Chapter 18: Ethers and Epoxides; Thiols and Sulfides
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18.1 Naming Ethers
Simple ethers are named by identifying the two organic
substituents and adding the word ether
0 _CH, 0
HCe” ¢~ ©/ “CH,CH,
n,C CH,
tert-Butyl methyl ether Ethyl phenyl ether
If other functional groups are present, the ether part is
considered an alkoxy substituent
2 3 (“H,
(‘H,()—@—()(‘I[; ‘G()(‘(‘ll;
CH.
p-Dimethoxybenzene 4-tert-Butoxy-1-cyclohexene
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18.2: Structure & properties of ethers:

The oxygen of ethers is sp3-hybridized and tetrahedral

The ether oxygen is a weak Lewis base

Ethers have small dipole moments and are relatively
non-polar

Inert to a wide range of reaction conditions- good solvents

Synthesis of ethers:

Symmetrical ethers can be prepared by treating the
corresponding alcohol with a strong acid

{ :(“i[[
H H H
CH;CH,—O: 'CH--\’CU_,*“': S, CH;CH,—O—CH,CH; — (‘H;CHE*‘::’*CIIQCH‘

H
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Limitations: must be symmetrical

works best for 1° alcohols 114

18.3: Williamson Ether Synthesis

Reaction of metal alkoxides with alkyl halides or tosylates to
give ethers. This is an Sy2 reaction.

Alkoxides are prepared by the reaction of an alcohol with a
strong base such as sodium hydride, NaH

fHo THF M

H30—(|3—OH + NaH T’ HSC—?_(T Nat + NaH
CHs 2 CH,
CHa THF CHs

H30—(II—ON : HSCCS—NZ> HiC—C—0—CH;  + Nal
CH, Na CHg

Few restriction regarding the nature of the alkoxide
Works best for 1° alkyl halide or tosylate; E2 elimination is a
competing reaction with 2° halides and tosylates

3° halides undergo E2 elimination (vinyl and aryl haildes
do react)

Br
CH3CH,-O™ Na* QCHzCHy
ZTewe @,

THF

s 115
(R)-2-Bromohexane (S)




18.4: Alkoxymercuration of alkenes
Recall oxymercuration (Chapter 7.4): overall Markovnikov
addition of H-OH across the n-bond of an alkene

OAc OH
e ™ gon T NaBH,
9\» C HgOAc 5
oF
o* “HgOAc

Alkoxymercuration: replace water with an alcohol to get the
Markovnikov addition of H-OR across across the
n-bond of an alkene

HQ(OAC HgOAc NaBH4

Few restrictions regarding the nature of the alcohol or alkene
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18.5: Reactions of Ethers: Acidic Cleavage
Ethers are generally unreactive
Ether bonds can be broken with strong acid (HI or HBr) and heat
The mechanism involves protonation of the ether followed by
an S\2 reaction with the halide acting as the nucleophile
(works best for phenyl alkyl ethers Ph-O-CH,R)

lore hinder
> H--1

H
CH,CH—O—CH,CH; — | CH,CH—O-LCH,CH, | —2%, (‘H;(“H OH + I—CH,CH,
‘ 9 ‘ D5
CH; CH;4 i CH,
Ethyl isopropyl ether i Isopropyl alcohol Iodoethane
© 2004 Thomson - Brooks/Cole
. HsC HBr HC H HsC
However: % O, St s
Hsc—‘c—o—CHZCHZCHg T HsC— (l:k, —CHyCH,CHg — HyC— C+ +  HO—CH,CH,CHg
HsC HsC H3C
HsC l HaC,
HyC—C—Br +  C=CH;
HsC HaC 117
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18.6: Reactions of Ethers: Claisen Rearrangement
Thermal rearrangement (> 200° C) of allyl vinyl ethers to give
v,0-unsaturated carbonyls

O/=// —>A O/ > B
5 v
Member of a class of pericyclic reactions known as sigmatropic

rearrangements (Chapter 30)
Allyl phenyl ethers rearrange to o-allylphenols

o
qu oﬁ ' 0N o HO Y
N Lo alp tautomerization
H

allyl phenyl ethers “aromatic’
(prepared by transition ~ 1-0"unsaturated o-alliphend

Williamson synthesis) state carbonyl

118

18.7: Cyclic Ethers: Epoxides

o6 O 0000

furan  tetrahydrofuran 2H-pyran 4H-pyran 1,4-dioxine  1,4-dioxane 2,3,7,8-tetrachlorodibenzo[b,e][1,4]dioxine
(dioxin)

Epoxides (oxirane): three-membered ring, cyclic ethers;
the strain of the three-membered ring makes 0

epoxides electrophilic 7&?
Synthesis of epoxides from alkenes: o H
epoxidation with m-chloroperbenzoic acid o”®
(MCPBA)

07 7 H OH
YN
0
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Stereochemistry of the mCPBA epoxidation:
syn addition of oxygen.
The geometry of the alkene is preserved in the product
(recall the cyclopropanation of alkenes, Ch. 7.6)
Groups that are trans on the alkene will end up trans on the
epoxide product. Groups that are cis on the alkene will end
up cis on the epoxide product.

H, ___ WH mCPBA H, H
. . AR
R R CH,Cl, R R
cis-alkene cis-epoxide
H, __ R mCPBA H '/&\\ R
. . > 0, N
R H CHCl, R H
trans-alkene trans-epoxide
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Intramolecular Williamson Synthesis: general method for the
synthesis of cyclic ethers: the alkoxide and alkyl halide
are part of the same molecule

NaH, THF -0 Sn2 o
Br” "o ) s

—_—
&

Epoxides from halohydrins

OH -0
By, HO NaH, THF Sn2
Bra MG e e - . Og)

anti addition
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18.8: Ring-Opening Reactions of Epoxides
Acid-catalyzed epoxide opening: protonation of the epoxide
oxygen makes it more reactive toward nucleophiles

hydroysis of epoxides give vicinal diols

H

H H =z
mCPBA < HaO* ! =OH
o+ —_—
Em— —_—
/H & H
OH,

trans-1,2-cyclohexanediol
complementary to dihydroxylation of alkenes
OsO,

H
@ NaHSO, Z «OH
_NaHSOs
o
OH

cis-1,2-cyclohexanediol

acid-catalyzed halohydrin formation from epoxides

\H ! *aon

2 H-X 7

% ether H X

@ - H H 122
X

Regiochemistry of acid-catalyzed epoxide openings:

if the carbons of the epoxide are 1° or 2°, then the
epoxide opening goes predominantly by an Sy 2
mechanism and the nucleophile adds to the
least substituted carbon

if either carbon of the epoxide is 3°, the epoxide opening
goes predominantly by an Sy1 mechanism and the
nucleophile adds to the 3°-carbon

OH Cl

N /N e |
HC \/(77('\/1'I —L, CH,CHCH,CI CH,CHCH,0H
H H
1,2-Epoxypropane 1-Chloro-2-propanol  2-Chloro-1-propancl
(90%) (10%)
0 Cl OH
VA | |
HyC~_c—H . CHCCH,0H + CH,CCH,CI
H,C H CH,4 CH,
2-Methyl-1,2-epoxypropane  2-Chloro-2-methyl-  1-Chloro-2-methyl-
1-propanol (60%) 2-propanol (40%)

123

62



Nucleophilic (base-catalyzed) epoxide opening:
Epoxide undergo ring-opening with nucleophiles via
an Sy2 mechanism

/8\) 100°C -0 ROH HQ ~
& e \ —_— _ + RO
HaCH,C—F~CHz _ HaCH,C—C—CHz //C Ch,
H N__"OR H OR OR

Nucleophilic epoxide opening with Grignard reagents

‘3 ether
C/O\CH .- then H;O* (I)H
HeCH,C™ 772 BrMg-CH; ™ > HyCH,C~CH-CH,—CH
H \/Q 3 302! 2 3

The nucleophile will add to the least substituted carbon of the
epoxide (Sy2 mechanism)
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18.9: Crown Ethers (please read)
18.10: Thiols and sulfides

Thiols (mercaptans) are sulfur analogues of alcohols
Sulfides (thioethers) are sulfur analogues of ethers

Preparation of thiols from alkyl halides (S\2):

.
_/\ s . ('NHZ
HaC-HoC-HC-HoCBr HoC-HoC-H,C-H,C—S—4

&)
HoN™ “NH, /‘ NH,

Thiourea HO

) NH, (0]
— Hac-Hzc-HZC-Hzc—sag —— HGHCHCHC—sH +

C Nk, HN" “NH,

4

H
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[O]
Thiols can be oxidized to disulfides 2RSH =—— RSSR

[H] N
thiols disulfide
e
SO S
N\
9029 H 9 -2e7, -2H* Hagw i ﬂ CO,
2 IO
HBNWN%HACOZQ - s
® O Xgn +2¢7, +2H* ’
glutathione Hs\; ] ®
eozc\/N\ﬂﬂ'N)K/\/NH3
H FOC)
o €O,

Thiolate ions (anions of thiols) are very reactive nucleophiles
Thiolates react with 1° and 2° alkyl halides to yield sulfides
(S\2), analogous to the Williamson ether synthesis

NaH, THF _/;\\/\@
CHsCHy-SH —— CHyCHpS” Na*

CH3CH,-S-CH,CH,CH,CH;
Sn2

Sulfides can be oxidized to sulfoxides and sulfones

0 0. 0
s H,0, I mCPBA \\S//
R1/ Ry, ——> R1/ ~ Ry B — Ri/ ~ Ra
. 126
sulfide sulfoxide sulfone

Bioactivation and detoxication of benzo[a]pyrene diol epoxide:

Paso ‘O H0 ‘O
_— " .
& HO™
OH

benzo[a]pyrene
NH, OH
S HO.
o)/ SN
P450 ¥ N"N?
— g e
HO" DNA N

OH N~"SN
¢ ]

P
glutathione GS~ N
transferase DNA
SG
HO"

OH
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18.11 Spectroscopy of ethers

IR spectroscopy: not particularly diagnostic for the ether
functional group. Strong C-O single bond stretch
between 1050-1150 cm"

"H NMR: protons on the carbons that are part of the ether linkage

are deshielded relative to alkanes. The chemical shift of
these protons is from 6= 3.5 - 4.5 ppm

SRR, .1
H=§=¢-¢-0-¢-¢-¢™
H HH H H H
TMS
4 3 2 1 0 ppm
Chemical shift (5)
128
(o]
/\
Hsc//C—C\ He jab
Ha Hp Jy
not chemically
equivalent

4 3 2 1 0 ppm
Chemical shift (5)

Protons on epoxide carbons are shield relative to those of a
typical ethers (8=2.0 - 3.0 ppm)

13C NMR: the chemical shift of carbons that are part of the
ether linkage are in the range of 6= 50 - 80 ppm
Epoxide carbons are on the upfield side of this range
(~40 - 60 ppm)
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129.54 114.64

68.68 44.76
121.25 50.18

158.49
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