Chapter 11

Chapter 11
Alcohols and Ethers

t Nomenclature:

I Nomenclature of Alcohols (Given in Chapter 4)
I Nomenclature of Ethers

Common Names
8The groups attached to the oxygen are listed in alpha-
betical order

B
CH,OCH,CH, CH,CH,OCH,CH, CﬁHSO(‘I—CHS
CH,
Ethyl methyl ether Diethyl ether tert-Butyl phenyl ether
IUPAC
8Ethers are named as having an alkoxyl substituent on the
main chain
CHE(‘ZHCHQCHQCH; cygmp@cm CH,OCH,CH,OCH,
OCH,
2-Methoxypentane 1-Ethoxy-4-methylbenzene 1,2-Dimethoxyethane

8Cyclic ethers can be named using the prefix oxa-
8 Three-membered ring ethers can be called oxiranes.
8Four-membered ring ethers can be called oxetanes
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Chapt /\
Oxacyclopropane Oxacyclobutane
or oxirane or oxetane

(ethylene oxide)

OO

O
Oxacyclopentane 1,4-Dioxacyclohexane
(tetrahydrofuran) (1,4-dioxane)

t Physical Properties of Alcohols and Ethers:

- Alcohols have considerably higher boiling points than ethers:
The former (e.g. alcohols) can form hydrogen bonding.

- Both alcohols and ethers can hydrogen bond to water and
have similar solubilities in water

t Synthesis of alcohols from alkenes:
a) Addition of Water to Alkenes: (Hydration of alkenes)

% f |/ +H,0 | | |
C=C +HA=——C—C +A-——=—C—C— +A- ——C—C—
R !
v~ OH =
Alkene Alcohol
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b) Oxymercuration-Demercuration: Markovnikov Addition

Oxymercuration

0
N/ ( | ) wmr || |
/C=C\+H20+Hg OCCH,/, — —(|:—(|:— (”) + CH,COH
HO Hg—OCCH,

Demercuration
@]
b 0 v o+ NamH, — —C— 4 g + cido
i ol b

¢) Hydroboration-Oxidation: Anti-Markovnikov Syn
Hydration

Hydroboration

CH BH,: THF n .
cnantiomer
3 Anti-Markovnikov and
syn addition
H

+ dialkyl- and
trialkylborane

Oxidation

CH, w _H,0,HO" CH, + enantiomer
Boron group is
H replaced with
B retention of
T

configuration
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Chapter 11

t Alcohols as Acids:

Alcohols have acidities similar to water.

Sterically hindered alcohols such as tert-butyl alcohol are
less acidic (have higher pKa values):(The conjugate base is
not well solvated and so is not as stable)

Acid PK.,
CH;0OH 156.5
H,O 15.74
CH5CH,OH 15.9
(CH3);COH 18.0

Alcohols are stronger acids than terminal alkynes and
primary or secondary amines

Relative Acidity
H,O > ROH > RC=CH > H, > NH; > RH

An alkoxide can be prepared by the reaction of an alcohol
with sodium or potassium metal

t Conversion of Alcohols into Alkyl Halides:

The hydroxyl groups are poor leaving groups, and are often
converted to alkyl halides when a good leaving group is needed
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Three general methods exist for conversion of alcohols to alkyl halides,
depending on the classification of the alcohol and the halogen desired

CH, CH,
25°C I
CHg_(ij_OH + HCl(concd) _— CH3_(|:_C1 + Hzo

CH, CH,
(94%)

CH;CH2CH2CH20H + HBr(Concd) m CH3CH2CH2CH2Br

(95%)
—10to 0°C
3 (CH;),CHCH,0OH + PBr; T) 3 (CH;),CHCH,Br + H;PO;
(55-60%)
CH,OH CH,(Cl
+ SOCl, e + SO, + HC
(an organic (forms a salt
base) with pyridine)
OCH, OCH;
(91%)

t Alkyl Halides from the Reaction of Alcohols with
Hydrogen Halides:

I The order of reactivity is as follows

§Hydrogen halide HI > HBr > HCI > HF (Unreactive)
§ Type of alcohol 3° > 2° > 1° < methyl
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I Mechanism of the Reaction of Alcohols with HX:

a) Sy1 mechanism for 3° 2°, allylic and benzylic alcohols
- These reactions are prone to carbocation rearrangements

In step 1 the hydroxyl is converted to a good leaving group

CH, CH; H
| /\ /\’ 3 fast 5 5
Step 1 CH3—C‘—Q—H + H—(|)—H —_— CH3—(|I—Q—H + :(l)—H

CH, H CH, H

In step 2 the leaving group departs as a water molecule, leaving
behind a carbocation

CH, H cu, H
slow |

Step 2 CH3—(|3£Q+—H—‘CH3—C< +:0—H

CH, CH,

In step 3 the halide, a good nucleophile, reacts with the carbocation

CH, CH,

/. i fast | &
Step 3 CH3—C</?: Cli- — cH—C—i:

CH, CH,
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b) Sn2 mechanism for 1° and methyl alcohols

1~ | |

L~ "
DQLH —:X—C—R + :0—H

: X -+ R —(Ij ]
H H
(Protonated 1° alcohol
or methanol)

(A good
leaving group)

¢) 1° and 2° alkyl chlorides can only be made with the assistance
of a Lewis acid such as zinc chloride

R—élj: + ZnCl, = R—é|3+—2n(212
H H

+
e ST 5 5
:Cl:™ + RL—}r(|)—ZnCl2 — :Cl—R + [Zn(OH)CL]~
H

[Zn(OH)CL]~ + H* = ZnCl, + H,0

t Alkyl Halides from the Reaction of Alcohols with PBr; and
SOCI,:

These reagents only react with 1° and 2° alcohols in Sy2 reactions,
without seeing any arrangement, to convert the hydroxyl to an

excellent leaving group

PDF Creator - PDF4Free v2.0 http://www.pdf4free.com


http://www.pdfpdf.com/0.htm

Chapter 11

I Reaction of phosphorous tribromide (PBr3) to give alkyl
bromides
3R-+OH + PBr, —> 3 R—Br + H,PO,
(1° or 2°)

+

RCH,0H + Br—P—Br —> 1{—(:H2('|j—1>13r2 +:Bri-
Br H

Protonated
alkyl dibromophosphite

+
. N
:Bri~ + RCHZ—(\(l)PBrZ — RCH,Br + HOPBr,
H
J

A good leaving group

I Reaction of thionyl chloride to give alkyl chlorides:
Often an amine is added to react with HCI formed in the reaction

reflux

R—OH + SOCl, —— R—CI + SO, + HCI
(1° or 2°)

}II c|1 1|{ ~Cl
RCH,OH + C1—S§—Cl —> RCHZ—OLSK\ — RCHZ—?OJr—S—Cl —> RCH,—O0—S—Cl + HClI
1> ¢ g | |

(0] CC_ (0] (0]

Alkyl
chlorosulfite
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o/ N
:(_3_1:-+RCH2—[\O—S €l —= RCH.Cl + ‘o |S/Xl

| |
0 0

| — RCH,C1 + SO,T + CI~

R,;N: + HCl —> R,;NH* + CI~

t Tosylates, Mesylates, and Triflates: Leaving Group Derivatives
of Alcohols:

The OH group of an alcohol can be converted to a good leaving
group by conversion to a sulfonate ester

1 i 1
CH,— ” —OR or MsOR CH3@ ﬁ —OR or TsOR CF,— W— OR or TfOR
O 0] 0]
An alkyl mesylate An alkyl tosylate An alkyl triflate

I Sulfonyl chlorides are used to convert alcohols to sulfonate
esters. (Base is added to react with the HCI generated)

0
R
o < .
Me—S—Cl + H— O R— l\/le—s— —>
(”) o’ Ku
Methanesulfonyl Alcohol
chloride
The alcohol oxygen attacks the sulfur The intermediate loses
atom of the sulfonyl chloride. a chloride ion.
0) R 0]
% | .
Me—S—O7F —> Me—S—O—R + H:B
| o ||
(0] ’ Q)
(a base) Alkyl methanesulfonate

Loss of a proton leads to the product.
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I A sulfonate ion (a weak base) is an excellent leaving group

(0] O
T ||
Nu:~- + RCHz—()—Lﬁ—R' —> Nu—CH,R + ‘()—ﬁ—R'
O O
Alkyl sulfonate Sulfonate ion
(tosylate, mesylate, etc.) (very weak base —

a good leaving group)

I If the alcohol hydroxyl group is at a stereogenic center then the
overall reaction with the nucleophile proceeds with inversion of
configuration

R\ R
! q__ i~ Telention i e
Step ] H“\\-IC_O:_I'.[ + (,l ! lb T H\\\lyc O ].S
R’ R’
R R

\ a—— /
Step 2 Nu:—mc(—\()—n s Nu—C., +-0—Ts
I Sy2 \"’H

R’ R’

I Triflate anion is such a good leaving group that even vinyl
triflates can undergo Sy1 reaction

OSO,CF, N
C=C Solvalyshs , “C=C* + -080,CF,
o AN v o
Vinylic Vinylic Triflate
triflate cation ion
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t Synthesis of Ethers:
a) Ethers by Intermolecular Dehydration of Alcohol

8Primary alcohols can dehydrate to ethers

8 This reaction occurs at lower temperature.

§ This method generally does not work with 2° or 3° alcohols because
elimination competes strongly

180°C
Ethene
CH,CH,OH —
H,SO
W’ CHBCHZOCHQCH3
Diethyl ether

8 The mechanism is an Sy2 reaction

)
Step 1 CH,CH,—O—H + HEOSO3H—; CH3CH2—Q+—H + ~OSO;H
This is an acid —base reaction in which the alcohol accepts a proton from
the sulfuric acid.

|
Step 2 CH,CH,—O—H + CH3CH2(—\Q+—H—, CH3CH2—Q+—CH2CH3 + O—H
Another molecule of the alcohol acts as a nucleophile and attacks the protonated
alcohol in an S 2 reaction.

Iil H
Step 3 CH,CH,—OQ*-CH,CH, + :Q—H == CH,CH,—Q—CH,CH, + H—O—H
Another acid-base reaction converts the protonated ether to
an ether by transferring a proton to a molecule of water (or to another
molecule of the alcohol).
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b) Williamson Ether Synthesis

This is a good route for synthesis of unsymmetrical ethers

R—0: Na* + R-L — R—O—R + Na*:L-
Sodium Alkyl halide, Ether

(or potassium) alkyl sulfonate, or
alkoxide dialkyl sulfate

The alkoxide ion reacts with the substrate in an S.2 reaction, with the resulting
formation of an ether. The substrate must be unhindered and bear a good leaving group.
Typical substrates are 1° or 2° alkyl halides, alkyl sulfonates, and dialkyl sulfates, that is,

—L = —Br:, —I; —OSO,R’, or —OSO,0R’
Example:
CH,CH,CH,0H + NaH — CH,CH,CH,0:"Na* + H—H
Propyl alcohol Sodium propoxide
l CH,CH,]

CH,CH,OCH,CH,CH, + Na*I-
Ethyl propyl ether
(70%)

- The alkyl halide (or alkyl sulfonate) should be 1° to avoid E; reaction
- Substitution is favored over elimination at lower temperatures

c¢) Synthesis of Ethers by Alkoxymercuration-Demercuration

Alcohol is used as nucleophile instead of water

(1) Hg(OzCCF3)2, HOCH(CHs)Z\

(98% Yield)
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d) tert-Butyl Ethers by Alkylation of Alcohols: Protecting
Groups

This method is used to protect primary alcohols (The protecting
group is removed using dilute acid)

(1) H,S0, NaC=CH
— (CH);COCH,CH,CH,Br ————
(2) CH,—C(CH,),

HOCH ,CH,CH,Br
H,0*"/H,0
(CH,),COCH,CH,CH,C=CH ———— HOCH,CH,CH,C=CH + (CH,);COH
4-Pentyn-1-o0l

e) Silyl Ether Protecting Groups

Silyl ethers are widely used protecting groups for alcohols

CH, CH,
imidazol
R—O—H + Cl—Si—C(CH), ———> R—0—Si—C(CH,),
T T
3 3
tert-Butylchlorodimethylsilane (R—O—TBDMS)
(TBDMSCI)
| =%
—
HN N N
Imidazole Pyridine
CH, CH,

. Bu,N*F- |_
R—O—Si—C(CH,), — —— R—O—H + FS|1—C(CH3)3

HF
CH, CH,
(R—O—TBDMS)
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t Reactions of Ethers:

- Acyclic ethers are generally unreactive, except for cleavage by very
strong acids to form the corresponding alkyl halides

- Dialkyl ethers undergo Sy2 reaction to form 2 equivalents of the
alkyl bromide

Cleavage of
CH,CH,0OCH,CH; + 2 HBr — 2 CH;CH,Br + H,0

an ether
Step 1 CH,CH,OCH,CH; + HBri=— CH3CH2(|)GCHZCH3 +:Br:- — CH;CH,0: + CH,CH,Br
H H

Ethanol Ethyl bromide

Step 2 CH,CH,OH + H——Br: —:Br:~ + CH3CH2—\1(|)+—H —> CH,CH,—Br: + :0—H

H

t Epoxides:

I Epoxides are three-membered ring cyclic ethers (These
groups are also called oxiranes)

—C—C— H,C—CH,
% A \1/
0.
An epoxide IUPAC name: oxirane

Common name: ethylene oxide
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a) Epoxides are usually formed by reaction of alkenes with peroxy
acids

This process is called epoxidation and involves syn addition of oxygen

O 0]
epoxidation
RCH=CHR + R"C—O—OH ——— RHC\—/CHR + R'C—OH
0]
An alkene A peroxy acid An epoxide

(or oxirane)

~ . R

R R |7 /«
. 2. ;O .
’OJ . 0/< o

”&Zx P Peroxy " gl Carboxylic
acid acid
Alkene Concerted Epoxide
transition
state

The peroxy acid transfers an oxygen atom to the alkene in a cyclic,
single-step mechanism. The result is the syn addition of the oxygen to the
alkene, with the formation of an epoxide and a carboxylic acid.

b) Magnesium monoperoxyphthalate (MMPP) is a common
and safe peroxy acid for epoxidation

(0]

|| JH
C—O—OH MMPP )
c—0- “H

I
0

) 1,2-Epoxycyclohexane

Magnesium monoperoxyphthalate (cyclohexene Odee)
(MMPP) (85%)
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c¢) Epoxidation is stereospecfic

8 Epoxidation of cis-2-butene gives the meso cis oxirane
8 Epoxidation of trans-2-butene gives the racemic trans

oxirane
CH,

H3C\ /H o s

g H

l + RCOOH — H,C

C .,

" : 0’

H,C H H
cis-2-Butene cis-2,3-Dimethyloxirane

(a meso compound)

CH, CH,
HC.  H ; :
\C/ ("3
I +RCOOH — H/H + H\ g
e 0: 0
CH, CH,

H  CH,

trans-2-Butene Enantiomeric trans-2,3-dimethyloxiranes

t Reaction of Epoxides:
a) Acid-catalyzed hydrolysis of an epoxide leads to a 1,2-diol

—C—C—+H-0*H— —C—C— + :0—H

\/ G \ / |
O H =(|3'+ H
H
Epoxide Protonated epoxide
The acid reacts with the epoxide to produce a protonated epoxide.
:OLHK\=6—H :(|):
| e I i || -
—C—C—+ :0—H —> S P o ———C—C— + H—0*H
Vol [ ] [ |
A 7 o
H H H
Protonated Weak Protonated 1,2-Diol
epoxide nucleophile 1,2-diol

The protonated epoxide reacts with the weak nucleophile (water) to form a protonated 1,2-diol,
which then transfers a proton to a molecule of water to form the 1,2-diol and a hydronium ion.
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b) In unsymmetrical epoxides, the nucleophile attacks
primarily at the most substituted carbon of the epoxide

This carbon
resembles a
3° carbocation.

CH, CH,

CH,0H + CH32C\—/CH2 —— CH,—C—CH,OH

Os+ +OCH,
H H

Protonated
epoxide

c) Base-catalyzed reaction with strong nucleophiles (e.g. an
alkoxide or hydroxide) occurs by an Sy2 mechanism

ek NI N N Y A " T .
R—0: +—C—C——>RO—C—C—0Q: —> RO—C—C—OH
N/ | |
O RO:
Strong Epoxide An alkoxide ion TR
nucleophile

A strong nucleophile such as an alkoxide ion or a hydroxide ion is able to open
the strained epoxide ring in a direct S, 2 reaction.

/ 1° Carbon atom is less hindered.

& CH,CH,OH
CH,CH,Q+~ + H,G—CHCH, — CH3CH20CH2(|IHCH3 OLOE,
% 0

Methyloxirane

— CH3CH20CH2(|JHCH3 + CH,CH,0-

OH
1-Ethoxy-2-propanol
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t Anti 1,2-Dihydroxylation of Alkenes via Epoxides:

a) Opening of the following epoxide with water under acid
catalyzed conditions gives the trans diol.

ey

Cyclopentene

:OH
“"H + enantiomer
\"OH

trans-1,2-Cyclopentanediol

b) Epoxide ring-opening is a stereospecific process

}i CH, CH, ’H,
c || ~c ol
| (1) RCOOH R ‘ ’
> +
& (2) HA, H,0 & &
(anti 1,2-dihydroxylation)
; W\ 7\
{: HCY/ “on  HO  \CH,
H CH, H H
cis-2-Butene Enantiomeric 2,3-butanediols
H,C ,H Q H,
c u e
|| (1) RCOOH b ‘
& (2) HA, H,0 5
(anti 1,2-dihydroxylation)
i g i
A\ HO  \/CH,
H CH, H
trans-2-Butene meso-2,3-Butanediol
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