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KEY NOTES ON Haloalkanes and Haloarenes
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NCERT Based - Very Important Points
General method of preparation of haloalkanes(§eil3Todhel I a1 T AT AfD)

(a) By directly halogenation of alkanes: (Y @R 9T 3reder & gelloreT gan)

1. Inpresence of sunlight or heat (Free radical halogenation ) gives a mixtures of mono, di, tri

halogen derivatives etc (FI;& YhIR AT AT (ﬂ"ﬁ“—fﬂ@'ﬁ? %T*ITGTH) @rmﬁuﬁﬁmﬁ, ETé', Ej,'l'é*
gelloreT sRafea 3nfe w1 AT gIargl)

2. Replacement of H atom from hydrocarbons follows the order (grgs’mé?rﬁ H 9IHTOT &7

GTAEATIT 3H A H )
allylicH > 3°'H > 2°’H>1"H > CH,

(b) From alkene (3Te<hieT &)

1. By addition of HX(HI > HBr > HCl > HF) (HX(HI > HBr > HCl > HF) & J13T1 1)
The unsymmetrical alkene follow Markonikoff’s rule during addition forming 2° and 3 alkyl

halide predominantly through the formation of most stable carbocation.( HsH fER et

& ST & ATEIA F 2° 3T 3° IS §A1SS TaATel & RTeT AT 3TechIed AT APIH &
GREEIEICEETG R

2. Addition occur through electrophilic attack. However, in presence of peroxide
(R — 0 — 0 — R) the addition of HBr to unsymmetrical alkenes follows anti-Markonikoff’s

rule(peroxide effect or Kharasch effect)( Ws&q'gld{-o:lé\l 3TThHAUT CaI grargl I'RFg
RIFABS(R — 0 — 0 — R) & 3URATA§ 3TATA 37ehIsT F HBr T ATt TTAHATR AT
fAgA FraeT A § |




(C) From alcohol( By nucleophilic substitution(Sy) reactions

HePgd B( ATHREAG! TTATATIA(Sy) ITRTBHIMT gan)

1.

Action of halogen acids, HX(HI > HBr > HCl > HF) on alcohols in presence of anhydrous
ZnCl, yield haloalkanes. The increasing reactivity of alcohol towards HX is CH;0H < 1"<2" <

3" < benzylic and allylic. (fA<Tel ZnCl, & 398U F TePled & FI golloted 35
HX(HI > HBr > HCl > HF) & AT §ell3Tcched Yl ald & HX o UTd 3Tehlge ol 9o
JfATRITNT FTHA CH,0H < 1° < 2° < 3° < benzylic and allylic &

The mixture (1:1) of concentrated HCl and anhydrous ZnCl, is called Lucas reagent(dTg HCI 3iR
fo¥stel ZnCl, 3 TAAT (1: 1) S o1 3TAFHE FHgl AT E)

Action of PX5 or PX; on alcohol converts them readily into haloalkanes (3Teehlgel U< PXs IT

PX; T HILATS 3og AT H Eall3Teched H gRafdd el 8)

Action of SOCI, /pyridine or SOCI,/ether on alcohol gives alkylhalide (3Teehigel UX SOCI, /

pyridine TTSOCI, / $IR T HRATS HePSAGSS ST R)

d) From silver salt of carboxylic acids (FTaffFsfare 31 & Aeay & oaur @)

1.

By the action of Cl, or Br, (in CCl,) .This reaction reaction is called Borodine-Hunsdiecker

reaction or Hunsdiecker reaction (Cl, IT Br, (CCl, #) @f%ﬁ%ml g ufafsharr
IRISBA-BoaaIhT TTAThAT AT EESTHT TTATShAT gl ST

This reaction gives the product with one carbon atom less than the carboxylic acid and the yield
of halideis 1" > 2° > 3" (7§ HTHATHT HIai e eIeh 31T & Teloll H Teh hIee] AT HHA glel
qTelT 3cUTe ST AR EABS F 3ueiTdhA 1" > 2°> 3°%)

CCly/reflux
R—-C00Ag + B, ———— > R—Br + CO, + AgBr

CCl
CH;CH,CO0Ag + Br, ——— CH;CH,Br + CO, + AgBr

But iodine forms ester instead of haloalkane and is called Birnbaum-Simonini reaction(‘ﬂﬁ

TSI geilched o TolTT T ST & 3R 38 foetara-RAaaier ufafshar warsmarg)

2R — COOAg +1, > R—COOR + 2C0, + 2Ag!
Ester



e) By halide exchange reaction (%ﬂﬁ?ﬁﬁﬂﬂ?ﬂ)

1. Thisis a convenient method for the preparation of alkyl iodides. The corresponding alkyl
bromides or chlorides are heated with a solution of sodium iodide in acetone or methanol

(TG 3TohTSel ITAISTSS T THATUT & ToIT Teh FlAUToTeTeh cliehl § | SHH HoehlSel SIATSS AT
FARTSS T THICIA T AYATS FHEATA H FISTH TASE3 F AT & TTY 37 HAT ATATR)

Acetone A

R—Cl+ Nal — R — 1+ Na(Cl

Acetone A

CH;CH,Br + Nal — CH3;CH,I + NaBr
Bromoethane
This reaction is called Finkelstein reaction.

2. Even fluoroalkane which cannot be prepared by the above methods may be obtained from
corresponding chloride by the action of mercurous fluoride or antimony trifluoride or AsF; or

AgF, etc. (T&T e T FelRY 3Toehel ST SUeFd client & SR AT fohar ST HehaT &, a8
FAFIRTH FANTSS IT CEIHAT CISFANISS AT AsF, AT AgF & HRATs & HIT FANISS & 9o

frRarsTasdare 1)
(Swart reaction)

A
2CH3;Cl + Hg,F, — 2CH3F + Hg,Cl,
A
CH3;CH,Br + AgF — CH3;CHF + AgBr

A
3CH;CCl, CHs + 2SbF; —— 3CH;CF,CHs + 2SbCls

Mechanism of halogenation(%mm $ ﬁs‘mﬁﬁr)

Halogenation of benzene is an electrophilic substitution reaction. The reaction takes place through the

following steps. (SoileT T §eilotela Teh Soldclelialg] gfarargs 3fAfRar g, 3rf@frar [ o &
ATEIA T gIdTgl)

Step-1
The electrophile halonium (Cl*, Br* or I*) is generated by the action of lewis acid (FeCl; or

anhydrous AICl3) on the halogens (SeldeleiF=lal aallleIdd (Cl*, Brt or %) oggd 3iFel (FeCl; AT

fasTer AlCL,) Y T3haT & 3cueaT BIaT 1)
Cl—Cl+ FeCl; » Cl* + FeCl,”
Electrophile




Step-2
The electrophile (Cl*) attacks the benzene ring to form an intermediate carbocation (arenium ion)

which is stabilized by resonance. This is the rate determining step of the reaction. (Wmﬁ' (cl™)
Teh AL PIELATTS (WRIATH 3HTAA) FelTed o [T sisiiet RaT I AT e & it 3eele GaR]
TYURNRIOT &Y ST & 1 T TRTRAT Hrar FeRa st arerard N

H
n Cl+ Slow O Cl

Benzene  Chloronium ion Carbocation

H H H H
+ +
v J

Resonance stabilized carbocation

Step-3
The carbocation losses a proton(H™) to the base FeCl,~ to give the chlorobenzene

N H Cl
Cl +FeCl, L. @ + FeCls + HCI

Chlorobenzene

This step is fast and hence does not affect the rate of the reaction

Side chain halogenation (HE?%@HT%H’IGIHH)

Side chain halogenation of toluene takes place when chlorine is passed through boiling toluene in
presence of UV light

CH, CH,CI

383K

+
Cl . hv, boil

+ HCI

Toluene : Benzyl chloride

If Cl, is passed for a long time, the benzyl chloride so formed react further to form benzaldichloride and
then benzotrichloride



CH,Cl CHCl, s

383K _
+Clh W Caay (—HCI) " hv, (CHCY)

Benzyl chloride Benzal dichloride Benzotrichloride

This reaction is an example of free radical substitution.( Jg Tdh Herd Helh gfaeerasT 3ifRfear
3CERUTE 1)

Thionyl chloride (SOCL,) or sulphuryl chloride (S0,Cl,) at 475K in presence of light and trace of
peroxide can also be used in place of Cl, for benzylic halogenation of arenes. For example,

475K,
CeHsCH; +80,C1,—2 5 | 0y oyl + 50,7

Toluene (Peroxide) Benzyl chloride

+HCIT

Preparation of haloarenes from diazonium salts (mﬁ'ﬂﬂ'mﬂ‘%ﬂ’fﬂﬁﬂ'iﬁﬁﬁﬂ)
a) Sandmeyer reaction (VAT 3rfATHAT)

By decomposing aryldiazonium salts in presence of copper halide solution dissolved in the

corresponding halogen acid, the diazo group is replaced by a halogen atom (%Tvﬂ?ﬂ?fmﬁ
I FIWR gelrss faerdet & 3uTeAfa # e SN AT A SIquT I 3796esT ganT, A srsat

THE, Bollotel TATI] & FIAEAUTT gIcr 8)
Cl
CuCI/HCl
or CuyCly +Nz
+ Chlorobenzene
N
2Cl1 Br
CuBr/HBr +
or CuyBr, N2
(Benzene Bromobenzene
diazonium I
chloride)
LG +N, + KCl
(warm)

Todobenzene



b) Gattermann reaction (ITEIHT TR TFHAT)

In Gattermann reaction (a modification of Sandmeyer reaction), the catalyst copper powder in
the presence of corresponding halogen acid (HCl or HBr) is used in place of cuprous halide

(CuCl or CuBr) (TeXH TRTHAT H HTd &l 3FA(HCL or HBr) & 3UTEATT & 3cR+
qT33T T 3YATT fHAT SATAT §)

Cl
Cuw/HC(l
+ —
N,Cl A +N,
" Chlorobenzene
Br
Cu/HBr 5 N2
A
Bromobenzene

c) Balz-Schiemann reaction

Aryl flourides are prepared by the reaction of corresponding diazonium salt with fluoroboric acid. This
reaction produces diazonium fluoroborate which on heating produces fluorobenzene

= +
N,Cl N,BF, F
i HBF Heat
4 HC) '
Fluoroboric
acid Benzene diazonium Fluorobenzene
tetrafluoroborate
+ BF3 + N2
Boron

trifluoride



Physical properties of haloalkanes (ﬁmﬂm?’l‘wﬁlﬁ)

Boiling point of Haloalkanes (%T-I’Biﬁv_rl' aw'l'ﬁ'ﬂ?l'iﬂ?)

For the same alkyl group, the boiling point of haloalkanes decreases in the order RI > RBr > RCL. This
is because with the increase in the size and mass of halogen atom, the magnitude of the van der Waal’s

forces of attraction increases. Thus, (HHTeT 3Tehigel HHg a?ﬁl'(f, %‘Tvl’fii—lv&wl T FIUATH RI> RBr> RC
A H EC ST & | THT SHTAT g Frifeh gellotel IXATY] o TR 3R GeATeT H JE T o HIY, a5 alod
Il & HTHYUT I H 87 IS BT & | 3 TR

Haloalkane : CH3! CH3Br CH;Cl CH3F

Boiling point(K) : 315.4 276.6 248.8 194.6

For the same halogen atom, the boiling point of haloalkanes increase with increase in the size of alkyl

group. Thus, (H&TT gellolel TRATU] & fAIT, 3ieehigel HHE TR H gefe & ATY gell3Tohal
FIYATH S6T ¢ | 59 IHR,)

Haloalkane : CH;Cl C,H5Cl C3H,Cl C,HoCl

Boiling point(K) : 248.8 285.5 320 351.5

Physical properties of haloarenes (%?—I’I'Qﬁ?l'ﬂ G ED ﬂ'UTﬂﬁ')

1. The boiling point of monohalogen derivative of benzene are in the order:
lodo > Bromo > Chloro > Fluoro

ol & Alelgellotel edceel T FaUetieh HH A §
Iodo > Bromo > Chloro > Fluoro

2. For the same halogen atom, the boiling and melting point increases as the size of the
aryl group increases. (HHTeT %ﬂia?rqwugas fIT, FIUTH 3R TR §¢ o %"3\@'
&1 3ol HHE I HTHR ToAT & 1)

3. The boiling point of isomeric dihalobenzene are nearly the same, but their melting
points are quite different. (W’Iﬁﬁéﬁﬂ? STIclealel & FaUATh TITHIT AT 81T &,

AfheT 3% ITeTsTieh FIh BT B £ 1)




4. The melting point of para isomer is always higher than that of ortho or meta isomers
This is due to the reason that the para isomer is more symmetrical and hence its

molecules pack closely in the crystal lattice.( para HHATIAd T ITATT ortho IT meta
FATAYS Y Jelell H GART TR BT & | T§ 3 HRUTA [ para - FATGIS 3TRh
FATAT & 3R SHTAT SHeh 310] Tshecel SiToleh 7 Il A Yh g1 & |

Cl Cl Cl
Cl

Cl

ortho meta

Cl
para

Boiling point 453K 446K 448K

Melting point 256K 249K 325K

As a result, the intermolecular forces of attraction are stronger and therefore, greater energy is required
to break the para isomer lattice and it melts at higher temperature.

E; — CB (Unimolecular elimination-conjugate base) or carbanion mechanism

In this S-hydrogen is strongly acidic and the halide ion is a poor leaving group. The mechanism
involves

Step-1

Removal of a proton by the conjugate base to produce carbanion



B S €l F

Cl CI (I: F o SAON . ¢ cl* (“I, F
| (Fast), -H £ |
H F 3
1,1-Dichlero- Carbanion

2.2.2-trifluoroethane

Step-2

The carbanion loses a leaving groups to form an alkene. This is a slow step (rate determining)

Cl F
3 Lagsr
Alkene
Carbamon

Reaction with metals(%ﬂﬂaﬁ%w?l B-I'f\'l-IﬁTCIT)

a) Wourtz-Fittig reaction QF{G[ fnfdr affiforar: A mixture of an alkyl halide and aryl halide gives an
alkylarene when treated with sodium in dry ether and is called Wurtz-Fittig reaction. (3chIgd

Bal1gs U1 ARA 2fere o1 fiyeror, Qfeaw & Iy b 3R 31 TR A RABA R
STHTSAUN <l 8 TUT Y geol - fNfhaT Hed §)

X R
Dry ether
©/ + Na +RX ——— + NaX

b) Fittig reaction (ﬁ"ﬁ'ﬂ G'I'f\'l-l'fa?_QT)

Aryl halides also give analogous compounds when treated with sodium in dry ether, in which two aryl
groups are joined together. It is called Fittig reaction.( ﬁﬁ?{%ﬁs@’ lﬁwswﬁm%wu
SR gRT TSI Afites T B, e &) IR I8 WER 92 B 8138 fbfen sififhar ga




1) Substitution nucleophilic bimolecular (Sy2)The reaction between CH;Cl and hydroxide ion to
yield methanol and chloride ion follows a second order kinetics, i.e., the rate depends upon the
concentration of both the reactants.

fg 3o fire<rlt wfaeuma=t Siflferar (s,,2) CH,Cl T BISSIRITSS S 1 Sififesan,
T BT TUT FARIE S T &, Fgaiia PIfe TR BT SHTIRUT HRell 6. Ul
SHffoRaT &1 371 gAY ififehad! Bt Wigar R &RaT §. 59 Sifiifohar &) eRWg & U #
T g1 e fRid faran o edr @

H

H , H

L S_ S_ E)

OH + W)*Cl e HO---:{;---Cl HO%,,,II + Cl
H H H H H

the order of reactivity followed (Gﬁm 19 Fufafaq T;ﬁ?IT%)

Primary halide > Secondary halide> tertiary haide

2) Substitution nucleophilic unimolecular (Sy1): Sy 1 reactions are generally carried out in polar
protic solvents (like water, alcohol, acetic acid, etc.). The reaction between tertbutyl bromide
and hydroxide ion yields tert-butyl alcohol and follows the first order kinetics, i.e., the rate of
reaction depends upon the concentration of only one reactant, which is tert- butyl bromide.

THTES AFUHIAN AT (541) : 5, 131fNTHaE IHRa gdita mifess faame o™
oI, Sfepigd , Telifed st 3ife )HUe BIcht 3. Jiiues i SivTss aul BRgINSs S
& ATeH H Tead SFfed AAPIRId adl 8 AR UYH Plel DI FerTd BT SHITRUI B! 6.
3ryfa sifforar &1 97 had T ffehae ! Tigal R ARk &xar 8, o &1 Jdias sgfed
EIEIES

(CH,).CBr + OH > (CH,),COH + Br
2-Bromo-2-methylpropane 2-Methylpropan-2-ol

It occurs in two steps. In step |, the polarised C—Br bond undergoes slow cleavage to produce a
carbocation and a bromide ion. The carbocation thus formed is then attacked by nucleophile in step Il to



complete the substitution reaction. (Wﬁﬂ@ﬁﬁ%@?ﬁ% UWWﬁﬂTﬁq C—Br Y BT &fTHT
faaa U PIEYATIT U1 Th SHTSS 3 §-1d1 8. fgdid @Rur H 39 YR AfHd Sree-mT iR
TRYBRIN & GRT SATHHU el & Tt Ufaeura 3ififgrar quf €t B)

CH,

step | ©
(CH,).CBr = > @ + Br

CH,

H,C CH,

We can sum up the order of reactivity of alkyl halides towards Sy 1 and Sy 2 reactions as follows (8H

Sy1TUT S, 2 3fNfehar & o sicpTsd gaTss & fohameficdi & wH & Gau # FY IR A T Johd B)

For S,2 reaction
| v
Tertiary halide; Secondary halide; Primary halide; CH,X

¢ ]

For 5,1 reaction




Examples of electrophilic substitution reactions on benzene (aﬁﬂqwsﬁmnﬂuﬁnm
SFUTFATE & ISR

(i) Halogenation

Cl Cl Cl
Cl
+ Cl Anhyd. FeCl, N +

1, 2-Dichlorobenzene
(Minor)

1, 4-Dichlorobenzene
(Major)
(ii) Nitration

Cl
conc. H, S{] ©/ ©

1-Chloro-2-nitrobenzene
(Minor)

1-Chloro-4-nitrobenzene

(iii) Sulphonation (Major)

Cl Cl Cl
cone. H,50, ©/ SO.H @
N +

2-Chlorobenzenesulfonic acid S0,H
(Minor)

4-Chlorobenzenesulfonic acid



(iv) Friedel-Crafts reaction
Cl

Anhyd. AICL,
+ CH,CI

1-Chloro-2-methylbenzene
(Minor)

1 —Chlﬂm—él—melhylbenzene
(Major)

a oo
fii] Anhyd. AICI
+ HC-C-Cl ——— CH,
O H,

2-Chloroacetophenone
(Minor)

Cl

4-Chloroa r_etnphermne
(Major)

Nucleophilic substitution reactions on benzene (é‘v.ﬂﬂ TR ATTHSRA Ufa=ITa GIﬁ-Iﬁ'TEI'I)

Ol OH

(i} NaOH, 623K, 300 atm

e
Cail

i) H®



