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Ethers and Epoxides; Thiols and
Sulfides
(McMurry Chapterl8)

By Prof. Dr. M. Ammar Al-Khayat (2019)



Ethers (R-O-R) <Y

« The organic groups in ethers might be alkyl, aryl, or vinyl.
* The oxygen atom might be in an open chain or a ring.
* Diethyl ether: was used as anesthetic, and it has an industrial use as a
solvent.
» Anisole: a pleasant-smelling aromatic ether used in perfumery.
*Tetrahydrofuran (THF), a cyclic ether often used as a solvent.
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Naming Ethers <Y draus
« Simple ethers: idawudl &l ,AY)

~0-, _-CHg O

HiC” G = | “CH,CHq
H CHjy .y
Isopropyl methyl ether Ethyl phenyl ether
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* If other functional groups are present, the ether part is considered an
alkoxy substituent:
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Problem 18.1
Name the following ethers:

(a) CHq CHa (b)
= OCH,CH,CH,
CHZCHOCHCH2
(d) OCH3 (e) <l:u3
C’/ CHaCHCH,0CH2CH,

(c) OOCHQ
Br

(f) H,C=CHCH,0CH=CH,



Structure Of Ethers <l 4,

* Like alcohols, ethers have nearly the same geometry as water.
* The R -O —R bonds have an approximately tetrahedral bond angle (112°
In dimethyl ether), and the oxygen atom is sp3-hybridized.
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Synthesis of Diethyl ether ) Jsl g2 gLkl

* Diethyl ether and other simple symmetrical ethers are prepared industrially
by the sulfuric acid—catalyzed dehydration reaction of alcohols
« Reaction is limited to primary alcohols.
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The Williamson Synthesis of Ethers <l 83U ¢ sealily 5 gLkl

Best method for the preparation of ethers.
Reaction of an alkoxide ion with a primary alkyl halide in an S,2 reaction.

The alkoxide ion is normally prepared by reaction of an alcohol with a
strong base such as sodium hydride, NaH

If secondary or tertiary halides are used, competitive E2 elimination
can occur.
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Problem 18.3

How would you prepare the following ethers using a
Williamson synthesis?

(a) Methyl propyl ether

(b) Anisole (methyl phenyl ether)

(c) Benzyl isopropyl ether

(d) Ethyl 2,2-dimethylpropyl ether



Alkoxymercuration of Alkenes
G A4 ) S e (=S 9<l)
« Reaction of alcohol with an alkene in the presence of mercuric
trifluroacetate and subsequent treatment with NaBH,
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Synthesizing an Ether Worked Example 18.1
How would you prepare ethyl phenyl ether? Use whichever

method you think is more appropriate, the Willlamson synthesis
or the alkoxymercuration reaction.

Primnary carbon; compstible
with Williamson method

EHEEHg
Ethyl phenyl ather _\\
Alkene derived; compatible
with alkoxymercuration method
Solution
1. N3OH
. CHzCH;Br o .
©/ o |"” [
1. ||:F5|:'|:|3|5Hg
.:-_—'H h‘-‘
2. MEEH,

Phanaol Ethyl phanyl ether



Problem 18.5

How would you prepare the following ethers? Use whichever
method you think is more appropriate, the Willlamson
synthesis or the alkoxymercuration reaction.

(a) Butyl cyclohexyl ether

(b) Benzyl ethyl ether (C;H;CH,OCH,CH,)

(c) sec-Butyl tert-butyl ether

(d) Tetrahydrofuran

Problem 18.6

Rank the following halides in order of their reactivity in the
Williamson synthesis:

(a) Bromoethane, 2-bromopropane, bromobenzene

(b) Chloroethane, bromoethane, 1-iodopropene



Reactions of Ethers <l Y cilelds

 Ethers are relatively stable and unreactive to many reagents (Halogens,
bases, and nucleophiles ).

 Ethers such as diethyl ether (boiling point 34.6 °C) and tetrahydrofuran
(THF) are widely used in organic chemistry, as reaction solvents.

» These solvents should not be stored for long periods of time.

- They react slowly with the oxygen in air to give peroxides, compounds
that contain an O-O bond.

- The peroxides are explosive and extremely dangerous, even in tiny
amounts.

* In fact, ethers undergo only one truly general reaction- they are cleaved
by strong acids.
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Reactions of Ethers: Acidic Cleavage
el anaidll 1 ol Y celd
» Agueous HBr and HI both work well, but HCI does not.

* When primary and secondary alkyl is present, the halide formed is
derived from the less hindered alkyl ( S\2)
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Reactions of Ethers: Acidic Cleavage
el anaidll 1 ol Y celd
. When tertiary alkyl is present, the tertiary halide is formed ( S\1)
(Snl) S e JSiny IS J&H gy ds A

CHg CHq
EHgé——G——EHgEHEEHg HEr, EHgé——Er + HOCH5CHsCH4
Chy Ha
tert-Butyl propyl ether Z2-Bromo-2- 1-Propanol
methylpropane

* Acidic Cleavage of alkyl phenyl Ether gives phenol and alkyl halide
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Problem 18.7
Predict the products of the following reactions:

(] {b] CH,
CH ; I
I-*" | o HEL 9 CHaCHaCH—O—CHoCHaCHy ——s 2
—
Problem 18.9

Why are HI and HBr more effective than HCI in cleaving
ethers? (See Section 11.3.)



Reactions of Ethers: Claisen Rearrangement
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« Rearrangement of allyl phenyl ether to orthoallylphenol.
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Cyclic Ethers
A8laY) e Y

« Dioxane and tetrahydrofuran (THF) are used as solvents.
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1,4-Dioxane Tetrahydrofuran
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Preparation Of Epoxides From Alkenes
U fpa Cifius oY) jucan

* Epoxides, or oxiranes are three-membered-ring ethers.

« Epoxides have ring strain and are more reactive than the open-chain
ethers.

» Ethylene oxide (1,2-epoxyethane) is the simplest epoxide.
* It is an intermediate in the manufacture of both ethylene glycol, used for
automobile antifreeze, and polyester polymers.
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Ring-Opening Reactions of Epoxides (Acid catalyzed hydrolysis)
(Lnaan 3 8aalldgalall ) CilasS oY) A ABlal) Ul cdlelds

Epoxides are cleaved under mild conditions because of ring strain: dilute

aqueous acid at room temperature is sufficient.

Overall anti addition of water, and formation of trans-diol.
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Addition of Grignard reagents to Ethylene Oxide
LS g (b A b8 i) oS sl

Ethylene oxide allows the conversion of a Grignard reagent
Into a primary alcohol having two more carbon than the starting
alkyl halide.
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Crown Ethers 4l < 5y
. Cyclic polyethers: Large rings consisting repeating similar units
of (-OCH,CH,-) . They are named as x-crown-y, where X is the
total number of atoms in the ring and y is the number of oxygen atoms.

Thus, 18-crown-6 ether is an 18-membered ring containing 6 ether
oxygen atoms.
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Crown Ethers 4l < )
Crown ethers have the ability to sequester Jxis;specific metal cations
e QL oIS 0 the center of the polyether cavity—s s .
18-Crown-6, for example, binds strongly with potassium ion.

- As a result, a solution of 18-crown-6 in a nonpolar organic solvent (
benzene, toluene) will dissolve potassium permanganate (KMnQO,).

- The resulting solution is a valuable oxidizing reagent for compounds
soluble in nonpolar medium.
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Thiols (Mercaptans)

(LS sal) ) < g

* Thiols R-SH are sulfur analogs of alcohols.

 Thiols are also called mercaptans.

* The -SH group itself is referred to as a mercapto group.

* Thiols are weakly acidic; the pKa of CH;SH, for instance, is 10.3. (more

acidic than alcohols)..

« Thiols have characteristic appalling odor (Skunk scent gt k!l 43 )

* Thus, volatile thiols such as ethanethiol CH;CH,SH are also added to

natural gas and liguefied propane to serve as an easily detectable warning
sl jn case of leaks &by,
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Naming Thiols
Y il dpanad

SH CO,H

CH,CH,SH
SH

Ethanethiol Cyclohexanethiol m-Mercaptobenzoic acid
© 2004 Thomson - Brooks/Cole
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Preparation of Thiols
&Y gil) panaal

o g

CH3<CH2)GCH2—@I~ + Na* —:§H — CH4(CH,);CH,SH + NaBr

1-Bromooctane Sodium 1-Octanethiol
hydrosulfide
© 2004 Thomson - Brooks/Cole
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* An excess of NaSH should be used to avoid the reaction of the product

thiol with an alkyl halide to give a sulfide as a by-product.
 To circumvent this problem, thiourea, , is often used as the nucleophile in

the preparation of a thiol from an alkyl halide.
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Preparation of Thiols

<Y gdl) yudaad
» Thiourea,(NH,),C = S, is often used as the nucleophile in the preparation
of a thiol from an alkyl halide. The reaction occurs by displacement of the
halide ion to yield an intermediate alkyl isothiourea salt, which is hydrolyzed
by subsequent reaction with aqueous base.
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Oxidation of Thiols to Disulfides
Clailas 53 ) @Y g s

Thiols can be oxidized by Br, or I, to yield disulfides (RSSR’).

The reaction is easily reversed, and a disulfide can be reduced back to
a thiol by treatment with zinc and acid.

This thiol-disulfide interconversion is a key part of numerous biological
processes.

¢ 2l (Rars (RSSR') @il g3 elacY  Br, OF |, o &Y sl 3auS) (Sa;
O women Jan g (B @b L atlaleay Job () ddbs (63 gla )l eSlaal) Jeladll
A sl gl Glileall (e o=l ~Ude 9 sl (50 - 58 J sl

I
2R—SH =——= R—S—S—R + 2HI

3

A thiol A disulfide
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Sulfides
Gl aaalid)

Sulfides are the sulfur analogs of ethers just as thiols are the sulfur
analogs of alcohols.
I A S Cilinlime il
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Dimethyl sulfide Methyl phenyl sulfide



Preparation of Sulfides
)bl jaucaal

» Thiolates are excellent nucleophiles, react with primary or secondary
alkyl halide to give sulfides (RSR’)
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Sulfonium lons ags sila cil gl

» Despite their close structural similarity, sulfides and ethers differ
substantially in their chemistry. Because the valence electrons on sulfur are
farther from the nucleus and are less tightly held than those on oxygen (3p
electrons versus 2p electrons), sulfur compounds are more nucleophilic
than their oxygen analogs.
 Unlike dialkyl ethers, dialkyl sulfides react rapidly with primary alkyl
halides by an SN2 mechanism to give sulfonium ions (R;SY).
pal sall (8 lagazy (e lling LagiST @l a1 s Ciladlad) o dguall 4 Sl 4Ll (e a2 Sl e
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CH,—S—CH, + ey, L1 TEE, CH;— S—CH, I

Dimethyl sulfide Iodomethane Trimethylsulfonium iodide
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Sulfonium lons ags sila cil gl

* The most common example of this process in living organisms is the

reaction of the amino acid methionine with adenosine triphosphate to give

S-adenosylmethionine
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S-Adenosylmethionine

NH5

N



Sulfoxide and Sulfone ¢silas LS silu

» Another difference between sulfides and ethers is that sulfides are easily
oxidized. Treatment of a sulfide with hydrogen peroxide, H,O,, at room
temperature yields the corresponding sulfoxide (R,S0O), and further
oxidation of the sulfoxide with a peroxyacid yields a sulfone (R,SO.,).
Alaae 2id e pon 2uSU Cladld) o) s 5 <l 581 g coladlldl fp AT (5 8 Sl
2 giluall Q55 ) (258 48 pall 851 a Aapn HL0, cinanS sY) slalls il
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CH; H;0, CH; CH3;COz:H CH,
H,0, 25°C
Methyl phenyl sulfide Methyl phenyl sulfoxide Methyl phenyl sulfone
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Problem 18.16
Name the following compounds:

(a) ?Hg (b) CHy SH CHa
CH4CH,CHSH CHE?CHECHEHECHCHE
CHq

(d) ?Hg (e) SCHa
CH4CHSCH,CHa [:i::[:
SCHa

(c)

(f)

O

SH

SCH,CHa



Problem 18.17

2-Butene-1-thiol is one component of skunk spray gb_kll 33,
How would you synthesize this substance from methyl 2-
butenoate? From 1,3-butadiene?

0
|
CH,CH=CHCOCH; —— _ CH3CH=CHCH,SH

Methyl 2-butenoate 2-Butene-1-thiol



