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Organic Halides



Learning objectives

By the end of this chapter the student will:

* Recognize the structure and classes of alkyl halides.

« Knowing the common names and understand the IUPAC rules for nomenclature of halo compounds.
 Understand the physical properties of halo compounds (solubility and boiling points).

« Knowing the different methods used in preparation of halo compounds.

« Knowing the reactions of halo compounds; nucleophilic substitution, elimination, reduction reactions
of Grignard reagents and know the previously disused methods of reducing alkyl halides.

* S\l and Sy 2 mechanisms

 E1 and E2 mechanisms



Organic Halides and their uses

« Organic Halides are a large class of natural and synthetic chemicals that contain one or more halogens

(fluorine, chlorine, bromine, or iodine) combined with carbon and other elements.

« Halogen compounds are very important for a number of reasons:

Simple alkyl and aryl halides (especially: Cl & Br) are versatile reagent in syntheses.

Halogen can be converted to unsaturated compounds through dehydrogenation (E/imination reactions).

Halogen can be replaced by many other functional groups (substitution reactions).

Some halogens have some uses for example: as solvent fire retardants, cleaning fluids, refrigerants, and

In polymers such as Teflon



Classification Alkyl Halides

1.Alkyl Halides, R- X:compounds which have a halogen atom bonded to one sp3 hybrid C atom. Alkyl

halides are also called haloalkanes.( primary (1°), secondary (2°) or tertiary (3°))

Compound CH,-Cl CH,;-CH,-Br (CH,),-CHF
Common name Methyl Chloride Ethyl bromide Isopropyl fluoride
[IUPAC name Chloromethane Bromoethane 2-Fluoropropane
Class 1° 1° 7o

| CHj Cl CH,
Compound O/ H3C +Bf

CH,

Common name Cyclohexyl lIodide t.Butyl bromide Methylcyclopentyl chloride
IUPAC name Iodocyclohexane 2-Bromo-2-methylpropane 1-Chloro-1-methylcyclopentane
Class 2° 3° 3°




Classification Alkyl Halides

2. Vinylic Halides, C=C-X : has a halogen atom bonded to one sp? hybrid C atom.

CH,=CHBr
Common name: Vinyl bromide
IUPAC name: Bromoethene

3. Aryl Halides, Ar-X: has a halogen atom bonded directly to an aromatic ring.

O -

Chlorobenzene Common name: p-Bromo toluene
IUPAC name: 4-Bromo toluene

4. Allylic Halides, C=C-C- X : has a halogen atom bonded to one sp? hybrid C atom.

CH,=CHCH,CI
Common name: Allyl chloride
IUPAC name: 3-Chloro-1-propene

5. Benzylic halides, Ar-C-X: has a halogen atom bonded to Carbone one away from aromatic ring.

s

Common name: Benzyl Chloride
[UPAC name: Chloromethylbenzene



Nomenclature OF Alkyl halides

« [UPAC names derived from the names of parent organic compound (alkane or alkene or alkyne or alcohol

or aldehydes and so on) with a prefix indicating halogens and their positions.

« Common names derived from the corresponding alkyl group followed by the name of halogen atom.

C|1 I|3r
CH3CH2—F CH2CH2CHZCH3 CH;,—CH—CH,
[UPAC name: fluoroethane | -chlorobutane 2-bromopropane
common name: ethyl fluoride n-butyl chloride isopropyl bromide
I

[UPAC name: 1odocyclohexane trans-1-chloro-3-methylcyclopentane
common name: cyclohexyl iodide (none)
CH—I CH,CH,—F
CH,CH,—CH—CH,CH, CH,CH,CH,—CH—CH,CH,CH,
[UPAC name: 3-(iodomethyl)pentane 4-(2-fluoroethyl)heptane ‘



CH,—Br

I[UPAC name:  promomethane
common name: methyl bromide

CH,Cl,
[UPAC name: dichloromethane
common name:  methylene chloride
Br

Ao

(R)-2-Bromobutane
(R)-sec-Butyl bromide

IUPAC name:
common name:

Br

5 3 |

(5)-2-Bromo-4-methylpentane

CH,CH,CH—F
1° z 3°
|-fluoropropane
n-propyl fluoride

I

CH,—CH—CH,CH, (CH,),C—Cl

2-iodobutane
sec-butyl 1odide

2-chloro-2-methylpropane
tert-butyl chloride

CHCl; CCl,
trichloromethane tetrachloromethane
chloroform carbon tetrachloride
Cl Cl
/ ’ CH,Cl1

Chloroethene
Vinyl chloride

3-Chloropropene
Allyl chloride

Chloromethylbenzene
Benzyl Chloride

v 3 .
.‘\.\\( ll { .‘\Q Bl

Ol[ H
(18,25)-2-Chlorocyclohexanol (R)-4-Bromocyclohexene



Types of Dihalides
» Geminal dihalide (Latin, geminus, “twin’) has the two halogen atoms bonded to the same carbon atom.

Br Br

a geminal dibromide

 Vicinal dihalide (Latin, vicinus, “neighboring”) has the two halogens bonded to adjacent carbon atoms.

3 G

Sy ©

a vicinal dichlonde




Physical Properties

Polarity

 Fluorine, chlorine, and bromine are all more electronegative than carbon ; as a result, C-X
bonds with these atoms are polarized with a partial negative charge on halogen and a partial

positive charge on carbon.

General structure CH,4CI CH,Br CH,l

Loty
\C—X
A
electron-deficient site
electrophilic carbon

¢ The polar C-X bond makes the carbon atom electron deficient in each CH,X molecule.



Physical Properties
Solubility

 Alkyl halides have some polar character, but only alkyl fluorides have an atom that can form a hydrogen

bond with water. The other alkyl halides are less soluble in water

 In General, all organic halides are insoluble in water and soluble in common organic solvents.
The boiling point

» The boiling points of alkyl halides increase with increasing molecular weight because of the increase in van

der Waals forces. CH;CH,CH,F CH,CH,CH,Br CH,CH,CH,I
bp =47°C bp = 71°C bp = 102°C
« Alkyl halides have higher boiling point than the corresponding alkanes, alkenes, and alkynes because:

1. Polarity 2. Molecular weight
Ethane (bp = -89°C) & Bromoethane (bp = 38°C)

Butyl bromide (bp = 100°C ) & tert-Butyl bromide (bp = 72°C) 10



Preparation Of Organic Halides

1- Direct halogenation of hydrocarbons
A. Halogenation of alkanes:  Substitution reaction called Radical halogenation

ligh . .
R—H + Cl--Cl =2 R—Cl + H-—Cl Chlorination
light or - .
R—H + Br—Br “heat R—Br + HBr Br0m|nat|0n
CH,Cl . CH,CI, &L cHca, o el CCl, _ o
dichloromethane trichloromethane tetrachloromethane MUItIpIe Halogen SUbStItUtlon
(methylene chloride) (chloroform) (carbon tetrachloride)
bp 40°C bp 61.7°C bp 76.5°C
Mechanism:
Y 'I h e . e
Initiation X X o:%e;t X +: X Termination :]fihr-}f: — X —X
ghlorme molecule ch]orme atoms
Propagation R—H+*X: —= R-+H—X R4*R — R—R
’ alkyl
radical (X = Cl, Br)
RFX2CX — R—X+-X: RIFPX: — R—X
alkyl . .

chloride 11



Preparation Of Organic Halides

B. Halogenation of alkenes: Electophilic Addition

N / ce, | |
—C/ +X, — —C—C— (X=CLB
/C C\ 2 T ( r)
X X
o / ||
Markovnikov’s Rule /C=C\ +H—X — —(|3—(|3— (X=ECLBrI)
H X
Mechanism:
T L R
c=C — —C—C— —+ —C—C—
7N /1
E E Nu
carbocation

CClI
CH,CH=CHCH, + Cl, —=* (11{_1,?1{—':':1{(:113
cl  Cl

2,3-dichlorobutane ethene

hydrogen

chloride

2-butene

Hint:
| |

T

Addition reaction: X,
low temperature
Absence of light

Br,

cyclobutene

—C—C—C—H

ccly

T

X Substitution reaction:
High temperature
or Ultraviolet light

Allylic Halogenation

Br

“,
.
Br
Tranc-1,2-dibromocyclobutane

Hint:

CH;CH=CH, + HBr —

Propene
An Unsymmetrical alkene

1o peroxid
—

R-0-0-R
—

CH3l'EHCH3 Electrophilic Addition

r

2-Bromopropane

CH3CH21H2 Free-radical Addition

I
1-Bromopropane

CHEZCHZ +H_C1 —_— CHZ_CHE
|

|
H Cl
chloroethane
(ethyl chloride)

12




Preparation Of Organic Halides

C. Halogenation of alkynes : Electophilic Addition

R X
N /s

R—C=C—H+X, —  C=C{ 2. RCX,CHX,

X H

R\ /H
R—C=C—H+H—X — C—=C H—X
/ N

X H
SNV o
H—C=C—H 2= C=C 2. H—C—C—H
Br{/ \H |
Br Br
ethyne trans-1,2-dibromoethene 1,1,2,2-tetrabromoethane
Br Br
H—B | H—B
CH,C=CH —» CH,C=CH, ——» CH;—C—CH,
propyne 2-bromopropene |Br

2,2-dibromopropane

RCX,CH, | Markovnikov’s Rule

Hint:

Br H
_ H—Br .
H—C=C—CH,CH; ————> H—C—C—CH,CH;3
R-O-O-R
1-butyne 1-bromo-1-butene

Free-radical Addition
Ant1 Markovnikov addition




Preparation Of Organic Halides

D. Halogenation of aromatic ring and alkyl benzene:

X

O +X, +HX Electrophilic Aromatic Substitution: Halogenation
X = Cl, Br

Cl
O +Cl, L O/ + HCJ
© T © ..gh. © hshl © Radical halogenation
or heat or heat or heat

Toluene Benzyl chloride (Dichloromethyl)- (Trichloromethyl)-
benzene benzene

14



Preparation Of Organic Halides

2-Conversion of alcohols into alkyl halides: Nucleophilic Substitution

R—OH + H—X —bZ0Ch | p X + H—OH (X=ClBrI)

alcohol alkyl halide

3ROH + PX, —— 3RX + H;PO;(X = ClorBr)

phosphorus
halide

R—OH + SOCl;, M. R—(l + s0,+ HCl
thionyl chloride

CH,CH,CH,CH,0H + H—Cl —t2%% oy cH,CH,CH,—Cl + H—OH

1-butanol 1-chlorobutane

3NN + PCly ——— 3"+ HiPOy

Pentan-1-ol 1-Chloro-pentane

15



Reactions Of Halocompounds

Nucleophilic Substitution Reactions

Elimination Reactions

Formation of Grignard reagent and its reactions

Reduction of alkyl halides:
« Reduction by Zinc metal and acids or by metal hydrides
« Reduction by sodium metal (coupling reaction)

« Reduction using lithium dialkyl cuprate

16



Reactions Of Organic Halides
1- Nucleophilic Substitution Reactions (Sy1 and S\ 2 )

Sy2 : Bimolecular Nucleophilic Substitution

s
- 5— | - /
Nu i~ ﬁCCIJ — {Nuglw — Nu—C, + :L~

.\‘\\

nucleophile  substrate transition state product leaving
group

Syl - Unimolecular Nucleophilic Substitution

\/c [ oW, Oc@ & *W,

substrate (drb()tdll()n leaving group
| + fast l L
- . \\C -+ . Nu —_ “\\\C\ and /(1,1"
Hint: Rearrangement N / Ny NS

carbocation  nucleophile

17



Factors Favoring Sy1 versus S, 2 Reaction:

Factor

Substrate 3° (requires formation of a
relatively stable carbocation)

Nucleophile = Weak Lewis base, neutral
molecule, nucleophile may
be the solvent (solvolysis)

Solvent Polar protic (e.g., alcohols, water)

Leaving group

Sn

Strong Lewis base, rate increased
by high concentration of
nucleophile

Polar aprotic (e.g., DMF, DMSO)

| > Br > Cl > F for both Sy1 and Sp2
(the weaker the base after the group departs,
the better the leaving group)

Methyl > 1° > 2° (requires
unhindered substrate)

Reactions of Common Nucleophiles with Alkyl Halides:

Nu R—Nu
Formula Name Formula Name Comments
Oxygen nucleophiles
1. HO:™ hydroxide R—OH alcohol
2. RO:™ alkoxide R OR ether
3. H:{§H water .+./H alkyloxonium ion These ions M, pon
R=0_ lose a proton -
H and the (alcohol)
. products are .
4. ROH alcohol e dialkyloxonium ion alcohols and —"+ ROR
- R—0_ ethers. N
H (ether)
A 0
5. R C\o"— carboxylate R—OC—R ester

18



Reactions of Common Nucleophiles with Alkyl Halides:

Nitrogen nucleophiles

6. -I\iH.-s ammonia

7. RE\'IH) primary amine
8. R,NH secondary amine
9. R3N tertiary amine

Sulfur nucleophiles

10. HS :~ hydrosulfide
11. RS : mercaptide
12. R,gz thioether

Halogen nucleophiles
IGYEI: iodide

Carbon nucleophiles
14, 7:C=N: cyanide

15. 7:C=CR acetylide

.
|
I

w

e
|
I

%)
=u

i

Z+ Z24+ 24+ =2+
I
o
b

e
|
vl

w

alkylammonium ion With a base,
these ions

dialkylammonium ion readily lose
a proton

trialkylammonium ion to give
amines.

tetraalkylammonium ion

thiol

thioether (sulfide)

trialkylsulfonium ion

alkyl iodide

alkyl cyanide (nitrile)

alkyne

. RNH,
M R,NH

19



Reactions Of Organic Halides

2- Elimination Reactions (E1 and E2)

E2 : Bimolecular Elimination

R
B H

|

5 + “ieyy S a %
§7 T BHTH JC=C +:iL
|
L)

E1 : Unimolecular Elimination

/\

C=C_ +HT

Hint: Rearrangement

20



Substitution and Elimination in Competition:

CH;CH,0™ Na™

~ CH,CH,CH,CH,OCH,CH, + CH;CH,CH=CH, Zaitsev’s Rule

in ethanol

butyl ethyl ether 1-butene
(Sn2; 90%) (E2; 10%)
CH;CH,CH,CH,Br —| ‘|3H3
1-bromobutane CH;—C—O~ K*
b
3
- - > CH3CH2CH2CH20C(CH3)3 + (:H:;(:Hz(:H — (:HZ . -
in ¢-butyl alcohol butyl t-butyl ether 1-butene Hlnt ]Overall Summary of Sy1, Sn2, E1, and E2 Reactions
(Sn2; 15%) (E2; 85%) H R R
+ CHaX R cl: X R cl: X R cl: X
CH;CH,5™ Na T A it A o
strong nucleophile CH3(’|:HCH3 (Sn2) I!I l!i I!I
SCH,CH, Methyl 12 2° 3
Bimolecular (Sy2/E2) Reactions Only Sn1/E1 or E2
Gives Gives mainly Sy2 Gives mainly Sy2 with | No S\2 reaction. In
CH,CH,0H . Sn2 except with a weak bases (e.g., |7, | solvolysis gives
CH;CHCH; weak nucleophile CH,CHCH; + CH;CH==CH, reactions | hindered strong base CN~, RCO, ) and Sn1/E1, and at lower
| [e.g., (CH3)3CO ] and | mainly E2 with strong | temperatures Sy1 is
Br OCH,CH,4 then gives mainly E2. bases (e.g., RO"). favored. When a
2-bromopropane S, 1; major El; minor strong base (e.g.,
P (S jor) ( ) RO™) is used, E2
predominates.
CH;CH,0~ Na*
02 . CH,CHCH, + CH,CH=CH,
strong base |
OCH,CH,
(5425 minor) (E2; major)
H,0, Sy1 -\ -\
——==+ {CHj);COH . H K/“" " -
. 0 Z : " o 3
(CH.).CBr l‘_ﬁx (CH.) ‘(:+ P (about 80%) | \CTC'lr,.. . E2 /,,C:C\\\ ‘ +CH,CH,0H+ Br~
AUAOS o CH;CH,07 /7 \ CHs H CH;
t-butyl bromide El ~H CH,

(CH,),C=CH, + H*
(about 20%)

t-butyl bromide

methylpropene (100%)

21




Reactions Of Organic Halides

3- Formation of Grignard reagent and its reactions:

Et,O
RX + Mg —— RMgX | Grignard
reagents

ArX + Mg —2 ArMgX

Reactions of Grignard reagent

fo-

R ‘MgX +

.__\u . &
ae

H-O—H — R H + HO: + Mg + X
i— gy 8 .
R-MgX + H{O-R — R H + RO+ + Mg + X

o B b
R—=H R-MgX — R—=: MgXx + R H

o] :0: MgX :OH

22



Reactions Of Organic Halides

4- Reduction of alkyl halides:

 Reduction by Zinc metal and acids or by metal hydrides

R—X + Zn + HX —> R—H + ZnX,

* Reduction by sodium metal (coupling reaction)
2R—X + 2Na — > R—R + 2NaX

« Reduction using lithium dialkylcuprate

RLi —Ys R,culi R R—R' + RCu + LiX

Alkyllithium Lithium dialkylcuprate ! Alkane

TLiHEtzo _
R—X R'—X
An alkyl halide A methyl, 1° alkyl,
or 2° cycloalkyl halide

A}

A"
There are organic strating materials. The R— and R'-
groups need not be different.
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