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Ethers is a functional group that contain carbon—oxygen ¢ bonds.

.;:".
R—O-R A
ather epoxide

Ethers have two alkyl groups bonded to an oxygen atom. An ether is
symmetrical if the two alkyl groups are the same, and unsymmetrical if they
are different. Both alcohols and ethers are organic derivatives of H20, formed
by replacing one or both of the hydrogens on the oxygen atom by R groups,

respectively.

Ether GHSDHE_Q_GHEGH:; DHa—Q—DHEGHE
R—0—R symmetrical ether unsymmetrical ether
H groups are the same. R groups are different.

Problem -:Draw all constitutional isomers having molecular formula
C4H100. Classify each compound as a 1°, 2°, or 3° alcohol, or a symmetrical

or unsymmetrical ether.

2- Structure and Bonding

sp® hybridized sp® hybridized
CHFEH ~ 3. N CHF=*CH, ?, ?1.
109° 111°

The bond angle around the O atom in an ether is similar to the tetrahedral

bond angle of 109.5°. In contrast, the C —O— C bond angle of an epoxide must
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be 60°, a considerable deviation from the tetrahedral bond angle. For this
reason, epoxides have angle strain, making them much more reactive than

other ethers.

PN

NAKTEEE. =
H H o <
a strained, three-membered ring

Because oxygen is much more electronegative than carbon or hydrogen, the C
— O and O — H bonds are all polar, with the O atom electron rich and the C and
H atoms electron poor.

3. Naming Ethers

Simple ethers are usually assigned common names. To do so, name both
alkyl groups bonded to the oxygen, arrange these names alphabetically, and
add the word ether. For symmetrical ethers, name the alkyl group and add the

prefi x di-.

H
|
CHy—OT-C—CHoCHs CH3CH,+-O+CHoCHs
methyl CH, ethyl ethyl
sec-butyl diethyl ether

sec-butyl methyl ether

Alphabetize the b of butyl
before the m of methyl.

More complex ethers are named using the IUPAC system. One alkyl group is
named as a hydrocarbon chain, and the other is named as part of a substituent
bonded to that chain.
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* Name the simpler alkyl group + O atom as an alkoxy substituent by

changing the -yl ending of the alkyl group to -oxy.

CH;
I
Commeon CH;0- CH;CH,0O- CH3—1|:—{:-—
Ik S
SHOXY group methoxy ethoxy CHy
teri-butoxy

Name the remaining alkyl group as an alkane, with the alkoxy group as a
substituent bonded to this chain.

Sample Problem Give the IUPAC name for the following ether.

OCH,CH;
Solution
[1] Name the longer chain as an alkane and [2] Apply the other nomenclature rules to
the shorter chain as an alkoxy group. complete the name.
4 1
l ¥
8C's ———> octane
OCH,CH; <— ethoxy group OCH;CH;
Answer: 4-ethoxyoctane

Problem :- Name each of the following ethers.

0] s /O\
a. HC7 CH,CH,CH,CHy o, H;CH,CH,C CH,CH,CHj;

Solution:-
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a. common name:
CH;—0—CH:CH-C

T

methyl butyl

H2CH3

butyl methyl ether

b. common name:
OCHs

!

methyl
cyclohexyl

cyclohexyl methyl ether

c. common name:

CH4CH5CHy—0—CH,CH,CH,

!

!

propyl propyl

dipropyl ether

IUPAC name:

CH.CH,CH,CH; =—larger group —4 C's

butane
Tsubstiluent:
methoxy
1-methoxybutane
IUPAC name:

OCH3 =—substituent —
O/ methoxy

Iarger group —6 C's
cyclohexane

methoxycyclohexane
IUPAC name:
CH3CH5CHy— O+ CH,CHyCH;

Dropoxy propane

1-propoxypropane

Problem :- Name each simple ether as an alkoxy alkane:

(a) (CH3CHy),0

(b) (CH3)3COCHs.

a' GHSGHE_D

L CH,CHj

ethoxy

1

ethane

1-ethoxyethane

4. Preparation of

Ethers

1[CH,
b. GHS—-{:}——D—GHH
' [CHy |
2-methyl ~{ 2-methoxy
propane

2-methoxy-2-methylpropane

Ethers is common products of nucleophilic substitution. They are

synthesized from alkyl halides by SN, reactions using strong nucleophiles. As
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in all SN, reactions, highest yields of products are obtained with unhindered
methyl and 1° alkyl halides.

nucleophile product
Sy2
CHi;CH,—Br + | "OH — CH;CH,—0OH alcohol
Sy2
CH;CH;CH,—Cl + | TOCH;4 — (CH;CH;CH,—0CH; unsymmetrical ether
Sp2
CH;CH,—Br + A "TOCH,CH; — CH;CH;—0OCH,CH; = symmetrical ether

The preparation of ethers by this method is called the Williamson ether
synthesis, and, although it was first reported in the 1800s, it is still the most
general method to prepare an ether. Unsymmetrical ethers can be synthesized
in two different ways, but often one path is preferred. For example, isopropyl
methyl ether can be prepared from CH;O- and 2-bromopropane (Path [a]), or
from (CH3),CHO- and bromomethane (Path [b]). Because the mechanism is
SN2, the preferred path uses the less sterically hindered halide, CH;Br—
Path [b].
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Two possible routes to isopropyl methyl ether

Path [a] CH, Path [b] CH,
« B e |
'[ZZHE,—[:.jll—'[?—ICH3 GHB—Q—(F—CHE
H H
isopropyl methyl ether isopropyl methyl ether
O\ (e
CH;—0: + Br—{|3—CH3 CHEEI‘Sr + =Q—ﬁ|3—GH3
" i
H
bromomethane
2-bromopropane
2° alkyl halide , .
less hindered alkyl halide

preferred path

Problem Draw the organic product of each reaction and classify the product

as an alcohol, symmetrical ether, or unsymmetrical ether.

c. QGHECHEI + “OCH(CH)), —
"~ + -oCH; — > d. )WBr + TOCH,CHy —

. CH3CHsCHsCH,—Br + ~OH

5. Reactions of Ethers

Like alcohols, ethers do not contain a good leaving group, which means that
nucleophilic substitution and B elimination do not occur directly. Ethers

undergo fewer useful reactions than alcohols.

H—{Z}H <« poor leaving group
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Reaction of Ethers with Strong Acid

That ethers have a poor leaving group, so they cannot undergo nucleophilic
substitution or B elimination reactions directly. Instead, they must first be
converted to a good leaving group by reaction with strong acids. Only HBr
and HI can be used, though, because they are strong acids that are also sources
of good nucleophiles (Br—and |-, respectively). When ethers react with HBr
or HI, both C — O bonds are cleaved and two alkyl halides are formed as

products.

General reaction R—-O—R + HX —— HRX + R-X + H0

‘ 1 (2 equiv) T T

(X =Brorl) Two new C —X bonds are formed.

Two C—0O bonds are broken.

Examples CH;—0—-CHCH; + HBr —— CHz;—Br + CH;CH,—Br + H,0

(2 equiv)
o o
(3H3—C|3—D—GHEI + H —— GHa—r:lJ—l + CH;—I + H,0
CHy (2 equiv) CH;

CH This bond is cleaved by an Sy 1 mechanism.
3

|
CHS—[F—D—CHE + HI

CH5
This bond is cleaved by an Sy2 mechanism.
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Mechanism Mechanism of Ether Cleavage in Strong Acid—
(CH3):COCH; + HI — (CH3)5CI + CHal + H,0O

Part [1] Cleavage of the 3° C— 0O bond by an S, 1 mechanism

CH — CHs; H
e P & | i _
CHs—Q—0-CHy  + "H{: — CHy—G—O"CHy +
CH, CH,
good good

* Protonation of the O atom forms a good
leaving group in Step [1]. Cleavage of the
C— 0O bond then occurs in two steps: the

leaving group  nucleophile

CHz H 2] ?"'3/—— — 31 CHa bond to the leaving group Is broken to form
CHS—Clr—,thH3 _— Py + i — CHS—CI)—:I'_: a carbocation, and then the bond to the
CH CHg™ * CHg CHs nucleophile (I} is formed. This generates
carbocation one of the alkyl lodides, {CHg)sCL.
This C—O bond is broken. H—0-CHs
This C—O bond is broken in Part [2].
Part [2] Cleavage of the CH;— O bond by an Sy2 mechanism
. (s [4] + .
CHs—OH + H-—TI: CHaOHsl + I
good * Protonation of the OH group forms a good
leaving group leaving group (H»O), and then nucleophilic

attack by I" forms the second alkyl iodide,

51 CHzsl, and Hz0.

ey b .
CHy+OHz + :If —_— CHg—1: | + HyO:

ol good
/ nucleophile

This C—0O bond is broken.

Problem What alkyl halides are formed when each ether is treated with HBr?
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