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Haloalkanes & Haloarenes
ﬁeplacemenf‘ of H atom(s) in an al:;o‘ha.h'c or
aromatic hyc/rocarbon by halogen atorm(s) leES

alky! halide (haloalkare) =ard- or aryl halide.

<- arff halide

X lsps €16 vs Ak (sp° CD| <-aayl vs

- Some Useful Halocompounds

. Ch/ommphe}u'cof s antibiotic (f'yphofd)

* Thyroxa'ne L -hormone (anﬁ'-ﬁotffer)
* ChIOroZufne anti-malarial c/ruj

* Halothanre ; Suryfcal anaesthetic
Classitication

(a) 737/ no. of halojen atoms
mMono, df, tri, tetra, Feeo polyha/o.

(o) By hybn'cff.sahbn of € - X bond .
¥ sp’ € - X :oalkyl, allyly benzyl halides

= sz G e X ufnyl, aryl halides

Alcyl halides are /deg, 2deg or 3deg depending
on whether the C carrying X is /deg, 2deg or 3deg C.
Gem-dihalide : both X on same C Sl acfj. C
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NMomenclature & C-X Bond

IUPAC Momenclature

Alef halides - halosvbstituted hydrocarbons.

Locate X with lowest locé_lnf'; ortho / meta / para

= /2 / 13/ 19 in ZUPAC system.

Examples
(CHS)EC n e Z—bromooz-mef'hylpropane
CH2 i S g i e 5 7 chloroethene (w'nyl &,

CHC/B -7 trichloromethane (chloroform)

CC/,T, -7 tetrachloromethane.

Mature ofF € - X Bond

X is more elecfroneyah'ue s G s o X

polar Cd+ - Xd' e partial +v_e chacge).

Down they group ¢ Size of X increasis
=7 bond lenﬂf—h mcreases Eafi 2 ool iR C+l
=7 bond enthalpy decreases b C-F Z. .0 Cl 2 68 7 0-T

=7 dipole moment : CH3-CJ ‘(/.36 OF 7 CHz-2 (/e D)

, CoFo (37 pon C-L: 2/ pra| < longer
— <- =7 weader
<- R-I. best

Best leaving y;-oup CEel e By L S

(weav(er C i X easier cleavaye in subst.)
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Preparation of Haloalkanes

/. From Alcohols

Feplace -OH of ROH by X using HX, Xz, Fxe
or S0cC/2 (f’hfbnyl chloride).

R-OH + HX -7 R-X + HO <202 needed
2 <-for /a'ej, Zd'ey ﬁOH

| Reactivity of ROH  with HX - _'s’dey b Zdeﬁ s /cfey
:.Terf'lbtry OH + conc. HCI react at room temp,

no cafalysf. needed.

A FS0cl -7 /el o S0 & Hel ! o

<~ ﬂasw

<~ gscape

PBrS, PL3 : made in sitv from red P + Br2 J T2
For £ - F : Swarts rxn (ff'-C//Br + #K= /‘lyF / SbF3)

2. From Hydrocarbons

(a) Free radical ha/oﬂenaftbn of alkare

BH + X - b -7 RX A4l Guixture T)

Crives isomeric mono- 1 po!yhah'de: ; poor yt'eld.

({o) From algenes
7 H -X addition - Lollows Markounikov rule
X adde = C_::C -+ Brz -7 vic-dioromide Gin CCIJ

2

.Decoloun’sahbn of Br2 = test for €=C bond.
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Haloqers Exchar;qe & Haloarepes

G

3. Halo_qen Exchange (anb{elsfe:};:)
/4!'0(7/1 iodides made +Hrom R-ClI / P-Br with MNMaL

in dr7/ acetone (Finkelstein reaction).

P-X + MNaLl -- acetone --7 [R-I + K maX ppts

<-(Le Chat.)

Swarts rxn :  R-Cl/Br + AgF / H92F2 / SbF3

-7 PR-F  (best route to alcy! Hoorides).

Preparation of Haloarenes

(7 Electrophilic svbstitution
Ar-H +-X, -- FeX_ --7 Ar-X + HX
kewis aud (Fe / FeCl3) meeded ;o enly Cl, Br.
o- & p-. isomers separated by m.p. difference.
Zodination nreeds H/V03 (oxidiser) to remove HI

Formed (f’he rxn s “reuer::ble).

Gi? Sandmeyer reaction "
Ae-ptl, = Marl, / Hol ) O-c . dey € - Ari
Then with Cu2X2 /) HX : "7 Ar-X + w2(g)
For Ar-IT : Ar-/l/2+ + K& -7 Arek  lno Co needed.

Whhy “mo diveet ABH =2 X 7 0.0 s phero!l has

partial double-bond char =7 +too S‘f‘rony to brea«.
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Physical _Properties

Colour & Smell

Fure R-X : colourless ; R-Br & - darken in l{ghf’.

/Man7 volatile halides have a sweet smell.

Melting & Boiling Points

cHel, cHBr, CHCI -7 gases at AT
Higher membpers : liguids / solids.

B.p. of R-X 7 parent R-H of similar mass

(dipole-dipole + wvan der Waals +orces).

b 0 B D 7 C] PE e

L= =7 miore e-

S <- = bigger vdlv/

Amonﬂ [Somers & b.p. decreases with branchfnﬂ

(Z-brOmo»Z—mef'hylpropane : lowest of threel.

Dihalobenzenes : b.p. of o, m, p almost egual.

But m.p. of BFhEs para- 77. ortho / meta (symmef'ry

Fits crystal lattice wetter).

Solvbility & Density

K-X 5 Sl{ghﬂy soluble in water (can't H-bOnd weil)
but preely soluble in oryanr'c solvents.
/?—Br, ﬁ—.f, po/ychloro cpd.s : denser than water.

Densh‘y increases with R X and mass of X.
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Mucleophilic - Substitution

j Mu- atfacks the C carryfhﬂ d+ - X- leaves.

:rf('—x oM o R X e 2

< - )‘eaw'nﬂ 9P

|

SN2 Mechanism (bfmolecular)

Kot = w X Ay (2nd order &inetics)
M attacks From ForE back side, X leaves;

sa'nﬂ!e step, nro :'nf—ermedfiafe, fransition state
with $ -bonded C =7 inversion of colnaqsguraﬁ'on

- (“ombrelia” / Walden inversion).

{ Rate - Cng 7 /deﬁ 7 Zdeﬁ = 3<i|;{e§r:,‘rs_;fe;cf

SN/ Mechanism Conimolecular)

. Rate = v( [ 72 X7] (/st order ; only [R-X] -matters)

.Sf'ep i (zlow) 2o gl X ﬁ £
. Ster. B (fast) - e £ AL -7 P-Mu
Dorne in polar protic  solvent (H‘.ZOJ ﬁOH, AOH).

Il Kate '.30’63 7z Zdey z /dey 7 CH X 3dy cation

<-is stable
<- =7 fast Sau

/4/!7// / benzyl halides - resonance-stabilised

carbocation =7 react +ast by Sy,
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Stereochemistry of NS [eactions

Optical Activity
Co:mpound rof'ah'nﬁ plahe-polan'sed I{ghf’ is

optically active.  Akasured by polarimeter.

(+) dextro = clochwirse - &= -) laevo = anfi—cloc%wlké

Chira lt'tz_

Asymmetric C (stereocentre) 9 different
groups attached. Mirror r'maﬁe AMOT Superimposable
=7 molecvle s chiral =7 optically active.

; @

e.g. butan-2-ol : thiral ;  pPropan-2-ol : achiral.

Enantiomers & Racemic Mixture

Enantiomers - non-superimposable mirror :'ma\ge.s.
Same phys:'cal Props except rotfation eZua/ &

opposite in 5{9»*).

ﬁacemf'c mix (’f‘) + (‘) = 2ero rotrn| <-denoted

<-(+-) or di

Outcome at Stereocentre
- I ATRORCINNE

Retention co'nf-z'g preserved (no bond broKen).
Lnversion conﬁfy Hioped  (Sp2 reaction).

Racemisation LS00 mbe b (+) & (-} (sSny rxn)

SN/ carbocation is planar (sp2) =7 attack both fa
: ces.
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Elimination & Reactions with Metals

Beta-Elimination (E/ /) E2)
P-X with beta-H + al. KOH (al. KOH, heat)

loses H' Ffrom beta-C and X from alpha-C =7 alkenre.

LR‘CHX‘CHS "ﬂ/(.KOH“? ﬁ'CHZCHZ C—Jehydro-

<- hafoﬂenn_

Zaitsev / Sayf—zeffr rule :  preferred alkene is
the one with MQK"E allo{yl groups on C=C aroms

(more substituted = more sfab/e).

€.9. Z-bromopentane -7 pent-2-ene (mqjor) 1

pent-/-ene (minor).

Svubstitution vs Elimination

T ag. KOH : -7 substitution (ﬁ-OHP‘

X al. KOH -7 elimination (alkere)

* bulky . base -7 elimination Favoured

* sdeg R-X -7 SM2 ; 3deg X -7 SN or E/

feaction with Metals .
f-X + Mg -- dry ether -=7 [C009X

G‘r{gnard

onic.

C-/V{g pond ,c;o/ar covalent [ /Mﬂ-x bond
Wourtz 2 ffLX LD N saetheree 7 R 2 AMaX

Doubles the number of C atoms. b

Auofd moisture
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eactions of Haloarenes

Low ﬁeacf’fuffy Towards Mu-Sub

Ar - X (s much less reactive than R - X becauvse

1 fesonance ﬂtl/eS c-X partial double bond char.

Gir) Sp‘z C holds X f‘{ghf’er - C-X ‘bond shorter

. (A( SHIE L P vs F RSP oy pm).
Giir) Phenyl cation AMOT stabilised b‘y resonance.

Guv) Mu- repel/ed by electron-rich arene rr'nﬂ.

Mu-Sub /?eplace.menf by -OH

Ai’Cl "NGOHI 623’(, 300atm--7 Ar—OH <- harsh

<- conditions

Activated by -M), at o- / p- positions
(stapilises carbanion intermediate by resonancel.
m»/l/o‘2 yl'ues M) activation -7 neyaﬁx/e charzge

doesn't reach the meta-M02 in resonance 4orms.

Electrophilic Svbstitution

Ha/oﬁen is slightly deach'uaﬁhﬂ ek or/p»d:}ecﬁ'ny
v etfect = e- withdrawal = (deactivation)

® +R eFct =7 e- release at o- & p-

fKesult : ortho ) pPara producf's form pre-perenf'nmly

but rxn is slower than for benzene itself

\
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Wortz-Fittig & Pol:/haloqen Cpds

Meactions ofF Ar - X with Metals

Wurfz-f‘:.r'f'f'{g S P e Ar-X 2 Ma - ws dry ether -->

R-Ar + 2 raX  (alkylarene +ormed)

Fittlg ¢+ 2 Ae-)Xd & 2 Mg o ethenionz Ar-fr + 2 AaX
! (t+wo ary}s couple 2 bl}ohenyl from Ph3r).

Lrmportant Polyhalogen Compound's
* CHZCIZ-(DC/M, methylene chloride)
paint repover, aerosol, drug-mty solvent. .
Harms CAS ; eye / swin contact = burns.
* CHC/S, (chloroform) solvent For »Cafs,
iodine, alkaloids. Once vsed as anaesthetic.
Oxidised by air +.I{9hf' fo COCI‘Z (pho{gene)'
stored in dark, Fll bottles (no air spacg).
* CHIB ({bdpﬁorm) S earler antiseptic ;
L antiseptic action is From Free I2 i+ releases.
= €cl, - feedstock For CFCs ; once a
cleaning Fuid. Damages liver, ozone-dep!eﬁhj.
Freon-/2 (CCIZFZ) i re#r('gerahf‘, aerosol
propellant.  Diffises to stratosphere & DESTROVS
0. by radical chain rxrn (ozone depletion?)

X BET : /st chlorinated insecticide (Paul Moller,

1727 Sf'ab/e, paf".solub/e =7 bioaccumulates. Sanmed.
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