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Unit

I HALOALKANES AND HALOARENES I

HALOALKANES

INTRODUCTION

® Compounds derived from alkanes by the replacement of one or more hydrogen atoms by the corresponding
number of halogen atoms are termed as halogen derivatives of alkanes or haloalkanes.

s -H |~ ﬁ
' Monohalogen derivatives: C,H,, ., ——>C H,, ;X m;ﬁgﬁ,ﬁde Et%lilff;ide

Di-halogen derivatives: C H, %&* C, H, X,

‘Iﬂ Gem-dihalide Vic-dihalide 00 halides
- Both halogen atoms | The halogen atoms are attached | The halogen atoms are attached
<z are attached to same | to adjacent carbon atom, known to terminal carbon atoms.
\g* carbon atom. as alkylene halides. ?HZ_CHZ ~——(|:H2
el e.g., CH,CH,CHCI, e.g., CICH,—CH,Cl Br Br
g 1, 1-dichloropropane 1, 2-dichloroethane 1, 3-dibromopropane
EI ) Tri-halogen derivatives : C_H, ., :;1;1{ >C H,, X5
- - CHCl, CHBr, CHI,
Chloroform Bromoform Iodoform

- Tetrahalogen derivatives : Four hydrogen atoms are replaced by four halogen atoms. e.g., CCl,, CBr,,
CLLHC—CHCI,, etc.
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PREPARATION

From alcohols :
PCl.

(I) \&
PCl
R— OH / : g |

st/

SOCI,

(I11)
Most preferred method is (III) because other
products of this reaction (SO, and HCIl) are
gaseous and can easily escape.

From hydrocarbons :
1 CH,CH,CH,Cl
» CH,CH,CH,————> "
UV light CH,—CH—CH,

|
Cl

» Free radical mechanism is followed.
» Order of ease of substitution : 3° > 2° > 1° (alkyl)
Benzylic = allylic > alkyl > vinylic = arylic

From alkene (by HX addition) :
» From symmetrical alkenes :
R—CH=CH—R + HBr — R—CH,—CH—R

|
Br

(Single product obtained)

» From unsymmetrical alkenes :
CH,—CH=CH,

HBr
> CH,—CH—CH,; CH,—CH,—CH,
| |
Br g Br
90% 10%
(Markovnikov's rule followed,
Carbocation formation)
HBr
) i . .
————> CH,—CH,—CH,—Br

(Anti Markovnikov’s rule followed,

Free-radical mechanism)

» Markovnikov’s rule : During the addition
across unsymmetrical  double bond, the
negative part of the attacking reagent goes to
the carbon atom carrying lesser number of
hydrogen atoms while the positive part goes
to the carbon atom with more number of
hydrogen atoms.

» Anti-Markovnikov’s rule : When HBr is added
to unsymmetrical double bond in presence of
peroxide, the reaction takes place contrary to
the Markovnikov’s rule. This is known as anti-
Markovnikov's rule, peroxide effect or Kharasch
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effect. This law is applicable for the addition of
HBr only.

e From silver salts of acids :

» Borodine Hunsdiecker reaction :
el
CH,;COOAg + Br, —> CH;Br + CO, + AgBr
® By halogen exchange method :

» Finkelstein reaction

R—X+ Nal — R—I+ NaX (X = Cl, Br)
» Swartz reaction (For alkyl fluoride)

H,C — Br + AgF— H,;C—F + AgBr

PHysICAL PROPERTIES

e Alkyl halides are very slightly soluble in water but
soluble in organic solvents.

® Alkyl bromides and iodides are heavier than water
whereas alkyl chlorides and fluorides are lighter
than water.

® The boiling points of alkyl halides are in the order
RI > RBr > RCI > RF and the boiling points of alkyl
halides increases with increase in size of the alkyl
group.

® Alkyl halides are in general toxic compounds
and bring unconsciousness when inhaled in large
amount.

Nature oF G—X Bonp

® In haloalkanes, the carbon is bonded to a halogen
atom (X = F, Cl, Br, I) which is more electronegative
than carbon. Consequently, the C—X bond is polar
in nature and its bond length increases from C—F
to C—I.

" Positive centre " |8+ 8-, - Electronegative .

| : Ay W ; n

. where nucleophile : —C—X" : halogen polarises :
-.. C—Xbond ..~

= =

CHemicaL PROPERTIES

® Nucleophilic substitution reactions: The reactions
in which a stronger nucleophile displaces a weaker
nucleophile (leaving group) are called nucleophilic
substitution reactions.

-5+|ﬁ O- B |
—C—X+Nu > C—Nu+X
B o Y | )
Nucleophile Halide ion

» Leaving group ability: [” > Br >CI > F
» Order of reactivity: R— [ > R— Br > R—Cl
>R—F
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Types of Nucleophilic Substitution Reactions

Sx2 (Biomolecular)

Mechanism :

CH,
|

OH_+C—~BI —

A
H

m -"'.-"_,.l

Transition state

(le

Br + HO—C

Rate = k[RX][OH ]

Single step reaction.

{
H

-

iy

) Inversion of configuration takes place.

Examples of substitution reactions :

Sx1 (Unimolecular)

) Mechanism :
CH,

|
StepI:CH3—(|Z—Br

CH,

CH,
| s

CH,
|

—— CH,—C" +Br
CH,

CH,
|

StepII: CH,—C"+ OH —> CH;— C—OH

|
CH,

Rate = k[RX]

» Two step reaction.

|
CH,

Carbocation rearrangement may take place.
Reactivity order of alkyl halides : CH,X > 1°>2°>3° [} Reactivity order of alkyl halides : 3° > 2° > 1° > CH,X

H,O, conc. HCI

‘ — RCONH,
(Partial hydrolysis) }

H,0, dil. HCI or NaOH

> RCOOH

(Complete hydrolysis)

Na, C,H.OH/LiAIH,

’ NaOR’ i

Mk & > R—OH
(Williamson's synthesis) eat
AgCN N
R—N=SC « 5 KCN R
KNQO,

R—O—N=0 ¢ 2 N /O
Alkyl nitrite ; S

NH, C,H,OH/H,0 \O

. NHE { Nitroalkane

S > RCH,NH,

(Mendius reduction)

Optical Activity : Compounds which rotate the plane of polarised light when they pass through the prism, are
called optically active compounds and the phenomenon is known as optical activity.

ff-

If all four groups
attached to tetrahedral
carbon are same.

~

% v J
' ™
Superimposable
MIrror images
i.e., achiral
b v A
4 . B
Mirror
Non-chiral objects
\h v

' | ' b ' . |
If all four groups No plane, center or axis Mirror
attached to tetrahedral of symmetry is present A1,
carbon are different. in the molecule.
\ J-’ X, S
Vy - e
o3 ™ i B
Asymmetric carbon Non-superimposable
or BB mirror images [t
L Asymmetric molecule J 1q i.e., chiral ) Chiral objects
- o
7
h 4
r" A y ] 4 '
Rotates the plane of Towards lefti.e., | 50% d + 50% [
polarised light i.e., br’ laevorotatory > Racemic mixture
. . g R
. optically active L l- or (-) 2T L dl ﬂ; (1) y
" Optical i \q[ Towardsrightie, || [ I
tical 1Isomers owards right i.e., :
P < 5 No optical
or - dextrorotatory _
" 1 q (+) |/ rotation
enantiomers g -or (+ J U )
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Inversion, retention and racemisation : When a
reaction takes place at an asymmetric carbon atom
following reactions are possible :

c H. c H. C?HS
H i Y HH Y wH
/\ Inversion /\ Retentiun /\

H,C (Sy2
‘B>  mechanism) v Racemisatit}n :A’
(Sy1 mechanism)
b
A + B
(50%) (50%)

Elimination reactions :
» Dehydrohalogenation :

called P-elimination reactions which follow

These reactions are

Saytzeft's rule.
CH,—CH,—CH—CH;
h |
Br
— CH; —CH=CH — CH,
Alc. KOH, A _ ‘

But-2-ene (80%)

— CH; —CH, —CH=CH,

But-1-ene (20%)

» Saytzeff rule : In haloalkane, when elimination
of hydrogen halide in two different ways occur,
then that alkene will be preferred, in which
carbon atoms joined by the double bond are

~HBr

maximum alkylated i.e., contain largest number
of alkyl groups.
» Ease of formation of alkene :
R,C=CR, > R,C=CHR > R,C=CH, >
RCH=CH, > H,C=CH,
» Ease of dehydrohalogenation :
3° alkyl halide > 2° alkyl halide > 1° alkyl halide

Reactions with metals :

Mg .
Dry ether > CHy; —MgX
_ Grignard reagent
Na (Dry ether)
C,H:—X P Wurtz reaction ~ CoHs —CyH;5
Li y
Dry ether > CHs—Li
DNafl;l: S (CEH §)4Pb
ry ether :
Y Tetraethyl led (TEL)

HALOARENES
PREPARATION

FeX, X
X, >
- 110-320 K
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X Cl
. Cu,X, + Cu, HCI <
1 1
) Sandmeyer T\?l(’l Gatterman
I reaction @ reaction
@ . N,BE;
<
HBF,
%
Balz-Schiemann

reaction

Hunsdiecker reaction :

COOAg CCl,/
@ +Br, reflux

Br

@ + CO, + AgBr

PHYSICAL PROPERTIES

Aryl halides are colourless stable liquids with
pleasant odour, insoluble in water but readily
miscible with organic solvents.

Their boiling points are higher than corresponding
alkyl halides. The boiling points rise gradually from

fluoro to iodo compounds.

CHemicaL PROPERTIES

Nucleophilic substitution reactions : Haloarenes
are less reactive towards nucleophilic substitution
reactions:

» Due to resonance effect :

Byt S

Thus, C— Cl bond acqmres double bond character

and difficult to break.

» Catom in haloarenes is sp” hybridised, thus has
greater s-character, so difficult to break.

» Instability of phenyl cation : Phenyl cation
formed by self-ionisation will not be stabilised

hence, Sy 1 mechanism ruled out.

(b) 2. (@) 3. (a) (d) 5. (a)
(¢) 7. (@) 8. (d) 9. (¢) 10. (b
(a) 12. (a) 13. (¢) 14. (a) 15. (b)
(d) 17. (b) 18. (¢) 19. (d) 20. (a,b,c)
(a,c) 22. (a,b) 23. (a,b,c,d) 24, (5)
(3) 26. (7) 27. (¢ 28. (a) 29. (a)
(b)




NaOH,  OH CONH,
623 K
300 atm conc. HCI
> >
H®
CN COOH
N dil. HCI N
CuCN ~ or NaOH d
NH, CH,NH,
_ LiAlH, or
NH, Na/C,H,OH,_
s
Cu,0 4H ’

Electrophilic substitution reactions : As electron
density increases at o, p-positions, electrophilic
substitution reactions occur at o, p-positions.

Cl l
a, Cl
FeCl, N
Cl
N cl Cl
3
Conc. H,S0, _ NO,
A g *
NO,
Cl Cl
Conc. H,50, R 503H
A7 N
SO3H
CH,Cl/ ol e
Anhyd. AICI, : CH3
Friedel-Crafts ~ +
alkylation
reaction CH,
CH.COCI/ C i
3
Anhyd. AlCl, . COCH,
Friedel-Crafts ~ *®
acylation
reaction COCH3

@
INE

e

Other reactions :
Na, RX/ether @/R
Wurtz-Fittig .
X reaction  Alkyl benzene
2Na/ether .
Fittig reaction + 2NaX
Diphenyl
2H
Ni—Al alloy ? @
Benzene
I
Ullmann reaction
Diphenyl

SH %'TS 3

Halogen derivative of 1, 3-disubstituted thiourea!

1, 3-disubstituted thiourea derivatives have attracted
an increasing attention due to their potential in
medicinal chemistry. Among them, the broad
spectrum of biological activities of fluorinated
thiourea derivatives has been investigated and
various bioactivities, such as antimicrobial, antiviral
and anticancer have been reported. In recent
years, several chlorophenyl, fluorophenyl and
(trifluoromethyl) phenyl thiourea compounds have
been described as potent antistaphylococcal and
antifungal agents.
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