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Alcohols

Are organic compounds containing hydroxyl (-OH) groups. They occur widely in
nature and have many industrial and pharmaceutical applications. For example,

methanol and ethanol are two industrially important alcohols.

Cl)H
CH,—CH,—OH CH,—OH CH;—CH—CH,
ethyl alcohol methyl alcohol isopropyl alcohol
ethanol methanol propan-2-ol

The structure of an alcohol resembles the structure of water, with an alkyl group

replacing one of the hydrogen atoms of water. Both have sp*-hybridized oxygen atoms.

/_\ € s H
H e H P39 108.¢
H H
water methyl alcohol

Figure 10-1 Comparison of the structures of water and methyl alcohol.

One way of organizing the alcohol family is to classify each alcohol according to the
type of carbinol carbon atom: the one bonded to the -OH group. If this carbon atom
is primary (bonded to one other carbon atom), the compound is a primary alcohol.

A secondary alcohol has the -OH group attached to a secondary carbon atom, and a

tertiary alcohol has it bonded to a tertiary carbon.

H R
!
Primary alcohol R—C—OH Secondary alcohol R—C—OH
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Tertiary alcohol R—C—OH
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Methanol is manufactured by catalytic reduction of carbon monoxide with hydrogen
gas. Methanol is toxic to humans, causing blindness in small doses (15 mL) and death
in larger amounts (100-250 mL). Industrially, it is used both as a solvent and as a

starting material for production of formaldehyde (CH-0) and acetic acid (CH3CO-H).

200 °C
2wve axidw/chromis

catalyrt

CO + 2My CH3OM

Ethanol was one of the first organic chemicals to be prepared and purified. Its
production by fermentation of grains and sugars and its purification by distillation .
Ethanol for industrial use as a solvent or chemical intermediate is largely obtained by

acid-catalyzed hydration of ethylene at high temperature.

HpC=CH3 CH3CHOM

20
HzPOy
260 °C

Nomenclature of Alcohols:

1. Name the longest carbon chain that contains the carbon atom bearing the -OH group.
Drop the final -e from the alkane name and add the suffix -0l to give the root name.

2. Number the longest carbon chain starting at the end nearest the hydroxyl group, and
use the appropriate number to indicate the position of the -OH group.

(The hydroxyl group takes precedence over double and triple bonds.)

3. Name all the substituents and give their numbers, as you would for an alkane or an
alkene.

In the following example, the longest carbon chain has four carbons, so the root name
is butanol. The group is on the second carbon atom, so this is a butan-2-ol.

The complete IUPAC name is 1-bromo-3,3-dimethylbutan-2-ol.

CH, OH
‘CH_.,—Z':—:CH—'CHE—Br
CH,
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Cyclic alcohols are named using the prefix cyclo-; the hydroxyl group is assumed to be
on Cl.

H HO CH,CH,

H 3 9

Br

trans-2-bromocyclohexanol 1-ethylcyclopropanol
Common Names of Alcohols
OH
CH,—OH CH,CH,CH—OH CH,—CH—CH, H,C=CH—CH,—OH
methyl alcohol n-propyl alcohol isopropyl alcohol allyl alcohol
methanol propan-|-ol propan-2-ol prop-2-en-1-ol
OH CH} CH3

|
CH,CH,CH,CH,—OH  CH,—CH—CH,CH, CH,—C—OH CH,—CH—CH,—OH

CH,
n-butyl alcohol sec-butyl alcohol tert-butyl alcohol isobutyl alcohol
butan-1-ol butan-2-ol 2-methylpropan-2-ol 2-methylpropan-1-ol

Alcohols with two -OH groups are called diols or glycols.

OH OH
il OH
CH,—CH—CH,0H g
“OH
propane-1,2-diol I-cyclohexylbutane-1,3-diol trans-cyclopentane-1,2-diol

The term glycol generally means a 1,2-diol, or vicinal diol, with its two hydroxyl
groups on adjacent carbon atoms. Glycols are usually synthesized by the hydroxylation

of alkenes, using peroxyacids, osmium tetroxide, or potassium permanganate.

Beuo gl RCO;H, Hi0* ||
P s W KMnO,, “OH _(lz_(f_
alkene arOu0s st HO OH

vicinal diol (glycol)
Physical Properties:

The electronegativity of oxygen is more than that of hydrogen. Therefore, in alcohols,

the O—H bond is polar in nature. In other words, oxygen has a slight negative charge
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on it whereas hydrogen has a slight positive charge. This bond polarity alone cannot
explain the higher boiling points of alcohols as compared to hydrocarbons or similar
haloalkanes. Normally, hydrogen bonding is responsible for higher boiling points of

alcohols. Hydrogen bonding amongst alcohol molecules is depicted in Fig.10.2.
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Fig.10.2: Hydrogen bonding in alcohol molecules

Synthesis of Alcohols:
1. Nucleophilic Substitution on an Alkyl Halide

Usually via the SN2 mechanism; competes with elimination.

R t
._.*"\12 I /'R
HO: > CaX — HO ---C---X — HO—C, tX
n'd \J \ \'H
H H H H
transition state
Example:
H Br HO H
\Ce* KOH }:e’
E—
/ \
CH; CH,CH; CH; CH,CH;

2. Synthesis of Alcohols from Alkenes
1. Acid-catalyzed hydration

\ / H* | |
c=Cc. + H0 — —C—C—
77N | ]

H OH
Markovnikov orienlation
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2. Oxymercuration—demercuration

OH OH
L / H,0 || NaBH, | |
C=C_ + Hg(OAc), — ——£— — —E——
N || |
(AcO)Hg H
Markovnikov orientation
Example:
H;C OH H:C OH
HiC JCHs Hg(oAo), || NaBH, |
C=C =0 H—C—C—CH; EE—— H—C—C—CH;
AN 2
H CH; (AcO)Hg CH;, H CH;

(90% overall)

3. Hydroboration—oxidation:

No—”  (DBHTHF (I: (I:
/N  (2H,0,,NaOH R

H OH
syn addition, anti-Markovnikov orientation

Example:
CH CH; CH3
3 £ H
BH, * THF H H,0,. NaOH H
2t 1
- ==BH, ==OH
H H
I-methylcyclopentene trans-2-methylcyclopentanol

(85%)

4. Dihydroxylation: synthesis of 1,2-diols from alkenes (Syn Dihydroxylation):

N 0504, H,0, |
/C_'C\ or KMnO,. “OH ! _?_(f_
(cold, dilute) HO OH

syn dihydroxylation

O

\ PR — H,0+ ||
C=C — —C—C—
/ \

anti dihydroxylation
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Grignard Reactions:

1. Nucleophilic Additions to Carbonyl Compounds

~
]

—MgX

2 | R—MgX

H\
C=0

g

formaldehyde

<+

+

|
R —C—OR"”
ester
or acid chloride

H
(1) ether solvent _ L
2) 10" > R | OH
H
1° alcohol
lr.
(1) ether solvent _ s o
(2) H,0* ! R C|' e
H
2° alcohol
T.
(1) ether solvent | PP
@ 10" RT-(—OH
R
3° alcohol
R
(1) ether solvent _ Y
2) HO" > R ? OH
R
3° alcohol
two groups added

1.Formation of the Grignard reagent: Magnesium reacts with an alkyl halide in an

anhydrous ether solution.

R—X + Mg pe

R'—MgX

Reaction 1: The Grignard reagent attacks a carbonyl compound to form an alkoxide

salt.

6_

RS

6"'

=

I
e—_ R'-—(l:—Q:' *MgX
R
magnesium alkoxide salt



Al-Rasheed University College
Department of Pharmacy
Lecture Notes

Dr. Afnan E. Abdalmonuim
1%t Year Stage
Organic Chemistry

Reaction 2: After the first reaction is complete, water or dilute acid is added to

protonate the alkoxide and give the alcohol.

R R
| / . H 1% 0O—H |

R'——T—Qz' Mgk ——se—= ([I> _(l:_Q_H + XMgOH
R R

magnesium alkoxide salt alcohol

EXAMPLE: Addition of phenylmagnesium bromide to acetone.

QBr ¥ Mp =* MgBr

phenylmagnesium bromide
/N s N\
MgBr + LG oo C—0r “MgBr
— H,C = H
3
magnesium alkoxide salt

T e
7\ C—O0:~ +MgBr

. \ ‘|3H3
[ 25 </_>—(|:—0H + BrMgOH
C

H3 CH;
magnesium alkoxide salt 2-phenylpropan-2-ol
Examples:
H ]
1) ether solve
CH,CHCH,CH,—MgBr +  C=0 s  CH,CH,CH.CH,—C—OH
H ’ b
butylmagnesium bromide formaldehyde pentan-1-0l(92%)
H,C CH; CH,
N | H,0* |
CH,CH,—MgBr + /C=0 g (“Hi—(‘H:—(I:'—O' ‘MgBr ——— CH-.C‘H:—(l','—OH
H H H
acetaldehyde butan-2-ol (85%)
CH,CH,CH, CH,CH,CH,
; Gkl N L (1) ether solvent o
CH,CH,—MgBr + /C-—O ) H0" > CH,CH, (|3 OH
pentan-2-one 3-methylhexan-3-ol (90%)
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2. Nucleophilic Displacement of Epoxides

0)
R-MeX + cﬁz—\cu2 :;; ;":gf""““ » | RcH,CH—OH
ethylene oxide 1° alcohol
two groups added

o :0: *MgX OH

i I H,0* |
IEtE-"[gi{ P e T — [E—CHI—CHl s R—-CH,—CH,

ethylene oxide alkoxide primary alcohol

3. Reduction of carbonyl compounds

a. Catalytic hydrogenation of aldehydes and ketones

OH

O |
N
_!_ + H, SN =ta—

b. Use of hydride reagents
(1) Reduction of an aldehyde gives a primary alcohol

O
I NaBH,
—H — CH,OH

benzaldehyde benzyl alcohol
(2) Reduction of a ketone gives a secondary alcohol
' H
o NaBH,
' OH
cyclohexanone cyclohexanol

(3) Reduction of an acid or ester gives a primary alcohol

I
CHy—(CH,);—C—OH
decanoic acid (1) LiAlH,
> = CH+—CH,)s—CH,—OH
0 {2} H:;O 3 - -

I decan-1-ol
CH3+—(CH,)g—C—O0CH;
methyl decanoate b
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Reactions of Alcohols:

1. Oxidation—reduction reactions

a. Oxidation of secondary alcohols to ketones

OH 0
| Na,Cr,0,. H,S0; Il
R—CH—R’ > R—C—FR’
Example
OH 0
N31Cr207. H3504 "
CH;,—CH—CH,CH, >  CH,—C—CH,CH,
butan-2-ol butan-2-one
b. Oxidation of primary alcohols to carboxylic acids
0
Na,Cr,05, H,S0, I
R—CH,—OH > R—C—OH
Example

Na,Cr,0,. H,80,

hexan-1-ol

c. Oxidation of primary alcohols to aldehydes

R—CH,—OH E’
Example

hexan-1-ol

d. Reduction of alcohols to alkanes

(1) TsCl/pyridine X
(2) LiAIHy

0
I

CH,(CH,),—C—OH
hexanoic acid

R—C—H

|
hexanal

R—H
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Example
H H
(1) TsCl/pyridine _
O (2) LiAIH, y H
cyclohexanol cyclohexane

2. Cleavage of the alcohol hydroxyl group

a. Conversion of alcohols to alkyl halides

HCl or SOCl; /pyridine
R—OH > R—Cl
HBr or PBry
R—OH > R—Br
HI or P/I,
R—OH > R—I
Examples
HCl
(CH3);CH—OH — (CH3);C—Cl
tert-butyl alcohol tert-butyl chloride
PBr3
(CH3),CH — CH,OH — > (CH;),CH—CH;Br
isobuty! alcohol isobutyl bromide
CH;(CH,); — CH,0H ik CH;(CHy)s — CH,l
hexan-1-ol I1-iodohexane

Reaction of a Tertiary Alcohol with HBr (SN1)

Step 1: Protonation converts the hydroxyl group to a good leaving group.

CH; - CH;
./ HQ:B:]-: | +/H -
H:C—C—0O—H H:C <I: 0, *+ Br
CH; CH;
tert-butyl alcohol
Step 2: Water leaves, forming a carbocation.
CHs CH,

I~
A~ —

CH, CH;

10
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Step 3: Bromide ion attacks the carbocation.

CH; CH;
H3C—(i_‘ \\_/-B_r- — H3;C—C—Br:
CH, CH;
tert-butyl bromide

b. Dehydration of alcohols to form alkenes

H OH
| | H,SO, or H,PO, N Vv
—Cl‘—(i.‘— z > ! & + HO
Example
OH
H,S0,. heat
— + H,0
cyclohexanol cyclohexene
Mechanism:

Step 1: Protonation converts the hydroxyl group to a good leaving group.

H
o F
H :0—H H :0—H
|| H* ||
—C—C— — —C—C—
|| |
Step 2: Water leaves, forming a carbocation.
H
H :0—H H H
|12 I |
—_—C—C— — —(l: :0—H

e
—C—C— — c:c\ + H;0*

c. Industrial condensation of alcohols to form ethers

H-I—
2R—0OH —> R—O—R + H)©O

-

11
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Example
H,S0,
2 CH;CH,OH T CH;CH,—O—CH,CH; + H,0
ethanol diethyl ether

3. Cleavage of the hydroxyl proton

a. Acylation to form esters
|
R—C—Cl

R—OH ey R—O—C—R" + HCI
(acyl chloride) ;
esler

Example
O
0 I
OH I O0—C—CH;
CH,—C—Cl "
H Gacetyl chloride) + HCl
cyclohexanol cyclohexyl acetate

c. Deprotonation to form an alkoxide

R—OH + Na(orK) —> R—O Na' + iH,!
R—OH + NaH —— R—O Na‘ + H,!

Example

CH;—CH,—OH + Na — Na*t O—CHy—CH,
ethanol sodium ethoxide

d. Williamson ether synthesis

R—0~ + R’X — R—O0—R’' + X
(R' must be unhindered, usually primary)

Example

Na” O '_'CH_';CHz i CH\I — CH;CH_‘;'—O—"CH_Q + Nal
sodium ethoxide methyl iodide ethyl methyl ether

12



Al-Rasheed University College
Department of Pharmacy
Lecture Notes

Dr. Afnan E. Abdalmonuim
1%t Year Stage
Organic Chemistry

Mechanism:

Step 1: Form the alkoxide of the alcohol

R—O—H + Na(orNaHorK) —> R—O: Na* + 1H,!

alkoxide ion

Step 2: The alkoxide displaces the leaving group of a good SN» substrate.

R—(::)=UCHZQX — R—O0O—CH,—R + NaX
alkoxide ion primary halide or tosylate ether

13



