HALOGEN DERIVATIVES

1.0 HALOGEN DERIVATIVES
Compounds derived from hydrocarbons by replacement of one or more H-atoms by corresponding
no. of halogen atoms are known as halogen derivatives.

2.0 CLASSIFICATION
On the basis of nature of hydrocarbon from which they are obtained, halogen derivatives can be

classified as :
' ' Halogen D(Iarivatives
Alkyl halides Alkenyl halides Alkynyl halides Aryl haides
Mono halides ©=  Di-halides Tri-halides Tetra halides

Primary halides Secondary halides  Tertiary halides
3.0 MONOHALIDES:

3.1 Genreal Methods of Preparation of Monohalides
(1) By direct halogenation of alkanes: It is a

R—H + Cl, __UVigt | R—Cl + HCI

(excess)
2 By the addition of H-X on alkenes :
- R—CH =CHR + HX—— RCH,—CHXR
eg: CH,—CH, + HX —— CH,—CHJX
eg: CH,CH =CH, + HX—— CH, —(*ZH——CH3
| X
_ Isopropyl halide
(3) By Alcohols :
(a) By the action of hydrogen halides :
R-CH;— OH—"% RCH,-X
(b) By the action of phosphorous halides :
R-OH + PCls—— R-CI + POC13 + HCI
3R-OH + PCl3—— 3RCI + H3PO;

PBr; and Pls are less stable, thus for bromides ( P + Br,) and for iodides ( P + 1) mixture is
used.

(c) By reaction with thionyl chloride (Darzen's procedure):
R-OH +SOCl, —® 5, R_Cl+ SO, + HCI

Onemole Onemole (1mole)

Because of less stability of SOBr, and SOI,, R—Br and RI can not be obtained by this method .
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R-COOAg + X, —<453R-_X+CO,+AgX
Silver salt of (Cly or Brp) A
afatty acid

(5) By halide exchange :

R-Cl or R—Br + KI —2&%% 5 R_| + KCl or KBr (Conant fiilkelstein reaction)

2CH3Cl + HgoF, —22 5 2CH3-F + Hg,Cl, (Swart reaction)

Note : Fmkelstein reaction can only be used to prepare R-1 and swart's reaction can only be used to
prepare R—F
3.2 Physical Properties

(@) The lower members CH3F, CH3Cl, .CH3Br, C,HsCl and C,HsF are gases at room temp.

(b) Higher B.P. than parent alkanes.

Decreasing order of B.P. is : B-1 > R-Br > R-Cl>R-F

among isomeric R—X, decreasing order of B.P; is : Primary > Secondary > tertiary

(c) R—F and R—Cl—— lighter than water
R-Br and R—I —— heavier than water
Decreasing order of density Is: R-1>R-Br>R-CI>R-F

(d) R—X are polar co-valent compound but insoluble in water because they can not form H-bonds.
They dissolve in organic solvents.

(e) R—X (except R-F} burns with a green flame when interacted with Cu wire.(Beliestein test}

(f) Dipole moment order-

( CHCI>CHF>CHBr>CH} (i) <:>—CI > @—c:

3.3 Chemical Properties
3.3.1 Nucleophili¢ substitution reaction

Replacement of = Product
(o | ?3? fog:: —  R—OH (alcohol) + HX
© % -ﬁ:‘f };.;; —+  R—OH (alcohol) + KX
e X— ' moist Ag O P : |
(_C) ' X by — OH » . R—OH (alcohol} + AgX
(d fbl: = » R-SH+KX
| 2 . Alkane thiol
(Merenplo Cp) (Mercaptane)
fel e, RSR+NeX
. e Thioether
a gwm'co;j » ~ R'COOR + AgX
| (Alkyl alkanoate) ester

(g) Reaction with KCN and AgCN :
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5+ 8- ®0 Alc.: ' -
R—X + KC(N —F—> R—C=N+R—NC+KX
lonic ' cyanide [socyanide
' (major) ~ (minor)
Q..
e :CN ion is an ambident nucleophile .
am_ Ale.
R—X + Ag—CN — > R—N=C+R—CN + AgX
covalent isocyanide Cyanide

(Major) (Minor)
(h) Reaction with KNO, and AgNO;
&+ &- .

R—X + K8-—NO—2>  R—O—N=0+R—NO, + KX

lonic Alkyl nitrite  Nitro alkane

(Major) (Minor)

T
& & 23 Alc. /O
R—X + Ag—O—-N=0 o R*N\x\\o + R—O—N=0 + AgX

covalent Nitroalkane . Alkyl nitrite

(major) (minor)

(i) Reaction with NaOR' (Sodium alkoxide) :
R—X + NaOR' ——» R—OR' + NaX

(williamson synthems reaction)'
() Reaction with NH3:
R—X+ NH,—2—»R—NH,—2—%* ,R—NH—R—2=* , R—N—R
o
R
R
R——I\'lu—R X
R
(Quaternary salt)
(k) Reaction with CH=CNa:
R—X +CH=CNa A& _,R—C=CH + NaX '
cH | 7 s
If CH;—(I:__—X +CH=CNa —% CH,— C=CH,+ NaX + CH = CH
CH - - CH, |
(32 halide} (Elimination is more)

3.3.2 Dehydrohalogenation : Alkyl halides undergo —elimination on treatment with KOH(alc.)
or NaNH,.
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B o o T s R T : S
R —CH, — CH, — X + KOH (alc)—*— R—CH=CH, + HX
CH,—CH,—CH,—CH,—Br + KOH(ak.) —& , CH;—CH,—CH=CH, + HBr
I e S | _ . |
CH,— CH—CH—CH, —2KH_, CcH —CH=CH—CH, + CH,—CH,—CH=CH, + HBr
But-2 -ene (80%) But-1-ene (20%)

3.3.3 Wurtz Reaction : 2RX + 2Na —2Y#" 5, R_R + 2NaX
When a mixture of different alkyl halides, (R1 — X) and (R; — X) is used a mixture of alkane is
formed

Ri—X+2Na+X-R, M) R;—R; + Ri—R; + R,—R, + NaX

3.3.4 Formation of Organometallic compounds :
(()R-X  + Mg —2™ 5 RMgX (Grignard reagent)

(ii) 2C,HsBr +  2Zn —EE 5 (CyHs), Zn (Frankland reagent) + ZnBr
(iiii) 4C,HsCl + 4 Na/Pb—s (C;Hs)sPb + 4NaCl + 3Pb

Sodium lead Alloy  Tetra ethyl lead (used as antiknocking agent)

3.3.5 Friedel — Crafts reaction :

- . CcH
@- +CHCl Aty @ + Hcl
Beniene . R : Toluene

4.0 DIHAUDES
General formula C,H2X2.Two H - atom of alkanes, replaced by two halogen atoms to form
dihalides. Dihalides are classified as :
(a) Gem dihalide : The term Gem is derived from geminal means - same position.
Two similar halogen atoms are attached to same C - atom

Ex. CHCHX, Ethylidene dihalide (1, 1 - Dihalo ethane)
CH, | e ,
| CH >CHX, Isopropylidene dihalide (2, 2 - Dihalo propane)
. , Ly

(b) Vic dihalides : Vic term from - Vicinal means adjacent C - atoms
Two halogen atoms are attached on adjacent carbon atom
R H.

Ex. CH,—CH, _H——é—CH——CHZ
by e felf
Ethylene dihalide Propylene dihalide Vic and Gem dihalides are positive isomers.
(1,2-Dihaloethane) . (1,2-Dihalopropane)
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(c) a, o dihalides: Halogen atoms are attached with terminal C- atom. They are separated by 3 or
more C - atoms. They are also known as polyroethylene halides.
Ex. CH,—CH,—CH,—CH, ! - (1,4:Dihalobutane)
}I{ ‘ X Tetramethylene dihalide

4.1 General Methods of Preparation
(a) Gem dihalides :
(1) By the reaction of PCls on carbonyl compound.

0 cl
CHS——CEI‘—_H +PCl ————*CHB—-C|-—H +POCH,
a |
Acetaldehgde Ethylidene chloride
o) cl
CH,— C—CH, + PC, —— CHs-t::mcw POC,
‘ c
Acetone - 2,2- Dichloroprdpane

(ii) By addition of halogen acids on alkynes :
CH=CH+HBr——>CH, = CHBr—"*2 CH,CHBr,

Vinyl bromide 1,1-Dibromoethane

Br

| |
CH—C=CH +HBr —- CH,—C=CH, —HBr CH3—~(|3—CH3

Propyne Br _ r
2, 2 - Dibromopropane

(b) Vic-dihalides :
(i) By the addition of halogens to alkenes : _

CH, CH,Br
I +Bry - |
CH, CH,Br

1, 2 - Dibromoethane

CH,—CH=CH,+ B, ——> CH,— (%Hm Cle
Br Br
1, 2 - Dibromo propane
(i1) By the action of PCls, on glycols :
CH,OH CH,CI
| +2PCly, —— | + 2POCI,; + 2HCI
CH,OH ' . CH,CI : _
4.2 Physical Properties
(i) Lower members are colourless, oily liquids with sweet smell. Higher members are solid,
(i) These are heavier than water.
4.3 Chemical Properties
(1) Action of KOHJ(alc.) : (Dehydrohalogenation)
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X o o, CH
CH,X . CHX, = KX CH
(i1) Action of KOH(aqg.) : (Hydrolysis) It is a distinction test for gem - and vie - dihalides.
 CH,—Cl . CH,— OH |
@ | + 2KOH(aq.) —— in + 2KCl
_ : Glycol
Vic-dihalide. 1, 2 - Ethanediol

) CHCHXCHxX —HOHea) , ey cH—CH,
Vic-dihalide

OH OH
Propane - 1, 2 - diol
CH CH, ' KOHaa] -
[ ° _KHu o 7 ° and CHCX,CH,— ) CHCOCH, (Ketone)
CHX, CHO . .
Gem-dihalides '
(iii) Reaction with KCN :
CH,CI CH,—CN A (TH — COOH CH,— CO
Y- (o | — _bom® R A, pre)
CILCl -2l * I, - CN Cll, COOH —H¢ (I, CO
Vic-dihalide Succinic acid Succinic anhydride
Cl CN + COOH
—CH e _ZKCN —cye o HOMH —CHC 4 _
CH, CH\CI —oxaCH—CH S - CH,—CH o o CH, C¥—12C$)OH
Gem-dihalide Propanoic acid

(i) — CN group on acid hydrolysis gives - COOH

(i) Two - COOH group on one C - atom ~ys loose C02 to form monocarboxylic acid on
heating.

(ili)  Two - COOH group on vie. C-atom loose Hp to form cyclic anhydride on heating.

(iv) Dehalogenation :

g CH,Br CH '
Vic. | = s —C%) It g + ZnBr,

CH,Br ea CH,
Same Carbon Product

o-o. cm(Z:i sz S, He <i:t + ZnBr,
. a, o - dihalide. Cyclopropane
BEGINNER’S BOX-1

1. Which of the following is not organometallic compound

(1) RMgX (2) RaZn (3) RONa (4) RHg
2. Which is Finkelstein reaction ?

(1) R-X + Nal —& (2) R-X + AgF—

(3) R—X + NaF — (4) R-F+ AgCl —
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5.0 TRI HALIDES -(Haloform CHX3)
5.1 General Method of Preparation

(i) From CH,4: CH4 + 3Cl, —™— CHC1; + 3HCI
(i1) By Halofonn reaction (lab method) :

CH,CH,—OH _ | (HCOO),Ca
or Bleaching :;o&::‘.i/zr [CaOCll CHCL, + or
CH,COCH, : (CH,CO0),Ca

Mechanism:
CaOCl; + H,0 —— 2CI + Ca (OH),
CH3CH>—0H + 2Cl —— CH3CHO + 2HCI (Oxidation)
CH3CHO + 6CI —— CC13CHO + 3HCI (Halogenation)
CC13CHO + Ca(OH), —— CHCI; + (HCOO),Ca (Hydrolysis)
If CH3COCHG is used then CHClzis formed into 2 steps (Chlorination and Hydrolysis)

(+)ve haloform reaction: Reaction which gives haloform with alkali and Xi is called as(+) ve
haloform reaction.
Ex. Alcohols : CHs-—-(]:H—Z

OH
CH,~CH—CH,  CH,~CH—CH,—CH, mn—ﬁﬁ—m@mmcHﬁm

OH ' ~ OH et ' OH
Aldehydes : Only acetaldehyde CH ,——(ﬁ_-—ﬂ

Ketones : CH 3—(|:l———z
o |
Ex.CHa*%—CHJ, CH,—C —CH,—CH,, CH,—€—CH,...... CH _etc (All methyl ketones)
0

CH,—C—COOH, CH am(‘ii—--(j[-io Also show haloform reaction.
|
0 0

(-) ve haloform reaction : Reaction in which haloforms are not formed With X, and alkali.
Ex. CH——Cl, CHy—¢—OH, CH— (R, CH—q=0—CH,- do not show haloform reaction.
(o} 0

(iii) Preparation of pure CHCl3:
CCl3CHO.2H,0 —==— CHCl; + HCOONa + 2H,0
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Chloral hydrate (Pure Chloroform)

Chloral can also be used in preparation of D.D.T.

@ Cl
CCLCH=0 + 2H—@—Ci %Sf? CCLCH

-Cl
Dichloro diphenyl trichloro ethane
(DDT) '
(iv) Industrial preparation :
CH,CH,—OH NaClielecirolyi HCOONa
or aq. NaClelectro s‘rsur7L CHC13 + or |
CH,COCH, : o CH,COONa

5.2 Physical Properties
CHCI3 is colourless and sweet smelling liquid. It's B.P. is 61° C and it is insoluble in H,O and have
density more than H,O. Chloroform is used as Anaesthetic.
5.3 Chemical Properties
(i) Oxidation : CHC, + [O] —Airandight ,  COCI, + HCI
Phosgene gas or
Carbonyl Chloride
B . (Poisonous gas)
CHCI; is stored in dark coloured bottles which are filled upto the brim to prevent oxidation of
CHCl3 into COCI, and 1% ethanol is also added to chloroform

—c@ —CH —c (O
o) c(Cl_ * ZHO—CH, 57 O C<OC?H5
. Diethyl carbonate
[Poisonous) [Non-Poisonous]
GOLDEN KEY POINTS
Test of CHCI;
Reagent Pure CHClI; Impure CHCI3(COCI; + HCI)
e Blue litmus No Change turns into red
e AgNO; No reaction White ppt of AgCl
e Conc. H,SO, No Change Yellow solution
Cl ' OH
(ii) Hydrolysis: cHEot —2 cHCOH— H—C—O0H—*" , H—C—0K
a. . .. OH ] I
- o] o]
Unstable
(ii)Carbyl amine reaction or isocyanide test: (Hoffman's carbylamines reaction:-

Primary-Amines (Aliphatic or Aromatic) — << 5 socyanides

Isocyanides have unpleasant or offensive smell (Isocyanide test).
R - NH, —%+K% R _NC
Mechanism:
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cHal, —% :cal,
(electrophile)

H d

-'/_\ | @I I -——ZHCI

R—NH, + :cc12-_-+R—1\|r—c|: —2A_,g_N=C

H O Alkyl isocyanide
CH,CH, —NH, CHCL+ KOH _, CHCH,—NC
Ph—NH, :_CH_CELEQP_E_? Ph—NC Reaction is given b;,.p only

primary amine
NH, NC
O-’ - CHCl,+ KOH :

(iv) Reimer Tieman's reaction'

OH .
__CHCL+KOH @’ CHO

Salicylaldehyde o—Hydroxy benzaldehyde}

Mechanism : CCl; is neutral attacking electrophile (formed by a, a-elimination reaction)
CHCl, —22 .CCl, '

&8 b——h—»iﬁfé

. e
OH - o° : 0

CH?_ P Q_ @C

Note: If CCI4 is used in place of chloroform sallcyllc acid is formed as product.
OH

- OH _ _ Sl
- (1){CC1‘+K0H)A N ~COOH
()H* | (Salicyclic acid)
(v) Reactlon W|th CH3COCI'—I-3:l
CH, —G —CH, + H—Cal, OH, cH,—C—CH,

| O _ o ' _ OH CCl
(vi) Reaction with HNOg:

cel, NO,—— CCl,—NO, + H,0

Cl

CH{ ‘_____.

Chloropicrin or nitrochloroform

- (Tear gas)

Power by: VISIONet Info Solution Pvt. Ltd

Website : www.edubull.com Mob no. : +91-9350679141




Edubull

(vii) Reaction with CH3CH=CHy,:
. CHC\/Peroxide __CH :
CH,—CH=CH S feraee , CH, (;:H_CHZ

iz el : |
—" “H ca

A free radlcal addltlon reaction
(viii) Reactlon with Ag: CHCI3 —2 5 CH=CH

(ix) FCR : 3Ph— H + CHCl; —28% PhsCH
Triphenyl methane

GOLDEN KEY POINTS

lodoform Test |
C}LC}{ZOH —| Izt NaOHorNaOl ar SF ' '_'}

. of 1odoforrn

e CHI; give yellow ppt. of Agl with AgN03 but CHCI3 does not give AgCI ppt.
Reason : CHI3 is thermally less stable than CHCl.
lodofonm test can be used to distinguish the following pairs of compounds.
(I) CH3CH,0H and CH3;0H
(if) CH3CHO and CH3CH,CHO
(iii) 2-Pentanol and 3-Pentanol
(iv) Acetophenone and benzophenone
(v) 2-Propanol and 1-Propanol
Freons
The chlorofluoro derivatives of methane and ethane are called freons.
CF,ClI; — (dichloro difluoro methane)
C,F,Cl, — (Tetrachloro difluoroethane)
Most useful is CF,Cl,(Freon-12)
Nomenclature of freons:

Freon-cha
C="Nca
b = Nhay
a=nNg
c=nc_1=1‘-1=0 c=n¢,=2-1=1
CF,Cl,—— b=ny,; =0+1=1{ Freon-12 C2F4CI —— b=ny,;=0+1=1 Freon-114
a=n;=2 a=n;=4

e Excess use of Freons is harmful for Ozone layer (depletion of Ozone layer).

6.0 Grignard Reagent
6.1 General Method of Preparation

cHzcocnaJ, R ”__'*0 " yellow arystals
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Grignard reagents are prepared. in the laboratory by the action of alkyl halides on magnesium
metal in the presence of dry ether.
R-X+Mg—% 5 R-Mg-X
ether (Grignard reagent)
(Alkyl magnesium halide)
The ease of formation of Grignard reagent is in the order Rl > RBr > RCI -
Ether is used to dissolve the Grignard reagent by coordination.

6.2 Chemical Reactions

) O, i} HO' , R—OH . 1¢ Alcohol
H,Cc-;Oﬂ“lsO" R RCH,—OH 1° Alcohol
2N
N MO, R—CH—CH,—OH 1° Alcohol"
R—Mg—X RCHOMOS 5 R,CHOH 2° Alcohol
HCOOEt/H,0" »  R,CHOH 2° Alcohol
RCOR/H,0 » RC—OH 3° Alcohol
RCOOB/MO®@:D , e Of 3 Alcohol
HCOOEt (1:1) _ ,  RCHO aldehyde
RCN/H,0 5 RCOR Ketone
RCOOEt 1:1 |,  RCOR " Ketone
CO/HO > RCOOH Acids
HOH or ROH or
NH, or Ph— OH
ar R—NH, or RNH — R
or CH=CHorPh—NH, R—H Alkane
R—X y R—R Alkane
RN » No reaction :
A CH=CH, 5  R—CH,—CH =CH, Alkene
CI=NH, N R—NH, 1° Amine
aeN . pN Cyanides
CICOOE —-  RCOOEt Ester

7.0 Haloarene
If halogen atom is directly attached to the benzene ring, then compound is called as Haloarene.

Nos o ‘.

Ex. (Chlorobenzene) (2~Chlorotoluene) {(2,4-Dichlorotoluene)
7.1 General Methods of Preparation

Power by: VISIONet Info Solution Pvt. Ltd

Website : www.edubull.com Mob no. : +91-9350679141




Edubull

(1)@ sol, —Mh, +HC1
OH

| | | Ccl R
2) . + PCl, —A»(cél + POCL,+ HCl

3C¢Hs50H + POCl; —— (C6H5)3PO4 + 3HCI
7.2 Chemical Properties
Cl

_ o OH
' Y (nszsx 300 atm:
* NaOH——*‘“*-'*m, e
(1) -

O] + NaCl

Presence of electron withdrawing group on ring makes the nucleophilic substitution easier.
Reactivity Order : (Towards nucleophilic substation)

o a

-. Cl:
NO, NO, ). -
> > >
NO, NO, - i

(2) Fitting reaction :

@—CH—ZN&H—CI—' dwethe’ "+2NaC[

(Diphenyl)
(3) Wurtz f|tt|ng reactlon

(31 +2Na + CICHZCH,,CHS d“’ "‘hef @— CH,CH,CH, + 2NaC

(4) Electrophlllc Substltutlon Reactlon
c

| i anhy FeCl3
+Cl
() @ 4 ij

- (Major)

Note: Cl is o— and p-— directing group.
Cl | | a Cl
: NO A
+HNO, <elE0, @ .
(ii) - NO,
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cl '
SO H
+ conc. HZSO _—t

_ _ SO.H
(i) TR (MaJor}-
Cl .
CH
@ LN é:r @
(iv) - | S ) ' o (Ma;or)
BEGINNER'S BOX-2
1. Which can give haloform with X,/OH™ ?
(1) CH3OH (2) CH3—CH,-CH=0
(3) CHsCHO (4) CH3CH,CH,0OH
2. Which of the following compounds cannot be identified by carbylamine the fest?
(1) CeHs—NH-CgHs (2) CH3CH2NH,
(3) CHC1; (4) CeHs—NH;
3. For preparation of Grignard reagent from haloalkanes which metal is used :- .
(1) Na (2) Mg (3) Ca (4) Ag

BEGINNER'S BOX-1 mimi .

BEGINNER'S BOX-2 g
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