Ethers, Epoxides,
and Sulfides

Ethers are compounds of formula R—O—R"’,

H—0O—H R—0O—H R—O—R’

waler aleohaol ether
18-crown-6
Examples af ethers with K* solvated

"

CH,CH,—0—CH,CH, @D—Cllj L
O

diethyl] ether methyl phenyl ether tetrahydrof uran
(a symmetrical ether) (an unsymmetrical ether) {a symmetrical, cyclic ether)
Physical Properties e[ 8

of Ethers ucture and Polarity o ers

@/
Z

H : H
e aw e,
" [ \ “H
H H
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Boiling Points of Ethers; Hydrogen Bonding

TABLE 14-1 Comparison of the Boiling Points of Ethers, Alkanes,

and Alcohols of Similar Molecular Weights

Compound Formula MW bp(°C) Dipole Moment (D)
water H.O 18 100 | .9
ethanol EH]EH?_DH 46 TE 1.7
dimethyl ether CH, —0—CH, 46 -25 1.3
propane CH:CH;CH; 44 —42 0.1
r=butanol CHiCH;CH,CH,—OH T4 | 18 1.7
tetrahydrofuran C \ T2 Hilfy | &
-~
Q
diethy 1 ether CH,CH,—0O—CH,CH,4 74 35 1.2
pentine CH.CH,CH,CH,CHj, 72 36 0.1
Alcohaol Ethei Alcohol + ether

hyd ro:

donor

G

aen boid

acceptor

()—R

no donor

&

no hydrogen bond

acceptor

TO—H:

R
| ()j'/
y,

R ‘. R
hydrogen bond

donor acceptor
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Ethers as Polar Solvents

TABLE 14-2 Physical Properties of Some Representative Ethers

Ethers are ideally suited as solvents for many organic reactions.

Mame Structure mp (*C) bp (*C) Density (g/mL)
dimethyl ethes CH,—0—CH, =140 — 25 0.66
ethyl methyl ether CH,CH,—0—CH, B 0.72
diethyl ethes CH,CH,—0O—CH,CH, -116 15 0.71
di-n-propyl ethe CH,CH,CH,—0—CH,CH,CH, -122 91 0.74
disopropyl ethes (CH),CH—0—CH({CH,), - 86 68 0.74
1,2-dimethoxyethane (DME) CH,—0—CH,CH,—0—CH, =58 83 0.86
methyl phenyl ether {anisole) CH3—D© — 37 154 0.99
diphenyl ether QD@ 27 259 1.07
furan .!-"II ) - 86 32 0.9%
o0
tetrahydrofuran (THF) L ) = 108 65 029
0
L
1, 4-dioxane [ j 11 101 1.03
0
ether solvates cations: akcohol solvates cations and anions:
R Li* R\ H i 0
By i
R o e B G2 ROR
c 0 0 X (Y. % 5
&w “WO\ a m“’o\ H---:{gg:-—-H—O0
Ri PYP R H— P{Py | ?. X{
/O@ /0\ (not well solvated) /Od /0\ \H
~N
R R R R H R R No—r

1/7/2019



B:- + R—OQH —= B—H + R—O:"
strong base alcohol protomated base alkoxide ion

DME, THF, and diox ane are miscible with water, and diethyl ether is sparingly soluble in water.

i } Eﬂj
CH.CH,—0—CH,CH,  CH;—0O—CH,CH,—0—CH, 0 0

diethyl ether | 2-dimethoxyethane tetrahydrofuran 1, 4-dioxane
“ether™ DME, “glyme™ THF, oxolane dioxane
bp 35°C bp 82°C bp 65°C bp 101°C
PROBLEM 14-1
Rank the given solvents in decreasing order of their ability to dissolve each compound.
Solutes Solvents
(a) NaDAc T ethyl ether
water
hthal % nanhthol ethanol
e e Ph. dichloromethane

Stable Complexes of Ethers with Reagents

i F
_ F ’__,,C'El:l.’:]-!_; | L""H +CH,
n, ®QR F—BL + :0 —  F—B—o0{
U | L -3
H—C— Me—X F CH,CH, ||= “CH,CH,
S g
H R— 0@ boron diethyl ether BF, - OEt,
| trfluonde “boron trifluoride etherate™
R
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IUPAC Names (Alkoxy Alkane Names)

CH,—O0—CH,CH,
methoxyvethane
ethyl methy] ether

[LIPAC name:
COITITION NEumne:

©/DCH_1

methox vhenzene

Cl—CH,—0—CH,
chloromethoxymethans
chloromethyl methyl ether

methy| phenyl ether, anisole

H.C. CH,

OCH,CH,

[UPAC name: Z-gthoxy-1,] dimethyleyclobexane

PROBLEM 14-4

Give a common name and a systematic name for each compound.

(@ [>— ocH,

OCH,CH;
@ >ﬂA_ .
\.

(b) CH3CH;—O—CH{CH;3)» (e} CICH,CH-OCH,

{-le_I P COH
| 'OCH,

CH,CH,

Cl
||.....H CHZ_DH
'""ECH; CH,—O0—CH,CH,

rramg-1-chlorg-2-methos vey clobulane Z-ethoxyethanol

Nomendature of Cyclic Ethers

Cyclic ethers are our first examples of heterocyclic compounds,

Epoxides (Oxiranes)
O 9] O
_ % |
H,C=CH, + Ph—C—00H S H,C—CH, + Ph—C—OH
ethylene peros ybeneoic ackl ethylene oxide benzoic acid
H
| pernx yhenz o aeid
- TH
cyclohexene cyclohexense oxide
5 1/7/2019



H O\ M H__ O~ CHCH, H :f:r: CH,

H H  (CH,.CH *“CH,CH, CH,0 H
oxirane 2, 2-diethyl-3-isopropyloxirane rrans-2-methoxy-3-methyloxirane
—a
Oxetanes . _FO
| tHJ‘f.'TCHTEHJ
CH, H
oxetane 2-gthyl-3 3-dimethyloxetane
Furans {Oxolanes)
H H OCH, H H
B 4 4 kl ]'_1- H
J N A\ H H
4 0 . o H 0O H
I
furan J-methox yluran tetrahydroturan (THE)
|
Pyrans (Oxanes) (ofolane)
H H
H. _H CH
H. > _H : AN
) H/\ 3 H H
T Ay 2 H H
Q . H O H
pyran 4-methvlpyran tetrahydropyran (THF)
[oxane)

1/7/2019



Dioxanes

I
0 - 0
Ty, QU0
o - ™0~ T“CH, "0
4 1
I 4-dioxane 4-methyl-13-dioxane  dibenzo-1,4-dioxane (dioxin)

Q)
0 I Cl 0 Cl
! e
a[ CH,— C—OH U H
,"’f’h Cl Cl Q Ol

2.4, 5«trichlorophenoxyacetic acid 23.7.8-tetrachlorodi benzodioxin
{2,45-T or Agent Orange) {TCDD, incorrectly “dioxin™)

PROBLEM 14-5

| 4-Dioxane is made commercially by the acid-catalyzed dehydration of an alcohaol.
(a} Show what alcohol will dehydrate to give | 4-dioxane.
{b) Propose a mechanism for this reaction.

PROBLEM 14-6
Name the following heterocyclic ethers.

() . ("
(a) I (b l i) |
L‘-‘D Zl

(8] 0
Br
H o CH,CH; JII.r 1";

(d) (e) —
CH,CH, H o~ TOCHCH,
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The Williamson _ A I _ .
Ether Synthesis (&~ R 9" RT¥ — RTQ7R" 4

Examples
OH OCH,CH,
(1) Na .
(2) CH,CH,—OTs
cyclohexanol ethoxycyclohexane
(92%)
OH OCH,
(1) NaH
e —
(2) CH;—1
3.3-dimethyl-2-pentanol 2-methoxy-3.3-dimethylpentane
(90%)

SOLVED PROBLEM 14-1

(a) Why is the following reaction a poor method for the synthesis of r-butyl
propyl ether?

(b) What would be the major product from this reaction?

(c) Propose a better synthesis of r-butyl propy! ether.

doesnor
clel give (|:HJ
CH,CH,CH,—0:™ “Na + CH;—C—Br —— I ,CH,CH,
CH, CH,
sodum propoxide 1-butyl bromide -butyl propyl cther

::‘:r;':'_'
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SOLUTION
{a) The desired Sy2 reaction cannot occur on the tertiary alkyl halide.
{b) The alkoxide ion is a strong base as well as a nucleophile, and elimination prevails

? ?% B P
sodium propoxde H \Br CH;
Bobulylene
byl brormicde

+ EHjCHECHE{}H + MaBr

{c) A better synthesis would use the less hindered alkyl group as the Si2 substrate and the
alkoxide of the more hindered alkyl group.

CH, — CH,
[ N |
CH,—C—0" *Na + CHCH, ?—[—1 Ay (H,—C—0—CHCH,CH,
| |
CH, k__Er CH,

sodium i-butoxide | -bromopropane f~buty] propyl ether

PROBLEM 14-8

cychlohexanol and butanol.

L‘._r

Fropose a Williamson synthesis of 3-butoxy-1, l-dimethylcyclohexane from 3 3-dimethyl-
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Synthesis of Phenyl Ethers OH O—CH,CH,CH,CH,

NO, NO,
(1) NaOH

(2) CH;CH,CH,CH,—1

2-nitrophenol 2=butox ynitrobenzene
(B0

| PROBLEM 14-9

PROBLEM-SOLVING 7/ /7/" Show how you wou ld use the Williamson ether synthesis to prepare the following ethers. You

To convert two alcohols to an ether, - C C
coment the mare hindered alohol o Ay use any alcohols or phenols as your organic starting materials

its alkoxide. Corvert the les hindered (@) Cyclohexyl propyl ether (b) isopropyl methyl ether
ﬂ:;?dhglﬁ it; tﬂwla:;i*zf aT i”“;' (¢} l-methoxy-4-nitrobenzene {d) ethyl r-propyl ether {two ways)
| ake sure Osylate (or
halide) is a good Sy2 subnr.':*ate. (e) benzyl r-butyl ether (benzyl = Ph—CH,—)
Synthesis
of Ethers by The alkoxymercuration—demercuration process adds a molecule of an alcohol across

Alkoxymercuration— the double bond of an alkene (Section 8-6). The product is an ether, as shown here.
Demercuration

‘\C C,f He(OAc), L[ :Ll NaBH, | é
= — —C—L— —_— —C—C—
&= ST T | |

AcOHg :0—R H OR

mercunal ether
Exernple
(1) HgiOAc),, CH,OH
OCH,
1-hexene 2-methoxyhexane, 80%

{Markovnikov product)

10 1/7/2019



PROBLEM 14-10

point out why it will not work.)
{a) 2-methoxybutane

(€) 2-methyl-l-methoxycyclopentane
(e} l-methyl:l-sopropoxycyclopentane

Show how the following ethers might be synthesized using (1) alkoxymercuration--demercuration
and (2) the Williamson synthesis. (When one of these methods cannot be used for the given ether,

{b) ethylcyclohexyl ether
(d) |-methyl-l1-methoxycyclopentane
{F) r-butyl phenyl ether

PROBLEM-SOLVING /—// 17/

Alkoxymercuration adds the —OR
group of the alcohol to the more
substituted carbon atom of the C=C
double bond,

Industrial Synthesis:
Bimolecular
Dehydration of
Alcohols

11

Bimolecular dehydration

(&~

Exemples

2 CH;0H
meihyl alcohol

2 CH;CH ,OH
ethy| alkahal

2 CH,CH,CH,OH
n-propyl alcohol

CH,—CH—CH,
OH

sopropyl alcohol

-+

H
JR—OH == R—O0—R + H,0
H,S0,, 140°C
> CH;—O—CHy + H-0
dimeihy] ciher
(100%:)
H, 50, 140°C
s CHyCH,—O0—CH,CH; + H,0
dicthyl ether
(BE%)
H,S0,, 140°C
> CH,CH,CH,—O—CH,CH,CH, + H,0
n-propyl ether
(75%)
H,50,, 140°C

H,C=CH—CH, + H.O
unimolecular dehydration
(no ether is formed)
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Cleavage of Ethers R—O—R' excessHX - p o L pr_y

by HBr and HI

12

e Sl _H"h |
(B~ R—Q—R' + H' X ‘:\-\*RTJD*—R’ —> X—R + 10—R’

(X = Brorl)

X~ H i
| HX

ether (X =Brorl) protonated ether alkyl halide aleohol

VEGINSYEESI Cleavage of an Ether by HBror HI

ether.

Step 1: Protonation of the ether to form a good leaving group.

R\ R\ /ll

o T N o + .o
/Q: H—\Jl‘}_ri 4 0. :Br:
R R’

Step 2: SN2 cleavage of the protonated ether.

P H H
4 A+ X
Br: + ‘;O — ZPr—R. 4+ X
R’ R’

Step 3: Conversion of the alcohol fragment to the alkyl halide.
(Does not occur with phenols.)

R—O—H —2% R'—Br + HLO

This conversion can occur by either of the two mechanisms shown in
Section 11-7, depending on the structure of the alcohol and the reaction
conditions. The protonated alcohol undergoes either Syl or Sy2 substitu-
tion by bromide ion.

Ethers are cleaved by a nucleophilic substitution of Br™ or 1™ on the protonated

X—R + X—R'

1/7/2019



13

EXAMPLE: Cleavage of cyclopentyl ethyl ether by HBr.
Step 1: Protonation of the ether to form a good leaving group,

H
-/-—\ \ +
O/Q_Cﬂz_ CH3 H '—L'g.l': S— QQ_Cﬂz_CI’h

cyclopentyl ethyl ether
Step 2: Cleavage of the protonated ether

H :%}:

ﬁﬁr:’ H
N \
A i & ot iy

Step 3: Conversion of the alcohol fragment to the alkyl halide.
First, the alcohol is protonated to form a good leaving group.

H

H H
\d/\ Nt/

). Y 2 0. .
H—Br: — S )
0 b

The protonated ether undergoes Syl or Sy2 substitution by bromide ion.

H
('.'04—&1

H,0:
— SH — H 50
H By N B
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PROBLEM 14-14

Propose 8 mechanism for the following reaction.

()

excess HBr
—_—

Br—/_\—Br

0
tetrah ydroluran 1. A-dibromo butane
\
£
Br CHECH-:!,
Phenyl Ethers o HCH A e
e ——— HBr ~H T
= — | + Br—CH,CH,
=
ethyl phenyl ether protorated ether phenal ethyl bromide

PROELEM-SOLVING H,{;:}ff

HBr and HI convert both alkylgroups
(but not aromatic groups) of an ether
to alkyl halides; phenols are
unreactive, however.

(no further reaction)

PROBLEM 14-15

Predict the products of the following reactions. An excess of acid is available in each case.
{a) ethoxycyclohexane + HBr (b} tetrahydropyran + HI

=
mL,l + HI
S

O

(£} anisole {methoxybenzene ) + HBr

(e) Ph—r:n—CH:c:H:—(le—CH,—D—CHECH, + HBr

Autoxidation g CH,
of Ethers OOH
excegs O, |
@ R—D—CHE—R' (stow) - E—O—CH—ER' + E—0—0—CH,
W ' '
ether hydroperoxide dialkyl peroxide
Example
O0OH
H_»,'ET\'~ J/CHE excess 0, H_‘C\\ H;C\ /CH3
ECH—D—CH,\ Tovezka or modihs) ICH—D—C—CHj + /CH—D—D—CI—[\\
diisopropy| ether hydroperoxide . diisopropyl peroxide

14

1/7/2019



Sulfides (Thioethers)

15

@/“‘ s SCH,CH,
CHy—5—CH, )-a,_‘x

dimethyl sulficle methyl phery] auliele At by 1t o2 -meth v« 2-pente e

Sulfides are easily synthesized by the Williamson ether synthesis, using a thiolake ion
as the nuclkeophile.

—

CHCHy,—5~  #  CHyCHCH,~Br —  CHCH,CH,—S—CH,CH, + B~
ethamethmokite | o pro e etk ] propy] swllicle

Thiols are more acidic than water. Therefore, thiolate 1ons are easily generated
by treating thiols with agueous sodium hydroxide.
CH¥{ CHs —5H + NMat"OH —— CHiyCH,—37 ‘Na + H;0
pk, = 105 g0l ium cthanechiolate pi, = 15.7

Because sulfur is larper and mone polarizable than ox ygen, thiolate ions are even
better nucleophiles than alkoxide ions. Thiolates are such effective nucleophiles that

secondary alkyl halides oftenreact o give rood yields of 5y2 products.

Br H H SCHy
1 v CHS A Cf
—_—
PN CH;0H P
CHy;  CHCH, CHy;  CH,CH,
{K}-2-tromobutane (5 b 2+ meth ylth i Patare

PROBLEM 14-17

Show how vou would smthesize buty] Bopropy] sulfide using 1-butanod, 2 -gropancd, and ary
salvents ard reagents you meed.

Sulfides are also called thivethers because they are the sulfur analogues of ethers.

1/7/2019



16

Sultides are much mome reactive than ethers. In a sulfide, sulfur's valence is not
necessarily filled: Sulfur can form additional bonds with other atoms. Sulfur forms
particularly strong bonds with ocygen, and sulbides are casily oxidized to sulfoxides
and sulfoncs. Sulfoxides and sulfones are drawn using cither hypervalent doub le-
bonded structures or formally charegad single-bonded structures as shown here.

g O [ i |
TR Fooon” [RTR—R <= R—3—R
sulficks sulfoxsde
o 0 i
R é R’ P R .!:!. R R L‘h R
—_— —_— - T - e i
sulfaxide 0. 1a 18
sulfone
I i
C(H,—C—OH + H—O0—0O—H &= CH,—C—0—0—H + H—O—H
acl  peroxyacid
CH N Ty 0
o, 0 ayms—an [ 4 T
| — I‘mﬂﬁ‘f ,:_l:, dimethyl salficde O + dLH-’ﬂ_ b_[ L:—:
i e imethy ] sullasi
H T . “.__.__JHH imethy i

1/7/2019
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Sulfur compounds are more nucleophilic than the comesponding oxyEen com-

el r{l
-f’ ---'“-.‘_ Si"li | o
RE—5—R R—':: —F E—Ej_—R b
sulfide alky1halide Su lfcn ium saly
E renmple CH,
r'l. - - - . - + - ==
':.H_g_b__l:_ H_:‘ g '.-.H_:JI —F "-'H_E EII_L- H_:‘ [
dimethyl sullide trimieth ylsu lion m iodide
Nuc:~ " CHy—5{ ¥~ == Nuc—CH; + R—§—R + X~
mn R
nucleophile gu lfaninim sl sulfide
Fxample
CH,

i N ~
N:" + “CHy—83-CH,

i et by B on ium iodide

N-metbylpyridinium. sodide

]_
- — § N—CH; + CHy—5—CH,

dmethyl sulfde

1/7/2019



Synthesis Peroxyacid Epoxidation
of Epoxides

0 8]
N, 7 I /\ I
@ C=C + R—C—0—0—H == —C—C— + R—C—0—H
e ™~ | |
alkene peroxyacid epoxide acid
Example
Cl
__H H i}
U L. 0 MCPBA = C—0—0—H
P CHyCl
cyclohexens epoxyeyelohesane mefa-chlomoperoxy benzoic acid
L L]

The epoxidation takes place in a one-step, concerted reaction that maintains the
stereochemistry of any substituents on the double bond.

E 4
S g O— .~ . / f}% -:’f
c”— ¢ C.., ¢
;I:‘~- PN %3 tI:"“'U n_|1
& H+""" -~ N “,f
alkene peroxyacid epoxide acid

18 1/7/2019



~~_ CH,
(X
. CH,

[ o H [ | 2-dimethyl-1,4-cyclohexadiene
I Y
c. Y Ph CH
MD/ Melt ~ — 7 ’
0 £ s N
C H NO,
|| (E}-2-nitro- I -phenylpropene
) MMPP I
Base-Promoted Cyclization of Halohydrins
| u:l}lu-- i
& ¢ Tt =
X
(X =CI,Br. I)

Formation of the chilorohydrin

<2

cyclopentene

H e
Hp==
I:f‘I.—CI

e

\_ 1=

chlorine water chloronium ton

Displacement of the chlorohydrin

s

ramsc hlorohydrin

T
_OH
..:—

alknxlde
19

MCPBA (1 equiv) _

=

CH,
@U

CH,
cig-d, S-gpony-4 Sdimethyvlcyclohexene

Ph 0.

MMPP i 2 CH,
B

H NO,
{ E}-2-methy1-2-nitro- 3-phenyl oxirane

f:{}: H @k
| | /N
—(C—C— —C—C—
P | |
(X o
_}—;.-H‘:

H Cl

trang-chlorohydrin
{mixture of enantiomers

— AP

H H
epoxide
{50% overall)

cI-
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CH;

ﬂm =g ) cr-
_D J/j\ CHEI UI--'} l\--r {.H;-’&D
___ CH3 “ U as

chloro-alcohol "’.En lundlnf: alkoxide Zamnethyltetrahydrofuran

Acid-Catalyzed
Ring Opening
of Epoxides

In Water

20

{2,6-dimethylpyridine) (239%:)
PROBLEM 14-19

Show how you would accomplish the following transformations. Some of these examples
require more than one step.

{a) 2-methylpropene — 2 2-dimethyloxirane

(b} 1-phenylethanol — 2-phenyloxirane

(c) S-chloro-l-pentene — tetrahydropyran

(d) 5-chloro-1-pentene — 2-methyltetrahydrofuran

(e} 2-chloro-l-hexanol — 1 2-epoxyhexane

VRTINS YRS A cid-Catalyzed Opening of Epoxides in Water

Epoxides open in acidic solutions to form glycols.

Step 1: Protonation of the epoxide to form a strong electrophile.

1 .2-epoxycyc Iopentane

Step 2: Water attacks and opens the ring

H H
Step 3: DCprolonalion to give the diol.

0
s </0H H:> + H;0"
H OH

trans-cyclopentane-1,2-diol

/‘\

(mixture of enantiomers)

1/7/2019
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In Alcohols

I 1
HSH‘E ¢’ g CH,—C—O0H HG\L C.-*’!JLHx H——OH
= _— T —
g ™ H, H,0 ot N a8

Irans-2-butens mezso-butane-2, 3-dinl CH;

PROELEM 14-21

Propose mechanisms for the epoxidation and ring-opening steps of the epoxidation and hydrol-
yeis of frans-2-butene shown above. Predict the product of the same reaction with cis-2-butene.

MECHANISM 14-3 Acid-Catalyzed Opening of an Epoxide

in an Alcohol Solution

Epoxides open in acidic alcohol solutions to form 2-alkoxy alcohols.

Step 1: Protonation of the epoxide to form a strong electrophile.

£ O
>

H H H H

1 2-epoxycyclopentane

Step 2: The alcohol (solvent) attacks and opens the ring.

(H()H
OH %

H )-—H
(l‘,

Step 3: Deprolonalion to give the product, a 2-alkoxy alcohol.

CH, (;Il 4
OH H/ 7 \--""011% + CH,OH,

/ _
()——H« H :0—CH,
( HJ

rrans-2-methoxycyclopentanol (82%)
{mixnire of enantiomers)

1/7/2019



Using Hydrohalic Acids

- . :D+ !lEjH
FAR ™ f'”\:' | | H
e e e i el
\ X

PROBLEM 14-23

. |
.D'--_

(several steps)

When ethylene oxide is treated with anhydrous HBr gas, the major product is 1.2-dibro-
moethane. When ethylene oxide is treated with concentrated aqueous HBr. the major product

i5 ethylene glycol. Use

mechanisms to explain these results.

Base-Catalyzed
Ring Opening
of Epoxides

22

MECHANISM 14-4 Base-Catalyzed Opening of Epoxides

Strong bases and nucleophiles do not attack and cleave most ethers. Epoxides are more reac-
tive, however, because opening the epoxide relieves the strain of the three-membered ring.
Strong bases can attack and open epoxides, even though the leaving group is an alkoxide.

Step I: A strong base attacks and opens the ring to an alkoxide.

H OH

1,2-epoxycyclopentane

(Continued)

Step 2: Protonation of the alkoxide gives the diol.

vH’v_O_H
A
’@ e ’@ + TOH
H OH H OH

rrans-cyclopentane-1,2-diol
(mixture of enantiomers)

——x

p——
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CH;—0+ MNa*
CH,0H

H H H OCH,

cyclopentene oxide rrans-2-methoxyeyclopent anol
(mixture of enantiomers)
" NH,
H.C ;CHE + NH; —5® CHy—CH: — HOCH,CH; NH,
&> oI
ethylene oxide  ammonia ethanolamine
8] )

il oy

HOCH,CH,NH, —— (HOCH,CH,),NH ——— (HOCH,CH,);N:

ethanolamine diethanolamine tricthanolamine

PROBLEM 14-25

Propose a complete mechanism for the reaction of cyclopentene oxide with sodium methoxide
in methanol.

PROBLEM 14-26

Predict the ma jor product when each reagent reacts with ethylene oxide.
(a) NaDCH,CH; (sodium ethoxide) (b} NaNH; (sodium amide)
(c) NaSPh (sodium thiophenoxide) {d) PhNH; (aniline)

Qe} KCN (potassium cyanide) {f) MNaN; (sodium azide)

1/7/2019



Orientation of Epoxide
Ring Opening H3(|3 (I)H

H,C—C— CH,

H'. CH,CH,OH l
C/O\ / CH;CH,— O
H,C— I —CH,

2-ethoxy-2-methyl-1-propanol
adad-catalyzed product

CH,

2.2-dimethyloxirane OH

CH,CH,0:", EtOH =— | =
3CHLG H,C ? (|3H2
H,C O—CH,CH,
| ethoxy-2-methyl-2-propanol
base-catalyzed product

Under basic conditions, the alkoxide ion simply attacks the less hindered carbon
atom in an Sy2 displacement.

Y ok, O v
O =(|)=~ H—0—CH,CH, Ol
/ /
HC \o:0—CH,CH, H,C O—CH,CH, H,C O—CH,CH,
il H H H
k b
/\ <\ /s
I~[31‘:—1|:—':H2 — H3C—$—CH3 — I~[3vc—nT‘“—1:I~[i
CH, CH, CH,
structure | structure 11 structure 111
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H

_-é-.+ Hy,C :OH H.C :OH
e \( |
Hjc—jT“— H, — Hjc—qf—CHi — Hﬁnt:—ltlz—cH1
[ cH, CH,CH,0%, Ill CH,CH,0: 1?
H
CH,CH,—0—H *-:0—CH,CH, H—O—CH,CH,

SOLVED PROBLEM 14-2

Predict the major products for the reaction of | -methyl- |, 2-epox yveyclopentane with
(a) sodium ethoxide in ethanaol
{b) Ha504in ethanol

SOLUTION
{a) Sodium ethoxide attacks the less hindered secondary carbon to give (£)-2-ethoxyl-
methyleyclopentanaol.
5 ;
CH, kki-I CH, OCH,CH,

(b) Under acidic conditions, the alcohel attacks the more electrophilic tertiary carbon atom
of the protonated epoxide. The product is (£)-2-ethoxy-2-methylcyclopentanol.

T
S

CH;CH,—0—H CH,CH,

PROBLEM 14-27

Predict the major products of the following reactions, including stereochemistry where
appropriate.

(a) 2,2-dimethyloxirane + H¥/H;"*0 (oxygen-labeled water)

() 2.2-dimethyloxirane + H'®*0~/H,'*0

{c) (Z)-2-ethyl-23-dimethyloxirane + CH,0™/CH;0H

ud} (Z)-2-ethyl-2 3-dimethyloxirane + H*/CH;0H
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Reactions of Epoxides . OH

. i P 1y et |
;?:Ehoﬁggnszmium @ RMeX + CH—CH—R oo CH;—CH—R'
= 3
Reagents or R—1Li .

For example, ethylmagnesium bromide reacts with oxirane (ethylene oxide) to form
the magnesium salt of 1-butanol.

.0 O—MgBr OH
. H, 0" |
HLC—CH, — Hz?_CHz 2 Hleﬁ —CH,
| ~Ty
CH-.LC'EJ_-,_'IMEBI' CH.CH, CH,CH,
1-butanol
OH
2. S Li : CH —éH—CH
N\ ' S :
H,C—CH—CH, + LH J ——
methyloxirane cyclohexyllithm I-¢cyclohexyl-2-propanol
0 CH,CH, OH
|
_~_-MgBr HO* _z~.__CH,—C—CH,CH,
+ [ || ether ~ . l I
m}q__’_;f -:;;::_"._f,_,.
2-cyclohexyl-2-ethyloxirane phenyima anasium
promds 2-cyciohex yl-1-phenyl-2 -butanol

PROEBLEM 14-28

Cave the expecied producis ofthe follovang reactions, Include a hydradyas siep whene neomssary,
(ah ethylene amide + isopropylnagnesium brogaade

i 22-dumethyloxmane + metbylbibhaum

(e} cyclopentylomimne + ethyllithiom
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