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Alcohols, Phenols and Ethers
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Alcohols, ethers and phenols have a common functional group, the hydroxyl group,
-OH.

H-O-H R-OH R-O-R Ph-O-H
Water Alcohol Ethers Phenol
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Alcohols are compounds whose molecules have a hydroxyl group attached to a
saturated carbon atom.
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Phenols are compounds that have a hydroxyl group attached directly to a benzene

ring .
Ethers are compounds whose molecules have an oxygen atom bonded to two carbon

atom- L9S qu_'\.g dadyae u_ou.uSi 833 Sle lplyis o OLS ye o2 Oy




Alcohols and Phenols
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O Alcohols and phenols may be viewed as organic derivatives of water.
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O Alcohols have the general formula R-OH, and structurally similar to water, but with

one of the hydrogens replaced by an alkyl group.

O Phenols have a hydroxyl group attached directly to an aromatic ring.
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Alcohols
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This is the functional group of an alcohol

O Alcohols can be viewed in two ways structurally: .. . . oo e e

(1)as hydroxyl derivatives of alkanes (2) 5 BB JouSgyamm Olizaas (1)
- - elol) LS &S

and (2) as alkyl derivatives of water.

Ethyl group
—r—
H,CH;C H N
)
CH,CH; 109° C: 105° C:/O Ho C:/
Hydroxyl group H
Dlmethyl ether

Ethane Ethyl alcohol Water (a typical ether)

(ethanol)



Classification of Alcohols . .. ... ...
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O Alcohols are classified as primary (1°), secondary (2°), or tertiary (3°), depending

on whether one, two, or three organic groups are connected to the hydroxyl-bearing

carbon atom.
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R—CH,0OH R—CHOH 1{—(|:— OH

R

primary (1) secondary (2°) tertiary (3°)

O Methyl alcohol, which is not strictly covered by this classification, is usually grouped

with the primary alcohols. B oSl go angand i Lo Bale oyl (S chgrnsl 15 ety el gl S
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Nomenclature of Alcohols
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O The common names for the simplest alcohols consist of alkyl group attached to the

hydroxyl function followed by the word alcohol: Alkyl alcohol .

s JUPAC plai 8
O In the IUPAC system, alcohols are named according to the following rules, &'t elsil Bo “oasl]

1. Select the longest continuous carbon chain that contains the -OH group.
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Drop the — e ending of the parent alkane and replace it by the suffix -ol: Alkanol

ol: Alkanol- &> actuly Lol (S e- dylgdl Bis]

2. When isomers are possible, the chain_is numbered so as to give the functional

group (-OH) the lowest possible number. Aol 085 o2y iSine lpalisall 5955 Lo .2
— oSan 3y S5 (OH) abioll degamall 2lacy

3 2 | 1 2 3
CH,OH CH,CH,0H  CH,CH,CH,OH CH,CHCH,

OH
methanol ethanol | -propanol 2-propanol
(methyl alcohol) (ethyl alcohol) (n-propyl alcohol) (isopropyl alcohol)




Nomenclature of Alcohols

T
CH,;CH,CH,CH,OH CH3(|3HCH3CH3 CH;CHCH,OH CH; —(J—uH <—>< <—>CH

OH CH3
1-butanol 2-butanol 2-methyl-1-propanol 2-methyl-2-propanol cyclohexanol phenylmethanol
(n-butyl alcohol) (sec-butyl alcohol) (isobutyl alcohol) (terf-butyl alcohol) (cyclohexyl alcohol) (benzyl alcohol)

3. When alkyl side chains or other groups are present, they are named alphabetically

L ;é}i—i ul_c_g.a;u.: gi J_‘_iﬂ cLu_JL} JAM.U.J 3959 Mic 3
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and their positions are indicated by a number.

The position of the functional group (-OH) is always given the lowest possible

number at the end of the name. (OH) s oll e pumall giga ba
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CH,CH, Cl CH,
CH,CH,CHCH,CHCH, CH CHz(EHCH CH éHCH ,OH
On
4-Ethyl-2-hexanol 5-Chloro-2-methyl-1-heptanol
(not 3-Ethyl-5-hexanol) (not 3-Chloro-6-methyl-7-heptanol)



Nomenclature of Alcohols
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For cyclic alcohols, numbering always starts from the carbon bearing the -OH group.
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4. With Unsaturated Alcohols; If a molecule contains both an -OH group and a C=C

or C-C triple bond, the -OH group takes preference before the double or triple

bonds in getting the lower number.

The name should include (if possible) both the hydroxyl and the unsaturated groups, even if

this does not make the longest chain the parent hydrocarbon.

o) g U E’L;f” CH,CH,
cloganally JouSasssdl CH,=CHCH,0OH  CH,=CHCHCH, HC=CCH,CH,OH CH,CHC—CH,
o o) i dmeall yi 2-propen-1-ol (1)H s (!)H

i Js«bi lia oo {all}’l alcohol) 3-Buten-2-o0l 3-Butyn-1-ol 3-Ethyl-3-buten-2-0l

A3 eSesasgl (not 1-Buten-3-ol) (not 1-Butyn-4-ol) (longest chain including C=C)



Nomenclature of Alcohols
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o Alcohols with More Than One Hydroxyl Group = = % o e 255

Compounds with two adjacent alcohol groups are called glycols. "7 "° " =" <> = =7 =

The most important example is ethylene glycol. age Ayl i5lasS slse Lo Jsiensadls

» Compounds with more than two hydroxyl groups are also known, and several, such
as glycerol and sorbitol, are important commercial chemicals.

OH OH OH OH OH OH OH OH

b, bt —Cm— |
IUPAC name: 1,2-Ethanediol 1,2-Propanediol 1,2,3—Pr0p3é1§tr1;lin OH
Common name: Ethylene glycol Propylene glycol Glycerol or Glyc TR nargl | 2.Cyclopentanediol
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" Ethylene glycol is used as the “permanent’ antifreeze in automobile radiators and as a raw

material in the manufacture of Dacron.
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" Ethylene glycol is completely miscible with water.
" Clycerol is a syrupy, colorless, water-soluble, high-boiling liquid with a distinctly sweet taste. lts
soothing qualities make it useful in shaving and toilet soaps and in cough drops and syrups.
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Nomenclature of Phenols
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O Phenols are usually named as derivatives of the parent compounds.

OH

CH
phenol hlorop hmul 2,4,6- Tr]bmmuk henol 3
o-Cresol m-Cresol p-Cresol

O The hydroxyl group is named as a substituent when it occurs in the same molecule with

carboxylic acid, aldehyde, or ketone functionalities, which have priority in naming.

CO,H CHO OH
| but | @y o eyl Guds 6 axsi Lasic
OH 7 7 093800 ol a8l ol JuS oSl j2a>
OH NO, R:DPWL| -l TP { VI ] 1
m-hydroxy p-hydroxybenzaldehyde p-nitrophenol
benzoic acid (not p-hydroxynitrobenzene)




Physical Properties of Alcohols |
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* The simplest alcohol, methanol, is a liquid at room temperature. 5%+ (€1:C4)
In contrast, alkanes from methane to butane (C1-C4)are gases.
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* The lower alcohols are completely miscible with water.
* As the number of carbons in the alcohol increases, the solubility in water decreases.

BO|I|ng Points il 5lys¥l ol go o Lla)l bl slss el &¥easl e dludus
* Series of normal alcohols; The boiling points increase with increase in molecular weights.
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* A comparison of boiling points among isameric _alcohaols; The boiling points decrease as

the number of alkyl branches from the carbinol group increases. Ol ylda
| ot pleldll
CH, c|)H | CI)H e gaSl
: l CH,;CH,CHCH, CH300H3 2835 (B yaljall
: > AL 0D
1-Butanol 2-Methyl-1-propanol 2-Butanol : 2-Methyl-2-propanol ?9} LS -
(mol wt = 74; bp = 118°C) (mol wt = 74; bp = 108°C) (mol Wt = 74; bp = 99.5°C) (mol wt = 74; bp = 83°C) o
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Hydrogen Bonding in Alcohols .0 on

O The boiling points (bp's) of alcohols are much higher than those of ethers or

hydrocarbons with similar molecular weights.

CH,CH,OH CH,0CH, CH,CH,CH,

mol wt 46 46 44
. ~o 40 _ 4mo0 ddlul dnawlygy O-H ddryl )l Cladiwl @
W"hy b.gljg_) eSS "a.ﬂ_gxgu B bp +78.5°C 24°C 42°C oo iy Sl B3 2l g
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Why¢ Because alcohols form hydrogen bonds with one another. Sl 033 Jle &g 2l

The O-H bond is polarized by the high electronegativity of the oxygen atom and places a partial

positive charge on the hydrogen atom and a partial negative charge on the oxygen atom.

R R R R
\s— &+ \e— 6+ \6— 6+ N\o— &+
O—H + O—H — O—H-—-0—H
two separate alcohol molecules o

a hydrogen bond

Iwo or _more alcohol molecules thus become loosely bonded to one another

through hydrogen bonds. IS slaise JsmSl o 5581 o s et Jlila

Az gyase uloy M e anl lagasy plassd
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Hydrogen Bonding in Alcohols
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Consequently, alcohols have relatively high boiling points because they must supply

enough heat to break the hydrogen bonds before each molecule.

Hydrogen bonds are weaker than ordinary covalent bonds. apalall duoalucdl alg )l o andl Lo yasdll bl

Water, of course, is also a hydrogen-bonded liquid.  cezsosel b bl Loulsa 2 bl ol

The lower molecular-weight alcohols can readily replace water molecules in the
hyd rogen bonded nefwork. Az g3l Il )l i B dggun elall Dy e o ol aasaall ol gigll Dld Ddgasl) Say

Table 7.1  Boiling Point and Water Solubility of Some Alcohols
Solubility in H,0

This accounts for the complete miscibility of

the lower alcohols with water, 5! zbuedl &hE suio B2s Name Formula bp,°C g/100 g at 20°C
clall ge dbdsuall oSl methanol CH5OH 6b completely miscible
However, as the organic chain lengthens ethanol CH.CH,0H 78.5  completely miscible
and the alcohol becomes reld’rively more 1-propanol  CHsCH,CH,0H 97 completely miscible
) . . 1-butanol  CH.CH,CH,CH,OH 1177 7.9
hydrocarbon like, its water solubility s SR 370 27
decreases. iygisll Alududl @] go 3 nog 1-hexanol CH3;CH,CH,CH,CH,CH,OH 155.8 0.59

50593348 Lot 4381 JooSUl xmys
elall (8 axdlbgd a5 s
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Physical Properties of Phenols
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O Phenol is a colorless, crystalline, low-melting solid, with a high boiling point, that is

moderately soluble in water.

O Most other phenols also are solids, with slight solubility in water and high boiling

points. e o Lle blig sl L3 5loil) dab 2L 01 alo sl La o o3l O¥gndll alies

O The most significant physical property that distinguishes alcohols from phenols is the

acidity of phenols.

oo Ol gasl jal 45038 deols pal
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The Acidity of Alcohols and Phenols
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O Like water, alcohols and phenols are weak acids.

The hydroxyl group can act as a proton donor, and dissociation occurs in a manner

similar to that for water

Jasi ] JeuiSgyaeg)l desanal (S
-+ Base—H ddyylay lSadl Gasag (ygdosl) 2olaS
b Loldl clld dilas

RO—H + Base —>  RO:~

Alcohol Alkoxide ion
as acid (conjugate base
of alcohol)

ArO—H + Base —>  ArO:~ + Base—H

Phenol Phenoxide 1on
as acid (conjugate base
of phenol)

15



The Acidity of Alcohols and Phenols
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O Phenols are stronger acids than alcohols mainly because the corresponding

phenoxide ions are stabilized by resonance.

charge localized
on the oxygen atom
in alkoxide ions

:0: : 0
..-‘/.
~ S —
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charge delocalized in phenoxide ion

O
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The negative charge of an alkoxide ion is concentrated on the oxygen atom, but the
negative charge on a phenoxide ion can be delocalized to the ortho and para ring

positions through resonance.

Because phenoxide ions are stabilized in this way, the equilibrium for their formation is

more favorable than that for alkoxide ions

d3@ Bybiue LeusSgrall SUgil oY
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O All electron-withdrawing groups increase acidity by stabilizing the conjugate base.

Electron-donating groups decrease acidity because they destabilize the conjugate

base.
OH OH OH OH OH
05M 0= MO
< < < <
NO5 MO 5 MO 5
4 Methylphenol FPhenol 4-Nitrophenaol 2 4-Dinitrophenol 2.4 6-Trinirophenol
(p-Cresol) (Picric acid)
OH <  ~"™oH < oH < }(\DH

Cl
Methox vethanol E thanol Chloroethanol Trichloroethanol

17



The Acidity of Alcohols and Phenols
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O Alkoxides, the conjugate bases of alcohols, can be prepared by the reaction of an

alcohol with sodium or potassium metal.
2RO—H + 2K — 2RO:™ K* + H,

alcohol potassium
RVXIROWA TS IR RVIPES B IPYRRTEWN | RV PERWPIRG) FES ] R-ENEY alkoxide

O Treatment of alcohols with sodium hydroxide does not convert them to their alkoxides.

This is because alkoxides are stronger bases than hydroxide ion, so the reaction goes in the
reverse direction. Slaall oladll 8 sy Jeladll 16 Jidlg Syl odl oo s8] acled SlauS oIl Y cllig

Since alcohols are weaker acids than water, it is not possible to form the salt of an alcohol in

aqueous alkaline solutions. gl ayslall Sl 3 V9ol e (655 oSaall e oy aild elall o chndsl plas] SdgmsIl oY [3ka3

O Treatment of phenols with sodium hydroxide converts them to phenoxide ions.

ROH + NatHO™ === RO " Na™ + H,O
posgall 3euSgyang O¥grdll dxllas

S g8 Dlgl I Loy
QOH + NatHO™ —— QD‘Na* + HOH

phenol sodium phenoxide

18



Preparation of Alcohols

O From Alkenes
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A. Hydration of Alkenes e slizzaly G5 g pnd Sag 3 3
1. Addition of water to a double bond in the presence of an acid catalyst, H*.
2. The addition follows Markovnikov’s rule.

3. Itis not possible to prepare primary alcohols except Ethanol.

RCH=CHR + H—OH — R?H?HH—
H OH
OH

CH,CH=CH, + H—OH — CHE{EHCHS

Propene 2-Propanol
(major product)

19



O From Alkenes

B. Oxidation of Cycloalkenes

Preparation of Alcohols
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Alkenes react with alkaline potassium permanganate to form glycols

(compounds with two adjacent hydroxyl groups).

KMnO, / OH
.

OH

OH

Cyclopentene cis-Cyclopentane-1.2-diol

glycol

20
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O Nucleophilic Substitution of Alkyl Halide

O Reduction of Ketones, and Aldehydes

WGI

Preparation of Alcohols

Aq KOH
- " OH
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Aldehydes and ketones are easily reduced to primary and secondary alcohols,

respectively.

carbonic acid

reduction

O

oxidation )J\H
D E—

Aldehyde
O

A

E etone

reduction [:] H

: >
1) LiAlH, /l\H

) H™, H-0
12 Alcohal

oxidation

OH

prisE, b

DELEO o ycohd
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Preparation of Alcohols

O Addition of Grignard’s Reagent to Aldehydes and Ketones

General equations

-+ Hy0.H
RMgX + H—C=0 —  m RCH,OMgX RCH-OH
simplest aldehyde ¢———— Fommaldehwde 17 alcohol
. R =3
R | =% H0.HT
RMgx 4 H—C 0 —= RCHOMgX —— w RCHOH
Aldehvde 2% alcohol
. R !
= | -+ H0.HT &
RMgX + R'—C=0Q —® Rl?l:lf'-ﬂg}-. R[lj(]H
RII R“

E etons 37 alcohol

22



Reactions of Alcohols and Phenols

O Alcohols undergo two kinds of reactions: (COH) sesrasdlls sramaSHl dbayly 1S Lo colas 2l oll

" Those that involve the breaking of the oxygen-hydrogen bond (CO-H).

(C-OH) csemauSHlg (yousSl dbayly B3a3 Ll gobasd Ll ells
" Those that involve the rupture of the carbon-oxygen bond (C-OH).

O Phenols do not participate in reactions where the C-OH bond is broken.

Al el 8 ¥ graall oyl
.C-OH k) g 4S5

JM'“'&JLJ')@WLLMLQ&;@@Q /
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Reactions of Alcohols

A) Those that involve the breaking of the oxygen-hydrogen bond (CO-H).

1) Reactions of Alcohols and Phenols as Acids: Salt Formation.

O oSl Mle 4 (1
R—OH + Na* OH- — No reaction e
9 CH,0—H + 2 Na — 2CH0:~ Na* + H,!
Methanol ' Sodium methoxide
O—H ~ Na*t
@ + NatOH- —— @ +H—OH
Phenol Sodium hydroxide Sodium phenoxide

as an acid) (a base) : (a salt)

24



Reactions of Alcohols
B) Those that involve the rupture of the carbon-oxygen bond (C-OH).

Oladla go G¥gxSIl e las (1

1) The Reaction of Alcohols with Hydrogen Halides: Alkyl Halides - = o

gl e lasy
Alcohols react with hydrogen halides (HCI, HBr and Hl) to give alkyl halides. ool Sl
S e

R—OH + H—X —— R—X + H—OH

alcohol alkyl halide
2) Dehydration of Alcohols: Formation of Alkenes @& cssiicisasiive e (2

V=90 10
. : . ye O gl Chdnd Say
Alcohols can be dehydrated by heating them with strong acid. fsg e wi;

H—CH,CH,—OH -, CH,=CH, + H—OH

ethanol ethylene

25



Reactions of Alcohols
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> Oxidation is the removal of H from a compound and/or the addition of O to a

compound. " -
| 5
R—C—OH ), R—C=0 Removal of 2H
H
D ]
% [0] | s
R—C—H L%, R—C—OH  Addition of O
o o o . . . . & |SJ1 BawsSYl lale
An oxidizing agent is the chemical reagent that does the oxidation. Bttt

BauSYU poiy il laS]

> Reduction is the addition of H to a compound and/or the removal of O from a
compound.

0 OH ol/s wSya I H @lsl g Jlzs¥l <
F | ' Sya 0 O Al

R—C—R L R—C—R  Addition of 2H S

H

Ar—NO, B, Ar—NH,  Addition of 2 H and removal of 2 0

A reducing agent is a substance that does the reduction.

sl podi dula g sl Lale
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Reactions of Alcohols
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O Alcohols with at least one hydrogen attached to the hydroxyl-bearing carbon
can be oxidized to carbonyl compounds.

» Primary alcohols give aldehydes, which may be further oxidized to carboxylic acids.

. plasl Jlausts i3 _dlg Olaa ¥l gy O gnsIl asi {
> Secondary alcohols give ketones. g Gl Aol e < 2ulSess :

> Tertiary alcohols, having no hydrogen atom on hydroxyl-bearing carbon, do not undergo

oxidation.
- sle god ¥ Al d Wl Sgxsll <
Joladl oyl e e 9500 833
OH (ﬁ} (ﬁ} BawSW gasd ¥ JsuSg sl
oxidizing oxidizing

|
R—(|:—H “agent R—C—H “agent R—C—OH
H

primary alcohol aldehyde carboxylic acid

= I
R—C—R . R—C—R'
H

secondary alcohol ketone

27



Reactions of Alcohols
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C) Oxidation Reactions T(PLC) pociasadl SlassSerst

O Primary alcohols, oxidation can be stopped at aldehyde stage by special

reagents, such as “pyridinium chlorochromate (PCC)”.

0O
PCC |
CH,(CH,).CH,0OH CH.CL 25°C ~ CH;(CH,).C—H
[-octanol i octanal

</ \N+—H CrO,Cl™
—

pyridinium chlorochromate
(PCC)

28



Reactions of Alcohols

Lﬂ,‘s_\p.ali ool s 4885 BauS80 ol gsy
IRERCTON] V- of (e IRY JUEE WA

C) Oxidation Reactions

O Primary alcohols yield aldehydes when treated with mild oxidizing agents such as

hot metallic copper or CrO, in pyridine.

H H
i hieat
H .
1° alcohol Aldehyde
i
CH,CH,OH = 2 Z0W/RECRe,  CHRC=0
eat :
Ethanol Ethanal

{ Acetaldehyde)

29



Reactions of Alcohols
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C) Oxidation Reactions AelsusS ol 1ol B Boall sl Sl 3 sl

O Primary alcohols yield aldehydes when treated with stronger oxidizing agents, such

as chromic acid, H,Cr,O,, or neutral potassium permanganate, KMnO, the

intermediate aldehydes formed initially are oxidized further to carboxylic acids.

i SRS
R—C—OH S, R—C=0 — R—(=0
H

1° alcohol Aldehyde Carboxylic acid

30



Reactions of Alcohols

C) Oxidation Reactions

O Secondary alcohols, when treated with any of the oxidizing agents mentioned

previously, yield ketones.

Jalse sa sl lgzadlen e (@55l ¥ g
OlgnS Ll 8ygSiall BawsSYl

OH

0
| |
R—(—R 2L R é R

H
2° alcohol Ketone

OH |
CI—IE%‘EHH 22, CH,CCH, + Cr¥+

H
2-Fropancl (orenge)  Acetone (green)

31



Preparation of Phenols

0 ©bgalul) ¢olall zlasyl
O The Alkali Fusion of Sulfonates A0t lghasd] Sligtld g5l plossll gaivt

The alkali fusion of sulfonates involves the following steps;

: . e s il ]
1. Sulfonation of an aromatic ring. ™

Sl xlo clacy pgangall LwSoynm e gshasll cligiludl ass (zlosl) ylgd 2

2. Melting (fusion) of the aromatic sulfonic acid with sodium hydroxide to give o

phenoxide salt.

Joxddl zlid HOI plaseianly suwS gl (puasd 3

3. Acidification of the phenoxide with HCl to produce the phenol.

O == Ormn g2 Qo = O
Ea

nitration JU la o ol yulan 450 ddyyb b
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Reactions of Phenols

0 jaa oy dadgll Susd,

O Halogenation takes place without cafalysf.

E

p-Bromophenol o-Bromophenol

HG —

Br
[BeaB0 L HO O Br
25° E:

Br
2,4,6-Tribromophenol Oladall) dog3g 3l yue Oladall 8

sadiraall ol Lle Oloiall sass 255 ({CCl CS) (&Ugiasy @ikl !

» The products depend on the solvent used.

P9 0-Jobgag s o Uadds oyl

In aprotic solvents (solvents that do not release protons) (CCl,, CS,)-

bromination gives a mixture of o- and p-bromophenol.

In protic solvents (solvents that can release protons) (H,O)-halogenation

gives a ’rrisubs’ri’ru’red phenol is pI‘OdUCGCI. (SUsig sl @b lgSay (! Slaiall) dbgiesdl Olgiall b
il iy sl 36 923 <(H: 0) aisnlell hasy
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Structure of Ethers

olie gana lgd 550 LSy 0 Oyl g

O All ethers are compounds in which two organic groups are connected to a single

oxygen atom.

O The general formula for an ether is R-O-R’, where R and R’ may be identical or
35 > R-OR 2 3590 dslall bl
A8 (ppblisea ol puiilhaze 'Ro R oS
Jusl ol LS Oile sana o UoSy

different, and they may be alkyl or aryl groups

R—O—R, Ar—O—R, or Ar—O—Ar

O The geometry of simple ethers is similar to that of water. /. .o o omas

and that's why we consider the HR.___..>I'I RUR

ether is derivatived from water
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Structure of Ethers

O The ether is classified as

>Symmeirica| eihers; Jilaze fuoaSYl dlagiall aasll Olegamall 1oS5 Lasie
When the organic groups attached to the oxygen are identical.

»Unsymmetrical ethers (mixed ethers);

When the organic groups attached to the oxygen are different.
Adl5en opuoeansYl Aagyall dygdnll Slegamall 5555 Lasse
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Nomenclature of Ethers

Common Names

o) dalSy e geza (ganll ol Jul ol Ll degana IS @ul ellaely Bale Oilyapdl aud

Ethers are usually named by giving the name of each alkyl or aryl group, in
alphabetical order, followed by the word ether.

Methyl ether CH,—0—CH,4 Ethyl methyl ether CH,—0—CH,CH,
Ethyl ether CH,CH,—0—CH,CH, Ethyl-n-propyl ether CH,CH,—0—CH,CH,CH,
Vinyl ether CH,=CH—0—CH=CH, t-Butyl methyl ether (CH,),C—0—CH,

Phenyl ether ©D© Methyl phenyl ether @‘OFCHa

(anisole)



Nomenclature of Ethers

OR- degaxall &aud gy ydll o o5 48 (lided yuSUl ol OI5 Oy 5 4wy
JazuaS 208l L wSeSIYl e ganall Laud UPAC pliis 8 . wSsSli de ganay

IUPAC System

For ethers with more complex structures, it may be necessary to name the -OR group

as an alkoxy group. In the IUPAC system, the smaller alkoxy group is named as a

substituent.

CHECHzt’JHE?HCHE CHECHZCHE(EHCHECHS H,CO—CH,CH,0H

OCH, OCH,CH,

2-Methoxypentane 3-Ethoxyhezane 2-Methoxyethanol
¢ 343 oy OligyylS u\éilp)‘:ﬁ!qu_‘g ¢
Alkoxy el adasig aonas! go Foeisd pglol & Joxsl (o0

JooS) o aipgb e

0auSYl ylua e el asglgdl
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Physical Properties of Ethers

Physical State Lo Gazang Biuan iy O3 g olll dasae SLShe Lo Slyayl

Ethers are colorless compounds with characteristic, relatively pleasant odors.

BO|I|ng Points 358 goim @8Il 5 oSl O3 o sluss sae W A1 ol e (bpe ) J3l olule bl g
25 ST oo -CH- degana b (o3 g3l Lildall (905503049l J2o lydi bp st e

* They have lower boiling points (bp,s) than alcohols with an equal number of carbon atoms.
* In fact, an ether has nearly the same bp as the corresponding hydrocarbon in which a

-CH,- group replaces the ether’s oxygen.

* Because of their structures (no O-H bonds), ether molecules cannot form hydrogen bonds

with one another.
ol lgany 2o A gyaie bulgy ueST 533 Olaiad (Say  ((OH-H bulgy 4265 Y) laen oo

. Water solubility
R\ R\ R\-{i R\b R\“-O \Eti Compound Formula bp mol wt  (g/100 mL, 20°C)
R/CH2 R/CHE R/ RS o N l-butanol  CHsCH,CH,CH,OH 118°C 74 7.9
jFomE—— Bk 1 Siron Alcohols: Hydrogen diethyl ether CH3CH;—0—CH,CH» 35°C 74 7.5
bund.{ng between bonding between bonding between pentane CH,CH,—CH,—CH.,CH; 36°C 72 0.03
molecules; low molecules; low molecules; high

boiling points boiling points boiling points .



Solubility

JJL,_, JE ‘q:_;;}gejl 39l Aadsca Gilyasdl
elall 8 el Lo al) dL1E ol Lt

Physical Properties of Ethers

* Low-molecular-weight ethers, such as dimethyl ether, are quite soluble in water.

lall go dmr gyise bulgy oS5 ol Sy 353 Ol

* Ether molecules can form hydrogen bonds to water.
R 0 R O
N 4 8- 3t/
D A
cH, H ™M R H
s

Alkanes: No hydrogen
bonding with water;

insaluble

Ethers: Hydrogen
bonding with water;
soluble

Alcohols: Hydrogen
bonding with water;
soluble

o Solubility in H,O

Structure Name Mol.wt. Bp(°C) At20°C
CH,CH,CH, propane 44 —42 insoluble
CH300H3 methyl ether 46 —24 soluble
CH,CH,OH ethanol 46 78 soluble
CH,CH,CH,CH, n-butane 58 —0.5 insoluble
CH,CH,OCH, ethyl methyl ether 60 ] soluble
CH,CH,CH,OH 1-propanol 60 97 soluble
CH,(CH,),CH, n-pentane 72 35 insoluble
CH,CH,O0CH,CH, ethyl ether 74 36 7.5g/100 g
CH,(CH,),CH,0H 1-butanol 74 118 79g/100 g
CH,(CH,);CH, n-heptane 100 98 insoluble
CH4(CH,),0(CH,),CH, n-propyl ether 102 91 0.2g/100 g
CH,4(CH,),CH,0H 1-hexanol 102 157 0.6g/100 g
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Preparation of Ethers

O There are two general methods for synthesizing ethers.

1) Dehydration of alcohols =¥ o ki (1

It is used commercially and in the laboratory to make certain symmetrical ethers.

Al lazall Olyzpdl (s gral ysall (B ylad aslasizal ez

2) Williamson synthesis

General laboratory method used to prepare all kinds of ethers, symmetrical and

unsymmetrical.

Al lazall yee Ablazall Slyasdl ¢ losl pean slucd pasiius dole dlana b
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Preparation of Ethers

1) Dehydration of Alcohols

(sl g Jels) (H,S0, H,PO) dsda> Siljins 3925 (8 Samey

It takes place in the presence of acid catalysts (H,SO,, H,PO,) (intermolecular reaction)

/N

H* . .
R—OH + H—OR I R—0—R + Hzoaimra S5 1 o inter ;o9 <1 3553

B - Jo>S 2o o5 Jeuduné
el 0 clall £33 sl Uoniing 551
solgll oSl
oSl Ul g

Example;

The most important commercial ether is diethyl ether. It is prepared from ethanol and
sulfuric acid.

by S sy il e oyeind qzy sadl ezl S5 sa oyl 2] ol

CH;CH,OH + HOCH,CH; ~ 2%~ CH;CH,0CH,CH; + H,0

ethanol diethyl ether
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Preparation of Ethers

_s_g._‘_ﬁﬂg @Lh‘“

Scope and Limitations

coale Bl oo Wludl 2l (95 (dygie days 180 wie by Sl (hasy L)l JU-FLENPUTRVRCIS
3l 0 Ul 340 d>) SYSUN-TCNIERER) o

O When ethyl alcohol is dehydrated by sulfuric acid at 180° C, the dominant product
is ethylene.

CH,CH, %@» CH,=—CH, 4+ H,0 2 Jeladll 131 Wy Ly o 3amall Jolsll Lo
1 L ; ; pedyei p33d el oLice intra Yo inter oo
H OH ool dyybog Byl yadl daya le o 3559

Ethyl] aleohol Ethylene

O To prepare ethyl ether

e 5 el JomSIl dylily @
° ° ° ° ° .@)Si” b)[}} &_?-JJ KT d_‘_-;_!)—fs.”
[ J

Dissolve ethyl alcohol in sulfuric acid at ambient temperature. .. i) 140 U Joioal 5

JeaSIl o agiall @8Lb] pa

* Heat the solution to 140°C while adding more alcohol.

2 CH,CH,0H 2% CH,CH,—0—CH,CH, + H,0
Ethyl alcohol Ethyl ether
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Preparation of Ethers

2) Williamson Synthesis

. (posalisy ol possss) Llels anay dadloall Bi3b oo 1uSsST ] JonSIl Jagd @y (1
* This method has two steps;

1) An alcohol is converted to its alkoxide by treatment with a reactive metal
(sodium or potassium).

2ROH + 2Na —— 2RO Na™ + H,

S adlag S oSl g a3l elya] @ (2

2) Displacement is carried out between the alkoxide and an alkyl halide.

i lii] sl Le Jomdl « RO™Na*® + R'—X —— ROR’' + Na*X~™
dblzsa LS S Ol ge
iﬁ“?"];ﬁ;@é;j’ To obtain the best yields of mixed dialkyl ethers, we select a 1° rather

Q09 s B D "
poss3all seuSsS) g than a 2°or 3%alkyl halide and react it with a sodium alkoxide

‘ﬁ‘;‘“‘fjwﬂ';" * To prepare an alkyl aryl ether, we must be careful not to pick a
sl pae e ol co

sl ol o5y combination in which one of the reagents has a halogen directly attached
b-fj.}n U"}QJLQ u“LC LQ-‘-Q
s g Byl

to an_aromatic ring.
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Preparation of Ethers

2) Williamson Synthesis ] oo Jaoar 3 502 1 Jal
O Example 1; Preparation of t-butyl methyl ether, (CH,),C-O-CH.. 2o .CH,ONat ;ps225)
.C-CI,(,CH) «JSg-_ 5 22y3lS
el gl JMS a clliy Ll Sy sl ds Wl e - 3 I zasall la g5
> In theory, this could be done by either of two reactions. ezl ez ol
Al Jeldd sag (Sl

1. You could react sodium methoxide, CH,ONa”, with t-butyl chloride, (CH,),C-CI.

This combination leads to dehydrohalogenation to an alkene, an elimination reaction.

2. You could react sodium t-butoxide, (CH.),C-O'Na*, with methyl chloride, CH,Cl.  s«Ssisr i Jelai clsay 2
20 .C-0 Na,(,CH) ps229all

This route gives the desired ether by substitution. by CH,CI Jezedll 135918
. (llHa o wollaall £33 yluall lia
_ ¥ CH,0—C—CH, + NaCl Jlsczadl ayb
Difficult access CH3 | : ’
CH
CH,0"Na* + CH;,—'lJ—Cl - i
(lJH (Hs
% | HJu.cAS)” 3l ad 40y a3y £ i | 3 dehydrohalogenation s
PL@-‘J UU 7 o2 I PO e J9 . Sodium methoxide t-Butyl chloride . = (:1_12_(E o CHSOH + NaCl
[‘D.'—)—” By Cend | “:"SJ-b-“” TS T Lo ;;-!9>U Jl=J8 (a nucleophile: (a 3° alkyl halide)
also a strong base) CH,
M Jsooll pead Olesadl Coun Syall 1S .
s gt 4ol alodl Lol coso agliaall ¢yl EHS /Eﬂj&wﬂa\il ol EH:*
el e i3l <518 151 @il I Jsogll  CHy— O~ Nt 3 H=0=0l 5.2 CH;—C—0—CH; + NaCl (2)
CH, H H,
Sodium t-butoxide Methyl chloride t-Butyl methyl ether

(a nucleophile) {a 1° alkyl halide) 45



Preparation of Ethers

‘I; : szl Jed Jaen Balsd ] il ol 252812 JLaall
2)Williamson Synthesis o s s CHO.0 H o)

oyl gas by Joguesl e Joand! cliSay bl

Example 2; Assume you need to synthesize methyl phenyl ether
(anisole), CH,-O-C H,, by the Williamson method.

3 = =6 57

> In theory, you could obtain anisole in either of two ways.

CH;—O~ Nat + Cl@ —»> INo reaction

Sodium methoxide Chlorobenzene
(a nucleophile) (an aryl halide)
Se Bl i ol 41U o0 ~ )
583 &l L oy byl OW CH,—Cl R N 0—CH; + NaCl
eS| oS @l Lasyl il :
Ady s dwdd cpidl e
PTe % ot Sodium phenoxide Methyl chloride Anisole

(a nucleophile) (a 1° alkyl halide)
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Reactions of Ethers

Lalay 3 38un CJL:S)A ub,_u;}l'

O Ethers are quite stable compounds. cdnzall opolaall of 5uuSY Jalse of J32s91 Jalge of xelgdll ga 5 ¥l baly Jelazy 3

O The ether linkage does not react with bases, reducing agents, oxidizing agents, or

active metals.

O Ethers react only under strongly acidic conditions.

Lo 3ol sl @l W Jots ylazsly sy
oa>g dl> By g Jela
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Reaction of Ethers

a2 Ll 33550l o las Y dlawlgy Olyzpdl yUal

Cleavage of Ethers by Hot Concentrated Acids

)._u?” J:)L_JJ' )J.ui‘_s 15}5),0 duna~ uubu.: UQ “—“')—‘-QU *ySeard) 5 lasue

» When ethers are heated in concentrated acid solutions, the ether linkage is broken.

CH;CH,—O—CH,CH; + HI —— CH,CH,0H + CH,CH,I
(conc) :

lia 8 Lalaseral ysY1 (olasYl <
» The acids most often used in this reaction are HI, HBr, and HCI. HCls HBrs HI o Jelad]

> If an excess of acid is present, the alcohol initially produced is converted into an alkyl

halide by the reaction. o2 (el e 236 Al oIS 13] <
S aladl 8 aeall JooSIl g
Jeladl 3 oo Sled! a5l ol W Jsie g Jelad! M5 e LS ale

s2dl 58156 LS ala oy eS Ll sa ,
oo Joa 2 o0 Wl eSe symmetrical R—OH + HX _’ RX + H,0

z3¢ unsymmetrical oS 131 Lol LSl s dla For example,

s ala lab adlise LS adla ol sy
;iji e ol s o 1 CH,CH,—0—CH,CH, + 2 HBr — 2 CH,CH,Br + H,0

Sy Jooen 1 JanSIl sl {conc)
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