Chem232 Study Notes on McMurry

Chapter 18: Ethers & Epoxides

Learning Objective & Key Concepts

Nomenclature of Ethers

Williamson Ether synthesis

Acid-catalyzed cleavage of ethers

Reactivity of epoxide rings

Laboratory preparation of epoxides

Acid-catalyzed and base catalyzed epoxide ring
opening

oL

Keywords:  Alkoxymercuration, Claisen Rearrangement, Ether.

Tutorial Questions
These are a subset of EOC questions, hand these in for extra credit, but | strongly advise you
to complete the full set of EOC questions as well as in-text questions too.

18.24 18.25 18.27 18.29a,c &e 18.32 18.49

In-Text Questions
18.1 18.3 18.7 18.8 18.10
18.11 18.14

End-of-Chapter Problems

18.19 18.21 (don’t worry about major and minor product)
18.23 18.24 (skip sulfur containing ones)

18.25 18.27

18.29 (very good question, must try)

18.30

18.31 18.32 (Challenging, good practice on mechanisms)

18.34 (make models if this helps)

18.41

18.49 (challenging, but just follow section on Claisen rearrangement)

18.50 (Seems difficult but it’s more a question on stereochemistry than epoxide reaction, once
you’ve determined product structure it’s straightforward).

18.57 parts C and D only.
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Like alcohols and phenols, Ethers are also organic derivatives of water. Structurally,
ethers have a single oxygen atom bonded to two carbons. The carbons may be alkyl,
vinyl or aryl. The
structure may be cyclic

- ; . ,; ; - | i
or acyclic. Epoxides are ,J‘ ‘:“ s @ - W
3-membered ether rings )R & '% /9
o 4 ; QD )

(two carbon atoms and

one oxygen). Because of = '
extra reactivity due to -
small ring strain, CH3CHy__CH,CHg o o
] 0 CHgz
epoxides have very ©/ ¢/
different chemical
propertles ComparEd tO Diethyl ether Anisole Tetrahydrofuran
ethers' EpOXideS are © 2007 Thomson Higher Education (methyl phenv' ether)
discussed starting in section 18.5
18.1 Names and Properties of Ethers
0 CH 0
. oo o N R ~
Simple ethers are named as “alkyl alkyl H3C /C\ CH,CH3
ether ”, for example: H CHj
Isqpropyl methyl ether Ethyl phenyl ether
If functional groups are present, 3
the ether link is considered an ©H3© P : O\C/CH3
i - x
alkoxy substituent: . HoC  CHg
OCH3
p-Dimethoxybenzene 4-tert-Butoxy-1-cyclohexene

©2007 Thomson Hiaher Education

Ethers are slightly polar, they have slightly higher boiling point than corresponding
alkanes. They are relatively stable and unreactive and the simple ones are commonly used
as organic solvents (see examples shown earlier: diethyl ether, tetrahydrofuran).

% Try problem 18.1
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18.2 Synthesis of Ethers

/H—(\Z\ /\ {‘6H2
Industrially, simple symmetrical  cuscH,—oH — CH3CH2—\§D_H2 s CHCHy—OZ CHaCHs
ethers are prepared by acid-
catalyzed dehydration of alcohol: l
one protonated alcohol
undergoes SN2 reaction by a s g GRS ¥

second alcohol acting as nucleophile. (Note: do not confuse this with an elimination reaction of
alcohol to give alkene - which is also a dehydration reaction!)

This ether production method is limited to primary alcohols — secondary and tertiary
alcohols would undergo E1 elimination as noted above.

The Williamson Ether Synthesis

For asymmetrical ether, the

most useful method is the OH  NaH @F/Nf\‘mrf} O
Williamson ether synthesis: THF CH3

primary halide or tosylate

undergoes SN2 reaction by Cyclopentanol Alkoxide ion Cyclopentyl methyl
an alkoxide ion. S ether (74%)
HsC CHg HaC  CHa The Williamson ether synthesis has all the
L _/J,\%DI X _cu, + r limitation of SN2 reactions — ie:
HsC ™ R competition from elimination and
tert-Butoxide  Iodomethane tert-Butyl methyl ether rearrangement. This mostly means
) _ choosing the halide/tosylate and alkoxide
CHaé)::\ pair to avoid a secondary or tertiary
H o CHg H  CHs halide/tosylate substrate. For example, in
VW ACHs o Nd 4 chon + o | thesynthesis of tert-butyl methyl ether
HY o W thg ” (TMBE), tert-butoxide and iodomethane is
preferable to methoxide and tert-butyl
mg;ﬁ;‘,':,’;’;'ne =ty halide which would give elimination

©2007 Thomson Higher Ex

instead.

7

% Try problem 18.3
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Alkoxymercuration of Alkenes

This reaction is
an extension of

H
|
- C H (6 HgO,CCF c H
the reaction we ST (criconntg ST ek <
saw in section H s & B

7.4: an alkene is

treated with an Styrene Secionyahon 57T
alcohol in the ©2007 Thomeen Hiher Educaton

presence of mercuric acetate or mercuric trifluoroacetate (CF3;CO;),Hg and then

demercurated using sodium borohydride (NaBHy,) to give an ether. This reaction follows
Markovnikov’s rule (which means hydrogen adds to alkene carbon already carrying more hydrogen

atom). This reaction is highly versatile and can be used for making primary, secondary and

tertiary alcohols. Ditertiary alcohols cannot be readily formed by this method because of

steric hindrance.

H OCHj H OCH;
\./ \/

% Go through worked example 18.1

% Try problem 18.5

18.3 Reactions of Ethers: Acidic Cleavage

More hindered Less hindered
As noted before, ; fI
/

ethers are f P|i

: . ] v Sn2
unreactive and ¢y cH—O—CH,CH; — CH3CH—+OﬁCH2CH3 N5 CHyCH—OH + I—CHyCHs
inert to dilute acids . F [ = |
and bases as well & Chy b Chs
as most Ethyl isopropyl ether h Isopropyl alcohol  Iodoethane

nucleophiles. 2007 Thomson Higher Education

Strong acids however, can cause ethers to react. Strong acid of choice may be HI or HBr
but HCI not usually strong enough. See example: the mechanism is SN2 — favored by
primary and secondary alkyl groups. Note nucleophile (iodide ion) attacks least hindered
alkyl group.

O\ /CH3 OH H3C . . -
A CF3COH 2 \o—cn, Etherswith tertiary, benzylic or
H3C CHg 0°C . C/ 2 allylic groups under SN1 and
g E1 mechanism (via

tert-Butyl cyclohexyl ether Cyclohexanol 2-Methylpropene carbocati on).
(90%)

© 2007 Thomson Hiaher Education

7

% Go through worked example 18.2

7

% Try problem 18.7

7

% Try problem 18.8
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18.4 Reactions of Ethers: Claisen Rearrangement

When heated, allyl aryl ethers

undergo the Claisen

rearrangement reaction to give
an allylphenol. This reaction is

the basis for o-alkylation of

phenols.

CH
PE

CH,

Claisen rearrangement

Phenol

© 2007 Thomson Hiaher Education

250 °C

Allyl phenyl ether

© 2007 Thomson Higher Education

—_—

Sodium phenoxide

OH

0~ Nat
THF BrCH,CH=CH,
—
solution

Study Notes on McMurry

OCHch:CHZ

Allyl phenyl ether

CH2CH:CH2

o-Allylphenol

The reaction takes place through a pericyclic mechanism: a concerted organization of
bonding electrons through a 6-membered cyclic intermediate.

_CH
0 ECH

N

Allyl phenyl
ether
© 2007 Thomson Hiaher Education

% Try problem 18.10

YML

Transition state

|

CH,
H

Intermediate

College of San Mateo

He H,C
g *?H
CH,

o-Allylphenol

(6-allyl-2,4-cyclohexadienone)
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18.5 Cyclic Ethers: Epoxides

Three-membered ring cyclic ethers

are called epoxides or oxiranes. They

are usually reactive due to ring strain.

The simplest oxirane is called
ethylene oxide (note this is a non-
systematic name; it is NOT an
alkene).

0
H,C=CH D2 H,C—CH
2v— 112 Ag,0, 2 2
Ethylene 007G Ethylene oxide

©2007 Thomson Higher Education

IUPAC name for ethylene oxide is 1,2-epoxyethane.

For laboratory
preparations: we’ve
already seen

a) the reaction between
an alkene and
peroxyacid to form
epoxides and

b) formation of an
epoxide from a vicinal
halohydrin (which we
can now refer to as an
intramolecular
Williamson synthesis).

H

H

Cyclohexene

Cycloheptene

i
Q CI\©/C\O/
-+

meta-Chloroperoxy-

benzoic acid

© 2007 Thomson Higher Education

H
i OH
6l
H,0
i YH
cl

trans-2-Chloro-
cyclohexanol

© 2007 Thomson Higher Education

% Try problem 18.11 (hint: stereochemistry!)

YML

College of San Mateo
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H
|
0]
S —

solvent
1,2-Epoxy-
cycloheptane
H s
i O:
NaOH
H,0
i YH
Cé

-
H

Industrially, this is made by air oxidation of ethene using a silver catalyst. The

i
Cl C H
\@/ \O/

meta-Chloro-
benzoic acid

1,2-Epoxy-
cyclohexane
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Reactions of Epoxides: Ring-opening

Acid-Catalyzed Epoxide Opening
H H H

This is similar in " | OH | "o
mechanism to acid CDQ: S, GH = (I AOHF, (I +  HyO*
3 / I H PV
OH
5

\)‘ :OH
cleavage of ethers but M W g\
because of ring-strain, H

- . 1,2-Epoxycyclo- trans-1,2-Cyclohexanediol
epoxide ring occurs hexane (86%)
even in the presence of :
. . Recall the following:
mild acids.

If weak, dil. aqueous . ,
acid - HX(ag) - is used, a @i B, CD
vicinal diol is formed. H .
We’ve seen this reaction Cyclohexene .

before in section 7.8. it

Note stereochemical ©20 Thomeon Hoher Educaton
outcome: the two added groups have anti-stereochemistry.

H Other acids such as HX (X = halide,
NOT the same as HX(aq) ), then a
vicinal hydrin is formed. (Hint: no water
present, so protonated epoxide is attacked by

X conjugate base, which is halide and NOT
H,0).

A trans 2-halocyclohexanol

where X =F Br, Cl, or1
Secondary Primary

The regiochemistry of acid-catalyzed o HO H C H

ring-opening is complicated and often ! C/C/_\C\H HCl Y Ve

gives a mixture of products. In the = 1! L H3C;/ % HaC;/ Y

examples shown, where the epoxide

oxygen ends up depends on the 1,2-Epoxypropane 1-Chloro-2-propanol 2-Chloro-1-propanol

; . (90%) (10%)

comparative substation on the two

epoxide carbons and there are no set Tertiary  Primary

patterns. One explanation is these "

reactions operate under a mixture of 7 - - ) i A
.. O G —_— \C—C/H + \C—C/H

SN1 AND SN2 characteristics, so HeC™/ "CH Ether” w74 H3C-7" A\

HaC H HaC OH HaC ol

sometimes steric hindrance (when it’s
SN2) favors one outcome but other 2-Methyl-1,2-epoxypropane  2-Chloro-2-methyl- 1-Chloro-2-methyl-
times (when a tertiary carbon is present e mo o i Tipropanol (60%)'  2-propeniol (40%)
favoring SN1) carbocation stability favors a contradictory outcome. Detailed mechanistic

study is beyond scope of chem232. Instead, we will note acid-catalyzed ring opening

gives a mixture of products.
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Base-Catalyzed Epoxide Opening

Epoxides can be cleaved by base as well as by acids. In ag. base, the product is also a
vicinal diol.

o\“) 0~ OH
CH 4 B
"2 _iOH CH,OH | H2O CH,OH + TOH

—_—
H20, 100 °C

Methylenecyclohexane 1-Hydroxymethyl-
oxide cyclohexanol (70%)

®© 2007 Thomson Higher Education

The most common — and synthetically useful — example is the reaction between an
epoxide and a Grignard reagent.

1. Ether solvent

70N
CH3CH,CHoCHoMgBr  +  HoC—CHj

2 a0* CH3CH2CH,CH,CHoCH,0H
Butylmagnesium bromide Ethylene 1-Hexanol (62%)
oxide

Unlike acid-catalyzed epoxide
opening, the base-catalyzed version /O{? ?H
has more predictable HeC~¢_c—H EHsCHOH o CHCH,0CH,CH,
stereochemical outcome: the / \__:0CH,CH3
reaction is typically SN2, so steric H H 1-Ethoxy-2-propanol (83%)
hindrance is more important than Rt
carbocation stability and —

here (2°)

nucleophilic attack is at the less- e ek
hindered epoxide carbon.

Try problem 18.14

Crown Ethers
Fascinating, but beyond scope of chem232. Strongly recommend you read this section
for interest. This may be an extra-credit self-study topic too.
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Spectroscopy of Ethers and Epoxides
Infrared Spectroscopy

The ether bond does not give characteristic stretches outside of fingerprint region, so IR
not very useful in confirming present of C-O-C bond.

100
X 80
(3]
2 60
s
‘E 40
2
S o (oo}
= 20 “ stretch
)
e ; ; ; . .
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™1)

© 2007 Thomson Higher Education

Nuclear Magnetic Resonance Spectroscopy

'H-NMR — typically 3.4 to 4.5 § for ethers but 2.5 to 3.5 & for epoxides

z %

< I

: l |

= CH3CH,CH,0CHCH,CH3 i, L | Js
|
LN .

T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm

Chemical shift (5)

© 2007 Thomson Higher Education

‘ i
g £ ﬂ T™S
O I
S CH3CH—CH, U\
|
T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
Chemical shift (5)
1 . .
%C-NMR — typically 50 to 80 & for both ethers and epoxides
159.9 5 54.8 5
58.5 6 74846 l 1o /
| s
CH3—O—CHy—CHy—CHg
12075~ VR
23.356 10.768
129.56

© 2007 Thomson Higher Education
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