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4.4: REACTIONS OF ETHERS - ACIDIC CLEAVAGE

40 OBJECTIVES

After completing this section, you should be able to
1. write an equation to illustrate the acidic cleavage of an ether.
2. identify the products formed when a given ether is cleaved by a strong acid.
3. identify the reagent needed to bring about cleavage of a given ether.
4. deduce the structure of an unknown ether, given the products of acidic cleavage of the ether.
5. write the detailed mechanism for the acidic cleavage of a given ether.

X STUDY NOTES

There are a number of points in this section that require additional explanations.

First, if an excess of HI (or HBr) is used in the cleavage reaction, the alcohol formed is converted by a nucleophilic substitution
reaction to the appropriate alkyl halide:

ROH+HI — RI+H,0
In view of this substitution, some textbooks simplify the overall cleavage process as:
R-O-R’'+2HI - RI+RT+H,0

Second, we should consider in detail how certain ethers (those containing tertiary alkyl, benzyl or allyl groups) cleave by an Sy1

mechanism:
+
O—_ + HI — (-‘O\ + |
H
elimination of H* |+
< —C"  + CH3OH
E1 |

Syt attack by |

addition of HI

Finally, notice that an aryl alkyl ether will always produce a phenol and an alkyl halide, never an aryl halide and an alcohol. This is
because we rarely see a nucleophile attacking an aromatic ring carbon in preference to an aliphatic carbon:
nucleophile will not attack here

J’ —CH,CH,
S

nucleophile will always attack here

As phenols do not undergo nucleophilic substitution reactions, even if an excess of HX is used, the products from the cleavage of an
aryl alkyl ether are a phenol and an alkyl halide. Diaryl ethers are not cleaved by acids.
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Ethers are known to be unreactive towards most reagents which makes them excellent reaction solvents. The most common reaction of
ethers is cleavage of the C-O bond by using strong acids. During acidic cleavage the ether oxygen is protonated to form a good leaving
groups which can be eliminated as part of an Sy2, Sy1, or E1 reaction mechanism. The mechanistic pathway is primarily determined by the
strong acid used and the type of substituents attached to the ether.

ACIDIC CLEAVAGE OF ETHERS

Aqueous solutions of HBr or HI (but not HCI) tend to cleave ethers into alcohol and an alkyl halide product by either an Sy2 or Syl
mechanism. If the ether is attached to only primary, secondary, or methyl alkyl groups, a selective cleavage will typically take place using
an Sn2 mechanism. First, the strong acid protonates the ether oxygen. Then resulting halide conjugate base attacks the protonated ether at
the less sterically hindered alkyl substituent forming a halogen product. The ether's more sterically hindered alkyl substituent is ejected as a
leaving group and forms an alcohol product. The example below show that when ethyl isopropyl ether is cleaved with hydrobromic acid the
products isopropyl alcohol and bromoethane are produced. The bromide nucleophile preferably attacks the ether's ethyl substituent because
it is less hindered (1°) than the isopropyl substituent (2°).

HsC_H_O.L _CHs  HBr, H,0  HsC H_ O
(ll ﬁ _— > Cll H + Br—CH,CHj
CHy ° Reflux CHs

N
n/yH—Br ® H

H3C H.O __CHs HSC\H/O:7 CHs Sn2 HaC H_O-
CI: ﬁ —_— (I: ﬁ;\ —_— CI: H + BI'_CH2CH3
CH3 2 CH3 'é‘l" CH3
Ethyl isopropy ether Less hindered Isopropyl alcohol Bromoethane
Substituent

It is important to note that a phenyl substituent on an ether is not capable of participating in the Sy2 reaction of an acidic cleavage. If a
phenyl group is present it will become a phenol in the product due to the halide nucleophile preferably attacking the other alkyl substituent.

N HBr, H,0 OH
CHCHs "~ = +  Br—CH,CH,
Reflux

When using HBr or HI, the acidic cleavage of ethers with tertiary, benzylic, or allylic substituents tend to occur by an Sy1 mechanism. The
ability of these substituents to produce relatively stable carbocations promotes the Sy1 mechanism. The change in mechanism causes the
tertiary, benzylic, or allyic group to preferably become the halogen product of the acidic cleavage. This makes the ether's other alkyl
substituent become the alcohol product.

/,H—f‘sr

H

‘0" . H5;C H3C
HsC /O\C/CHS H.C Q‘d@ CH 3_\ 3_\
- 3NN T8 H3C ‘Brf ——> H;C—C—Br:
H3C™ | H, /CI: C 37 =) 3 3]

CHj HaC CH, Ha HsC HsC

+
Hé—CH2CH3

When using a strong acid whose conjugate base is a poor nucleophile, such as trifluoroacetic acid (CF3CO,H), for the the acidic cleavage of
an ether with a tertiary alkyl substituent, the mechanism will often be E1. In this case the tertiary alkyl substituent will lose an adjacent
hydrogen to form an alkene product. The ether's other alkyl substituent will form an alcohol product.

HiC. O CHs  CFCOH  Ha& .
e S5 — C=CH, + HO—CH,CHj,
3 2 o / o

CHj 0°C H,;C
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Predict the products of the following reaction:

HI
O

Answer
Analysis: When considering the acidic cleavage of ethers it is important to realize that Sy2, Sy1, or E1 reactions are possible
depending on the conditions. First, identify if the ether has a substituent which can easily form a carbocation: tertiary, benzylic, or
allylic substituents. If none of these substituents are present the reaction will most likely be Sy2. However, if one of the substituents
is present the reaction will most likely be Sy1 or E1. Next, identify if the reaction conditions will allow for an E1 reaction. These
are the presence of a tertiary alkyl substituent on the ether along with the use of a strong acid which has a poor nucleophile as a
conjugate base. If this set of conditions is not present the reaction will most likely be Sy1.
For a SN2 reaction: The less hindered alkyl substituent of the ether will become a halogen. The other alkyl substituent will become
an alcohol.
For a Sy1 reaction: The substituent which easily forms a carbocation will become a halogen and the other alkyl substituent will
become an alcohol.

For an E1 reaction: The tertiary alkyl substutent will form an alkene and the other alkyl substiutent will become an alcohol.

For the reaction proposed above, the reactant contains a benzylic substituent so the reaction will most likely be Sy1. Consequently,
the benzylic substituent will become and Iodide product and the propyl substituent will become an alcohol.

HI
_— = ©\/ + HO\/\
O\/\ I

1) Predict the product of the following reactions:

Solution

? EXERCISES 4.4.1

a)
Hz
C._H.O
HsC™ “C” “CH,CH;, HBr
| —_—
CH,
b)
Hp
c O
HsC” ~C” “CH,CH, HEr
VAN —_—
HsC CHs
2) Please draw the mechanism for the following reaction:
H,C _O CF,COH & .
H C/CI: —_— /C:CH2 + HQ
> CH, 0°C H4C

3) Why is HCl less effective at cleaving ethers than HBr or HI?

Answer
1
a)

@ 0 @ 4.4.3 https://chem.libretexts.org/@go/page/500393


https://libretexts.org/
https://creativecommons.org/licenses/by-sa/4.0/
https://chem.libretexts.org/@go/page/500393?pdf

LibreTextsw

& o He
<IN HBr C._H_OH
HsC (|3 CH,CH3 Hsc/ ~c~ + Br—CH,CH,
CHj, C|3H3
b)
A H,
IINAT \ HBr C Br
H3C /C\ CH20H3 H3C/ \C/ + HO_CH2CH3
HsC CH, H;C CH;,
2)

H,Cc_ O HsC

3 \C/ 3 \ -

wf, )~ ne s@ —  pmom w5
HC HsC

CH,

3) HCl's conjugate base CI” is a poor nucleophile when compared to Br" and I'. The chloride anion is not a strong enough

nucleophile to promote the acidic cleavage of ethers.
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