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9.38 Use the directions from Answer 9.2.

a.  (CH3)2CHCH,CHoCH,0OH

[1] H [2] H 1 [3] 4-methyl-1-pentanol
| CH3—C—CH,CH,CH,0H | | CH3—C—CH,CH,CH,0H |
T T
CHs CHz~—4-methyl

5 carbons = pentanol

b. (CH3)2CHCH,CH(CH2CH3)CH(OH)CH,CH3

11 H H OH (2] H H %’*/3 [3]  4-ethyl-6-methyl-3-heptanol
[CHz—C—CH,~C—CH—CH,CHg]| [CHz—C—CH,—C—CH—CH,CHs |
CHs  CHoCHs CH3  CHoCHs

7 carbons = heptanol
P 6-methyl 4 ety

C. « 5-methyl
N
[1] % [2] L~ [8] 4-ethyl-5-methyl-3-octanol
OH

N
OH 4-ethyl
3

K

8 carbons = octanol

d.
o mor

cyclohexanediol

e.
M1 Ho :<

[38] cis-1,4-cyclohexanediol

4 1
cis
2l Ho [38]  3,3-dimethylcyclohexanol
@}

6 carbons = cyclohexanol 3,3-dimethyl
f. HO HO
[1] 3“H 2] i:” [38] (2R,3R)-2,3-butanediol
HO H HO H
4 carbons = butanediol 2R, 3R
9. - - - i
OH 2] OH [3] 5-methyl-2,3,4-heptanetriol
[1]
OH OH OH OH
h. 7 carbons = heptanetriol 5-methyl [3] 3-isopropylcyclopentanol

I

LRGN AN
HO™" CH(CHa)2 o C‘H(CHs)z

5 carbons = cyclopentanol
3-isopropyl
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9.39Use the rules from Answers 9.4 and 9.5.

a Qo@ o [

common name: dicyclohexyl ether 1,2-epoxy-2-methylhexane
or 1-butyl-1-methyloxirane
4,4-dimethyl or 2-methylhexene oxide
b. EaNavaN [::2§/0H20H3
OCH,CH,CH3 e.
longest chain = 5 O-———epoxy
heptane substituent = 5 carbons =
3-propoxy cyclopentane

IUPAC name: 4,4-dimethyl-3-propoxyheptane IUPAC name: 1,2-epoxy-1-ethylcyclopentane

C.
)\/O\/ CHs CI;HS

|
f. CHy—C-0—C—CHj

common name: ethyl isobutyl ether CHs CHjg

IUPAC name: 1-ethoxy-2-methylpropane

tert-butyl tert-butyl
common name: di-tert-butyl ether

9.40Use the directions from Answer 9.3.

a. 4-ethyl-3-heptanol 3 4 e. 3-chloro-1,2-propanediol 1 3
/»\%]<i;\\ Ho/“ﬁb”\m
OH

OH
OH f. diisobutyl ether )\/O\/‘\

1
b. trans-2-methylcyclohexanol @OHor O\
“CHa CHs g. 1,2-epoxy-1,3,3-trimethylcyclohexane 1
HO ,3 |
c. 2,3,3-trimethyl-2-butanol )?%k ©
2 N 3

d. 6-sec-butyl-7,7-diethyl-4-decanol oH h. 1-ethoxy-3-ethylheptane

\/O 1 3
4 | \Vi:j/\\/\\
7
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9.41
Eight constitutional isomers of molecular formula CsH1,0 containing an OH group:

[~_-}OH 1-pentanol @OH 3-methyl-1-butanol @OH 2-methyl-1-butanol

OH

o~ Zpentanol
OH  2,2-dimethyl-1-propanol 3-methyl-2-butanol
OH
m 3-pentanol OH
2-methyl-2-butanol

OH

9.42Use the boiling point rules from Answer 9.6.

a. CH3;CH,OCH3 (CH3),CHOH CH3CH,CH,0OH
ether 2° alcohol 1° alcohol
no hydrogen bonding hydrogen bonding hydrogen bonding
lowest bp intermediate bp highest bp

b. CH3CHyCH2CH,CHoCHg CH3CH,>CH,>CH,CH,CH,OH HOCH,CH,CH,CH,CH,CH,OH

no OH group one OH group two OH groups
lowest water solubility intermediate water solubility highest water solubility
9.43
H.SO
a. CHaCH,CH,OH —2°°% _ CHaCH=CH, + HO
NaH _
b. CHgCHCH,OH ~ —————~  CH,CH,CH,O Na* + Hp
HCI
c. CH3CH,CH,OH E—— CH3CH.,CH.Cl  + H>O
ZnCI2
HBr
d. CH3CH,CH,OH CH3CHoCHoBr + HO
€. CHgCH,CH,0H - S9Chk oy o chcl
pyridine
PBr3
f. CH3CH,CH,OH —————~ CH3CH,CHJ.Br
g. CHsCH,CH,0H  —TSCL__ cp CH,CH,0Ts
pyridine
1] NaH - 2] CH3CH.Br
h. CH3CH,CH,OH L CH3CH,CH,O Na* []#, CH3CHoCHOCH,CHg
[1] TsCl

i. CH3CH.CH,OH CH3CH,CH,OTs m, CH3CHoCH,SH
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9.44

a ©<OH NaH Oéo Na* o
+ H2

b. ©<OH NaCl NR. :

c. ©<OH HBr ©<Br g.

d. ©<OH HCI ©<C| h.

H,SO.
(for o (T (Y o
OH NaHCO
Oé ———= NR.
O<OH [1] NaH ©<o [2] CH3CH,Br ©<O_CHZCH3
OH POCI3 .
pyridine

9.45Dehydration follows the Zaitsev rule, so the more stable, more substituted alkene is the major

product.
a TsOH /S/ .
OH
tetrasubstituted
major product
CH,CHs
b. OH TsOH
. C@H TSOH N
trisubstituted
major product
d. CHeCHaCH,CH,0H 591
TsOH

o

~Ae

O/CHQCH3

CH3CH20H :CHC(CH3)3 +

£

disubstituted

: _CHCHj

Q +

disubstituted

CchHQCH :CHg

AN +

disubstituted

tetrasubstituted
major product

disubstituted

Two products formed
by carbocation rearrangement

9.46 The more stable alkene is the major product.

/\/O‘i

H
2504 NI

trans and disubstituted

major product

* N X

C

monosubstituted  cis and disubstituted
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9.470Ts is a good leaving group and will easily be replaced by a nucleophile. Draw the products by
substituting the nucleophile in the reagent for OTs in the starting material.

CH3SH

a. CH3CH2CHQCH2—OTS T> CH3CHZCHQCH2—SCH3 + HOTs
N
NaOCH,CH
b. CHaCHoCHoCHy; —OTs %—3 CHaCH2CHoCH, —OCH,CH;  + Na* ~OTs
N
NaOH -
C. CH3CH,CH,>CH, —OTs Su2 CH3CH,CH,-CH, —OH + Na* OTs
N
K* “OC(CH -
d.  CHaCH,CH,CH, —OTs 4»E2( U CHaCHCH=CH, + (CHa)COH + K* ~OTs
9.48
a. /\/y _HBr /\/Y /\/Y 2° Alcohol will undergo Sy1.
HO H H Br racemization
b. /\/YOH ZH(éII 7/\/\ 1° Alcohol will undergo Sy2.
- n
H D 2 inversion
SOCI N
C. /\/y i 2 /\/y SOCI, always implies Sy2.
ol o Pynane d o inversion

TsCl
7 pyridine /\/y 4
Sn2 H 1

HO H } TsO H inversion

Configuration is maintained.
C-0 bond is not broken.

9.49
/\/Y CHal B= /\/Y
ﬁ B CHzO H
a. TsCl = N O b= N
/\/Y pyridine *
HO H TsO H H OCH;

PBrs CH30~
E —_

H Br

b. B and D are enantiomers.

c. B and F are identical.

9.50 Acid-catalyzed dehydration follows an E1 mechanism for 2° and 3° ROH with an added step to
make a good leaving group. The three steps are:
[1] Protonate the oxygen to make a good leaving group.
[2] Break the C—O bond to form a carbocation.
[3] Remove a 3 hydrogen to form the 7 bond.
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5

a.
gl
overall * +H;0

The steps: l reaction
H
cOH
CH
§©< - HO ©/0H3 +HpSO0,
+ HSO, HS 3
2° carbocation
Wg
.
CHs  1,2-H shift (L
@H R O{CH2 - gCHZ + HQSO4
2° carbocation 3° carbocation
and
'
H + HSO4

J _CH CH
|

CH3
H- 0803H
+ Hgo
overaII CHs

reaction
The steps:

CH CH

® . ° .. 1,2-CHg shift -~ -CHs o
9H3 + HSO4 ‘BCHs + HO ——— - + HxSO4
S—H + = CHs

(O3 f CHs
H 2° carbocation HSO. D)
+ 4

3° carbocation

9.51To draw the mechanisms:
[1] Protonate the oxygen to make a good leaving group.
[2] Break the C—O bond to form a carbocation.
[3] Look for possible rearrangements to make a more stable carbocation.
[4] Remove a 3 hydrogen to form the 7 bond.

Dark and light circle are meant to show where the carbons in the starting material appear in the product.

e I Y

H L5504+ H
+ HSO;~J +HeSO4
3° carbocation

o .
+ HSO,~ 2° carbocation
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2° alcohol
Sn1 = racemization

H Br PBrs follows

o PBr3 N > s
b. /\)\/ /\)\/ SN2 = inversion

R
2° alcohol
c /\)\/ LS /\)\/ /\)\/ Sn1 = racemization
HO, H S0Cl, H SOCl2 follows
d. /\)\/ pyridine /\)\/ Sn2 = inversion

9.53
OH

[1] HBr ~H 1,2-H shift H q Br  The 2° alcohol reacts by
3-methyl-2-butanol — = - & an Sy1 mechanism to
[2] -H20 form a carbocation
5° carbocation 3° carbocation which rearranges.

.. HBr IS The 1° alcohol reacts with HBr
2-methyl-1-propanol Hgﬁ/ _— ngﬁ/ e Br/Y by an Sn2 mechanism.
no carbocation intermediate =

\ _ Br no rearrangement possible
H\?
SN2
no carbocation

9.54Conversion of a 1° alcohol into a 1° alkyl chloride occurs by an Sy2 mechanism. Sx2 mechanisms
occur more readily in polar aprotic solvents by making the nucleophile stronger. No added ZnCl, is
necessary.
HCI

HMPA

R—OH

R—CI

!
polar aprotic solvent
This makes CI™ a better nucleophile.
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9.55

CHyCH,CH,CH,0H 12504, NaBr CH3CHzCHoCHBr + CHaCHCH=CH
overall reaction

+ CH3CH,CH2CH0CH,CHoCHoCHg

Step [1] for all products: Formation a good leaving group

— Y N\
CHCHoCHoCHp —OH O8O __ CHiCH,CH,CH, -G -H  + HSO4
Formation of CH3CH,CH,CH,Br: "
CH3CH2CHZCHZE(3?H CH3CH,CHoCHBr |+ H0
Na* Br-

Formation of CH3CH,CH=CH,:

gy B

CHaCH,CH - CH,=O~H CHgCHo,CH=CHg] + H,0

H H
HSO4~

Ether forms (from the protonated alcohol):

CH3CH20H20H2—(\'O;H2 - CchHQCHchZ ZC[)rCchHchQCHg + HZO
(H

. HSO;,
CH3CHCH,CH, —O—H

CHgCHoCH,CH, ~O—CH3CH3CHCHs| + H,S0,

9.56
M TsCl )\/\/(\*CECCHZOR J\/\/\ B
OH pyridine L/OTS C=CCH,OR
9.57
OTs CHsCHp ’ ~——axial OTs group
a. = OTs = CHsCH, H
CH,CHg Ho

2 anti H's
2 elimination products
This conformer reacts.

Ts
Cmcwﬁ/ [ + CHsC
H elimination CHsCH; H 3 FeChe | H H

fH _Hots H “
two axial § hydrogens
two possible products @\ @\
CH,CH3 CH,CHs
major product disubstituted

trisubstituted



OTs
b . N CH30H2

= H
CH,CHs; H

only 1 axial H
1 elimination product

This conformer reacts.

H -

@ ~— axial OTs group

only one B axial H
only one product

elimination
-H, OTs

Y OJ\
/\Br + OJ\

1° halide

less hindered RX
preferred path

2° halide

b. O/OCHZCHZCHS
do

less hindered RX
preferred path

+ BrCH,CH,CHj

1° halide 2° halide
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H
CHaCHa WH
TsO
H  H

CHaCH, 4
QL
HoH CH,CHg

only product

CH3CH,OCH,CH,CH3

CH30H207 + BFCHQCH2CH3
1° halide

C.

CH3CH5OCH,CH,CH3

CHscHzBr + OLHQCHQCH:;
1° halide

Neither path preferred.

l OCH,CH,CHj3

Br B
O/ +  "OCHyCH,CHg

9.59 A tertiary halide is too hindered and an aryl halide too unreactive to undergo a Willamson ether

synthesis.

Two possible starting materials:

CHj

| Br
O~?—CH3 .
e —

aryl halide
unreactive in Sp2

GHs GHs o
’O—C}:—CHS Br—({)—CH3 + ©/
CHs; CH,
3¢ alkyl halide

too sterically
hindered for Sy2
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9.60
HB
a. (CHg)aCOCH,CH,CHy — B~ (CHg)sCBr + BrCH,CH,CHy + M0 C. QOCHs — Q‘Bf + CHgBr
+ HO
o) e e
9.61
a D<CH3 overall reaction . + H,0
0. CHs 1
L
H—I
The steps:\
in _
N CH3 _ + I
072 CH, *! H +_CHs H CHs b oH
.‘l 3 \- . \.O./\/\’< - \+ 3
! O/\/\’/ [ o) . C[)MI
CHy \ ~ CH H CHa

o o wH N .
Cl L H Clj\/\/o ¥ Hy 4 Nat [O> + Ha + NaC

9.62
9
CH3~-0—S—0CHj
A N H . g )
R=O-H ———— R-0O: R—OCHz + OSOsCHz + H2

. Na++“|-|2 (dimethyl sulfate)

Dimethyl sulfate is a reactive methylating agent because "OSO3CH3 is a
very good leaving group; it is a resonance-stabilized, weak conjugate base.
The conjugate acid of “7OSO3CHj3 is HOSO3;CHs;, which is a strong acid, similar in acidity to HoSO4.

9.63
A A [1IHC=C"
a. Hy O CUH HBr BrCH,CH,OH d. HyCCuH HC=C—CHjp~CH,0H
H H H H (2] H20
0
N Q -
an HO / [1] “OH
b. HyCCUH 2 HOCH,CH,OH 4, C—Cyp, ————= HOCH,CH,OH
70D e. H H
H H HaSO, VA4 [2] Ho0
0 . o)
6. uC—C 1 EReCheo L pCc MRS oHysCHaCHzOH
H/~ ™ YNH CHsCH,OCH,CHo0H T Hy™ PNH oo 22
H/ \H [2] H,0 3CH20CH2CH; H/ \H

(2] H20
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a CHSNH”H CH3CH,0OH
CHS H H2804

[1] CH3CH,O™ Na*

«CHa
b. 0
[2] H20

9.65
H Cl H Cl
CHsl  / CHyl /> ’
a /C C\ /C— \ CHgZ, <aH
‘CH ‘CH —
HLO L CHa 01/  CHa <F
C4HgO
Na* H- o
CHs Gl CH cl
H<’/ / H\:’i /) CHj;
b. /C—C(,,CH /C—C( Hao  oiaH
» ' “CH
H-0 Ho o 01/ HO o
\ C4HgO
Na* H-
9.66
KOC(CHa)s
a. Q»OTS —_— Bulky base favors E2.
b * OH HBr /ﬁ/\/Br
H CHs H CHs broken to it.
3CH2 OH
C/_\C [11°CN H\’,C C/
CH3CH2‘) v H [2] HoO / %H
H CHxCHs CcN CH,CH
OTs H
d. KCN
(CHsC. /L /™H g2~  (CHaC CN
inversion
PBI'S
o O e
3 5 inversion
CHs CHa
¢ /\/YOH TsCl wOTS
' ¥ Z/D pyridine H Z/D

Ctls Q1
CH;~C—C—H
CH3CH.,O H
CHs

3
""OCHyCH3
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2 OH
SgCNeh
0O OH
OQ [1] NaCN O@CN
[2] H:0O

The 2 CH3 groups are anti in the
starting material, making them
trans in the product.

.CHz The 2 CH3 groups are gauche in the

starting material, making them
cis in the product.

Keep the stereochemistry at the stereogenic
center [*] the same here since no bond is

HO\ HC c
< ,CH,CH
c—c” " 27" identical

CH3002 7/\/\
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OH wBr
g @o B Cr . Q
“Br OH

.OCHg
v (Do e (77 (7
- o —_— -
[2] H,0
2 OCHs OH
O:OH NaH O:O CHyCHpl O:OCH?CH3
i
CHQCHg CH2CH3 CHZCHS
, OHa HI ¢Ha
J- CHgCH,—C-0—CHg " CHgCH;—C—1 + I—CH; + HO
CH3 CH3
9.67
HB
a. Ton e e
PBr3
b.  "on o cl
SOCl,
[1]Na*H™ _ [2] CH3CH,CI
[1] TsCl/pyridine [2] N5~
d. /\/\OH /\/\OTS I /\/\NS

Make OH a good leaving
group (use TsCl), then add N3™.

9.68
a. O/OH HCI O/CI
or
SOCl,

b. O/OH H>SO04 @
c O/OH [1]Na* H- O/o* [2] CHCl O/OCH3

d. OH [1] TsCl/pyridine OTs [2] CN CN Make OH a good
- - leaving group (use TsCl),

then add "CN.
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9.69
= HBr (b) = KOC(CHg)s

~ or PBr3 or other

strong base

O/OH
. OTS (4) = KOC(CHa)s O

€)= TsClipyridine or other
H,SO, or strong base
TsOH
Br
NBS (f) = KOC(CHg)s
or other
strong base

J HOCI

OH
(9) = NaH (h) = OH
T (0] + enantiomer
Cl ~“OH/H,0 “10H

Net Reaction: Nu replaces OH.

9.70

l (CgHs)3P l

Il Il
CH3CH,OCN=NCOCH,CHg _
(DEAD) Not isolated.

0
(CgHs)3P & (CeHs)sP
a. NN NN TN A
OH DEAD 0" "CHy b OH DEAD SCHs

CH3COOH CH3SH
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9.71
(CHa)aC ""0H (CHa)sC OH
A B
Cl
Cl
(CHa)C (CHa)sC /7 o
OH \ \
rapid reaction (CH3)sC
This isomer can have the OH and Cl in the trans OH
diaxial positions, while the larger group C(CHs)s
can be in the favorable equatorial position.
Cl

OH is in a favorable arrangement
for backside attack of the
nucleophile on the leaving group.

diaxial positions. But the larger

Cl

(CHg)sC” i

OH
C

(CHg)sC N\C'

OH

no reaction
This isomer has the OH and Cl in a cis position,
prohibiting epoxide formation. The OH must be
able to approach from the backside.

intermediate reactivity
This isomer can have the OH and Cl in the trans

group C(CHs)3
cl must be in the unfavorable axial position, making
Z this reaction slower.
(CHa)sC >
o
9.72
:OH OH +e CHa (3
OH,OH OH 3—0H
CHa—C—G—CH H-/Os0gH e + 1,2-CHg Y,
S 3 C|-|3—([3—c]:—c|-|3 CH3~C]:C(%~CH3 CHS—(%—E:\
CHSCHS CH3CH3 CHscHs shift CH3 CH3
pinacol + HSO, + HyO
O 30 cHy §7H M5O
CH3—C— ~—— CHz;—C—C
| “CH LN
CHS 3 CH3 CH3
pinacolone
9.73
™ P 0
O—H 0 9% 0
: M : H \_.CH _CH
(e wo i " O
I o) o I g 0 I (e} N
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9.74Y ou must draw the product that places the nucleophile and leaving group (O") trans and diaxial.

a. (CHs)s‘:PQO This bond was above the six-membered ring

in the epoxide and it stays above it in the product.

I OH (axial)
(orb)e,o\%_O> — (oHS)SCN? _HO (Cm)somk' = (CH3)3<><:>—OH

“OCHS, OCH; OCHs (axial) ‘OCHy
attack from below only

b. (orb)3o—<:>,,
‘o

— CHg(axial)
OCHgs; < >
(CHS)SC\N\OB - . (CHS)SCQ (CHS)SC\# = (CHg)s OCHj

attack from above _ OH (axial)
This bond was below the six-membered ring only

in the epoxide and it stays below it in the product.

The nucleophile must always approach by backside attack; i.e. if the epoxide is drawn "up" it must attack
from below. Even though both ends of the epoxide are equally substituted, nucleophilic attack occurs at
only one C-O bond, the one that gives trans diaxial products, as drawn.






