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benzyl alcohol



% % (common name) :

"
CH,OCH,CH, CH,CH,OCH,CH, C6H5O(|3—CH3
CH,
Ethyl methyl ether Diethyl ether tert-Butyl phenyl ether
/\/OV/
Allyl vinyl ether
[UPAC# & :
CH,OCH,CH,0CH,
CH3(|3HCH2CH2CH3
OCH,

2 1,2-Dimethoxyethane
2-Methoxypentane



O_
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Oxacyclopropane Oxacyclobutane

or oxirane or oxetane
(ethylene oxide)
[Oj
O O
Oxacyclopentane 1,4-Dioxacyclohexane

(tetrahydrofuran) (1,4-dioxane)
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CH, LN
O:---H—O: B
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H CH,

Hydrogen bonding between

molecules of methanol
bk frpt -k ¥ 83 — Tehip f# & (solubility)

c)fgenpitt ¢ (acidity, PKa)

Relative Acidity
H,O > ROH > RC=CH > H, > NH; > RH



Acid pKa

CHsOH 15.5
H,0 15.74
CH3CH,OH 15.9
(CH3)sCOH 18.0
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CH;CH,OH + NaNH, » CH;CH,O'Na" + NH;

CH;CH,OH + NaC=CH » CH;CH,0'Na" + HC=CH

O
CH;CH,0OH + )‘\ \ >
+Na-O




7 +H,0 | | |
C=C +HA— —1C—C + A~ —C—C— 4+ A" ——1~C—C— + HA
\ | —I—\ —-H,0 | +(|) | (|)
H H : H :
H~ OH "SH
Alkene Alcohol

Oxymercuration

O O
\ / [ THF | [
/c=c\ + H,0 + Hg\OCCH,/ , — —(|:—(|:— O + CH,COH
HO Hg—OCCH,
Demercuration
| | I
—C—C— O +OH +NaBH, — _C_CI_ + Hg + CH,CO"

| | |
HO Hg—OCCH, HO H



Hydroboration

CH BH,: THF + "
enantiomer
3 Anti-Markovnikov and
syn addition
H

+ dialkyl- and

H OH trialkylborane
Oxidation
CH; m,0,HO" CH, + enantiomer
Boron group is g
H replaced with H
retention of
B OH

configuration

H OH
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A)#-alcoholsiE i 2alkyl halidesz = %
a) Reaction of Alcohols with Hydrogen Halides

CH

3

| 25°C

CHg_C_OH + HCl(concd) — CH%_C_CI + H.,O

CH,

(SN1 3° choloride,
bromide) (2°
bromide)

Hydrogen
halide HI
HBr > HCI
> HF(see

CH,

| page 263)

| 2 Type of

CH, alcohol 3° >

(94%) 20 > 10 <

CH, CH

| 2T N /\' fast lﬁ]ethy 1

&WICH—f O—H +H—0* H——*G%%ﬁ—o H+? H
CH, H CH, H
™ 1 o,
Step 2 CHs—(|Z£Q+—H S CHB—C4 +:0—H
CH, CH,
T~ | 1
:X//:?;\ﬁ}i}b H —:X— ? R+ :0—H
H H
(Protonated 1° alcohol (A good

or methanol) leaving group)



(1° bromide)
CH,;CH,CH,CH,OH + HBr(mncd) — CH,;CH,CH,CH,Br

reflux
(95% )
1AL i |
/\ (\
X B R={— O H —: X C—R + :0—H .
| | - Primary and methyl alcohols
H H
(Protonated 1° alcohol (A good
or methanol) leaving group)

d - % = &ﬁg 3 ¥ 33 }%‘rﬁlvﬁchlomdes d 3Cl a8 4+ aprotic solvent
PR 22 E & Lewisthg

R— (l)-I-ZnClﬁ‘R Cl) ZnCl

H H
.
7 g
Cl ~ 4R L](|) ZnCl —> :Cl1—R + [Zn(OH)CL, ]~
H

[Zn(OH)CL,]- + H* =—=Z7n(Cl, + H,0
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b) Reactions of Alcohols with Reaction of Alcohols with PBr; and SOCI,
3 R—+OH + PBr, —> 3 R—Br + H,PO,

(1° or 2°)
RCHZQH + Br—Pl’—Br —> R_CHz?_PBrZ + :]ir:—
Br H
Protonated

alkyl dibromophosphite

:Bri~ + RCHZ—(l)PBrZ —> RCH,Br + HOPBr,

H
| |

A good leaving group



reflux

R—OH + SOCI, >R—CI + SO, + HCI
(1° or 2°) e
_ ~
H Cl H -l
RCH,OH + c1—ﬁ—c1 — {RCHZ—J)JF—/é\(\]% RCH2—9(|)+—S—C1 —> RCH,—O0—S—Cl + HClI
% (" o i c") | c|)

chlorosulfite

T
C1{- + RoH,L0—5—C1 — RCH,CI + 0§

|| |
0 0

Cl > RCH,CI + SO,t + CI™

R,N: + HCl — R,;NH* + CI~



1|{ (Ijl H ~CI
RCH,OH + Cl—$—Cl — RCHZ—OLSk\ — RCHZ—QOLS—CI — RCH,—O—S—Cl + HCI
W & o [ [
0

O i O
Alkyl
chlorosulfite

/N

i ‘0>-81-C1—> RCH,CI + SOt + CI-

T
:Cl:~ + RCH,—O ﬁ Cl > RCH,CI + 7O ﬁ
O 0

R,N: + HCl — R,;NH* + CI~
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CH,OH
PBI’3
SOCL,, Et;N
OH
PBI‘3




c) Tosylates, Mesylates, and Triflates

| I
CHS—ﬁ—OR or MsOR Cﬂs©ﬁ—0R or TsOR
O O
An alkyl mesylate An alkyl tosylate
O

CF,—S—OR or TfOR

O
An alkyl triflate



AT ?J :

= + H—O0—R — Me—S O"‘ —

(”) kcn H
Methanesulfonyl Alcohol
chloride
The alcohol oxygen attacks the sulfur The intermediate loses
atom of the sulfonyl chloride. a chloride ion.
0O g 0
| ./ | =
Me—S—O7 —> Me—S—O—R + H:B
R |-
0 ’ (0]

(a base) Alkyl methanesulfonate
Loss of a proton leads to the product.



O O

| [
Nu:~ + RCH, (\O ﬁ R’ > Nu—CH,R + ‘O—ﬁ—R’
O O
Alkyl sulfonate Sulfonate ion
(tosylate, mesylate, etc.) (very weak base —

a good leaving group)

R R
Step 1 \c—o’—H ] O \C—O—T
lep s e | 1 'S T "Ha  H™ .
{ {
R’ R’
R R
_/_\\ N inversion /

Step 2 Nu:~™ + uwC—O—T >Nu—C., + O0—T
ep u H‘/ S50 u \N“H S

R’ R’



" \\\H TSCI, Et3N TsO
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Cl
LiCl
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a)fg A~ + B enps v %K B & F B (intermolecular dehydration of alcohol)

H,SO,
2, CH,=CH
180°C

Ethene

2

CH,CH,OH —

H,SO,

T CHLCHOCH CE,

Diethyl ether
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H

2 |
Step I CH,CH,—O—H + H-—0SO,H == CH,CH,—O*-H + ~0SO,H

This is an acid —base reaction in which the alcohol accepts a proton from
the sulfuric acid.

ANl 1 1
Step 2 CH,CH,—O—H + CH3CHZEO+—H’— CH,CH,—O“—CH,CH; + :0—H

LR

Another molecule of the alcohol acts as a nucleophile and attacks the protonated
alcohol in an S 2 reaction.

H/—\H H

ol | . |

Step 3 CH,CH,— O— CH,CH; +: Q—H =— CH;CH,—O—CH,CH; + H—O—H
Another acid —base reaction converts the protonated ether to

an ether by transferring a proton to a molecule of water (or to another
molecule of the alcohol).



b) Williamson method
RELEIEE- Ef&ﬁ?F' 15

R—O0: Na* + R-L —> R—O—R + Na*:L-
Sodium Alkyl halide, Ether

(or potassium) alkyl sulfonate, or
alkoxide dialkyl sulfate

The alkoxide ion reacts with the substrate in an S, 2 reaction, with the resulting
formation of an ether. The substrate must be unhindered and bear a good leaving group.
Typical substrates are 1° or 2° alkyl halides, alkyl sulfonates, and dialkyl sulfates, that is,

—L = —Br:;, —I:, —OSO,R", or —OSO,OR’



CH,CH,CH,0H + NaH — CH,CH,CH,0:~Na* + H—H
Propyl alcohol Sodium propoxide
1CH3CH21

CH,CH,0CH,CH,CH, + Na*I-
Ethyl propyl ether
(70%)



CH;I

OH



C) T it ;2 Wi fert-butyl ether, silyl ether:

/\/\ *Na C=——=CH
HO B > HO
r ? /\/\

H

(1) H,SO, NaC=CH
HOCH,CH,CH,Br I —Cin (CH;);COCH,CH,CH,Br >
7 3/2
H,O0"/H,0
(CH,);COCH,CH,CH,C=CH ———— HOCH,CH,CH,C=CH + (CH,);COH

4-Pentyn-1-ol



c) Synthesis of Ethers by Alkoxymercuration-Demercuration

(1) Hg(O,CCFy), HOCH(CHy),
(2) NaBH, HO"

OCH(CH,),

(98% Yield)
FHEIF BB

d) tert-Butyl Ethers c) tert-butyl ether, silyl ether:
T oAv A2 R

/\/\ "Na-C——CH
HO Br > HO

H




(1) H,SO, NaC=CH
HOCH,CH,CH,Br —————— (CH;);COCH,CH,CH,Br »
(2) CH,=C(CHj),

H;O"/H,0
(CH,);COCH,CH,CH,C=CH —————— HOCH,CH,CH,C=CH + (CH;);COH

4-Pentyn-1-ol



CH, CH,

| imidazole |

R—O—H + ClI—Si—C(CH,), > R—0—S8i—C(CH,),
| . DMF | -
CH, (=HE) CH,
tert-Butylchlorodimethylsilane (R—O—TBDMS)
(TBDMSCI) /_\
HN: N:
Imidazole
CH, CH,
|_ Bu,N*F~ |
R—O S|1 C(CH,), — > R—O—H + F S|1 C(CH,),
CH, CH,

(R—O—TBDMS)
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] 3

—C H.C—CH,
N \1/
0. 0.
An epoxide IUPAC name: oxirane

Common name: ethylene oxide

a) ki L&
O O
[ [

epoxidation

RCH=CHR + R'"C—0O—OH > RHC\—/CHR + R'C—OH

An alkene A peroxy acid An epoxide

. (or oxirane)
Cl - ‘ ‘ (e} (e} H




R

OJ()O

HI“ZX Al Peroxy

acid
Alkene

I
4
/'

oy

,',H

-"!.11", v

1%
:0-

Concerted
transition
state

o)
. " /
O H
Hnf, | r
! {.). ¥ Carboxylic
acid
Epoxide

The peroxy acid transfers an oxygen atom to the alkene in a cyclic,
single-step mechanism. The result is the syn addition of the oxygen to the
alkene, with the formation of an epoxide and a carboxylic acid.



H3C\ /H O 3
]
C
7\
I H H
cis-2-Butene cis-2,3-Dimethyloxirane

(a meso compound)

CH, CH,
H,C H ‘ ‘
\C/ <"3
|| + RCOOH — Hu/H o H\ g
A\ 0: 0
s Gl CH, CH,

trans-2-Butene Enantiomeric frans-2,3-dimethyloxiranes
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Epoxide Protonated epoxide
The acid reacts with the epoxide to produce a protonated epoxide.

:0 ;T H : (l)— H : (l) :
Y | ! |
—=C—=C— = HO—H —— == s 0 =0 — —C—C—+ H—O0=—H
Vol [ [ |
=C|) H (|) :(l): H
H H H
Protonated Weak Protonated 1,2-Diol
epoxide nucleophile 1,2-diol

The protonated epoxide reacts with the weak nucleophile (water) to form a protonated 1,2-diol,
which then transfers a proton to a molecule of water to form the 1,2-diol and a hydronium ion.



This carbon
resembles a

3° carbocation.
o

. 5
CH,0H + CH,—C—CH, —> CH,—C—CH,OH
A < \\\ / . |
<’ Os+ TOCH,
H H
Protonated
epoxide
FERY BNAF B
m-CPBA H,0"
> 9

CH,OH



1° Carbon atom is less hindered.

.« N s CH,CH,OH
CH,CH,O:~ + HQC\—/CHCH3 = CH:;CHZOCH2$HCH3 >
Q O O_

Methyloxirane

— CH3CHZOCH2(|3HCH3 + CH,CH,O"

OH
1-Ethoxy-2-propanol

m-CPBA CH;0Na"




enzymatic epoxidation
(“activation”)

DNA DNA
Ou., — deoxyadenosine adduct
H (causes cancer)
HO™
OH
Dibenzo[a,/]pyrene-
Dibenzo[a,/]pyrene

11,12-diol-13,14-epoxide



OCH,
Aflatoxin B,

enzymatic epoxidation
(“activation”)

epoxide ring opening g
by glutathione

Aflatoxin B,—glutathione adduct
(can be excreted)



