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

.6.

R—O—H R—O—R tmfll?u

alcohol ether epoxide

Epoxides are ethers having the oxygen atom in a three-membered ring.

Epoxides are also called oxiranes.

\.\" J"/
% ¢
& L

epoxide or oxirane

2- Structure and Bonding

The bond angle around the O atom in an alcohol or ether is similar to the
tetrahedral bond angle of 109.5°. In contrast, the C —O— C bond angle of an
epoxide must 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

NASXTEEE =
H H < <
a strained, three-membered ring
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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 Epoxides

Epoxides are named in three different ways—epoxyalkanes, oxiranes, or
alkene oxides. To name an epoxide as an epoxyalkane, fi rst name the alkane
chain or ring to which the oxygen is attached, and use the prefi x epoxy to
name the epoxide as a substituent. Use two numbers to designate the location

of the atoms to which the O’s are bonded.

C2
A\ R R
CDO e jeog—on WAl
CH5 H CH4CH, CHj;
1,2-epoxycyclohexane 1,2-epoxy-2-methylpropane cis-2,3-epoxypentane

Epoxides bonded to a chain of carbon atoms can also be named as derivatives
of oxirane, the simplest epoxide having two carbons and one oxygen atom in
a ring. The oxirane ring is numbered to put the O atom at position “1,” and the
first substituent at position “2.” No number is used for a substituent in a

monosubstituted oxirane.

position 2
Number the ring beginning 01 o
at the O atom. CH;x /M _H
EQS AN
CHs; H
oxirane 2,2-dimethyloxirane
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Epoxides are also named as alkene oxides, since they are often prepared by
adding an O atom to an alkene . To name an epoxide this way, mentally
replace the epoxide oxygen by a double bond, name the alkene , and then add
the word oxide. For example, the common name for oxirane is ethylene oxide,

since it is an epoxide derived from the alkene ethylene.

o
Y
CH,=CH, —— AC—C.,
H'4 MH
ethylene H H
ethylene oxide

oxirane
Problem Name each epoxide.

o)

0)
a. /[ \ b. o c. A/\
H;C

Solution:-
Three possibilities: 0 Three possibilities:
0 [1] methyloxirane " (1] 2-methyl-3-propyloxirane
/A 2] 1,2-epoxypropane : 2] 2,3-epoxyhexane
CH; (3] propene oxide (3] 2-hexene oxide
1

CHy«—1-methyl  Two possibilities:
[1] 6 carbons = cyclohexane
b. @0‘— BPOXy group 1 2-epoxy-1-methylcyclohexane
) 2] 1-methylcyclohexene oxide
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4. Preparation of Epoxides

When an organic compound contains both a hydroxy group and a halogen
atom on adjacent carbon atoms, an intramolecular version of this reaction
forms an epoxide. The starting material for this two-step sequence, a

halohydrin, is prepared from an alkene,

Epoxide synthesis—A two-step procedure

-
T D\ o
e s proton transfer Sy2
¢ . SN ¢, + x
halohydrin
H—-B*

intramolecular Sy2 reaction

Problem Draw the products of each reaction.

oy 1 NaH

8. CHiCHLH,—OH  + NaH —— - /\/\(\ [2] CH,CH,CH,Br
CH
/M3 OH NaH

b, C-OH + NaNH, —> d. — G0

H Br
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5. Reactions of Epoxides

Epoxides don’t have a good leaving group either, but they have one
characteristic that neither alcohols nor ethers have: the “leaving group” is
contained in a strained three-membered ring. Nucleophilic attack opens the
three-membered ring and relieves angle strain, making nucleophilic attack a

favorable process that occurs even with the poor leaving group.

A strained f:p\ . :0% <— “leaving group”
three-membered ring wC=C.... - - “C—C.,.
7 N N
. MNu
‘Nu
new bond

Reactions of Epoxides

Although epoxides do not contain a good leaving group, they contain a
strained three-membered ring with two polar bonds. Nucleophilic attack
opens the strained three-membered ring, making it a favorable process even

with the poor leaving group.

A strained To .. ; :07 <— |eaving group
three-membered ring 5 . e,
AN N
‘\ Nuf\
tNu~™

new bond
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[1]-CN
[2] H,0

Reaction with a

fO
. H“II‘C_\CJH H
strong nucleophile

TN

/
Reaction with HZ HL,..IC—CH..,H HC
HY

¥

Preparation of Alcohols, Ethers, and Epoxides
[1] Preparation of alcohols

R—X 4+ | OH——— ROH + X

H H /DH
P
Y
NC H
The nucleophile opens the
three-membered ring.
H H /DH
Nt
L H
Cl H

* The mechanism is Sy2.
* The reaction works best for CH3X and 1° RX.

[2] Preparation of alkoxides—A Bransted-Lowry acid-base reaction

R—O-H + Na*H™ —— |R-0O"

Na* + H,

alkoxide

[3] Preparation of ethers (Williamson ether synthesis)

R—X + ©OR'—— R-OR'" + X

¢ The mechanism is Sy2.
* The reaction works best for CH;X and 1° RX.

[4] Preparation of epoxides—Intramolecular 5,2 reaction

B:/\p, o
Qo 6\

Y 12 M
oot — > %
{ X (X

halohydrin H—B*

+ X

* Atiwo-step reaction sequence:
[1] The removal of a proton with base forms an
alkoxide.

[2] Anintramolecular Sy2 reaction forms the
epoxide.
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Reactions of Alcoho

s

[1] Dehydration to form alkenes

a. Using strong acid

|| Hz50,
_G_G_ S —

11 ar

H OH TsOH

b. Using POCI; and pyridine (9.10)

POCly

—C-C— —

1
H OH

pyridine

A4
c=C | +
/N
\N_/
C=C | +
VA

Order of reactivity: B;COH > R,CHCOH = RCH;0OH.

The mechanism for 2° and 3° ROH is E1 —carbocations are
intermediates and rearrangements occur.

The mechanism for 17 ROH is E2.

The Zaitsev rule is followed.

The mechanism is E2.
No carbocation rearrangements occur.

[2] Reaction with HX to form RX

R—OH 4+ H—X — R—X <+ H0

Order of reactivity: R;COH > R,CHCH = RCH,OH.

The mechanism for 2° and 3° ROH is S1 —carbocations are
intermediates and rearrangements occur.

The mechanism for CHsOH and 1° BOH is Sy2.

[3] Reaction with other reagents to form RX

R-OH + so0C, —

pyridine

R—OH + PBy —

R—CI

R—Br

Reactions ocour with CHzOH and 17 and 2° ROH.
The reactions follow an Sy2 mechanism.

[4] Reaction with tosyl chloride to form alkyl tosylates

i1
R—OH + CI—%OCH
0

3 ?

pyridine

* The C- 0 bond is not broken, so the configuration

o}
H_D_%OCHE at a stereogenic center is retained.
o}

R-0Ts
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