Names and Physical Properties of Ethers
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An ether has two organic groups | CHaCHa_  CHaCH = “CHg o
(alkyl, aryl, or vinyl) bonded to the - i \ f

same oxygen atom, R—-O-R'.
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Physical Properties of Ethers

Oxygen atom gives ethers a slight dipole moment, and the boiling points of
ethers are often slightly higher than those of corresponding alkanes but much
lower than those of isomeric alcohols, due to the absence of H-bonding.

Ether bp (°C)  Hydrocarbons bp (°C) Alcohols bp (°C)
CH;OCH, -25 CH,4CH,CH, -45 CH,CH,OH 78.5
THF 65 cyclopentane 49
Synthesis of Ether
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Synthesis of Ether

o
G
0 0F Na* g, L 0
Williamson EtherSynthesis‘ Q’ . s g S O’\CH’
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tert-Butoxide Iodomethane tert-Butyl methyl ether

CH30#+
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Synthesis of Ether

Cyclic ethers: intramolecular Sy2 reactions ‘
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Relative Rates of Cyclic Ether Formation

ks = ks > ke > ky = ky > kg

k, = reaction rate, n = ring size

: 1:5:|' H

14-4




Alkoxymercuration of Alkenes
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Reactions of Ethers

Peroxides from Ethers

| | | As peroxides decompose
2ROCH + O, > 2ROC—O—OH > ROC—O—0—COR explosively, ethers should not be
| | | exposed to air for a long time.

Ancther Anether peroxide
hydroperoxide

Cleavage by strong acids: HBr & HI
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Cyclohexene Ethyl isopropyl ether Isopropyl alcohol  Iodoethane
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Acidic hydrogen Recall syntheses of epoxide: ‘
Mg
f Al i i _H
HO—CHoCHyCHp—Br  —3—  HO—CH,CH;CHp—MgBt — <>
NOT formed . NsOH solvent
OH 2, CH4CH,Br O\CllgCIh
1, (CF3C0Z);Hg, Cycloheptene mata-Chloroperoxy- 1.2-Epoxy- meta-Chloro-
HyC=CH; benzoic acid cycloheptane benzoie acid
2. NaBHy
Phenol Ethyl phenyl ether H H
o OH GE 7
CHzCH3 w0 1 L] [ 0
Reflux +  CHgCHaBr H20 /
" N
CC;‘ H
CH; CH; Cyclohexene trans-2-Chloro- 1,2-Epoxy-
" . 15% agueous H S0, 40°C - - cyclohexanol cyclohexane
CH;COH <+ CH;CH,OH (excess) T’ CH.COCH.CH;
CH, CH; o '
8 Acid-catalyzed Hgot \0 - trans-product
t-Bu may act as a : id ing- .Nu o
; \ époxide opening- r"~ (stereospecific)
protective group of OH o H:80,, HO, 50°C OH + \ Nu
. - - o —
as it can be conveniently ~ >< b z/
removed under acidic / '
conditions afterwards.

1.2-Epoxycyclo-
haxane 14-8




Acid-Catalyzed Ring Opening of Epoxide

Secondary Primary
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Tertiary Primary 1,2-Epoxypropane 1-Chloro-2-propanol  2-Chlore-1-propanol
(90%) (10%]
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—C—C~y = _dH o+ _¢-H
Hg':: FECH Eher e £ e pre
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2-Methyl-1,2-epoxypropane 2-Chloro-2-methyl-  1-Chloro-2-methyl- + -CH3 ; CHg
1-propanol (60%)  2-propanol (40%) N (I
{~oH ~OH
H H
CHy 2 carbocati +.9-B 5 ctni
| (more stable) r-1-cyclohexanol
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i =0H | =0H
Sy1-like carbocationic qH (IH
intermediate g Br
SN2_I | ke StereOChemIStry 2° carbocation t-2-Bromo-1-methyl-
(NOT formed) r-1-cyclohexanol 14-9

Base-catalyzed Epoxide Opening

o) [ OH
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S - CHyOH | H0, CH,OH + ~OH
20, 100 °C

Methylenecyclohexane 1-Hydroxymethyl-
oxide cyclohexanol (70%)
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Nucleophile attacks the less hindered carbon center and give anti-product. ‘

0 1. LiAlIL, (CH,CH).0 H OH T OH
7N 2H', O Hay / 20 1. LIAID; .
~C—C. —_— S YA L1 WO 7 CH;
H/4  \H /o NH o/ S\ r S '
HYy R H R/ Apy CHs ——/H
Less hindered

D

1. Ether solvent

A
CH3CH2CH,CH,MgB + HoC—CH
3CHaCH;CH,MgEBr 2 - Hy0"

CH3CH,CH,CH-CHoCH,0H
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Reaction of Epoxide with Borane
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Crown Ether
X-Crown-y

X total number of atoms
y number of oxygen

18-Crown-6 ether 14-11

Crown Ether
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15-crown-5 and 12-crown-4 complex Na+ and Li+, respectively.

Phase transfer catalyst

K*F~ + 18-crown-6

K*CI~ + 18-crown-6

aqueous phase

[18-crown-6 / K*] F~

organic phase
Reactant P Product
14-12




Synthesis and Application of Crown Ethers

0
HOCH,CH,OH + 2 /A ——=  Ho O~ OH

SOC'Z‘ Cl/\\/o\/\o/‘vm KOH EO O]
———
0 OH THF/H,O [®] o
HO™ "N |\/0\)

Phase transfer catalyst

CH4CN
O,N Cl + KF ——= O, F +  Kcl
25°C, 5h

Thiols and Sulfide

*SH
A
CH SH S
CH,SH E‘H_;C"H;(i‘H(I'HJ:.\:H ('H3c1-|_,c|'HC'H3c'H, \) HSCH,CH,0H
Methanethiol 2-Methyl-1-butanethiol 3-Pentanethiol Cyelohexanethiol 2-Mereaptoethanol
CH,
CHSCH,CH;  CHiCS(CHy)CH;  CHySCH,CH,0H CHS
CH;

Ethyl methyl sulfide LI-Dimethylethyl 2-Methylthioeth 1 Meth hiolate ion

heptyl sulfide

Acidity of Thiols

RSH  + HO: = RS: +

HOH

P, =9-12 phy = 15,7

NOZ NO?
< 5% CH3CHaCHCHZCHaCHCHyCHp - Br - + ':fs:H ——>  CH3CHyCH,CH,CH,CH,CHoCH—SH + B
CH4CN, 18-crown-6 1-Bromooctane 1-Octanethiol (83%)
O;N Cl  + KF =  O;N F + KCI
25°C, 5h - - .
NO, NO, The reaction usually gives a poor yield due to a second S2
quantitative 14-13 reaction to give a sulfide as a by-product. 14-14
. ) NaOH o Iz
RSH + R'Br —> RSR’ + NaBr + H;O 2R—SH —ﬁ R—8—S—R + 2HI
n,
A thiol A disulfide
Br-
i e
+
CH3CH5CH2CH,CH,CH3CHoCHy— B + Cc —> CH3CH»CH,CH,CHCHoCHyCHy —S=C—NH - -
3hpCHaUHa LHI LR LRI LH, U’ HoN™ NH, gUH5CHaCHCHACHALRCH 2 HiC - . .. HiC - .
. 5., + CHy—I: > S—CHy + :I:
1-Bromooctane Thiourea A " A
ngo, NaOH H.C H;C
95%
ﬁ Trimethylsulfonium iodide
Reversible disulfide formation CHsCHoCHCHaCHaCHaCH,CH—SH  + PN
is important in stabilizing the Halt™ i TN S . .
f0|d|ng of prOteInS 1-Octanethiol (83%) Urea HQ: + CH, _rbl( Hy), — HE:}( Hy + _.‘\_l(_ Ha)s
\ PR o S ™) = e ’--\ 0
SH l : .f/ \"l Oxidation /© At Il O\\ ,—?O
JSH » (—SH  HS— > s s—] S< S S
P 7 \ 3 \ CHs  _wio, T CHs cigcoa o
/ S - \ ,.-;/1\ \ N Hz0, 25°C
5 )
Amino acid chain Amino acid chain Disulfide bridge 1415 Methyl phenyl sulfide Methyl phenyl sulfoxide Methyl phenyl sulfone 1416




