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Chapter 9

Reactions of
Alcohols, Ethers,
Epoxides, Amines,

and Thiols
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University of California,
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More About the Families in Group Il

Group III The families in Group Il all have an

!x= F, cl, electronegative atom or group that is
R—X =B attached to an sp? carbon.

an alkyl halide

R—OH

an alcohol

R—OR

an ether
O

AL

R R
an epoxide
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Classification of Alcohols

- 5 | secondary carbon | | tertiary carbon |
primary carbon
/A4 4

R—CH,—OH R—CH—OH R—?—OH
R
a primary alcohol a secondary alcohol a tertiary alcohol

Primary alcohol = OH is on a primary carbon.
Secondary alcohol = OH is on a secondary carbon.
Tertiary alcohol = OH in on a tertiary carbon.
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Common Names of Alcohols

CH,CH,OH CH,CH,CH,OH CH,CHOH
ethyl alcohol propy! alcohol (|:H3

isopropyl alcohol

ethyl alcohol methyl alcohol propyl alcohol
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Systematic Names of Alcohols

CH;CH,CHCH,CH;
CH;0H CH;CH,OH |
methanol ethanol OH
3-pentanol

» The OH is the “functional group.”

» Systematic nomenclature uses a suffix to denote a
functional group.

» Alcohols are named by replacing the “e” at the end of the
parent hydrocarbon with the suffix “ol.”
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Systematic Names of Alcohols

I 2 3 4 5% 4. W8 A - p
CH:CHCH,CH;  CH,CH,CH,CHCH,OH The longest continuous chain
3 < 2 - “ - - has six carbons, but the longest
continuous chain containing the
(iH | it CH:CH: = OH functional group has five
2-butano 2-ethyl-1-pentano carbons so the compound is
named as a pentanol.

The parent hydrocarbon is the longest chain containing the
functional group.
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Systematic Names of Alcohols

CHj
| & 5 3 %A s 43 2 1
HZCHZCH ClCHZCHz(lfHCH3 CH3|CCH2(|THCH3
OH CH; OH
3-bromo-1-propanol 4-chloro-2-butanol 4,4-dimethyl-2-pentanol

When there is both a functional group and a substituent, the
functional group gets the lowest number.
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Systematic Names of Alcohols

CH;
CH,CHCHCH,CH, CH;CHQCHg(leCHQ(leCHE
Cl OH OH CH;

OH
2-chloro-3-pentanol 2-methyl-4-heptanol 3-methylcyclohexanol
not not not
4-chloro-3-pentanol 6-methyl-4-heptanol 5-methylcyclohexanol
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Systematic Names of Alcohols

CH,CH;

| CH,CH; HO CH,
CH;?HCH;CHCH;C".HCH; /O:
H,C OH

Br OH CH;
6-bromo-4-ethyl-2-heptanol  2-ethyl-5-methylcyclohexanol  3,4-dimethylcyclopentanol
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Strongly Basic Leaving Groups
cannot be displaced

;strongly basic leaving group

CH;—OH + Br ¢  CH;—Br + HO™
strong base
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Acid converts the Poor Leaving Group
iInto a Good Leaving Group

;weakly basic leaving group

- H
CH;—OH + HBr =—— CH;—QH —> CH;—Br + H,0

a weak base
poor leaving good leaving Br
group group

Alcohols have to be “activated” before they can react.

Only weakly basic nucleophiles can be used.
Strongly basic nucleophiles would react with the proton.
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Converting Alcohols to Alkyl Halides

CHyCH,CH,OH + HI —> CHyCH,CH,I + H,0 Primary and secondary

Ay akoia RSNy alcohols require heat for
ol . this reaction.
+ HBr —> @ + H0 .
© ) Tertiary alcohols do not.
cyclohexanol bromocyclohexane

a secondary alcohol

(l‘H; (l‘H;
Cl’lg(l‘Cl 1,CH; + HBr —> CH ;(l’(‘H:CH 3 + HO
OH Br
2-methyl-2-butanol 2-bromo-2-methylbutane

a tertiary alcohol
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The Reactions of Secondary and Tertiary Alcohols
with Hydrogen Halides are S, 1 Reactions

reaction of the carbocation
with a nucleophile
CH; — CH; CH; . CH,

[ "2 N | H | B
CHC—OH + HTBr — CHCTOH — CHGS ————  CHC—Br

[ % | \X |

- t - PR e
protonation of the \ substitution
most basic atom e Ttionot ” HBr product

a carbocation

CH;

| an alkene product
CH;C undergoes an

| + | addition reaction

CH, + H;0

elimination product
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The Reactions of Primary Alcohols with Hydrogen
Halides are S,2 Reactions

electrophile
H

CH}CH:QH + H—Br — CH1CH2_+QH —_— CH}CH:BI' + Hzo

r
ethanol b
a primary alcohol | protonation of Br:
the oxygen s
back-side attack by
the nucleophile

Alcohols undergo Sy 1 reactions unless they would have to
form a primary carbocation.
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Activating an OH Group for
Nucleophilic Substitution in a Cell

NH,

N7 _-N
Y
SNTTN

0 ~_
LN e i 0 ¢
s R g N AL, P. 0,
T T 0~ o 4P o™ 07 [0 ot oo
HO OH o o o ‘ o o0
HO OH HO OH
adenosine triphosphate
ATP NH,
N,
LY
N~ TN

o
HO OH

adenosine monophosphate
AMP
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Activating an OH Group for
Nucleophilic Substitution in a Cell

T

7 /o o ™~ i o o
PN h P O N 11
o070 S0 |07 | N00 + Nu — 07|70 + 07|07 o
o U o o 0 b= A

HO OH HO OH
:b') O 107 O:

LLP P .. P e
?Q/ | \O/ I \Q: ¢ N :Q/ l \O/ I \Q:
07 HoH 07 HoH

Pyrophosphate is a good leaving group (weak base).
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Dehydration of an Alcohol

acid-catalyzed dehydration |

H;S04
A

OH
U O e H:O

Dehydration of an alcohol is an elimination reaction.
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Dehydration of Secondary and Tertiary
Alcohols are E1 Reactions

water departs,
forming a carbocation
Cf 5, F Jippion = @ = @ - O
PR,

E H

+ HSO,~ 4 H:O
protonation of the H,0:
most basic atom
a base removes a
proton from a B-carbon
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Dehydration is a
Regioselective Reaction

C|H3 HS04 (|:H3 C|H3
A

CH;CCH,CHj CH;C=CHCH; + CH,—CCH,CH; + H,0

| 84% 16%

OH

H,C OH CH;, CH,

H,S04
A + + HQO
93% 7%

The major product is the more stable alkene.
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The more stable Alkene has the more stable
Transition State leading to its formation

CH;4
s I
@ +
S + HzO
» b
CH;CCH,R CH,=CCH,R + H;0"
CH,

.
CH;C=CHR + H;0"

Progress of the reaction
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Tertiary Alcohols are
the Easiest to Dehydrate

relative ease of dehydration

R R

easiest to | | hardest to
dehydrate R—(lf—OH > R—CH—OH > R—CH,OH dehydrate
R
a tertiary alcohol a secondary alcohol a primary alcohol

The rate of dehydration reflects the ease of carbocation
formation.
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Dehydration of a Primary Alcohol
Is an E2 Reaction

2T N N+ E2
CH;CHOH + H—OSOH = CH,~CH,—OH == CH,=CH, + H,0 + HB’
v <

I~ H elimination product
tonation of th -
protonation of the [ L
most basic atom B:/ + HSO,

CH3CH,0H \sNz

CH_‘CH;‘CHJCH_x = CH;CH,0CH,CH; + H;0O"
<

Pli substitution product
A

H,0:/
Both E2 and S, 2 products are obtained.

Alcohols undergo E1 reactions unless they would have to
form a primary carbocation.
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The major product is the Stereoisomer with the
largest groups on opposite sides of the Double Bond

H;S0, H,C, H H,C, CH
" = b2
(}l;(‘H:(“HCl'I; CH;CH,CHCH; == /(f:(‘\ + /(,‘=(‘\ + CH3;CH,CH=CH, + H"
i + H0 H CH, H H 1-b;nat:3ne
2-butanol trans-2-butene cis-2-butene
74% 23%

The major product has the CH; groups on opposites sides of
the double bond.
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Oxidation of Secondary Alcohols

OH
CH3CH2(|ZHCH3 ﬂ CH3CH2gCH3
OH
Na,Cr,05
H,SO,
secondary alcohols ketones
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Oxidation of Primary Alcohols

(0]
H,CrO | further [
R—CH,0H -2—% | C_ | ——  C_
R H oxidation R OH
a primary alcohol an aldehyde a carboxylic acid
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Tertiary Alcohols cannot be Oxidized
to a Carbonyl Compound

this C is not bonded to an H, so the alcohol
cannot be oxidized to a carbonyl compound

\CHg

COH

|
CH,

a tertiary alcohol
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Oxidation by Hypochlorous Acid (HOCI)

OH O
Gl g 00, ¢
CH;COOH R~ R
0°C
a secondary alcohol a ketone
NaOCl |
R—CH,OH ————

CH;COOH R H

o

a primary alcohol an aldehyde
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The Mechanism

. Cal
\ >
OH ) 0
oq ﬁH o ;_
— + HB* + Cl
4
—0Cl “:B
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Nomenclature of Ethers

i
CH;0CH,CHj; CH;CH,0CH,CH3; CH;CHCH,OCCH
ethyl methyl ether diethyl ether
often called ethyl ether CH; CH;
tert-butyl isobutyl ether

CH,

e
CH3$HOCHCH2CH3 CH3CIHCH2CH204<:>

CH; CH;
sec-butyl isopropyl ether cyclohexyl isopentyl ether

The substituents are listed in alphabetical order.
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Systematic Names of Ethers

CH;
CH;0— CH3;CH,0— CH;CHO— CH;CH,CHO— CH;CO—
methoxy ethoxy | |
CH; CH; CH;
isopropoxy sec-butoxy tert-butoxy
CH;?HCHZCH3 CH3CH2(|ZHCH2CH20CH2CH3
OCHj; CH;
2-methoxybutane 1-ethoxy-3-methylpentane
CH3CHOCH,CH,CH,CH,OCHCH
/\/\O 3 | 2 2 2 2 | 3
CH3 CH3
1-butoxy-2,3-dimethylpentane 1,4-diisopropoxybutane
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Alcohols and Ethers have
similar Leaving Groups

R—O—H R—O—R
an alcohol an ether

Alcohols and ethers have to be “activated” before the
compounds can react.
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The Leaving Group of an Ether can be
activated by Protonation

R—O—R’ + :RQR—>R—I+R’—§H

poor leaving group good leaving group
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The Mechanism

Lalljdition of a nucleophile
CH; CH; CH; CH;

E R | H Sy [ I %
CHC—(CH, + HLl = CHCGOCH; == CH3C|+\—> criC—:

I o
CH} CH; '.l.: 7"‘\\ CH}//‘ CH;
protonation SR B
methanol departs, + CH:OH

forming a
carbocation

If a relatively stable carbocation will be formed when ROH
leaves, it will be an S,1 reaction.
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The Mechanism

RN H Sn2 . =
CHy—0—CH,CH,CH; + H—1 = CH;0— CH,CH,CH; —— CH;—I: + CH;CH,CH,—0H

A \r
\ .
P
protonation o ﬁ nucleophile attacks the less

sterically hindered carbon

If a relatively stable carbocation would not be formed when
ROH leaves, it will be an S 2 reaction.

Ethers undergo S, 1 reactions unless they would have to form
a primary carbocation.
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Ethers are common Solvents because they
react only with Hydrogen Halides

Table 9.1 Some Ethers Are Used as Solvents

0.
N o T & T 6 RV R
) 0 (8] (4] o ><

diethyl ether tetrahydrofuran tetrahydropyran 1,4-dioxane 1,2-dimethoxyethane tert-butyl methyl ether
“ether" THP DME MTBE
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Nomenclature of Epoxides

/\ /\
HzC :CH2 H2C_CH2 H2C :CHCH3 HzC_CHCH3
ethylene ethylene oxide propylene propylene oxide
O O
/\ N /\ /CH3
H,C—CHCH,CH; CH;CH—CHCH; HZC—C\
1,2-epoxybutane 2,3-epoxybutane CH,

1,2-epoxy-2-methylpropane
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Synthesis of an Epoxide

o 2 new o bonds form 0
rhondbeis] | (350G o | [Tomgen
C C
/N / N\ /X
R + R OH

RCH==CH, + OOH — RCH—CH,
an alkene a peroxyacid an epoxide a carboxylic acid
© 2016 Pearson Education, Inc.

Epoxides are more reactive than Ethers
because of Ring Strain

O
AR
H,C — CH, >
ethylene oxide 2
O | | i e e e
3 ethylene oxide
- 25 kcal/mol
CH3CH20CH2CH3 (105 kJ/mol)
diethylether | | __~ |

diethyl ether

Progress of the reaction
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Nucleophilic Substitution of Epoxides:
The Acid-Catalyzed Mechanism

H

.O+
A\ . /N . . .
H,C—CH, + H—Bit == H,C—CH, + :Brf — HOCH,CH.B:

protonation of the
epoxide oxygen atom back-side attack
by the nucleophile

__pt
—~H+—B H

7
o 0 o o
CH3;CH—CHCH; == CH;CH—CHCH; W CH;CHCHCH; — (_'lI_;(I‘llCllCH_; + HB*
3 +
~_ - - iﬁ)CHJ OCH;

H 3-methoxy-2-butanol
~ B
me strongly acidic species loses a proton
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Under acidic conditions, the Nucleophile
attacks the more substituted Ring Carbon

obtained by nucleophilic attack on
the more substituted ring carbon

| H,

0. OCH; OH
2N HCl /N CH3OH | |
CH3;CH—CH, <—— CH3CH—CH, ———— CH;3CHCH,OH + CH;CHCH,OCH; + HCl
2 . 2-methoxy-1-propanol 1-methoxy-2-propanol
major product minor product
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Why the more Substituted Ring Carbon is
attacked under acidic conditions

H L.
50 OCH; OCH;

LN
CH;CH—CH, 55 CH;CHCH,OH ——=* CH;CHCH,OH + H
H / M . CH3OH major product
d:

o)

leveloping secondary carbocation}

/N
CH;CH—CH, -
X 03 (‘)H (‘)u
CH;CH—CH, — CH;CHCH,0OCH; —=> CH;CHCH,0OCH; + H*
W CH30H H .

minor product

developing primary carbocation I

The nucleophile attacks the more substituted ring carbon.
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Under neutral or basic conditions, the Nucleophile
attacks the less substituted Carbon

picks up a proton from the
solvent or from added acid

e o OH
7N - | CH;OH |
CH;CH—CH, + CH30f — CH;CHCH,0CH; —ar—> CH;CHCH,OCH;
R HCl

The nucleophile attacks the less substituted ring carbon.
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The conditions determine
the Site of Nucleophilic Attack

7 X
CH}CH_CHTZ

site of nucleophilic attack| | site of nucleophilic attack under
under acidic conditions basic or neutral conditions
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Using Epoxides in Synthesis

0 (o OH
/\ CHj = | CH3OH |
HC—C 4+ CHiC=CT — CHiC=CCH,CCH; —— CHyC=CCH,CCHs
CH, CH;,4 CH;,4

B o OH

N\ \ |
CH;CH_CHE + CH3NH2 =— CH;CHCHzﬁHchg — CH}CHCHzNHCH;
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Carbocation Stability determines the
Carcinogenicity of an Arene Oxide

O
cytochrome Py
0,
benzene benzene oxide

an arene oxide

OH

Y o 7
- ~ a0 oY ~_sOH ! oY
- . M .
fry ~
Lo
O o

addition products

~

rearranged product

© 2016 Pearson Education, Inc.

The more stable the Carbocation, the more

likely the Phenolic Product will be formed

H—B"* :
O om P OH
OJ :0: H
2
= T— + HB*
benzene oxide a carbocation phenol
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Addition Products can be Carcinogenic

o 0
HN N HN)K/EN\
Oﬁ)\ | N\> 7 E \N/I\N | N>
H,N N HO

H
an arene oxide

HO HO

covalently attached
HO to the arene oxide HO

2’-deoxyguanosine

If formation of the addition products is faster than formation of
the phenol, the arene oxide can be carcinogenic.
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Relative Reactivity of Amines

relative reactivities

- RCH,F > RCH,OH > RCH,OR > RCH,NH,

HF H,0 ROH NH;
pK, = 3.2 pK, = 15.7 pK, ~ 16 pK, = 36
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Protonating an Amine does not form a
Compound with a Good Leaving Group

CH,CH,OH, > CH;CH,NH;
pK; = -2.4 pK; = 11.2

Amines cannot undergo substitution and elimination reactions.
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Amines are common Organic Bases

CH,CH;
+ + N + / \ ¢
CH3CH,CH,;NH; ('H;;\‘JH: (‘H;('H:Z\‘JH NH; CH; NH; CH3NH,
CH, CH,CH; .
pK, = 10.8 pK, = 10.9 pKs = 11.1 pK, = 4.58 pK, = 5.07 pK, = 40
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Amines are common Nucleophiles

.
CH;CH,Br + CH;NH, — CH;CH,NH,CH; + Br

o o OH
| +

AN |
CH;CH—CH, + CH3;NH, — CH;CHCH,NH,CH; — CH;CHCH,NHCH;

© 2016 Pearson Education, Inc.

Thiols

2 CH;CH,SH + Hg* — CH;CH,S—Hg—SCH,CH; + 2H'

a thiol mercuric ion

Thiols used to be called mercaptans because they capture
mercury.
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Nomenclature of Thiols

T
CH;CH,SH CH;CH,CH,SH CH;CHCH,CH,SH HSCH,CH,OH
ethanethiol 1-propanethiol 3-methyl-1-butanethiol 2-mercaptoethanol
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Thiols are good Nucleophiles
in a Protic Solvent

CH;—S® + CH3CHZCBr CH;—S— CH,CH; + Br

_—
CH;OH

Thiolate ions are better nucleophiles because they are less
solvated than are alkoxide ions.

The product is a sulfur analogue of an ether
(thioether or a disulfide).
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Thioethers are also Nucleophiles

W & + .
CH3—§—CH3 + CH3;—I — CH3—§—CH3 I
dimethyl sulfide trimethylsulfonium iodide

a thioether a sulfonium salt
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A Sulfonium lon is an Alkylating Agent

/\ (lj,é_l?

HO? + CH;—S—CH; — CH;—OH + CH;—S—CH,
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Methylation by a Chemist

Nu + CH3DI —— CH;—Nu + I’
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Methylation by a Cell

+

NH, NH,
N)IN N” N
[ ﬁ\>
KN N —> CH3;—Nu NH- KN N
Nu™ \H/\A(?/\ﬁ
N CH,
A 7HO OH

OWSAﬁ

Io) :
s this was the HO OH
S-adenosylmethionine leaving group| S-adenosylhomocysteine

SAM SAH
AdoMet
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Noradrenaline to Adrenaline

NH;

O

HO

OH
NHZ/

norepinephrine
noradrenaline

S
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NH,
NN
@g

0O ! A0

CH

/' * HO OH

NH,
N” N\
I

NH; SNTON

O L A0
S
T

HO OH
HO
OH
HO H +H'
N,
epinephrine \
adrenaline CH;

The Families in Group Il

R—CH=CH—R

an alkene

R—C=C—R

an alkyne
RCH=CH—CH=CHR
a diene

These are nucleophiles.

They undergo electrophilic
addition reactions.
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i

C

Benzene is a nucleophile.

It undergoes electrophilic
aromatic substitution
reactions.

I v
o] Z = an atom
R—X [ more .
an alkyl halide RT 7 ?‘I‘;Cr:fgﬂegatwe
R—OH o
an alcohol 1
A
R—OR R 7
an ether
8]

. AR
an epoxide

These are electrophiles.

They undergo nuclecphilic
substitution and/or
elimination reactions.
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