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Reactions of Alcohols,
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Nomenclature of Alcohols
* In an alcohol, the OH Is a functional group

A functional group Is the center of reactivity in a
molecule

! !
R —CH, OH R —CH —OH RC‘IOH
R

a prlmary alcohol a secondary alcohol a tertiary alcohol
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1. Determine the longest hydrocarbon containing the functional
group and get the lowest number

] Z 3 4 5 4 3 2 1 ¥ =
CH3C|HCH2CH3 CH3CH2CH2$HCH20H CH;CH,CH,CH,OCH,CH,CH,OH
OH CH,CH;
2-butanol 2-ethyl-1-pentanol 3-butoxy-1-propanol
or or or
butan-2-ol 2-ethylpentan-1-ol 3-butoxypropan-1-ol

2. When there is both a functional group suffix and a substituent, the
functional group suffix gets the lowest number:

CH;
. & 9% 4 3 2 1 s 43 2 1
HOCH,CH,CH,Br ClCHzCH2(‘3HCH3 CH3(’?CH2C‘HCH3
OH CH; OH
3-bromo-1-propanol 4-chloro-2-butanol 4,4-dimethyl-2-pentanol
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3. The functional group substituent on a ring gets the number 1,
but the functional group is not numbered in the name:

CHg HO_ CHj OH
CHs;
CHj;
OH
3-methylcyclohexanol 1-methylcyclohexanol 2, 2-dimethylcyclopentanol
not not not
3-methylcyclohexan-1-ol  1-methylcyclohexan-1-ol 2, 2-dimethylcyclopentan-1-ol

4. If there is more than one substituent, the substituents are cited
In alphabetical order:

CH2CH')> CHZCH3 HO CH3
| =
CH;CHCH,CHCH,CHCH;4
| | H;C

‘ OH CHj;
Br OH 2-ethyl-5-methylcyclohexanol  3,4-dimethylcyclopentanol
6-bromo-4-ethyl-2-heptanol

© 2011 Pearson Education, Inc.



Primary, secondary, and tertiary alcohols all undergo
nucleophilic substitution reactions with HI, HBr, and HCI:

A
CH3CH2CH20H + HI —> CH3CH2CH21 + H2O
1-propanol 1-iodopropane
a primary alcohol

OH Br

A
+ HBr — + H,0

cyclohexanol bromocyclohexane
a secondary alcohol

$H3 i
CH3(‘:CH2CH3 + HBr — CH3(’2CH2CH3 =+ Hzo
OH Br
2-methyl-2-butanol 2-bromo-2-methylbutane

a tertiary alcohol
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Secondary and tertiary alcohols undergo S, 1 reactions with hydrogen halides.

reaction of the carbocation
with a nucleophile
CH; — CH; CH; - CH;
[ TN | H Wi |
CH3C|_QH + H(ljl’ m— CH3(|:_(§?H — CH3(|:+ CH3(|:—Br
CH3 F CH3 CH3 + H20 CH3
protonation of the \ T
; substitution
RigsTbane aren formation of ” HBr product
a carbocation CH,
| an alkene product
CH3C undergoes an
| . | addition reaction
CH, + H

elimination product
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Primarymglméohols undergo Sy 2 reactions with hydrogen halides:

CH'SCHZQH + H—d{Br — CHgﬂCHz,—_'_QH — CHgCHzBI’ - HQ_O
ethanol k U

a primary alcohol | protonation of —:BF:
the oxygen o

back-side attack by
the nucleophile
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Dehydration of Secondary and Tertiary
Alcohols by an E1 Pathway

formation of
a carbocation La carbocation
CH}C‘HCH3 + H-—O0OSO;zH — CH3(‘ZHCH3 — H*CH2~LQHCH3 ——  CH,=CHCHj;

; A
:QH /,/ 4 :;\,7>+: OH

[\ g+ HSO4 i sz: H;0*
protonation of the \
most basic atom a base removes a
proton from a B-carbon

Primary Alcohols Undergo Dehydration by an E2
Pathway
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The rate of dehydration reflects the ease with which the
carbocation is formed:

relative ease of dehydration

R R

easiest to | | hardest to
dehydrate F R— (|3_OH -» R—CH—OH > B _CHZOH% dehydrate
R
a tertiary alcohol a secondary alcohol a primary alcohol
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The Stereochemical Outcome of
the E1 Dehydration

H2504 H}C\ /H H3C\ /CH3
CH;CH2CHCH), : CHgCHngCHg — C=C + C=C + CH}CHQCH:CHQ + H
| H/ \CH H/ \H 1-butene
OH + H30 3 3%
2-butanol trans-2-butene cis-2-butene
74% 23%
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Alcohols and ethers undergo S\ 1/E1 reactions unless
they would have to form a primary carbocation
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Oxidation of Alcohols
Oxidation by chromic acid:

secondary alcohols ketones
OH O
CH,CH,CHCH; 2994, cH,cH,CCH,
OH O
CrO3 S
H,SO,4

o I
Na,Cr,O
QCHCH2CH3 i, i}cmzm3

Secondary alcohols are oxidized to ketones
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Primary alcohols are oxidized to aldehydes and
eventually carboxylic acids:

O O
H,CrO,4 ! further !
CH,;CH,CH,CH,OH > |CH;CH,CH,CH oxidation CH;CH,CH,COH
an aldehyde a carboxylic acid

a primary alcohol
Pearson Education, Inc.
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i

PCC
CH;CH,CH,CH,OH CH-CI > CH;CH,CH,CH
~a primary alcohol 22 an aldehyde

N+ CrO;Cl-
H

pyridinium
chlorochromate
PCC
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A tertiary alcohol cannot be oxidized and is converted
to a stable chromate ester instead:

- Y, N\
cannot be oxidized to \ f

a carbonyl group O
CH3 O- (I:II"O

CH; C_OH 7<

| N r
CHj; tl\lrﬁshg/adrrt?glfn or Di-tert-Butyl Chromate
a tertiary alcohol
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