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Chapter 10. ALCOHOLS-PHENOLS

bond is formed by the overlap |

lone-pair electrons \] of an s,|::.-3 orbital of oxygen with
- mpan sp? orbital L **  |the s orbital of hydrogen
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I .\“”J,IH
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NOMENCLATURE OF ALCOHOLS

Common names: alkyl + alcohol

T
CH;CH,OH CH;CH,CH,OH CH,CHOH CH;CCH-.OH
ethyl alcohol propyl alcohol CH- '.‘Zl‘.Hg

isopropyl alcohol neopentyl alcohol

IUPAC names: hydrocarbon + ol

EHgEHgCl‘.HEHgC.Hg,
CH;OH CH,CH,OH OH
methanol ethanol 3-pentanol

or
pentan-3-ol
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3 - 3 2 ] 3 2 I
EHEEHEEHE?HEHEDH CH,CH,CH,CH,0CH,CH,CH,OH

CH,CHj

2-ethyl-1-pentanol 3-butoxy-1-propanol

or or
2-ethylpentan-1-ol 3-butoxypropan-1-ol

CH;
I 2 3 - 3 2 1 3 4 3 2 1
HOCH-CH,CH-Br EICHECHEE".HCHE, CH,CCH,CHCH,

OH CH; OH

3-bromo-1-propanol 4-chloro-2-butanol 4,4-dimethyl-2-pentanol
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CH,

CH,CHCHCH,CH+ CH;CH,CH,CHCH-CHCHj; l@\
OH

Cl OH OH  CHj
2-chloro-3-pentanol 2-methyl-4-heptanol 3-methylcyclohexanol
not not not

4-chloro-3-pentanol 6-methyl-4-heptanol S-methylcyclohexanol

CH;CHCH,CHCH-CHCH- H:C OH

Br OH 2-ethyl-5-methylcyclohexanol
6-bromo-4-ethyl-2-heptanol
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PREPARATION OF ALCOHOLS

Alcohols from alkenes
H,O
CH,CH=CH; —— no reaction

H.0 Markovnikov's rule
CH,.CH=CH, — CH;CH—CH,

H* | |

|

OH H
2-propanol

H,S0,, H,PO,...
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n Anti-Markovnikov

I .
1. BH3/THF
CH,CHCH=CH, 3 H'DE{ H,05, H,0 > CH;CHCH,CH,OH
3-methyl-1-butene 3-methyl-1-butanol
CH; CH,
_ 1. BH3/THF i
CH,CCH=CH, — HO- H,0, Ho~ CH:CCH,CH,OH
CH, CH,

3,3-dimethyl-1-butene 3,3-dimethyl-1-butanol
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Alcohols from alkyl halides

CH- CH,
] H,O
CH,—C—Br —— CH,—C—O0OH + HBr

CH, CH,

tert-butyl bromide tert-butyl alcohol

HO™

CH 3{|'JHE‘H1E‘H s — CH 3E|?HE‘HEEH 1+ Brm
Br OH

2-bromobutane 2-butanol

Carbocation rearrangements may occur
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Alcohols from aldehydes & ketones

)
I 1. NaBH,

’_J,C.E___ 5 H3ﬂ+ *CHjCHEC HECHE OH

CH;CH-CH, H 1-butanol
butanal a primary alcohol
an aldehyde
ile
f}_x e CHyCH,CH,CHCH,
CHyCH,CH; CHy — ° 2-pentanol

2-pentanone a secondary alcohol

a ketone

Aldehydes & ketones can also be reduced using
LiIAIH,, H,/Pt, Pd, Ni, Ru ... .
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Alcohols from carboxylic acids & derivatives

I
1. LialH
P u s CH;CHOH
CH; OH -3 ethanol
acetic add
Q)
@- 1. LA, - H.CH,CH,OH
SN 2. Hzot Rl
CH3CH;3 OCH, : 1-propanol
methyl propanoate
an ester + CH;0H
methanol
| 1. U, - 4.CH,CH,CH,0H
CH,CH,CH; @i & H:° 1-butanol

butanoyl chloride

Can NOT use NaBH,, H,/Pt, Pd, Ni, Ru... for acids

10
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Alcohols from Grignard reagents

0 OH
| 1. CH;MgBr |
C o~ CHsCH,CCH,CH;
CH;CH;  “CH,CH; % "3 |
CH,

3-pentanone
3-methyl-3-pentanol

':lj 1. QMgEr ?H ;”r
C ?EH;EHEEHECH4< >

: +
CH.CH,CH; H % H©

butanal 1-phenyl-1-butanol

1. CH,CH,—MgBr
> CH3CHEEHEEH1GH

1-butanol

O
SN
H,C—CH, 2. H;0"
ethylene oxide

11
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REACTIONS OF ALCOHOLS

Reactions of proton in -OH

ROH + Na — RO™ +Na'+ 1H,

ROH + NaH — RO™ + Na"+ H,

L]

Can NOT react with NaOH

Relartive Acidity
H,O0 > ROH > RC=CH > H, > NH; > RH

12
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Dehydration reactions
dehydration

+
RCHE'?HR-F i hydration

OH

* RCH=CHR + H,0 +H"

(T_‘:H3 H;PO, {|:IH3-
A
CH,CCH,CH; - - CH,C—CHCH,

|
OH

) |
RCOH - RCHOH >  RCH,OH

|
R

a tertiary alcohol a secondary alcohol a primary alcohol

QI cressing ease of dehydration :
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CHj H3PO, CH;

CH_:if__:f—{fHEH; - - CH3$?{EHEH3
CH,OH CH, + H,O
3,3-dimethyl-2-butanol secondary carbocation
1,.‘-.'-r}r.'|l_efthyl ?Ha 'LTH_?
shift }_ CH_;'Z;—{?HEHa ] CH3C=(|TCH3
CH; CH;

tertiary carbocation 2,3-dimethyl-2-butene

Isomerization

14
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Primary alcohol

1 H,50,

A

CH;CH,CH,CH,OH = - CH,CH,CH=CH,
1-butanol 1-butene
+ H-,0
H'I'

CH_:;CHEETHCH_; —— CH,CH=CHCH;
2-butene

i |

Internal alkene

1-alkenes can NOT be prepared using the
dehydration reaction 15
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Conversion of alcohols to alkyl halides

p Only In acidic conditions

CH,OH + Brr —< CH.Br + HO™
strong base

H A
CH,OH + HBr—— CH39H — (CH;Br
Br + HE{:}
weak base

EH?-CHECHEGH EnClg ;CH;EH’&EH’&EI + HEG
A ST T
+ HCI

16
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CH; {leS
CHgEHilf.HEHg_ + HBr ——CH,CHCHCH; ~

OH +{II_IIH
3-methyl-2-butanol
'[|:H3 1,2-hydride '[lj-HE
hift
CH;CHCHCH, ———  CHiCCH,CH;
+ H,0O
[Br |er
CHa Isomerization CH;
EHg,(!’HE{HEHg_ CH3+CH3 CHa
Br Br

2-bromo-3-methyl- 2-bromo-2-methyl-

butane butane

minor product major product
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Br
bt

.
CH:CH,—OH + P—'Br — CH,CH,—OPBr, FCls

..:"'-.___ ___.-’J.‘l 'll.f-"l SOCI2

- Br H ...can

phosphorus f\ ! also be
tribromide
N used
*a__,/
R

— EH}EHE—ﬁPErE —— (CH;CH,Br
|

I.-.--

g al::r:::m::uphmphrte' + “OPBEr
Br group i
()
N’ NO carbocation formation,
H NO rearrangement

Can NOT work for tertiary alcohols due to steric hindrance
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Conversion of alcohols to ethers

?RCH,OH ———> RCH,OCH,R + H,0

Primary alcohol Dialkyl ether  Water

H-.50(}

2CH;CH,CH,CH,OH ——— Only for
i symmetric ether
| -Butanol

CH;CH-,CH-CH-,OCH-CH-CH-CH;
Dibutyl ether (60%)
+ H-0

Water

Only effective for primary alcohols .
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Reaction mechanism:

Step 1: H
o .-- ,.-"-J-:;al Fasi .--"'llIl
EH;EH;D + H 050-0H — CH;CH- {I}{ + T050,0H
H H
Ethy] alcahol Sulfuric acid Ethyloxonium ion Hydrogen sulfate 1on
Step 2:
ep " ;‘ . ;H
CH,CH D éH 0% '—r CH;CH,OCH,CH; + 0
H H ]![ H
Ethvl alcoheol Ethyloxonium ion Dethyloxonium 1on Water
Step CH.CH,OCH.CH
Hs— L3l sl A3
-'""-h ______‘-‘-"_ Fast '
CH;CH D+ + TOSO,0H — Dicthyl ether
“CH,CH, + HOS0,0H

Diethyloxonium 1on Hvdrogen sulfate 1on Sulfuric acid
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Fisher esterification reactions

P Need acid catalyst
O O
| |

H"
ROH + R'COH <=——R'COR + H,0

Alcohol Carboxylic acid Ester Water
T L0
ROH + R'COCR" —— R'COR + R'COH
Alcohol Carboxylic Ester Carboxylic
acid anhydride acid

I I
ROH + R'CCI —— R'COR + HCI

Alcohol Acvl chloride Ester Hydrogen
chloride
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Reaction mechanism:

®
._/-\@ (-‘|:|)H B s E}@
| —pl e

C H. _cC R VH

R “OH R OH 7D

®
Reversible reaction \—H

~ T~ This is the same oxygen that
H—O—R — R'C—0—RK was attached to the group R in
the starting alcohol.

0
[
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Oxidation reactions

reduction

ketone —————— secondary alcohol
oxidation "

OH {ﬁ}

CH-CH {|?HCH CrOs
SRR H,50,

OH O
NE:EI’EU; .
H,50,
E|}H ()

|l
e ) fonen
23

CH;CH>CCH;4
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Can NOT be isolated

8

H . C rﬂ4
CH,CH,CH,CH,OH [E‘H CH,CH, CH

a primary alcohol an aldehyde
further |
————— CH.CH-.CH-COH
oxidation Huore than
a carboxylic acid
0
PCC ||
CH;CH,CH,CH,OH CHCI > (CH,CH,CH-,CH
a primary alcohol et an aldehyde

PCC: pyridinium chlorochromate
24
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Some
naturally
occurring
phenols

PHENOLS

SP2 Carbon  SP3 Carbon

QOH QOH CH;CH,OH

phenol cyclohexanol ethanol
pK, =10 pK,= 16 pK,= 16
OH
CH(CHz3),
CH [ ©OH
’ HC OH

Thymol
(major constituent of oil of thyme)

CH,

CH, ‘ HO
CH,” SO (CH,),CH, CH(CH3),

9 . Gaossypol
A" -Tetrahydrocannabinol P

(active component of marijuana)

Q Lo T . .
(About 107 Ib of this material is obtained each year in
the United States as a byproduct of cotton-oil
production.)

25
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NOMENCLATURE OF PHENOLS

<

Phenol

OH

4

1.2-Benzenediol 1.3-Benzenediol |.4-Benzenediol

(pyrocatechol) (resorcinol) (hydroguinone)
26
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PREPARATION OF PHENOLS

SOzH 1. NaOH OH
300-350°C
2. Ht ~

Benzenesultonic acid Phenol
cl 1. H.a_[:]H. OH
= 70°¢ ~
| 2. 0 |
o .
Chlorobenzene Phenol
{|}EIH
O,
@ CH(CH3); —— @ C(CH53);
lsopropylbenzene 1-Methyl-1-phenylethyl
(cumene) hydroperoxide

H-.O
— @ OH + (CH3),C=0
220y
27

Phenol Acetone
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REACTIONS OF PHENOLS

Halogenation reactions

Non-polar solvent

Strong OH OH
activating - .
CICH;CH,Cl
group +  Brs E— +  HBr
Br
Phenol Bromine p-Bromophenol Hydrogen
(93%) bromide
OH Polar solvent OH W 4 NO
41 B Br monobromination
+ 3Br, —— + 3HBr
F F
Br
m-Fluorophenol Bromine 2.4.6-Tribromo-3- Hydrogen 28

fluorophenol (95%) bromide
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Nitration reactions

NOT necessary

: OH
to use mixture of
NO,
concentrated HNO,
etic acid
HNO; & H,SO, acetic ac
CH; CH5
p-Cresol 4-Methyl-2-nitrophenol
(73-77%)
OH OH
Sulfonation ‘ H5C CHs _~ HiC CH;
. 2 4
reactions 100°C
SO;H
2,6-Dimethylphenol 4-Hydroxy-3,5-

dimethylbenzenesulfonic
acid (69%)
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OH OH

Friedel- CH; . CH;
Crafts + (CH3);COH  —=
Alkylation
. C(CH
reactions (CHa)s
o-Cresol tert-Butyl alcohol 4-tert-Butyl-2-
methylphenol
(63%}
CCH3
Frledel- E:fli'
(
Crafts
Acylation
reactions
Phenol p-Hydroxyacetc-- o-Hydroxyaceto-
phenone phenone 0

(74%) (16%)
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O-acylations of phenols

NO Lewis acid
I I
QOH + CH;(CH,),CCl — <:>70C('CH2).5CH3 + HCl

Phenol Octanoyl chloride Phenyl octanoate Hydrogen
(95%) chloride
.
H H-5( )4 - H
QOH + CH:;COCCH;, S F OCCH;+CH,COH
p-Fluorophenol Acetic p-Fluorophenyl acetate AC?“C
ﬂnhydride (81%) acid
O O
H NaOH H |
OH +2CH3COCCHa; H,O OCCH; +2CH;CONa
CH; (‘f()
Resorcinol Acetic [,3- Dncetc-:-a:ybenz.ene Sodium

anhydride (93%) acetate
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The Kolbe-Schmitt reaction

ONa
H +
]HH nm Q
CO,Na CO-,H

Sodium phenoxide Sodium salicylate  Salicylic acid (79%)
O: OH
QCQ: B ~
| C—Or
H O: [ -
Q:
Phenoxide Carbon Cyclohexadienone Salicylate
anion dioxide intermediate anion
(stronger base) (weaker base)
O OH OH
rather
+ S < than
CO,~ 0,C
Phenoxide ion  Carbon Salicylate anion p-Hydroxybenzoate anion
(strongest base; dioxide (weakest base: (K, of conjugate
K, of conjugate K, of conjugate acid, 3.3 X 107°) 32

acid, 10719 acid, 1.06 X 107 )


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

OH OH

1. NaOH COEH
2. CO,, 125°C, 100 atm
3. HY .
CH; CH;
p-Cresol 2-Hydroxy-5-methylbenzoic
acid (78%)
|
OH ﬁ’ (”3 OCCH, (ﬁ’
H,SO,
+ CH,COCCH, —— + CH,COH
CO>H CO,H
Salicylic acid Acetic anhydride O-Acetylsalicylic Acetic acid

(0-hydroxybenzoic acid) acid (aspirin)

33
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Preparation of aryl ethers

oo — oy e —

ArO: R—X: ArOR +  :X:
Phenoxide Alkyl halide Alkyl aryl Halide anion
anion ether
QON& + CHJ — > OCH; + Nal
Sodium phenoxide Todomethane Anisole (95%) Sodium iodide
K,CO,
QOH +CH2=CHCH2BFW OCH,CH==CH,
heat
Phenol Allyl bromide Allyl phenyl ether (86%)

Can NOT prepare aryl ether directly from the
reaction of phenol & alcohol in the presence

of acid catalyst >
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Cleavage of aryl ethers by hydrogen halides

ROR' + )HX —> RX + R'X +H,0

Dialkyl ether Hydrogen halide Two alkyl Water
halides

ArOR + HX — ArOH + RX

Alkyl aryl Hydrogen Phenol Alkyl
ether halide halide

OCH,4 OH
S
OH OH

Guaiacol Pyrocatechol Methyl bromide
(85-87%) (57-72%)

35
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. R . R
Reaction Aré/ (St Arfj/ 7
. + — N = + X:
mechanism: ¥ £ \ ¢
\\______,/t I—I
Alkyl aryl Hydrogen Alkylaryloxonium Halide
ether halide 1on 1on
S\ 2

N R L/\
slow oz

* 4 L .
Arog + :X: = Ar0_  + RX:

H \H
NOTE: | _ |
Alkylaryloxonium Halide Phenol Alkyl halide
1 10n 10n
HBr
CH;CHCH,CH; ——> CH;CHCH,CH; + CH;Br
é)CH':; OH Bromomethane
sec-Butyl methyl ether HH[.J]
CH;CHCH,CH;

36
E![‘ 2-Bromobutane (81%)
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Oxidation of
phenols

OH
‘“-l'[ o)+
][ a0y ]] [:'
OH

Hydroquinone p- Benznqumnne (76—81%)
OH
OH
‘-\\\ Ao} D
. con |
-f-’__’_. el -f-’___,.
CH; CH;
4-Methylpyrocatechol ~ 4-Methyl-1.2-benzoquinone (68%)
CH; CH;
Ao,
¢ '-.'|.|'|_'-.'|' /é:/[
CH; CH;
3.4.5.6-Tetramethyl-1,2- 34.5.6-Tetramethyl-1,2- 37

benzenediol benzoquinone (81%)
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Polymerization with formaldehyde

Electrophilic aromatic
substitution reactions

Sige H—- °“
ﬁ ﬁ -
— O
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OHHQ

®
S OReAS
—
phenol
HQ OH OH

growing points for the Bakelite resin

39
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AGENT ORANGE AND DIOXIN

he once widely used herbicide
trichlorophenoxyacetic acid (2,4,5-T) is prepared

UDNE

Cl
Sodium

2,4,5-trichlorophenoclate

Cl

Cl

Chloroacetic
acid

The starting material for this process, 2,4,5-
trichlorophenol, is made by treating 1,2,4,5-tetra-
chlorobenzene with aqueous base. Nucleophilic aro-

2,4,5-

+ CICHQCOgH —

by reaction of the sodium salt of 2,4,5-trichlorophe-
nol with chloroacetic acid:

HDCHICDEH
Cl

2,4,5-Trichlorophenoxyacetic
acid (2,4,5-T)

Cl

+ Nacdcl
Cl

matic substitution of one of the chlorines by an
addition-elimination mechanism vyields 2,4,5-
trichlorophenol:

Cl Cl
]QF ‘
Cl
1,2,4,5-Tetrachlorobenzene

In the course of making 2,4,5-trichlorophenol, it
almost always becomes contaminated with small

cl

Cl

cl

. NaOH, H,0 _
2. HF 7

I,

Cl Cl
2,4,5-Trichlorophenol

amounts of 2,3,7,8-tetrachlorodibenzo-p-dioxin, bet-
ter known as dioxin.

14

2,3,7,8-Tetrachlorodibenzo-p-dioxin
(dioxin)

40
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