the nucleophiles Silée"
faster :I:;,n; ]Sfa better nucleophile than ammonia, isopropyl chloride reads —
# bl e former th.an with the latter. On the other hard, dipheny '

© undergoes substitution through Sy mechanism which does not inV

nucleophile in the rate-determini
: : ning step. It theref; . e s
rate imrespective of the nature of the nucleophile ore rouet cxsntalE

surfa On must react with magnesium Of .
ma gn & .
ety Occugnesnum, The magnesium meta] that provides the surfa 2he structure can b
r must therefong remain even after the reaction ceases. Sl
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uz : Chapter 8 i el | _
bmelmaclosedsheuofdeloulmdtem - SOl It has been four ty‘thmhcijumdm(wm sabilized 8
£ T i p °d polyenes (C.H,,;) if the number of the x

ﬂienumbcjroftheuelm&m. In the former
__alycmdmbeammatic,whemasinthelamr

A romaticity Species is, antiaromatic if it has electrons in

f mo %) = k AR T mi mh- 3 = e ool P :
completely filled shell of x molecular orbitals. sl ibonding % %0 Mm]‘ isqu lixxhn-__m.ﬁ_ued bonding or nonbonding =
To account for the stability of : S moleolleY = estab: Ihm Enown’m cyclic conjugated polyene showing neither
i ot rel 15 as nonaromatic. Various cyclic systems have

S e LI e
icke '@'@gf 2) = electrons rule and found as follows: :
[10] Annulene
~ [18] Annulene
*Cycbpentadmylanion

planar regular polygon with ‘ - - €. Gat >
number of = molecular orbitals that will follow 2 pattern in which there is a single I

lying = molecular orbital followed by higher = molecular orbitals in degenerate ’
until there is a single highest-lying = molecular orbital as shown in (a). The midd
degenerate pair (if any) is nonbonding, the lower @ molecular orbitals are bonding,
the higher ones are antibonding. A planar regular polygon with odd number of atoms
form an odd number of & molecular orbitals that will follow a & molecular orbital
level pattern in which there is a single & molecular orbital at the lowest energy lei
above which the = molecular orbitals are in degenerate pairs, as shown in (b). The lo
degenerate pairs are bonding, and the higher ones are antibonding. There is
nonbonding & molecular orbital in this pattern. e

7 Q-No.
i X —_— —
T = — Hx—1) T o RO requirements:
1T = ] , == — +1 :
= 0 e Nomenclature
If electrons are filled into the 7 molecular orbitals of any of the two patf OWnl;:; than that

3;:“{';"‘5“ structure (all electrons paired) similar to that of benzene will result
o I:ﬁ:om number of x electrons is 2,6, 10, 14, etc., ie, (4n + 2), where n = o
h;ve ns - € number of 7 electrons is 4, 8, 12, 16, etc., i.e. 4n, the last’occupied shi
oo paraﬁflenl:itt; n molgcular orbitals filled with only one electron each, wil
- €T words, it will have an open-shell struct A

. e ure

be expected to have the special stability associated with benzene. o e
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introduced into the benzene nng by its tréatment wiy,

an alkyl Lﬁﬁk’&mz Lewis acid (Friedel-Crafts Ma?). |

S.Anmcanbepnpuedbywumingu_le(bewdsolubonoflmmnd
alkyl and aryl halides with sodium (Wurtz-Fittig reaction). .

6. Arenes may also be prepared by the reaction between an alkyl halide and «
Grignard reagent. !

7. Bipheny! and its derivatives may be prepared by the reaction of aryl iodide
with copper powder in boiling nitrobenzene.

Physical Properties of Aromatic H)"drourbons

The physical properties of aromatic hydrocarbons are almost similar to those of |
the corresponding cycloalkanes. The boiling points of the aromatic hydrocarbons increase-
fairly regularly with the molecular weights, but the freezing points depend on the |
symmetry of the molecules. The aromatic hydrocarbons are less dense than water. They
burn with a luminous smoky flame, whereas the aliphatic hydrocarbons burn with &

bluish non-smoky flame,

Electrophilic Aromatic Substitution

Due to its unusual stability, benzene undergoes substitution reaction

nitration, halogenation, alky|at; i i i
L g ylation, acylation and sulfonation, all following .

H 3 A
‘ +E* i E . o
O Slow @ —_— ©/ +H
: Fast Ly

However, the indivig

electrophile i e ) "C2CtiONS may differ from each other in the

Aromatic Hydrocarbons 115

“The electrophilic aromatic substitution reactions are also given by the substituted
In this case, the rate of the reaction and the orientation of the second
substituent s influenced by the substituent already present in the benzene ring. In
] the electron-donating groups increase the rate of the substitution reaction and
Mﬂ‘“ﬁ,mmmﬂ-mmmm" . On the other hand, the

Ortho/para-directing -

= MM °-|0H’NH2vaRI
_ Moderately activating: OR, OCOR, NHCOR
. Weakly activating: R, Ar !

Meta-directing
W deactivating: X (o/p-directing), CH,X ‘ '
M:I:Zdyw CN, CHO, COR, CO;H, CO;R, SO3H, CONH,, CHX,
Strongly deactivating:  NOy, Ky, NR, CX; _ _ :
Electrophilic aromatic substitution is very useful for introducing a functional

group into an aromatic ring. However, we have to keep in mind the reactivity and the
directive influence of various groups while planning a synthetic scheme.

. Reactions of Aromatic Hydrocarbons

(ii) aliphatic side-chain. They are therefore expected to show reactions typical of each

by.mqugl@,ndmm aiil e on b oo 1
S ation. Aromatic compounds are halogenated on treatment with @
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: - the halide. : ;
s A ' ated either
* withdrawing groups can be hydrogenate complete)
6. Addition reactions. B"“"f :::;ft at an elevated temperature and P"essui t;n
i in ammonia in the presence of ethanol, v

: ¢
treatment with H in the PrESErEe oy )

pepay' 8 o wﬁh:: three molecules of Clz oF B e L onot OFligh
Benzene anai:ww nng - be oxidized on treatment either with ajr in the
dation. 3 . ‘ :
7. Oxi at 450°C or with ozone. y

of V;
presence of V205 ¢ ddickilin Reactions pf the
ic hydrocarbons.

2 8. Reactions o:‘h oo
ially those of the alip . 5 :
SR in. When an arene IS 'uveqted.w!th chloring (;
or A), halogenation takes place in the aliphat,

aliphatic side-chain of an gr,

(i) Halogenation of the .s:ide-cha
bromine under free-radical conditions (v
side-chain, preferentially at the a-position. . .

: I 5 ide-chain of an arene is converteq
if Oxidation of the side-chain. The alkyl. side-c : 2
the mrbfxilic acid group (COOH) on treatment with alkaline KMnOj.

POLYCYCLIC AROMATIC HYDROCARBONS

: The polycyclic aromatic hydrocarbons contain two or ‘morg benzene rings fused
together at ortho positions so that the adjacent rings have a common carbon-carbon bond,
e.g., naphthalene, anthracene and phenanthrene. L 5 e

The major source of the fused-ring aromatic hydrocarbons is coal tar, though
they may also be prepared by the cyclization of benzene derivatives, followed by
catalytic dehydrogenation to obtain the desired aromatic system. Y, AN

benzenem}c{ fused-ring aromatic hydrocarbons undergo the reactions t'lsualiy‘- given by
., “owever, these are generally more reactive than benzene ‘in both the

substitution and the addition reactions, Th ene >
. The ivity is: %
phenanthrene > naphthalene > benzepe, e qrder % @actnvnty & anw ]

ANSWERS TQ EXERCISES
NO, :
Br OOH
1.@) @
()
NH, Cl ‘
CH;
© . ‘ -
@ CH,CH,
N02 e

Aromatic Hydrocarbons 117

OO0

B OO et
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Aromatic Hydrocarbons : ' 121

af Tnphenylmeﬂmne

-Propyltoluéne
: (c} ﬁ,‘-‘l‘etrmwthylbmylbenzene

A pButylbenzene ;
s (3 1,2,4-Tnmethylbenzene .

AN ~ 4-Bromo-2, 6-d1methylbenzaldehyde v ‘ :
7, 2-p-Nitrophenylbutane

zgromo-l-cthyM-methylbenzene or 3-Bromo-4-ethyltoluene
-'-2.Bromo-4-chloro-6-mdophenol

2-Bromonaphthalene :

4-Eﬂly]-2-rf)zel:h’yh|inobenzene #Emyl-B-memyhlmme
H; il
CHy = H; ;-
© =
CH; CH;

1,2,3-Trimethylbenzene 1,2,4-Trimethylbenzene -

H;
CjH;
o-Ethyltoluene P-Ethyltoluene
H L,CH,CH,
"-Propylbenzene
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-

- Dibromophenanthrenes follow the pattern of dibromoanthracenes. They

are: 1,2 135 L~ 1,5+ 16, 17-, 1.8, 19:, 1,10, 2,3, 24-, 25., 26.,

"’hz’ﬁ,",‘z,9', '2’10-’ 3’4-’ 3’5-’ 3’6-’ 3’9-’ 3110-2 4)5"9 4)9') 4,10" and 9,10'
dibrombﬁhm“ms'

l ‘A | : CW” Ol 8 e . ,
R ST i _ i
: Br g 7 ‘
| Z?D'ﬂ;“”" ' 2'?‘Di_°f°m°naphmalem_. '
,0-Di i '

Anthracenes

Monobrblllj‘éé derivatives

@ DL 03 @, @93 g
 pibromo- derivatives '
SR 25 ©s. @S @5 o4
= Th"e isomer giving only one dibromonitrobenzene is p-dibromobenzene,

AL whereas the isomer giving two dibromonitrobenzenes is o-dibromobenzene and
 that giving three dxbrompnxtrobqnzenes is m-dibromobenzene.

r
® On  nitration, each bottle will give a different number of
_ tribromonitrobenzenes, as follows: :
‘ Tribromobenzene . No. of tribromonitrobenzenes
9-Bromoanthracene o fo e, ' 1,2,3-Tribromobenzene _ Two
Dibromoanthracenes follow the pattern of Dibromonaphthalenies. They are: - 1,2,4-Tribromobenzene Thee
12, 13, L4, L5, L6, 1,7-, 1,8, 19, 1,10~ 2.3-, 2,.6»,72,7-, 2,9-, 2,10- and L mimpobcuzene L e
9,10-dibromoanthracenes. : ! i A B L
; s 6 () (@ AH=231.5-208.0=23.5Ki/mol.
Phenanthrenes ’ ® AH=119.5-231.5=-1120kl/mol.
o () Resonance energy = (4 x 97) - 422 = ~34 kl/mol.
- The negative value of the resonance energy implies that not only is there
- No resonance stabilization, but that cyclooctatetraene is probably more strained
 because ofthe four double bonds.
1-B 3 e & G - -.?2..: ¥ ..".
: : 1 - An alkane is generally more stable than the corresponding alkene. Thus,
R ~Wwhen prope “bromine; it is converted to propane derivative. which is
vikd : - accompanied by ion On the other hand, cyclohexadiene is less
: 3  stable from the Fig. 8.1 in the Textbook. Since
: , .  addition bromine to benzene leads to a cyclohexadiene *
Br e rivati t e A R G A : :
3-Bromophenan : Br 53 . o e | :
threne - 4-Bromophenanthrene =~ 7
: . 8 (b) @
.Bromophenént!]mqet' -
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9.(2) (@ ; ' £y £y QN
; Antibonding —  — '1— : + + 4 p
B e n iR s 0 R ! T T i
£ Bonding: I+ i st |
! Cation Radical Anion
Aromatic . Antiaromatic Anlia_rommic

" Antibonding = —_ — — 8

< Bonding | _ + +

—————————

——Energy —_
1
1
|
I
1
1
1
1
|

7 Cation - Anion
ntiaromatic T
2 Aromatic.
7 Q.No,
T Antibonding 3o B o . ""- - :1:3
G N e
S s ik e T e B
Bonding —lH- —1+' ] 4‘}' : —‘H— !il !
g 0
A g Anion: ot RN
o ) < ianvinlel
(@ atic Antiaromatic
1 Antibonding - TQ.No.
:? Nonbonding v 2

L2 0

4 n!iaromalic

-‘ % g Nonbondmg 4
o

Aromatic Hydrocarbons
ey o - ) Q.ﬁo.
| Antibonding  — St 2

Nonbondmg — aties _‘w _{H'_ ' +1
(o L S 0

: fR s Dication _ Dianion
e N 3 Aromatic Aromatic
] ¥ ;
= m\’A_ ; T Q.No.
, 1 Antlbondmg E 4
- i +3
Vs ‘f% Nonbondmg -;4— 4+ = '
e e o
Bonding —ﬂ- .
,} "/l . Nonaromatic
& =y o F 7 A, .
L 9% £y (due to nonplanarity)
(e % '
2 S £
Amibonding-

1165

Bondmg ; _%_ %
F"}f e ,' e B 4'[7 ¥ ‘4%_

=

S chatlon > . - Dianion
q ‘F,-’ i!romattc Aromanc
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’\fa‘ the .sp hybndlmtxon of the two common carbon




 Antiaromatic. It has 12 ‘W

ca?mjugabd cycllc Sysen

T Ructlon of cycloocfateﬂ‘leﬂ vith A
; e converts it into a dianion hnvmgr;'i;l v ele  H
letel flliheumlecularo , making I

;;:lrigen Ztomsare equlvalent, like those ofbenz_eng.—
tic due to the conm'butnon of 1 the

It is anuaroma X
& ,ff.),,g,d resonance structure which has 4 7 el H%ﬂn

ring system, and makes the molecule highly m

(%) It is aromatic due to'the contribution of the chargex @ s
resonance structure which has 6 = elech'ons(mtﬂle LA S 23 i
system, and thus makes the molecule stable. ! ,rubn o&g 3=

(c) One of the = electrons of the seven-membeted rmg
of azulene is transferred to the five-membered ring, so that
each ring acquires a closed shell of 6 7 electrons. ‘The
azulene molecule now has a dipolar structure- WIth the
direction of the dipole moment as shown: 4

Hs H;
Br & :
11.(a) (@ @ + ®
: o=
§ Br - :
r Br
Br '
. (© + (‘0
‘Br
COCH; ‘ &
B | z il
Br i e eivissy
.5 eoon i
e
2 "Br : <.
[
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Aromatic Hydrocarbons

o sl 977CH, O KMAO, OFF, 8
(i) H,O’
+ HNO; —)
OOH
(l)KMnO.,OH'A
(u) H,0’

Chapter 8

130 H, H,
Hy A _NO:. .
Hgso A ) o Bl'z
(m) +HNO, 50°C ( ’ E‘
NO, -

* (i) KMnO,, OH", A
(ii) H,0"

(e) @ m-Xylene> p-xylene > toluene > benzene

@) Tolwm>benzene>bmmobemne>nm'obmw:e
{¢)  Aniline > acetanilide > benzene > aoetophenone s A
.@' Aniline > N-methylaniline > acetanilide > anilinjum hydmgmsulfate ;
(e)  p-Toluidine > p-xylene > p-bromotoluene > p-toluic acid J
(9 Phenol > anisole > acetoxybenzene > benzene i

® P'M“ﬁ)"thobphmobp-homophemp”m:I gl .;typaafrewuonsmvolvomemckofmebctroph

a cationic intermediate, except that the aromatic ring,
_ mwmmﬂwm““” "

e - NHCOCH;. NHCOﬁH;
2a) +CH,coCl 2=, c. H;S0,
SO:H
NHCOCH, .
NO,
dil. H;80,
Romiice
A
SO;H
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F : Chapter * Aromatic Hydrocarbons
132 rtional to the rate of the reaction of Ny : ¢ i : =
compound formed would be Pmpo n though each of these rates is faster nw th i CH,CHy CHBICH,
the correspond h:e of mmmon que toluene is more reactive than benge he Bt ' -
overall “““,‘;‘;f’,,f.',dmlarser-m°""‘ e By s
mw*""ﬁ . - CHCH;
A e 4
. ol PR CH,CH;
6. @ *H oum 3 o
. OOH + (CH;);COH 2ot
CH,CH;
g;'“_“';_"L % C(CHa);
® (i) H:0" CH,CH: CH,CH,
CH;:CH: ; e i
7 E(CHyC~CH, —
K,CrzOv, H;S04 Sk 3 DS e : :
© i f.["';’tf_";. B R4 i :
. S e s C(CHs)s
CH.CH; H;CHJ L,CHy CH,CH; HZCH3 H,CH;
- - AlC
@ @ oot +CH,c1—’>
0°C
\‘ -, v
g S 5
: . (Vety small) o it (MaJor) ' i (Very small)
CH,CH; H,CH; . H,c:}-l3 HzCHJ 17. e dnssolves in fuming H,SO. due to protonation, whereas
: not.
(e F"mmg ot SOJH 4 ;
, i (b) adds a molecule of Br; in CCly and thus discharges its colour;
Ql'ﬂf 3 benme reﬁ with Br; under these conditions.
4y g "
g © Tolm is oxidized to benzoic acid by elkaline KMnOy and thus
(MaJor) (Very gk - dl“bﬂ!ses iﬁ%lounbenmexsn&omdmdmdumh mild conditions.
CH,CH, H , el 'wdiud to benzoic acid by ‘alkaline KMnO; and thus
CHs H:CH; . y,gu;;‘ e ir; chlg does not disclnrga the colour of KMnOs.

(Mam) (Very 's‘; all)
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: (q) (CHJ))CCHzBf-I- A[Cb _‘_’ ‘LCHJ

Rl SO
ey o,
A TEROEA

ire —chon,
B 5 :'- v ) H,

¥ 5 e il

e HBr+AlC13

HzSO
e Rl ;(Cﬂs):C—OH,+Hso4 @

>‘u.v'.u
Br

R "‘I a0

Hy' " wisEpi "'Ti’;(oﬁ
cnrwf o e, CH,_Q_C?'{’ o

 CH, '

'_%CH:; H,CH,8

| S 7

LA )

k

m
LA '?EA]

1 'y
P P11
Gl T Tt
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Aromatic Hydrocarbons

BF. 4 EH’
‘ 3 Rearr,
HCH; m—) CH:’ CHy ——5 CH,CCH,CH,

‘v

A ; B | & e
' 3 X
‘ HzOH’ os® CH H; —-—»cu,—l-' C—CH;CH;
H

/ élgﬁoeatlon finally formed in each reacts
B et oorzone case then with

: H,
CH, H,

CH,CH, St
e PP H,
. My o H
B,

of toluene with methyl chloride in the presence of AICI,, o-

the kinetic products, i.c., they are formed faster, whereas m-
thermodynamic product, ie., it is more stable. The lower
s not provide sufficient energy of activation required for
lene; only o- and p-xylenes are formed, which require less
A 'hi‘dheﬂ‘*‘fémperatum-(sm(!), the energy of activation is
on of all the xylenes. Moreover, the process of alkylation
- and p-xylenes are easily dealkylated but m-xylene being
easily dealkylated. Therefore, at higher temperature, the
v the stable m-xylene which is the principal
e following energy diagram:

3i'ﬁ>k(,el?31 s

22 (i)  The initially formed carbocation in each case rearrang
stable tertiary carbocation as follows: -

_ H, oiisT e o GHG

] 5 g BF;

(@ CH,CH,CHCH,OH ——, :
) ,A 20 T@}?Cﬂ’cﬂz

i

] g 0 ! H “' P

AR LY.
®)  CHCHCH,CH,0H — ™, cpp briopsig,  ReA.
Siet ol gm0 J_H?HéH,-

I
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- Aromatic Hydrocarbons 139
i CH,Br - CH,MgB,
I Mg :
(i) Co.
; 3 2
= “ Ether W
CH,COOH
= ; z
H-.
(i) NaOH, 300°C (fused)
(ii) dil. H,S0,
CHO
OH
- CHCI;, NaOH

>

80°C

@ NaOH, 300°C (fused)
(ii) dil. H,SO4
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Aromatic Hydrocarbons 143

: m,iubhﬂmg a delocalized system of 10 (4n + 2) = electrons. This
Nﬂmn is sufficient to overcome the angle strain of a planar
dianion of cyclooctatetraene is therefore a planar molecule

. ‘ned in (a), cyclooctatetraene has a tub-shaped molecule in which
of one C==C are not coplanar with those of a neighbouring C—C,

W of mp!ﬂnhle lnvolve

"‘b‘m the s b“ e can be no effective overlap between them for delocalization.
fnyolva- loss of only 35, -ule. in fact, has an alternating system of single and double bonds with
ofb"omlne (2 of 1.50 A and 1.35 A, respectively. On the other hand, the dianion
ﬂllntb.uou:’l‘t ne has a delocalized system of ten = electyons in a planar

: ﬁyﬂaroctagon with all carbon-carbon bonds of equal lengths of

-

W withdraws electrons from the ring by inductive effect, it
"'t'o*tﬁc ring by resonance effect as follows:

4

’NH] NH1 "Nl‘{: I
Feo o> > =
| % : - : . : j : -\) |
livka oﬂhe : o ince the re:  is stronger than the inductive effect in the case of B
resonance stabilization, whereas in the ‘ " lin dipole moment is toward the ring. ‘
MIV':'" "M loss of only 351.0 "-‘m‘ f nitrogen which activates the ring by resonance effect is
R The bromination of anth wwdtbeurbonyl group of acetambde i |

position than at 1- or 2-position, f d
NO, 3

i

ot eyelooctatetraene L

o s Q‘LNH‘Q— .
e
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. in the presence of AICI; to give 5

, CH=CH,—CEnN CH—CH=C=N CH—CH=C=N CH—CH=C=}
C + ‘: : + v |
. - i

Chapter 8 :

4. easily protonates HNO; to facilitate the formatiy, -
y mdém:a;mcess of nitration: -
——— H;0+NO3+HSO;

being & Stronge Ny
and thus accelerates

HONO; + HiSOs :
lene are the most active s;t._ .
ns 4 and 6 of M'X)" 5 : Siteg in g
alkylation but these aré sterically hindered, ls)al‘tllcularly Whey
ring for further i< to be introduced. If m-xylene is initially alkylateq by 4,
large alkyl ?wupu IlJ af these positions, it undergoes dealkylatlop (a tertiary ﬂlkye|
o butystger;“y cleaved) to be realkylated at thermodyn amically more Stable
group is most €885¥ B i case. Thus, m-xylene reacts with £-buty] chyyy
position, €. POSUESC, _-butyl-1,3-dimethylbenzene. _

‘(g) Although the positio

: is activating, once it is introduced into an arop,
() Since an alkyl gro ut% facilitate further alkylation. On the other haﬂd,'th:

ing it activates the rin further alkylat ‘
::?trgo ltg:;:t;vznd halogengs, being deactivating, o_nce'mtn-odt_xced_ into the aromyy,
ring, deactivate it to discourage further substitution.

) In A, the —CN group is far away removed from the ring. Its electron.
withdrawing inductive effect is therefore. not. much felt by t}-le ring, and the
—_CH,CH,CN group essentially behaves like an alkyl group Wh’lch is ortho/pars.
directing. On the other hand, in B, —CH=CHCN group deactivates the ring by
resonance effect, and it deactivates the orth_o and para position§ more than the
meta position. It is therefore meta-directing and'l undﬁrgoes n;tmtnqn at meta
position. AAE ! X 1

ZioN

() When benzene adds one molecule of Hj it is converted to more reactive
1,3-cyclohexadiene. Further addition of H, would therefore preferably occur
1,3-cyclohexadiene until fully saturated molecule of cyclohexane is obtainet
involving the addition of three molecules of H,. Each molecule of benzene i
?::;lilll]nelthtr;g. molecules of H, before another molecyle of benzene S
bee 8" this way, 2/3 of benzene remains unreacted when the Wh01°,“-°fH’

N consumed if they are used in equimolar quantities, ” esd 2ol

& i i : '
gi)v ‘ ?Jggm compounds, being highly stable, generally react with brom
phenanthrene tﬁ: 9plroduct5, rather. than addition products.  How!
showing the same re. 0-bond has the double bond character almost c0
et 10.borfiacnwty, 10 an olefinic double bond. Bromine thel
double bond,t on af phf’"a“thfene almost as easil as across a p
1ok » 10 give 9,10-d|bromo—9,IOdihydrophenaithrene CisH, ]
. ﬂl € case of ng hthal 5 t %
Intermediate arenyypy, iogs obtae?:e: zl:greztI? f)tfl“;;gn%tfcrl?;)p ::1 L-l
al y an el

_ naphthalene directs substitution to the 2- and 4-positions.
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nance contributing
n atom bonded to the activating group
activating group,

only four of the 'avs,ilable vacant positions have a reso
structure that contains + charge at the carbg

so that the + charge can be stabilized by the

Out of these, the arenium ions resulting from the attack at positions 2 and 4
the most stable because only these intermediates hay iy

_ JaSav € an aromatic ring. This i
why that an ortho/para-directing group (activati e e

ng) at the 1-position of

~ In the case of naphtfialene having an activating group at 2-position, the
following intermediate arenium ions have a resonance contributing structure that
contains + charge at the carbon atom bonded to the activating group.

~ esiesdees

‘Out Qf these, the arenium ion resulting from the attack at only position 1 has an
aromatic ring, and is therefore the most stable. The activating group at 2-position

~ of naphthalene therefore directs substitution almost exclusively to the 1-position.
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