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CHAPTER 9 Alcohols, Ethers, and Epoxides

Problems

Nomenclature

9.38 Give the IUPAC name for each alcohol.

9.39

9.40

9.41

a. (CHa),CHCH,CH,CH,OH

b. (CHs),CHCH,CH(CH,CH3)CH(OH)CHACHg

Name each ether and epoxide.

TN\ /TN
a.( o~ /

N

\/
b. /\W\

OCH,CH,CH

Give the structure corresponding to each name.

a. 4-ethyl-3-heptanol
b. trans-2-methylcyciohexanol
c. 2,3,3-trimethyi-2-butancl

d. 6-sec-butyl-7,7-diethyl-4-decanol

Draw the eight constitutional isomers wit

for each compound.

Physical Properties

9.42 Rank each group of compounds in order of:
a. increasing boiling point: CH4;CH,CH,0H, (CHa)

e Alcohols

9.43
a. H.80, d. HBr
b. NaH e. SOCI,, pyridine
c. HCl+ ZnCly f. PBry

9.44
OCCUTS.
a. NaH c. HBr e. H,50,
b. NaCl d. HCI f. NaHCO;

9.45

9.46
9.47

c. O

d.
0

—_—

d. HO——<—‘\ OH

HQ H

HO H
[Also label the stereogenic
centers as Ror S]

CH,CHs
e- i "
0

CHy CHj

CHy CHjg

e. 3-chloro-1,2-propanediol
f. diisobutyl ether
g. 1,2-epoxy-1 .3,3-trimethylcyclohexane

1-ethoxy-3-ethylheptane

h molecular formula CsH;,O that contain an OH group. Give the [UPAC name

>CHOH, CH,CH,OCH;

b. increasing water solubility: CHg(CH,)sOH, HO(CH2)sOH, CH4(CH»)4CH4

Draw the organic product(s) formed when CHsCH,CH,OH is treated with each reagent.
g. TsCl, pyridine

h. [1] NaH; [2] CH;CH,Br

i. [1] TsCl, pyridine; [2] NaSH

Draw the organic product(s) formed when 1-methylcyclohexanol is treated with each reag

!

a. /v( b.VL/\<

7 OH

What three alkenes are formed when CH;CH,CH

g. [1] NaH; [2] CHaCH,Br
h. POCI;, pyridine

What alkenes are formed when each alcohol is dehydrated with TSOH? Label the major product when a mixture results.

OH d. CHyCH,CH,CHZOH
~ N\

,CH(OH)CHj is treated with H,S0,? Label the major product.

Draw the products formed when CH5CH,CH,CH,OTs is treated with each reagent.

a. CHsSH b. NaOCH,CHs

d. KOC(CHg)s

f. CH3~§;—O—¢—CH3

ent. in some cases no reaction

OH

/N

A




9.48

9.49

9.50

9.51

3.52

3.53

.54

.55

3.56
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Problems 3e
Draw the products of each reaction and indicate stereochemistry around stereogenic centers. % '
N HBr socl, [
a. s — C. '
/Y w . I
HO H HO H
o /\\\/ﬁ/OH HCI d. TsCl Kl
ZnCl, W pyridine
H D HO H

{a) Identify compounds A-F in the foilowing reactions. (b) How are compounds B and D related? (c) How are
compounds B and F related?

NaH CHy!

TsCl, pyridine CH;O~

W R A c — D
HOH S pg, CH;0"
E - F

Draw a stepwise mechanism for each reaction.

OH
] 7/,,*7//CH3 ey C\TCHS ) @ _CH, . N %CHZ o
’ S - L \iﬁ/ 2
S 2:3 H,S0, A‘( CHs . T
0. ! 3 —
0. \\‘//\OH K/KCHS + Hy ‘
Sometimes carbocation rearrangements can change the size of a ring. Draw a stepwise, detailed mechanism for the .

following reaction. |

J
{J L OH  HSO, ll + M0 |

~ ~ it et

SO oL e B

Indicate the stereochemistry of the alkyl halide formed when (S)-3-hexanol is treated with (@) HBr; (b) PBrs; (c) HCI;
(c) SOCI, and pyridine.

Explain the following observation. When 3-methyl-2-butanol is treated with HBr, a single alky! bromide is isolated, M,!““” |
resuiting from a 1,2-shift. When 2-methyl-1 -propanol is treated with HBr, no rearrangement occurs to form an alkyl wnnlﬁffl:?:.‘w

bromide. o

“‘,w""‘ il
X

i

To convert a 1° alcohol into a 1° atkyl chloride with HCI, a Lewis acid such as ZnCl, must be added to the reaction

mixture. Explain why it is possible to omit the Lewis acid if a polar aprotic sclvent such as HMPA, [(CH:),N]sP=0, is
used.

When CH;CH,CH,CH,OH is treated with H,S0, + NaBr, GH;CH,CH,CH,Br is the major product, and CHzCH,CH=CH,
and CHBCHQCHZCHQOCHZCHQCHQCHg are isolated as minor products. Draw a mechanism that accounts for the
formation of each of these products.

Identify the product of the following two-step reaction sequence used in the synthesis of leukotriene C, (Section 9.16).

TsCl “C=CCH,0R
)MAOH 2

pyridine

Alkyl tosylates undergo E2 efimination when treated with strong base, in exactly the same manner as alkyl halides. Thus,
when the two groups removed (H and OTs) are bonded to a cyclohexane ring, they must adopt a trans diaxial

arrangement. Keeping this in mind, draw the alkenes formed when each tosylate is treated with a strong base. Label the
rnajor product when a mixture resuits.

. OTs .OTs
a I f b. O\
\’/\CHQCHg CH,CH,
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tithers
9.58 Draw two different routes to each of the following ethers using a Williamson ether synthesis. Indicate the preferred royte
(if there is one).
| ~OCH,CH,CH3
a /\OA\ b. r&‘( C. CHyCH,OCH,CH,CHy
S
9.59 Explain why it is not possible to prepare the following ether using a Williamson ether synthesis.
K T C(CH3)
9.60 Draw the products formed when each ether is treated with HBr.
TN TN —
a. (CHg);COCH,CH,CH b { o ) c. [ »—ocn
. 3la oM, : \74/* \ / Sy 3
9.61 Draw a stepwise mechanism for each reaction.
[ _ . NaH
a Lo e T+ RO b. o M == L et N
‘ I 0O
9.62 Alcohols can be converted to methyl ethers using dimethyl sulfate in the following two-step sequence. Draw a
mechanism for this sequence and explain why dimethyl sulfate is a very reactive methylating agent—that is, it readily
transfers a methyl group from itself to another compound.
9
CH,0—~5~0CH;
NaH O
R—OH R—OCH; + Na® 0SO,CH; + H,
(dimethyl sulfate)
Epoxides
9.63 Draw the products formed when ethylene oxide is treated with each reagent.
a. HBr d. 1JHC=C; [2] H.0
b. H,O (H,SOy) e. [1]7OH; [2] H,O
c. [11 CH,CHLOT; [2] H,O f. [11 CHsST; [2] H,O
9.64 Draw the products of each reaction.
AN CH,GH,OH L B
H
a. CHy¢d  NH e = C. _obr
CHj, H H,S0,

P CHs
0
//

[1] CHyCH,O" Na*
[2] H,O

@ [ j” _Ji%.

9.65 Draw the product of each reaction and indicate the stereochemistry.

CHs i c
a. C“"Cf,,
/ \"CH3
HO

. CHs
NaH
. CHO b Ng
/
HO

Cl
/ NaH

> C4H0
\ 'CH3




Problems 343

Genera. Froblems
9.66 Draw the products of each reaction, and indicate the stereochemistry where appropriate.

N KOC(CHg)s P OH TsCl CHCO,-
a. f*OTs f. MY pyridine 7
~_-OH HBr NS
o
4 — o Do =
H CHj,
O -
x [117CN 1] NaOCH
c. CH3CH2“)C/"C(“'H THO h. @O HIMeocH,
H orcn, Bl 2] H,0
T o e e
d. (CHy)sC.. -y i |
\L\\V\ H \\/\CHZCHg
r*i\\ PBr, ?Hs HI
a. «,\‘/«-OH _ . CH3CH,—~C~0—CH, —_—
CH,
CH,
9.67 Prepare each compound from CH;CH,CH,CH,OH. In some cases, more than one step is needed.
a. CHSCHQCHQCHQBF C. CHgCHQCHQCHgOCHQCH@
D. CHgCHgCHgCHQC] d. CHgCHQCHQCHgNg
9.68 Prepare each compound from cyclopentanol. In some cases, more than one step is needed.
S B e R
- /) I -
9.69 lIdentify the reagents (a—h) needed to carry out each reaction.
~ Br

! —_—

>

OTs

O @ K " oH
i[ | - T’\O - + enantiomer
\ ‘
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9.70 In Section 9.12, we learned that an alcohol is converted to an alkyl halide using PBr; because PBr; makes OH a better

leaving group and provides the nucleophile Br™ for substitution. Mitsunobu and co-workers devised a more general 1
variation of this reaction that converts ROH into a variety of substitution products R— Nu, using nucleophiles having the
general structure H—Nu: or Nu™. |

triphenylphosphine

B |
e . (CgHg)aP I \ :Nu~
Mitsunobu R—OH | 6573 LR-OY | - -

reaction . | | or
ST I I - N .
CH,CH,OCN=NCOCH,CH, I HNu

T good leaving group

- R=Nu '

diethyl azodicarboxylate
abbreviated as DEAD

Draw the products of each Mitsunobu reaction.

CgHs)sP /TN (CeHs)sP
a8 e (CeHs)s b, ( " OH 8'15)3
OH DEAD / DEAD
CH,COOH CH,SH
Challenge Questions

9.71 Drawn below are three isomeric halohydrins. One reacts rapidly to form an epoxide, one is intermediate in reactivity, and
one does not react at all. Identify which halohydrin corresponds to each kind of reactivity and explain why.

G @ ~_.Cl
(CHgC” " OH g™ OH (CHyC” ™" "OH

9.72 1,2-Diols are converted to carbonyl compounds when treated with strong acids, in a reaction called the pinacol
rearrangement. Draw a stepwise mechanism for this reaction.

oH oF HoSO, GHs
CH3*(‘3f7(‘“ﬁCH3 —_—— CHSﬂC‘*fC\

CHgy CHy CH; CHs

pinacol pinacolone
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Problems

9.73 Draw a stepwise mechanism for the following reaction.

9.74

OH ]

S \
(\ """ ! NaOH ; \
,/ | D w \\\\\

- . . ,
Enoxide rings bonded to six-membered rings are o i iaxi i
e rings pened in a trans diaxial fashion; that is, the nucleophi
; . _ : ’ ; ; 0
;gﬁoe\a:/(;sl cigecgon to give a leaving group that is also axial. Because of this, only one product is formedprr:lgai[;agrtshfrom
folo regcti;;: lons, even' though bqth gnds of the epoxide are equally substituted with alkyl groups. Draw the prod et f
a , using chair forms to indicate the stereochemistry of substituents on the cyclohexane ring produere

[1] CHZO~

a. (CH3)3Q_Q _MICHO™ X

[1] CHyO"
[2] H,0

—\\
(CH3)sC :
: \‘QX?‘O
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