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Pieu ché methanol

400 °C -
CO + 2H; . . —>  CH30H ‘ ' g
Zinc oxide/chromia <
catalyst E

W W

Oxidation
250-400 °C

Formaldehyde & acetic acid
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Ethanol

Produced by fermentation: 9000 years ago
Alcohol fermentation occurs in yeast.

2 ADP 2 ATP .
C=0
Glucose == mm = == =
C=0
CH;

2 NAD* 2 NADH 2 Pyruvate

| N2
H—C—OH CcC—=—0

| | Y
CHj CH,3 2 CO,.

2 Ethanol 2 Acetylaldehyde




Bread making

GEHIEOE — EGEHSOH + 2 CO;_-

How often do you eat bread?
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Ethanol

For industrial use

H,O
H,C=CH, 2

CH3;CH,0H e
H3PO4
250 °C oy
adsorbed onto a d
porous support such

as silica gel or
diatomaceous earth
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Phenol

Poison ivy during autumn

OH OH OH

CO,CH3 OH

R

Phenol Methyl salicylate Urushiols

(also known as (R = different C45 alkyl
carbolic acid) and alkenyl chains)
Dung trong sx Chat tao mui/vi Mot chat gay di
chat két dinh ung
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Naming alcohols and phenols

Poc tén
ElllH {le ElllH
.C .C .C
R4 H R4 "H R4 "R
H R R

A primary (1°) alcohol A secondary (2°) alcohol A tertiary (3°) alcohol
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Naming alcohols and phenols
Poc tén

RULET Chon mach chinh chira nhom -OH

Select the longest carbon chain containing the hydroxyl group, and derive
the parent name by replacing the -e ending of the corresponding alkane
with -ol. The -e is deleted to prevent the occurrence of two adjacent
vowels: propanol rather than propaneol, for example.

RULE 2 Panh s6 thtr tu bat dau tir phia sao cho nhém -OH & vit ri thap nhat.
Number the alkane chain beginning at the end nearer the hydroxyl group.

RULE3  Danh so vi tri nhom thé va doc theo thir tw alphabe.

Number the substituents according to their position on the chain,

and write the name, listing the substituents in alphabetical order and
identifying the position to which the —OH is bonded. Note that in naming
cis-1,4-cyclohexanediol, the final -e of cyclohexane is not deleted because
the next letter, d, is not a vowel; that is, cyclohexanediol rather than
cyclohexandiol. Also, as with alkenes (Section 7-3), newer IUPAC naming
recommendations place the locant immediately before the suffix rather
than before the parent.
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Naming alcohols and phenols

e
Doc ten

OH :
1 213 4 5 3{|:H§ 1
CHE(]TCHECHECHE CHCHCH3

|

CHjq OH

2-Methyl-2-pentanol cis-1,4-Cyclohexanediol 3-Phenyl-2-butanol

(New: 2-Methylpentan-2-ol) (New: cis-Cyclohexane-1,4-diol) (New: 3-Phenylbutan-2-ol)
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Naming alcohols and phenols

Poc tén
CH50H CHs
|
Q/ H,C=CHCH,0H EH3(|ZDH
CH5
Benzyl alcohol Allyl alcohol tert-Butyl alcohol
(phenylmethanol) (2-propen-1-ol) (2-methyl-2-propanol)
HOCH,CH,0OH HDEHE[FHCHEDH
OH
Ethylene glycol Glycerol
(1,2-ethanediol) (1,2,3-propanetriol)
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Naming alcohols and phenols

Doc ten
CH,0H CHs
I
©/ H,C=CHCH,0OH CH3(|IDH
CHj
Benzyl alcohol Allyl alcohol tert-Butyl alcohol
(phenylmethanol) (2-propen-1-ol) (2-methyl-2-propanol)
HOCH,CH»,0OH HDCHEi."ZHEHEDH
OH
Ethylene glycol Glycerol
(1,2-ethanediol) (1,2,3-propanetriol)
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Naming alcohols and phenols

Doc ten
HSCUOH : :OH
O,N NO,
m-Methylphenol 2,4-Dinitrophenol
(m-Cresol)
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Problem

PROBLEM 17-1

Give IUPAC names for the following compounds:

(a) C|JH ?H (b) cle
CH3CHCH2CH(|2HCH3 CHECHEI]':CH3
CH4 CHj

(d) H (e) H3C OH

_.-Br

- Br

"H
OH
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(e) HO

CHs
CHs
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Problem

PROBLEM 17-2

Draw structures corresponding to the following IUPAC names:

(a) (Z)-2-Ethyl-2-buten-1-ol (b) 3-Cyclohexen-1-ol
(c) trans-3-Chlorocycloheptanol (d) 1,4-Pentanediol
(e) 2,6-Dimethylphenol (f) o-(2-Hydroxyethyl)phenol

Le Quoc Chon - Duy Tan University
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Properties of alcohols and phenols

Poc tén

! ! !
&~ 3> &~
0. O.
/BH/ ~ H " ,,SH/ ~ H ., /,SH/
+ + +
e e 0

I |
R R

Hydrogen bonds => high boiling point
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Properties of alcohols and phenols
Nhiing tinh chat

Weak base R™™ H

An alcohol An oxonium ion

+
[Dr ArOH + HX —— ArOH, X_}

T *r

H
I Y . — +

An alcohol An alkoxide ion

/) -_
N ) ?
or Y + H,0: — Y + Hy0*

A phenol A phenoxide ion




Properties of alcohols and phenols

TABLE 17-1

Compound pKa
(CH;);COH 18 Weaker
—_ + acid
L = [A™] [H30™] CH,;CH,0H 16
[HA]
H,0 15.74
CH,0H 15.54
CF;CH,0H 12.43
_ p-Aminophenol 10.46
pK, = —log K,
CH3SH 10.3
p-Methylphenol 10.17
Phenol 9.89
p-Chlorophenol 9.38

Stronger
p-Nitrophenol 7.15 acid



Properties of alcohols and phenols
Acidity: tinh acid
Sterically less accessible;
Steric?lly accessible; ‘r) :Z:Sr i:;ﬂgffﬁ:}gg
- :'re;?)sr: :ads?lrfgoa:cgted.
? J w

Methoxide ion, CH30™ tert-Butoxide ion, (CH3)3CO™
(pK; = 15.54) (pK; = 18)

Anh hwéng ciia kich thwét nhom alkyl 1én tinh acid
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Properties of alcohols and phenols
Acidity: tinh acid

O O
Electron-withdrawing groups | |
stabilize the alkoxide ion F3C“')C“‘“CF3 Versus H3C“')C“‘“CH3
and lower the pKj of the F.C HaC
alcohol.
pK; =5.4 pK; = 18

Anh huéng ciia nhém hit dién tir 1én tinh acid
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Properties of alcohols and phenols

Alcohol reacts with alkali metal, strong bases

H3C CH H3C CH
2 ’ \C/ 3 + 2K 2 i \C/ 3 + H
—_— .
HaC~ TOH H¢~ O™ Kt
tert-Butyl alcohol Potassium tert-butoxide
(2-methyl-2-propanol) (potassium 2-methyl-

2-propanolate)

CHOH + NaH —— CHz0~ Na* + H,

SOdIE'Im Sodium methoxide
hydride (sodium methanolate)

Methanol

CH3CH20H + NBNHZ — CH3CH20_ Na+ + NH3

Ethanol Soc_ilum Sodium ethoxide
amide (sodium ethanolate)
OH O~ "MgBr
+ CH3MgBr —— O/ + CHy
Cyclohexanol Bromomagnesium

cyclohexanolate 23



Properties of alcohols and phenols

fo

Electron is not
delocalized

Resonance stabilized
electron at ortho and
para position

CH30~ CgHs50~
OH O~ Na®t
O/ + NaOH —— U + H50
Phenol Sodium phenoxide

(sodium phenolate)

Phenol is million time more acidic than alcohol.
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Preparation of alcohols

R\ R
0 C=C @)
| / |
LN R R L
R OH R R’
Alkene
Carboxylic Ketone
0 acid 0
|| \ | / [
C / C
R™ TOR’ R™ H
\
Ester N / Aldehyde
ROH
RX * Alcohols ROR’
Alkyl halide Ether
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Preparation of alcohols

DPiéu ché
tu alkene

CHs

1-Methylcyclohexene

BH3
THF

Hg(OAc)z
H;0

Le Quoc Chon - Duy Tan University

CHs
P
H202
~0OH
i YOH
H
trans-2-Methylecyclohexanol
(84%)
CHs
| #OH

NaBHa

1-Methylcyclohexanol
(90%)
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Preparation of alcohols

CHs
Diéu ché 0s04 I D\DE,}D NaHSO3
tir alkene Pyridine ~o" o 20
H
CHj An osmate

1-Methylcyclohexene

RCO3H
CH,Cl»

1-Methyl-1,2-epoxy- A trans 1,2-diol
cyclohexane
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Preparation of alcohols

Piéu ché tir carbonyl compound

O OH :
I H] | where [H] is a
C — .C reducing agent
TN '__,a/ “&H gag
A carbonyl compound An alcohol
O 0| OH
g,/'f{—?l—{_ [l_: H;0% J:
7 “/ "H “4/ "H  Mechanism
A carbonyl An alkoxide ion An alcohol
compound intermediate
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Preparation of alcohols

Piéu ché tir carbonyl compound
NaBHy,
ﬁ ?H Sodium borohydride
_C_ _Hl C Popular reducing agent
R H R~ I-I/ H (safe and easy to handle)
An aldehyde A primary alcohol
(|:|J OH
[H] |
C — .C
R™ R R7 H
HJ‘
A ketone A secondary alcohol
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Preparation of alcohols

Piéu ché tir carbonyl compound

Aldehyde reduction

O (lf.'H

1. NaBH_, ethanol

CH3CHaCHaCH > CH3CH,CH,CH
"Hz0 |

H

1-Butanol (85%)

Butanal
(a 1° alcohol)

Ketone reduction

0
I

H OH
N/
C C
1. NaBHa4, ethanol
2. HRO*

Dicyclohexylmethanol (88%)
(a 2° alcohol)

Dicyclohexyl ketone
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Preparation of alcohols

Piéu ché tir carbonyl compound

O
1. LiAlIH4, ether
2. H30*

2-Cyclohexenone 2-Cyclohexenol (94%)

Lithium aluminum hydride, LiAIH,
A reducing agent, stronger than NaBH,,
Soluble in ether, tetranydrofuran
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Preparation of alcohols

Reduction of carboxylic and ester

Carboxylic acid reduction

0

| 1. LiAIH,, ether
CHa(CHs)7CH=CH(CH,),COH

2. H30%

9-Octadecenoic acid 9-Octadecen-1-ol (87%)
(oleic acid)

CH3(CH5)7CH=CH(CH5);CH,0H

Ester reduction

0
1. LiAlH4, ether

2. H30%
Methyl 2-pentenoate 2-Penten-1-ol (91%)

|
CH3CH,CH=CHCOCH; CH3CH,CH=CHCH,OH + CH3OH

Le Quoc Chon - Duy Tan University
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Problem

What carbonyl compounds would you reduce to obtain the following alcohols?

(a) CH OH (b) /lv\
CH3CH,CHCH,CHCH> N CH,OH

Le Quoc Chon - Duy Tan University 33



d

b

?H3 0
I
CH3CH,CHCH,CCHs

-

~~ “CHO

-

Z C0,CHj

9

=~ “COH

Solution

CHg  OH

, |
1. NaBH,4 or LiAlH4 CHSCH2CHCH20HCH3

2. H30%

1. NaBHg4 or LiAlH4
2. H30*

1. LiAlH4 . )\/\CHzﬁH

2. H3;0%

1. LiAlHg ////f

2. H30*

Le Quoc Chon - Duy Tan University
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é‘,—

Grignard Qe | 7| e O

C<

t a “/ "R “/ "R
g A carbonyl An alkoxide ion An alcohol
compound intermediate
9]
1
A h N
cetophenone CH3 1. CH3CHyMgBr
2. Hz0%
O HsC CH-,CH
[ 3 \ / . 3
Propiophenone N C<
plop CH5CH4 1. CH3MgBr OH
2. Hz0%
0 2-Phenyl-2-butanol
2-Butanone I 1. CeHsMgBr
H3C”  ~CH,CH3 2. H30™
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Reaction of alcohols

Conversion into alkyl halide

H,O
R - R R R | R
R\‘}J—OH LR R\\}?@H R VA B« R“‘}:—Cl (Br)
/ or HBr / ‘! SN | or Br~ '
R R R R
A 3° alcohol A carbo- An alkyl chloride
cation or bromide

This only works
with tertiary alcohol

Le Quoc Chon - Duy Tan University 36



Reaction of alcohols

Conversion into alkyl halide

SOCl, _ (4\ oy rﬁ = | ,
o C0SCH | 5o CI=C + SO, + HC
H H
\ ] A chlorosulfite | An alkyl chloride
“C—OH
/
H ~ Br _
A 1° or 2° \L <\ A [
r3 . #~
alcohol prv "C—0—PBry s BTG+ BrPOH
H H
] A dibromophosphite An alkyl bromide
This works primary and Better leaving group
secondary alcohol And easier to expel by backside

nucleophilic substitution
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Conversion of alcohol into alkyl halide

A 1° or 2°
alcohol

] 0
<\ i
Q‘?c ZoN s L
);
H

\m

] A dibromophosphite |

A chlorosulfite

Br

e

-C—0—PBr;
/

H

—— m—c\'\' + SO, + HCI

SN2
H

An alkyl chloride

S—Nz‘ Br—C\ + Bry,POH
H

An alkyl bromide
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Conversion of alcohol into tosylates

0O O O O
\\Sf?’ . \\S/?
R H yriaine -
~0~ + - +  Pyridine-HCI
CHj3 CHj
An alcohol p-Toluenesulfonyl A tosylate (ROTos)
chloride
H Br CHECHQQ H
PBrg ‘*t! CH4CH,0~ Na* ‘b,
- Ether CH3(CHy)s ™ “CH3 SN2 CH3(CHa)5~  “CHz
(S)-2-Bromooctane Ethyl (R)-1-methylheptyl ether
HO H
4
.""'C""m
CH3(CH5)s CH4
(R)-2-Octanol
TosO H H OCH,CHj
p-TosCl “tf CH4CH,0~ Na* ‘Ef
Pyridine  CH3(CH5)s”  “CHs SN2 CH3(CH3z)5~  “CHs
(R)-1-Methylheptyl tosylate Ethyl (S)-1-methylheptyl ether
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Conversion of alcohol into alkene

HsC OH

CHs
H30*, THF
50 °C

1-Methylcyclohexanol 1-Methylcyclohexene (91%)

Cha CHs CHiz
+
HsC—C—CHypCHy —22-THF . ©—CHCH; +  C—CHyCHs
| 25 °C / /
OH CHg CHg
2-Methyl-2-butanol 2-Methyl-2-butene 2-Methyl-1-butene
(trisubstituted) (disubstituted)
Major product Minor product
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Conversion of alcohol into ester

_CH3OH _ “OCH3
HCI heat
Benzoic acid Methyl benzoate

(a carboxylic acid) (an ester)

SDCIE " CHgl'_}H

C
O/ ~cl

Benzoyl chloride
(a carboxylic acid chloride)

Le Quoc Chon - Duy Tan University
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Oxidation of alcohols

Primary alcohol OH O O
(I: [O] (|:| [O] g ’
R7 4 R~ H R N0
H
An aldehyde A carboxylic acid
Secondary alcohol OH O
é [0] I
R¢ ~H R™ R
RJ‘
A ketone
Tertiary alcohol OH
: O, o reacti
RR/ ~pr B o reaction

Le Quoc Chon - Duy Tan University
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Production of Phenols

H-C CH H-C CH
i hed 3 3 \Cf ; OH (@)
T .
H 02 DOH H30+ ”
Heat H3C CH3
Cumene Cumene Phenol Acetone
(isopropylbenzene) hydroperoxide
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Reaction of Phenols

OH OH OH
E+
O/ @i * /@/
E E

Electrophilic Aromatic Substitution Reactions

Le Quoc Chon - Duy Tan University
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