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8.1 What Are Alcohols?

CH2=CHCH20H

— %8 (f48%)

A. Structure

CH;
CH,CH,CHOH CH,COH
(|:H3 H3
— B8 (/) Z %8 (k)

Alcohol A compound containing an -OH (hydroxyl) group bonded to an sp3 hybridized

carbon.

(a)

(b)

C-0:35-25=1.0

086" H.0:35-21=14

108.9°

HED T

109.3°
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B. Nomenclature

IUPAC Names: the ending of the parent alkane is changed from -e to -ol.

1. Select, as the parent alkane, the longest chain of carbon atoms that contains the -OH, and
number that chain from the end closer to the -OH group. In numbering the parent chain,
the location of the -OH group takes precedence over alkyl groups and halogens.
(ERREERNNRKREEARE, RAXEE, LEMRIUE-OH (LR &/M)

2. Change the suffix of the parent alkane from -e to -ol (Section 3.5), and use a number
to show the location of the -OH group. For cyclic alcohols, numbering begins at the
carbon bearing the - OH group.

(X BEBIRERA-ol , IFHEREAMKR, FENEREFIRES)
3. Name and number substituents and list them in alphabetical order.

(R EZFRMALR IR F R FS )
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Common names: alkyl group + alcohol

OH
~"omn NS OH
Ethanol I-Propanol 2-Propanol I-Butanol
(Ethyl alcohol) (Propyl alcohol) (Isopropyl alcohol) (Butyl alcohol)
2B, Z (&) BB 1-NEE. REE 2-WEE. RAEE 1-TEE. T
2-Butanol 2-Methyl-1-propanol 2-Methyl-2-propanol Cyclohexanol
(sec-Butyl alcohol) (Isobutyl alcohol) (tert-Butyl alcohol) (Cyclohexyl alcohol)
2-TH. TR  2-F=-1-FE. 2. FE 2 FE INTE. FCTEEB

# T RTE
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OH
the root name of
a b-carbon ring is CH, because it’s an alcohol,
“cyclopentane” “ the -¢In cyclopentane

1s replaced with -0/

CH;CH,
Cyclopentanol

NitroglyceriN: An explosive and a drug

CH, —OH CHy—ONOy

| H.SO, |

[_:H:,_h —OH (JHE_ONOE
1,2,3—Prnpanetru_:1l 1,2,3—Prn_panetrml _trlnltrate Nobel, 1833-1896, builton the
(Glycerol, Glycerin) (Nitroglycerin)

manufacture of dynamite, now
funds the Nobel Prizes.
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4

Boiling Points and Solubilities in Water of Five Groups of Alcohols
and Alkanes of Similar Molecular Weight

Molecular Boiling Solubility
Structural Formula Name Weight Point (°C) in Water
Mo 5 CH,0H methanol 32 65 infinite
(a) 2 CH4CH;, ethane 30 —89 insoluble
H CH,CH,OH ethanol 46 78 infinite
CH3;CH,CHj, propane 44 —-42 insoluble
CH3;CH,CH,OH 1-propanol 60 97 infinite
CH3;CH,CH,CH;, butane 58 0 insoluble
(b) CH;CH,CH,CH,OH 1-butanol 74 17 8.g/100 g
CH;CH,CHsCHsCHj pentane 72 36 insoluble
CH;CH,CH,CH,CH-OH 1-pentanol 88 138 2.3g/100 g
HOCH,CH,CH,CH,OH 1,4-butanediol 90 230 infinite
CH;CH,CH,CH>CHoCHj hexane 86 69 insoluble




E& /AR IE
(= REUY)




e

XIAN JIAOTONG UNIVERS]TY SCHOOL OF CHEMISTRY

8.2 What Are the Characteristic Reactions of Alcohols?

A. Acidity of Alcohols (EZEYER1E) g = [CHOTIHOT _
e . [CH;0H]

P

CH;0--H+":0—H = CH;0: + H—O—H

| | —
! il pK, = 155

Compound Structural Formula pK,

hydrogen chloride HCI —7 Stronger
acetic acid CH,COOH 4.8 acid
methanol CH;OH 15.5

water H,O 15.7

ethanol CH3CH,OH 15.9

2-propanol (CH4)oCHOH 17 Weaker
2-methyl-2-propanol (CH4)3COH 18 acid
*Also given for comparison are pK, values for water, acetic acid, and hydrogen chloride.
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B. Basicity of Alcohols
alcohols can function as both weak acids and weak bases

(¥4 HoSO 4 4ee .
—O—H CH;CHy;—O—H + :O—H

CH3;CH;—O—H + H

H H H
Ethanol Hydronium ion Ethyloxonium ion
(pK.ﬂ—l.T} (pKa—?.él)

C. Reaction with Active Metals Li, Na, K, Mg, and other active metals
CHj

CH3CH,ONa' CHy;COK*

2 CH;OH + 2Na —> 2 CH;O_ Na® + HE" CH
Hg

Sodium methoxide
Sodium ethoxide  Potassium lert-butoxide

SREE . A%
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Lower
acidity

mineral acids
carboxylic acids

phenols

water

alcohols

alkynes (terminal)
ammonia and amines

alkenes and alkanes

Example

HCI, HoSO,

RCOOH

QOH

HoO
RO
R—(C=C—H
NHs, RNHy, RoNH

RyC—CH,, RH

pKa

15.7
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D. Conversion to Haloalkanes (ZE#E4%)
CHjy CH

CH,COH + HCl —5 CH4CCl + HyO

£.5 BR 69 BURL 7B

CHs CHs HI>HBr>HCl
2-Methyl- 2-Chloro-
2-propanol 2-methylpropane
Cl .
+ HCl —5 + Hy0 BT ) BB 7B

CHs YR R B > B > b EE > 14 BF

1-Methyl- 1-Chloro-1-methyl

cyclohexanol cyclohexane

1-Butanol I-Bromobutane
(Butyl bromide)
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Reaction of a tertiary Alcohol with Hcl: An S1 reaction

+
the OH  group is converted to —OHy, a

Stepl: better leaving group
CH:{. rapid and CHH
|_ ../'\ reversible | /S H
CHy—C—O—H + H— O—H = =~ CH3;—C—0
T 7 TN
GH:& H CHH
2-Methyl-2-propanol An oxonium ion
(tert-Butyl alcohol)
Step2: CHs H  slow, rate CH,q
| + ./ determining |+ .
C‘HS_?EO'\ 531 CHH—(lj + ..Cl)—H
CHy, 1 CH, H
An oxonium ion A 3° carbocation

intermediate
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CH CH
Step3: 0 r |
e — ast

+ﬂ LR
GHE—(|] + :Cl: —— CH3— (i"—Cl
CHq CH,
2-Chloro-2-methylpropane
(tert-Butyl chloride)

chloride ion is produced in the initial
reaction of HoO with HCI

H—?T*""‘*H—r?;‘l — H—?—H +-01~

H H

Reaction of a Primary Alcohol with HBr: An S\2 Reaction

Stepl /-——\ rapid ;.1]:1(1 -
. e reversible . .

CH‘%CHQCHECHE OH + H— (:i:l+ H = — CH%CHQCHQCH?—+OE\ n :{i)—l—l
H H H

An oxonium ion
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Stepz: H slow, rate I1
e —//—\ ,:/ determining . .. v
:]?)}‘: + CH SGH EGH EGHE L.JD\ Su? > CHSCH ECH ECHE_E-.’D.T- + _p\
H H
Why?
governed by

steric factors

never react by $,2 Increasing rat of dsplacement o HE0 > le

3" alcohol 2" alcohol 1" alcohol

st | e rate of carbocaton formaton never react by Sy1

governed by
Ielectmni{: factors
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Reaction with Thionyl Chloride

pyridine
N NN OH 800, (N~ O+ 50y + HC

I-Heptanol Thionyl I-Chloroheptane
chloride

E. Acid-Catalyzed Dehydration to Alkenes(BR{&E1Y i 7K - JHBR R &)
Dehydration: Elimination of a molecule of water from a compound.

HgyS50
CH3;CH,OH ——% CH,=CH, + H,O
180 °C

OH

HySO,

—> + HoO
140 °C -

Cyclohexanol Cyclohexene
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CHj; CHs
| HoSO, |
CI—IB(l]OH o CHsC=CHy + HyO
CHjy
2-Methyl-2-propanol  2-Methylpropene
(fert-Butyl alcohol) (Isobutylene)

NG : EEH 7K HIE 5 IR

17 alcohol < 2% alcohol < 3% alcohol

OH

| 859 H3P04
CH3CH, CHCH; ———> CH3CH=CHCH; + CH;CH,CH = CH,

2-Butanol 2-Butene 1-Butene
(80%) (20%)

i4E : Zaitsev’'s rule
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Acid-catalyzed dehydration of 2-Butanol: An E1 Mechanism

STEP 1: Add a proton.
. N
HO: /—\ rapid and O
| reversible |

CH, CHCH,CH; + H—L,E?LH CH,CHCH,CH; + :O—H

H An oxonium ion H
STEP 2: Break a bond to form a stable molecule or ion.
H\ + H
?EO Ba [Tt 0:) slow, rate
Rl s | determining + .
CH;CHCH,CH,; = = CH3CHCH,CH3 + H,O:
STEP 3: Take away a proton. A 2° carbocation

intermediate
the acid is regenerated, thus
making it a catalytic reaction

|‘/—\ rapi
CH —CH(HCH CHng(’T“J H P

> CHy—CH=CH —CH,4 + H—E?LH
H H
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Acid-catalyzed dehydration of a primary Alcohol:
An E2 Mechanism

STEP 1: Add a proton. N N, rapid and om
CH3CH,—O—H + H—(|}—H = = CHHCHE—JrOi + :Cl)—H
H

STEP 2: Take a proton away and break a bond to form a stable molecule or ion.

the regenerated acid

/—) / slow, rate H \ /H
H— o. ~CH,—0: %, H—OH + C=C_ + :0—H
H

| |
H H H H H H
acid | |
\ / catalyst
c=C +Hy0 —C—C—
/ N | |
H OH

An alkene An alcohol

water has acted as

the leaving group
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F. Oxidation of Primary and Secondary Alcohols ({AEEFN{hEE & 1L)

OH O O
| [O] ” [O] ”
CHs, (|] H > CHy—C—H —— CH;— C—0OH LR A
H
A primary An aldehyde A carboxylic
alcohol acid
y|=[iE
0 T
CrQ.
CH3(CH,)sCH,OH 50 ; = CH3(CHs)CH | — CH3(CH,);COH
2504, Hy _ .
1-Octanol H,Cro, Octanal Octanoic acid

(not isolated)
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sh RS Y pyridinium ion

chlorochromate ion

X X
CrOs + HCI + — ‘ CrO5Cl1™
= o
N T‘*
H
Pyridine Pyridinium
chlorochromate
(PCC)

PCC
X X - ST X X

Geraniol Geranial



@) 74X AAHYPFIR

XI'’AN JIAOTONG UNIVERSITY SCHOOL OF CHEMISTRY

<
<

OH O
1|:l:|ﬁ§ + HQCFO4 acetone + C[’3+
2-Isopropyl-b-methyl- 2-Isopropyl-5-methyl-
cyclohexanol cyclohexanone
(Menthol) (Menthone)
CHj .
N EZ + HoCrO4 ——— (no oxidation)
acetone
OH

I-Methylcyclopentanol



8.3 What Are Ethers ()

A. Structure

H H

| & |
(@ H—C—O—C—H (b)

[ = |
H H

CH3CHo— O—CH=CHpy
Ethyl vinyl ether
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B. Nomenclature

IUPAC system: KW$E + RO- (IRg )
Common names: ZEFEBINFIIHS5SEE5/0RE, FNE B

OH
CHjyg
CH;CHy;OCH,CHj CH3;0CCH;

| "OCHyCH3

CHy4
Ethoxyethane 2-Methoxy-2-methylpropane (1R,2R)-2-Ethoxycyclohexanol
(Diethyl ether) (methyl tert-butyl ether, MTBE) (trans-2-Ethoxycyclohexanol)

Cyclic ethers: IfFE# [Oj
O O O
Ethylene oxide Tetrahydrofuran (THF) 1,4-Dioxane

7Y & Lk I 1,4- &/ —ENRH
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C. Physical Properties

Boiling Points and Solubilities in Water of Some Alcohols and Ethers

of Comparable Molecular Weight

Molecular Boiling Solubility
Structural Formula Name Weight Point ( °C) in Water
CH;CH-,OH ethanol 46 78 infinite
CH;OCH,4 dimethyl ether 46 —24 7.8g/100 g
CH;CH,CH,CH,OH 1-butanol 74 17 7.4g/100 g
CH;CH,OCH.CHj4 diethyl ether 74 35 8g/100g
CH,CH,CH,CH,CH,OH 1-pentanol 88 138 2.34g/100g
HOCH,CH,CH,CH,OH 1,4-butanediol 90 230 infinite
CH;CH,CH,CH,OCHj, butyl methyl ether 88 71 slight
CH;OCH,CH,OCH, ethylene glycol dimethyl ether 90 84 infinite
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Preparation of Ethers

. H,SO
A. FEEfiHsk  CH3;CH,OH 2 4. CH;CH,OCH,CH;
CH,—CH
(I:Hz M2 W THF
OH OH O

B. BEEFR (Williamson)&HRLix

CH,CH;ONa + CH;X —— CH3CH;0CHj;
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8.4 What Are Epoxides?

A. Structure and Nomenclature

. m

N : \ - y Ny~
O
Functional group Ethylene oxide Propylene oxide
of an epoxide
B HEH EZ =Wl ANARE

B. Synthesis from Alkenes

heat

9 CHy=CH, + Oy — 2 HyG— CH

Ethylene Ethylene oxide
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i3 R A CHj CH; CH% CHy
\ / RCOsH HG F oH
C=C P — L C
r/ \ I:"HELI? \
H H O
cis-2-Butene cis-2-Butene oxide

C. Ring-opening Reactions (F¥f&Ez)

+

CHJ\ -~ CH, + H,0 2 HOCH,CH,OH
Ethy]ene oxide 1,2-Ethanediol
(Ethylene glycol)
o+ ~OH

O + H—OH

YOH

LR gy
up ; ; T
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