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CARBON COMPOUNDS AND
CHEMICAL BONDS

SOLUTIONS TO PROBLEMS

Another Approach to Writing Lewis Structures

When we write Lewis structures using this method, we assemble the mole-
cule or ion from the constituent atoms showing only the valence electrons (i.e., the
electrons of the outermost shell). By having the atoms share electrons, we try to
give each atom the electronic structure of a noble gas. For example, we give hy-
drogen atoms two electrons because this gives them the structure of helium. We give
carbon, nitrogen, oxygen, and fluorine atoms eight electrons because this gives them
the electronic structure of neon. The number of valence electrons of an atom can be
obtained from the periodic table because it is equal to the group number of the atom.
Carbon, for example, is in group 4A and has four valence electrons; fluorine, in
group 7A, has seven; hydrogen, in group 1A, has one. As an illustration, let us write
the Lewis structure for CH3F. In the example below, we will at first show a hydro-
gen’s electron as x, carbon’s electrons as 0’s, and fluorine’s electrons as dots.

Example A

3 H%, 0(030, and * F are assembled as

HRCeF: or H:C:F:
0 H

If the structure is an ion, we add or subtract electrons to give it the proper charge. As
an example, consider the chlorate ion, ClO; ™.

Example B

.o .00
:Cl+, and SO3 and an extra electron X are assembled as

08 | :0: |
00 s+ OO . .e .e '
280:Cl1:08 or [:0:CL:O:

© 2000, Modulo Editeur inc. / © 2000 John Wiley & Sons Inc.



2 CARBON COMPOUNDS AND CHEMICAL BONDS

1.1

1.2

1.3

14

:0
(@ H-F: @ H-O—N=0: (9 H-O—P-O-H
:O—H
:é :(;5
) :E © B-g-§-g-n  ® np-L-Hn

H -
.o I
(¢c) H I_“: ) H—IIB—H (i) H—C=N:
H H
:0
. L1 . u - . li-g .e -
(a) :0=N—0: (¢) -:Cc=N: (e) H—O-C-Q:
(b) H—‘E () H-Q—8-0r () H—C=C:"
H :I‘
il | il
(a) H—él4é|+ (c) H—C-0: () H—CI—IIIiH
H H H H
et .
(b) H—O—H (d) H—(}—H ® H—(l)iH
H H H—(IZ—H
H
Jo" ‘0.
@ H-C -—> H—C,
..O':' \c. «*
(b) and (c). Since the two resonance structures are equivalent, each should make an

equal contribution to the overall hybrid. The C—O bonds should therefore be of equal
length (they should be of bond order 1.5), and each oxygen atom should bear a 0.5 neg-
ative charge.

© 2000, Modulo Editeur inc. / © 2000 John Wiley & Sons Inc.



1.5

CARBON COMPOUNDS AND CHEMICAL BONDS 3

(a) In its ground state, the valence electrons of carbon might be disposed as shown in the
following figure.

The electronic configuration of a ground state carbon
atom. The p orbitals are designated 2p,, 2p,, and 2p, to
indicate their respective orientations along the x, y, and
z axes. The assignment of the unpaired electrons to the
2p, and 2p, orbitals is arbitrary. They could also have
been placed in the 2p, and 2p, or 2p, and 2p, orbitals.
(To have placed them both in the same orbital would not
have been correct, however, for this would have violated
Hund’s rule.) (Section 1.10.)

The formation of the covalent bonds of methane from individual atoms requires that
the carbon atom overlap its orbitals containing single electrons with 1s orbitals of hydro-
gen atoms (which also contain a single electron). If a ground state carbon atom were to
combine with hydrogen atoms in this way, the result would be that depicted below. Only
two carbon-hydrogen bonds would be formed, and these would be at right angles to each
other.

The hypothetical formation of CH, from a carbon atom in its ground state.

(b) An excited-state carbon atom might combine with four hydrogen atoms as shown
in the figure above.

The promotion of an electron from the 2s orbital to the 2p, orbital requires en-
ergy. The amount of energy required has been determined and is equal to 400 kJ mol .
This expenditure of energy can be rationalized by arguing that the energy released when
two additional covalent bonds form would more than compensate for that required to
excite the electron. No doubt this is true, but it solves only one problem. The problems
that cannot be solved by using an excited-state carbon as a basis for a model of methane
are the problems of the carbon-hydrogen bond angles and the apparent equivalence of

© 2000, Modulo Editeur inc. / © 2000 John Wiley & Sons Inc.



CARBON COMPOUNDS AND CHEMICAL BONDS

1.6

1.7

all four carbon-hydrogen bonds. Three of the hydrogens—those overlapping their 1s or-
bitals with the three p orbitals—would, in this model, be at angles of 90° with respect
to each other; the fourth hydrogen, the one overlapping its 1s orbital with the 2s orbital
of carbon, would be at some other angle, probably as far from the other bonds as the
confines of the molecule would allow. Basing our model of methane on this excited state
of carbon gives us a carbon that is tetravalent but one that is not tetrahedral, and it pre-
dicts a structure for methane in which one carbon-hydrogen bond differs from the other
three.

The hypothetical formation of CH, from an excited-state carbon atom.

t 4

(a) Cis-trans isomers are not possible.

H.C H
(b) I-Iac\C:C/CHS and ’ \C=C/
/ AN / AN

H H H CH,

(c) Cis-trans isomers are not possible.

CH,CH CH.C H
o Ne=c” - : " Ne=”
@ / an /7N

N
H H ‘ H Cl

If the geometry of the carbon atom were square planar, two isomeric compounds with the
formula CH,Cl, should exist. '

H-—--Cl H-----Cl
i >C<E and | \C/:

1 1

H----—Cl A

© 2000, Modulo Editeur inc. / © 2000 John Wiley & Sons Inc.



1.8

CARBON COMPOUNDS AND CHEMICAL BONDS 5

The fact that only one form of CH,Cl, has ever been detected supports a tetrahedral geom-
etry for carbon, because with a tetrahedral geometry only one compound with the formula
CH,Cl, is possible. All of the following structures are just different orientations of the same
molecule.

< Cl , C
P i . is the 1IN is the AN
H,-; ,": ™ same / ',:(];\ same /o ,,é\ etc
.-l,l/-'::_‘:Cl as Cl:'*%--.;_:_H as I'I\--:/'.. fmeesy
H H" ol kul

Make models to convince yourself of this fact.
(a) There are four bonding pairs. The geometry is tetrahedral.

H

n
1
J,II\
\

B,
~~1 '\
HEY/--=H
Y-
(b) There are two bonding pairs about the central atom. The geometry is linear.
F—Be-F:

(c) There are four bonding pairs. The geometry is tetrahedral.

(d) There are two bonding pairs and two nonbonding pairs. The geometry is angular.

S
/
H™ /O
H
(e) There are three bonding pairs. The geometry is trigonal planar.

I
H/B\H

(f) There are four bonding pairs around the central atom. The geometry is tetrahedral.

-

© 2000, Modulo Editeur inc. / © 2000 John Wiley & Sons Inc.



6 CARBON COMPOUNDS AND CHEMICAL BONDS

(g) There are four bonding pairs around the central atom. The geometry is tetrahedral.

(h) There are three bonding pairs and one nonbonding pair around the central atom. The
geometry is trigonal pyramidal. ‘

7N
ci Cl
F 1200, F
1.9 (a) >C =v/(?<) 120° , trigonal planar at each carbon atom.
EF F
180°
¥ )

(c) H-C=N: linear
H HH
1.10 H—(IE—O—(:I—$—H
H HH
g
111 @ CH CH = /k/
me” ScHy

c =

(b) H3C /CH\CH2/CH2 \OH = )\/\OH
>:\/

@ me et “CH, = NN

© 2000, Modulo Editeur inc. / © 2000 John Wiley & Sons Inc.
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CARBON COMPOUNDS AND CHEMICAL BONDS

(e) HC e “CH,

é%

H
CH;—CH
V4 2 3 _
CH;—CH, -
9 0O

CH
HC” O CH PCH

. B 3%
(h) CH_ CH_ =
H,C~ CHy” CH,4

(a) and (d) are constitutional isomers with the molecular formula C;H;,.
(b) and () are constitutional isomers with the molecular formula C;H ,O.

(c) and (f) are constitutional isomers with the molecular formula C,H;,.

‘ C
®» ' D nd_ L
H

(@ Cug (Note that the Cl atom and the three H atoms
H H may be written at any of the four positions.)
C1 Cl
(b) CI/éQ'H or - '\"IH and so on
H Cl
Cl
(c) B r/é QIH and others
H
H
(d) H“}E\C/Cl and others
H F\
H H

7

© 2000, Modulo Editeur inc. / © 2000 John Wiley & Sons Inc.



8

CARBON COMPOUNDS AND CHEMICAL BONDS

1.15 (a) Na* has the electronic configuration, 1522522p%, of Ne.

1.16

1.17

1.18

1.19

1.20

(b) C1~ has the electronic configuration, 1522522p63523p6, of Ar.

(c) F*and (h) Br* do not have the electronic configuration of a noble gas.

(d) H~ has the electronic configuration, 1s2,-of He.

(e) Ca?* has the electronic configuration, 1522522p53s23pS of Ar.

(f) $?~ has the electronic configuration, 1522522p53523pS of Ar.

(g) O? has the electronic configuration, 1522522p% of Ne.

:(|)|
() . S e
:C.!/..\C.:.l: 'Y

(b) CH;—$—CH,
+

(a) (CH,),CHCH,0H

0
(b) (CH3)2CH8CH(CH3)2

(a) C,H,0

(b) C;H,,0

(a) Different compounds, not
isomeric

(b) Constitutional isomers

(¢) Same compound

(d) Same compound

(e) Same compound

(f) Constitutional isomers

(g) Different compounds, not
isomeric

(h) Same compound

() :C1—P—-Cl: (c) .-

Lo :CLS oo
'(;l\l Cl:

TR
(d) CH3——S—9:

(c) HC—CH,
HC—CH,
(d) (CH,),CHCH,CH,OH

(c) CHg

(d) CsH),0

(i) Different compounds, not
isomeric

(j) Same compound

(k) Constitutional isomers

(1) Different compounds, not isomeric

(m) Same compound

(n) Same compound

(0) Same compound

(p) Constitutional isomers

s +
pLE (@ H-O—N]

© 2000, Modulo Editeur inc. / © 2000 John Wiley & Sons Inc.



1.21

1.22

1.23

1.24

1.25

CARBON COMPOUNDS AND CHEMICAL BONDS 9

0
(b) MA (d) /\(\9—0}1 69}
0
H H
B e g
it oy (==
(a) (c)
%L | & H | HH
H c- H—C—H
/ \N/ \ i
H N° H H
H
H .-O'.
H\C /C\c _H @ H H
® T o A
C / \
H™ SN g H H

CH=CHCH,CH,  CH,CH=CHCH,  CH=CCH,

H
c—c 3
s éHZ Hzl /CH -CH,
Hzc_ H,
oo o
H—C—N <« H-CN
S : N
H .0.-
0
H O—C—I\II—H
H
H— &— O-N=0

(Other structures are possible.)

(a) While the structures differ in the position of their electrons, they also differ in the
positions of their nuclei and thus they are not resonance structures. (In cyanic acid

- the hydrogen nucleus is bonded to oxygen; in isocyanic acid it is bonded to nitrogen.)

(b) The anion obtained from either acid is a_ ., .
resonance hybrid of the following structures: :0—C=N: <> :0=C=N:

© 2000, Modulo Editeur inc. / © 2000 John Wiley & Sons Inc.



10 CARBON COMPOUNDS AND CHEMICAL BONDS

O—T

1.26 H—

-

(a) A +charge. (F=4—%=+1)
(b) A + charge. (It is called a methy] cation.)

(c¢) Trigonal planar, that is,
H
b+

H™ "H

(d) sp?

=

1.27 H—-

—Q—.

T

(a) A —charge. F=4—-%-2=—1)
(b) A — charge. (It is called a methyl anion.)

(c) Trigonal pyramidal, that is

9

|l"'c\-
%{ o

(d) sp®
1.28 H-C -

(a) No formal charge. (F=4 —% —1=0).
(b) No charge.

(c) sp?, that is,

© 2000, Modulo Editeur inc. / © 2000 John Wiley & Sons Inc.



1.29

1.30

*1.31

1.32

*1.33

CARBON COMPOUNDS AND CHEMICAL BONDS 11

(a) and (b)

.I+ .0 +
0]
. (.O\.j/ (\10 <«—> :'04 NG:-

(c) Because the two resonanée structures are equivalent, they should make equal contri-
butions to the hybrid and, therefore, the bonds should be the same length.

(d) Yes. We consider the central atom to have two groups or units of bonding electrons
and one unshared pair.

¥ )+ .. 2- - + .- . e+
=N“=—N—(I;{= <“—>» :N—N—/N: 2 N—N=N:
A B C

Structures A and C are equivalent and, therefore, make equal contributions to the hybrid.
The bonds of the hybrid, therefore, have the same length.

(a) constitutional isomers (b) the same

(c) resonance forms (d) constitutional isomers
(e) resonance forms ® the same
e+
(a) *O=N=0¢
(b) Linear

(c) Carbon dioxide

D

Br. Br

:Br: \
Set A: Br)\/ Br/\l/ Br/\/\ Br
:Br:

.e /\A e .e
o HZN/\.Og H,N *OH ﬁNg\.TOH Nor A
* .e ° 2

© 2000, Modulo Editeur inc. / © 2000 John Wiley & Sons Inc.
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CARBON COMPOUNDS AND CHEMICAL BONDS

H CH,OH CH; H
o L7 N
N . :
9 >=a: ] § u
Set C: b Clj (":
a
u 0
C

[and unstable enol forms of a, b, and c}
S~

+
SetD: ~_-NH; /lf\
H H

Y - \/ e — I
SetE: N\ X (i.e., CH;CH,CH, and CH;CHCHS,)

© 2000, Modulo Editeur inc. / © 2000 John Wiley & Sons Inc.



REPRESENTATIVE CARBON COMPOUNDS:
FUNCTIONAL GROUPS, INTERMOLECULAR
FORCES, AND INFRARED (IR)
SPECTROSCOPY

SOLUTIONS TO PROBLEMS

5+ &
21 (a) H—F o H—F (c) Br—Br
_*_> u:o

5+ &
(b) I—Br or I—Br (d) F—F
+— p=0

2.2 VSEPR theory predicts a planar structure for BF;.

F
s
05
p=0

The vector sum of the bond moments of a trigonal planar structure would be zero, result-
ing in a prediction of W = 0 for BF;. This correlates with the experimental observation and
confirms the prediction of VSEPR theory.

2.3 The shape of CCl,=CCl, (below is such that the vector sum of all of the C—CI bond mo-
ments is zero.

CIN X0
\C———C<
Cl‘/)< N C1

24 The fact that SO2 has a dipole moment indicates that the molecule is angular, not linear.

0. %%'Q .o LE ] LX)
{0 0. not $0=S=0:
02 R0; S=0
L=1.63D =0

‘An angular shape is what we would expect from VSEPR theory, too.

15

© 2000, Modulo Editeur inc. / © 2000 John Wiley & Sons Inc.



16

REPRESENTATIVE CARBON COMPOUNDS

2.5

2.6

2.7 .

2.8

The fact that CO, has no dipole moment indicates that its shape is linear, not angular. -

:.O.:C:b.: not C
«—t 4+ A
..O/(\ e

w=0 © u#0

Again, this is what VSEPR theory predicts.

@1 / net dipole
+—> .

Him:O \

o 9

In CFCl, the large C-F bond moment opposes the C—Cl moments. Because hydrogen is
much less electronegative than fluorine no such opposing effect occurs in CHCl,; there-
fore, it has a larger net dipole moment.

Fl H1
e e ¥

Smaller net Larger net
dipole moment dipole moment

/F I net dipole I-I\ ’/'/F

' b -
(a) moment ( ) /C:C\ H 0
d ' H
H\ >(w/F net dipole F\:\‘ ’//F
(c) Cc—C (d) C=—C p=0
/ \ moment / N
H F Y \F
H Br H H net H B
AN ’(1/ AN / dipo]e \ ’/} '
(a) /c=c\ /c— « moment / c\ p=0
H N Br / \ Br /( H
cis I trans
net +—> < ~
dipole moment Cis-trans isomers
" Br\v}:_({/CI Br \ )//Br dil;)e;le Cl{\ >(}Br .
—— u —
BrQ )\\Cl //e >\\ moment //< X}Cl
cis i trans
net +—> — v
dipole moment Cis-trans isomers

© 2000, Modulo Editeur inc. / © 2000 John Wiley & Sons Inc.



2.9

2.10

2.11

2.12

2.13

2.14

2.15

2.16

(a) CH,CH,CH,CH,Br

(b) CH3('IHCH2CH3
Br

(a) CH,CHF

(c) Propyl bromide
(e) Phenyl iodide

(a) CH,CH,CH,CH,OH

(b) CH3(C§HCH2CH3
H

(a) CH,CH,CH,0H

(a) CH,CH,~O~CH,CH,

(c) CH3CH2—O—(IIHCH3
CH,
(e) Diisopropyl ether

(a) CH,CH,CH,NH,

(¢) CHy~N-CH,CH,
C
H,c”  CH,

(e) Tripropylamine
(g) Dimethylphenylamine
(a) (a)only

CH,

[ - s -
(a) CH—N: + H-Cll —» CH—N'H + il

CH,
(b) sp3

() @.h

REPRESENTATIVE CARBON COMPOUNDS 17

CH,CHCH,Br

H3
CH,
(¢) CH—C-Br
H3

(b) CH,CHCH, or (CH,),CHCI

1

(d) Isopropy! fluoride

and CH3CHCH20H

H,
CH,
(c) CH3—(E—OH
H3
(b) CH,CHCH, or CH,CH-OH
OH CH,

(b) CH,CH,—O-CH,CH,CH,
(d) Methyl propyl ether
(f) Methyl phenyl ether

(b) CH3——I|\I—CH3 or (CH,),N
CH,
(d) Isopropylpropylamine

(f) Methylphenylamine

(©) (b,c,eg)

CH,

CH,

© 2000, Modulo Editeur inc. / © 2000 John Wiley & Sons Inc.



18

REPRESENTATIVE CARBON COMPOUNDS

2.17 (a) CH,CH,CH,CH,OH would boil higher because its molecules can form hydrogen
bonds to each other through the —Q—H group.

(b) CH,CH,NHCH, would boil higher because its molecules can form hydrogen
bonds to each other through the —1.\|.I—H group.

(c) HOCH,CH,CH,OH because by having two ~O—H groups, it can form more
hydrogen bonds.

2.18 Cyclopropane would have the higher melting point because its cyclic structure gives it a
rigid compact shape that would permit stronger crystal lattice forces.

219 (a) Ketone (b) Alkyne (c) Alcohol (d) Aldehyde
(e) Alcohol (f) Alkene

2.20 (a) Three carbon-carbon double bonds (alkene) and a 2° alcohol
(b) Phenyl, carboxylic acid, amide, ester, and a 1° amine
(c) Phenyl and a 1° amine
(d) Carbon-carbon double bond and a 2° alcohol
(e) Phenyl, ester, and a 3° amine
(f) Carbon-carbon double bond and an aldehyde

(g) Carbon-carbon double bond and 2 ester groups

CH,
221 CHCHCHCHBr CH,CH,CHCH,  CH,CHCHBr CHy~C—CH,€
Br H, Br
1° Alkyl 2° Alkyl 1° Alkyl 3° Alkyl
halide halide halide halide
CH,
222 CHCHCHCHOH CH,CH,CHCH, CH,CHCH,OH CH~C—CH,
OH CH, o
1° Alcohol 2° Alcohol 1° Alcohol 3° Alcohol

CH,OCHCH,CH,  CH,0CHCH,  CH,CHOCH,CH,
Ether CH, Ether
Ether

© 2000, Modulo Editeur inc. / © 2000 John Wiley & Sons Inc.



2.23  Any four of the following:

REPRESENTATIVE CARBON COMPOUNDS 19

Q 0 H,C—CH, 0
1| |
CH,CCH, CH3CH2éH Hzé—(') H,C—HC—-CH,
Ketone Aldehyde Ether Ether
_ N
CH;=CHCH,OH CH=CH-O-CH, cl _CHOH
Alkene, alcohol Alkene, ether Hy Alcohol
224 (@ 1° () 2° (@© 3 (d 3 () 2°
225 @ 2° (b)) I° (o) 3 @ 22 (e 2° (H 3
2.26 (a) CH,0CH,CH,CH, CH,OCHCH, CH,CH,0CH,CH,
CH,
HC '
(b) |/CH—CH20H CH;=CHCH,CH,0H CH,CH =CHCH,OH
H,C
OH
H,C H,C
(c) |>CH-OH (d) |>é—CH3
B,C H,C
y i
(e) H-C-O-CH,CH, CH;—C-O-CH,
(f) CH,CH,CH,CH,CH,Br CH,CHCH,CH,Br CH,CH,GHCH,Br
CH H
_gHs 3 CH,
CH;—C—CH;—Br
CH,
Gt
(g) CH,CHCH,CH,CH, CH,CH,CHCH,CH, CH;CHCHCH,
Br Br Br
CH,
(h) CH,CH,—C-Br
H3
I ?l) [
(i) CH;CH,CH,CH,CH CH3C|HCH2CH CH3CH2$HCH
CH3 C:H3

© 2000, Modulo Editeur inc./ © 2000 John Wiley & Sons Inc.



20

REPRESENTATIVE CARBON COMPOUNDS

2.27

2.28

0 0 0
| |
G culen,cn,cn, CH,CH,(CH,CH, cH,culCcH,
H3
s
(k) CH,CH,CH,NH, CH,CHNH,
(1) CH,CH,NHCH, (m) (CH).N
(n) H-C-NHCH, CH;-C-NH,

(a) CH,CH,CH,OH because its molecules can form hydrogen bonds to each other
through its —O—H group.

(b) HOCH,CH,OH because with two—(:é—H groups, its molecules can form more
hydrogen bonds with each other.

(c) A OH because its molecules can form hydrogen bonds to each

other.
(d) D—OH [Same reason as (c)].
(e) NH because its molecules can form hydrogen bonds to each other through
its —I‘ll_H group.

compound will have p = 0.)

() /\/U\OH [Same reason as (c)].

(h) Nonane, because of its larger molecular weight and larger size,
will have larger van der Waals attractions.

() F> <F because its molecules will have a larger dipole moment. (The trans
0

(i) >:O because its carbonyl group is far more polar than the double bond
of

(a) The alcohol would have a broad absorption from the O—H group in the 3200 to
3500 cm ™! region of its IR spectrum. The ether would have no such absorption.

(c) The ketone would have a strong absorption from its carbonyl group near 1700 cm™!
in its IR spectrum. The alcohol would have a broad absorption due to its hydroxyl group
in the 3200 to 3500 cm ™' region of its IR spectrum.
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2.30

2.31

2.32

REPRESENTATIVE CARBON COMPOUNDS 21

(d) Same rationale as for (a)

(e) The secondary amine would have an absorption near 3300 to 3500 cm ™' arising
from N—H stretching. The tertiary amine would have no such absorption in this region
since there is no N—H group present.

(g) Both compounds would exhibit absorptions near 1710 to 1780 cm ™' due to carbonyl
stretching vibrations. The carboxylic acid would also have a broad absorption some-
where between 2500 and 3500 cm ™' due to its hydroxyl group. The ester would not
have a hydroxyl absorption.

(i) The ketone would have a strong absorption from its carbonyl group near 1700 cm ™!

in its IR spectrum. The alkene would have no such absorption but would have an ab-
sorption between 1620 and 1680 cm™" due to C=C stretching.

0 0
I 1 I I
(a) CHCHCNH,  CH,CNCH, HCNCH,CH, ~ H-C-N-CH,
H H CH,

(b) The last one given above [i.e., HEN(CH3)3] because it does not have a hydrogen
that is covalently bonded to nitrogen and, therefore, its molecules cannot form
hydrogen bonds to each other. The other molecules all have a hydrogen covalently
bonded to nitrogen and, therefore, hydrogen-bond formation is possible. With the
first molecule, for example, hydrogen bonds could form in the following way:

0
JO--—HAN
CH,CH,C _CCH,CH,
N“H----0
H

(0]

{ |
An ester group, —é—-é—O—C—

CHyp

The attractive forces between hydrogen fluoride molecules are the very strong dipole—
dipole attractions that we call Aydrogen bonds. (The partial positive charge of a hydrogen
fluoride molecule is relatively exposed because it resides on the hydrogen nucleus. By con-
trast, the positive charge of an ethyl fluoride molecule is buried in the ethyl group and is
shielded by the surrounding electrons. Thus the positive end of one hydrogen fluoride mol-
ecule can approach the negative end of another hydrogen fluoride molecule much more
closely, with the result that the attractive force between them is much stronger.)

(a) and (b) are polar and hence are able to dissolve ionic compounds. (¢) and (d) are non-
polar and will not dissolve ionic compounds.
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2.33

2.34

H H,C
\H thl. /Cl 3 \ 8y
(a) Hun')C—F (e) /C\"'_’ (h) H/O..
H H F H,C
Cl1 No H,C
-H . 3 .
(b) ""'-C/—Fi——» 69 l dipole (i) +—>>O
: \F €1~ >Cl moment H
/F No H\ +—:
(€) H—Cou . (g) F—Be—F dipole ()  C=0:
\F moment H
/F No
(d) F"_C"lulF dlpole
\F moment

(a) Dimethyl ether: There are four electron pairs around the central oxygen: two bonding
pairs and two nonbonding pairs. We would expect sp® hybridization of the oxygen with a
bond angle of approximately 109.5° between the methyl groups.

WV,
HCOG)

H,C

(b) Trimethylamine: There are four electron pairs around the central nitrogen: three bond-
ing pairs and one nonbonding pair. We would expect sp3 hybridization of the nitrogen with
a bond angle of approximately 109.5° between the methyl groups.

U

HC" ey
H,C ’

(¢) Trimethylboron: There are only three bonding electron pairs around the central boron.
We would expect sp? hybridization of the boron with a bond angle of 120° between the
methyl groups.

T
B
H,C” CH,
(d) Dimethylberyllium: There are only two bonding electron pairs around the central
beryllium atom. We would expect sp hybridization of the beryllium atom with a bond an-

gle of 180° between the methyl groups.

H,C—Be—CH,
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2.36

2.37

2.38

2.39

REPRESENTATIVE CARBON COMPOUNDS 23

Without one (or more) polar bonds, a molecule cannot possess a dipole moment and, there-
fore, it cannot be polar. If the bonds are directed so that the bond moments cancel, how-
ever, the molecule will not be polar even though it has polar bonds.

Crixivan has the following functional groups:

3° Amine 2° Alcohol

Aromatic

amine

C(CHy),
Hydrogen bond
0:---H—O,
// A
CH,CH,—C C—CH,CH,
\ . J
.O—H T :0
Hydrogen bond
Va
C
EO <>:0 >-<
A B B’

The 1780-cm ™! band is in the general range for C=0 stretching so structure B’ is con-
sidered one of the possible answers, but only B would have its C=0 stretch at this high
frequency (B’ would be at about 1730 cm™1).

O O
HO™: OH HO”: :i“H

(b) The cis isomer will have the 3572-cm” ! band because only in it are the two hy-
droxyl groups close enough to permit intramolecular hydrogen-bonding. (Intermolecu-
lar hydrogen-bonding is not possible at high dilution in a non-polar solvent like CCly.)

© 2000, Modulo Editeur inc. / © 2000 John Wiley & Sons Inc.



REPRESENTATIVE CARBON COMPOUNDS

240 () OH

CH,
CH,

(b) enantiomers
OH HO )
wCH, H;Com
\"CH, H,C*7
H H
OH HO
/wCH, H,Cum
i H H Wy
CH, H,C |
enantiomers

. diastereomers

(Enantiomers and diastereomers
are defined in Chapter 5.)
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AN INTRODUCTION TO
ORGANIC REACTIONS: ACIDS AND BASES

SOLUTIONS TO PROBLEMS

P :F:
g N £
3 @ CHQ—H o+ TB—f: —> cH—G—p=f;
‘ F H F
:Cl: :Cl:
(b) CH;—Cl: + /Al_(.:.l: —> CHs_(;.l_‘i“l_Ql:
*Cl: +Cl:
:F: :F:

i N\ s ..
() CH;—O0—CH, + /B—-F_: —> CH3—(|)——1]3‘—_F_:

F: CH, F:
3.2 (a) Lewisbase (b) Lewis acid
(c) Lewis base (d) Lewis base
(e) Lewis acid (f) Lewis base
II-I :i::: Iil :iﬁ:
TN . + - .
3.3 CH3_—-1]\I: + /B —F: —» CH3—II\I—]|3—E:
CH, ‘R CH; :FE:
Lewis base Lewis acid
[H30+] [HCOZ_] —4
3.4 K = = 177- X 10
@ K [HCO,H]

Let x = [H;0%] = [HCO, 7] at equilibrium
then, 0.1 — x = [HCO,H] at equilibrium
but, since the K, is very small, x will be very small and 0.1 — x = 0.1

Therefore, :
(x) (x) i
0.1 = 177 X 10
x2 = 177 X107°
x = 0.0042 = [H;0"] = [HCO,™]

27
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35

3.6

3.7

3.8

3.9

(b) % lonized = [_1:)3(1);] X 100 or L%Olz_— X 100
0042

= 0.1 X 100 = 42%
(@ pK,=—-logl0’=—-(-7=7

(b) pK,= —log5.0= —0.699

(c) Since the acid with a K, = 5 has a larger K, it is the stronger acid.

When H,O" acts as an acid in aqueous solution, the equation is

H,0* + H,0 <H,0 + H;0"
and K, is
H,0][H,0%]
K =[_2___3__= H.O
a [H3O+] [ 2 ]

The molar concentration of H,O in pure H,O, that is, [H,0] = 55.5; therefore, K, = 55.5
The pK,, is
pK,= —log55.5=—1.74

The pK,, of the methylaminium ion is equal to 10.6 (Section 3.5C). Since the pK, of the

anilinium ion is equal to 4.6, the anilinium ion is a stronger acid than the methylaminium
ion, and aniline (CcH;NH,) is a weaker base than methylamine (CH;NH,).

(a) Negative. Because the atoms are constrained to one molecule in the product, they have
to become more ordered.

(b) Approximately zero.

(c) Positive. Because the atoms are in two separate product molecules, they become more

disordered.

@ IfK, = 1

then
’ —AG°®
logk, = 0 _—
088eq 2.303RT
AG® = 0
(b) IfK, = 10
;gerll( = 1 _—AG%
BReq = 2.303RT
AG® = —(2.303)(0.008314 kJ mol ™' K™ ')(298 K) = —5.71 kJ mol ™!
(¢) AG® = AH° — TAS°
AG® = AH° = —571kImol l'ifAs® = 0
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Structures A and B make equal contributions to the overall hybrid. This means that the
carbon-oxygen bonds should be the same length and that the oxygens should bear equal
positive charges.

Co: o
Y Vac
H3C—C\ <«—>» H,C--C Q
(.a- Q
A B

(a) CHCL,CO,H would be the stronger acid because the electron-withdrawing inductive
effect of two chlorine atoms would make its hydroxyl proton more positive. The electron-
withdrawing effect of the two chlorine atoms would also stabilize the dichloroacetate ion
more effectively by dispersing its negative charge more extensively.

(b) CCl;CO,H would be the stronger acid for reasons similar to those given in (a), ex-
cept here there are three versus two electron-withdrawing chlorine atoms involved.

(¢) CH,FCO,H would be the stronger acid because the electron-withdrawing effect ofa
fluorine atom is greater than that of a bromine atom (fluorine is more electronegative).

(d) CH,FCO,H is the stronger acid because the fluorine atom is nearer the carboxyl
group and is, therefore, better able to exert its electron-withdrawing inductive effect. (Re-
member: Inductive effects weaken steadily as the distance between the substituent and the
group increases.)

All compounds containing oxygen and most compounds containing nitrogen will have an
unshared electron pair on their oxygen or nitrogen atom. These compounds can, therefore,
act as bases and accept a proton from concentrated sulfuric acid. When they accept a pro-
ton, these compounds become either oxonium ions or ammonium ions, and having be-
come ionic, they are soluble in the polar medium of sulfuric acid. The only nitrogen com-
pounds that do not have an electron pair on their nitrogen atom are quaternary ammonium
compounds, and these, already being ionic, also dissolve in the polar medium of concen-
trated sulfuric acid.

.ﬂ - th 1 - -
(a) CHO—H + H —/——>>» CHO: + H
Stronger acid Stronger Weaker Weaker
pK, =-~16 base base acid
(from NaH) pK, =35

= - ethanol =
(® CH3CH2c_>_QH + :NH, ——>» CHCHOQ: + :NH,

Stronger acid Stronger Weaker Weaker
pK, =16 base base acid
(from NaNH,) pK, =38
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. hexane =
(c) H—NQH /:-\':CHZCH;; — » NH o+ CH,;CH,
H Stronger Weaker Weaker
Stronger acid base base acid
pK, =38 (from CH;CH,Li) pK, =50
|
+ - - liq. NH
@ BNDH v iimy ML, oam s :NH,
H Stronger Weaker Weaker
Stronger acid base base acid
PK, =92 (from NaNH,) pK, =38
(from NH,Cl)
!
.. v _ .. H,0 . _
(e) H—QQH + :0C(CH;); —*>» H—O0:" + HOC(CH,),
Stronger acid Stronger Weaker Weaker
pK, =157 base base acid
[from (CH;);CONa] pK, =18

(f) No appreciable acid-base reaction would occur because NaOH is not a strong enough
base to remove a proton from (CH;);COH.

hexane

314 (a9 HC=CH + NaH —>» HC=CNa + H,

(b) HC=CNa + D,0 ™5 HC=CD + NaOD

h .
(¢) CHCHLi + D0 —=» CHCHD + LiOD

hexane

(d) CH,CH,OH + NaH ———» CH(CH,ONa + H,

hexane

(¢) CH,CHONa + T,0 ——%» CHCHOT + NaOT

h
(f) CHCHCHLI + DO —— CHCHCHD + LiOD

3.15 (a) :NH, (the amide ion) (d) H—C=C: (the ethynide ion)
(b) H—(:):f (the hydroxide ion) (e) CH3©: . (the methoxide ion)
(c) :H~ (the hydride ion) 9] H,0 (water)

316 :NH, > :H™ » H-C=C:" > CH3(:)::- ~ H—0 > H0
317 (2 H,50, (d) NH,

(b) H,O* (¢) CH,CH,

(c) CH,NH,* () CH,COH
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3.18 H,SO,>H,0* > CH,CO,H > CH;NH;* > NH, > CH,CH;

:Cl:
e 7T N e |- e
319 (& CHCH/Cl: + AICl, —> CHCH~CI-AI—Cl:
Lewis Lewis :Cl:
base acid -
— F :
. P S
(b) CH~OH + BF, = —> CH—O-B—F:
- } [
Lewis Lewis H ‘F:
base ‘acid -
(¢) CH;—C \+ + H0: —> CH3—(|3—5H2+
CH,; CH;
Lewis Lewis
acid base

ST . oot
320 @ CHOH + HO: —— CHO0~H + iI:

H
H

S T o |+ . -

(b) CH—NH, + H—Ck —> CHN-H + :Cl:
H

SH N H H

H -
() C=C + HY: —> H—C——(l,‘—H + :F:
H H - . + I!I ..

3.21 Because the proton attached to the highly electronegative oxygen atom of CH;OH is much
more acidic than the protons attached to the much less electronegative carbon atom.

- lig. NH .-
322 CH,OH-O2H" + “iC=C—H —> CH,CH,-0f + H—C=C-H
323 (a) pK,=—logl.77 X 1074=4 —0.248 =3.752
(b) K,=10-13

3.24 (a) HB is the stronger acid because it has the smaller pK,.

(b) Yes. Since A~ is the stronger base and HB is the stronger acid, the following
acid-base reaction will take place.

A:'/?H—(——\B > A—H + B¢
Stronger Stronger Weaker Weaker
base acid acid base
pK,=10 pK,=20
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N o= ¥ ﬂ
325 (a CHCH—C—O—H +:0-H <> CHCH~C-0: + H-O-H
:0 :0
oy ¥ . Il oee- .
(b) CHs—S—O0—H + :0-H —> CHyS-0: + H-O-H
: :0

3.26

3.27

(c) No appreciable acid-base reaction takes place because CH,CH,ONa is too weak a

base to remove a proton from ethyne.

/‘\ h
@ H—c=cXW + ScmcH, 2, goc=Ci- + CHCH,
(from
LiCH,CH,)
- h - -
(e) CHCH—0%H*+ “icHcH, 2 CHCHO! + CHCH,
(from
LiCH,CH,)
ether
(@ CH~C=C—H + NaNH, ——» CH,—C=C:"Na* + NH,

then
CHH—C=C:~"Na* + T,0 —>» CH;—C=C—T + NaOT

(b) CH3—(|IH—O—H + NaH —» CH3—C|3H—ONa + H,

CH, CH;

then

CHfCH—ONa + D0 —>» CHfCH-O-D + NaOD
H, éHs

(¢) CHCH,CH,OH + NaH —>» CH,CH,CH,0ONa + H,
then
CH,CH,CH,ONa + D,0 —>» CH,CH,CH,OD + NaOD

(1) CH,CH,OH > CH,CH,NH, > CH,CH,CH,

Oxygen is more electronegative than nitrogen, which is more electronegative than carbon.
The O-H bond is most polarized, the N-H bond is next, and the C-H bond is least polar-
ized.

(b) CH,CH,0~ < CH,CH,NH- < CH,CH,CH,"

The weaker the acid, the stronger the conjugate base.
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3.31
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(b)
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(b)

AN INTRODUCTION TO ORGANIC REACTIONS: ACIDS AND BASES

CH,C=CH > CH,CH=CH, > CH;CH,CH,
CH,CHCICO,H > CH,CH,CO,H > CH,CH,CH,OH
CH,CH,0H,’ > CH,CH,OH > CH,0CH,

CH,NH," < CH;NH, < CH,NH "~
CH,0" < CH;NH~ < CH,CH,"

(¢) CH,C=C"~ < CH,CH=CH- < CH,CH,CH,"

33

The acidic hydrogens must be attached to oxygen atoms. In H;PO;, one hydrogen is
bonded to a phosphorus atom:

(b)

©

@

©

.‘Icl)'. o)
H—:(}—I|’—§—H H—§—1|>—H

:(I): :(I):

H H

.6.

/ - .. .
H—C_ + :0—H —» H—C + H=O:

.0—H O -

95 H

\ |
10 O:
<. / .
H—C—Q—H —» H—C + 3Q—CH3
P No—n
'Q_CH3 ®e

H—:Q:_/-I-\CHS—:I:: —» H—0—CH, + ::1::_

T /s
H—Q:/?H—/CH\}—(IZQ(:::]: —» CH,=C + :Cli

CH3 ’ CH3 + H'—O—H
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3.32 (a) Assume that the acidic and basic groups of glycine in its two forms have acidities
and basicities similar to those of acetic acid and methylamine. Then consider the equilib-
rium between the two forms:

H
[ I
H—N—CH,—C—0—H <= H—N—CH —C—0~

|
é:onger Stronger> (V:feaker Weaker>

base acid acid base

We see that the ionic form contains the groups that are the weaker acid and weaker base.
The equilibrium, therefore, will favor this form.

(b) The high melting point shows that the ionic structure better represents glycine.

3.33 (a) The second carboxyl group of malonic acid acts as an electron-withdrawing group
and stabilizes the conjugate base formed (i.e., HO,CCH,CO, ) when malonic acid loses
a proton. [Any factor that stabilizes the conjugate base of an acid always increases the
strength of the acid (Section 3.10C).] An important factor here may be an entropy ef-
fect as explained in Section 3.9.

(b) When ~O,CCH,CO,H loses a proton, it forms a dianion, ~O,CCH,CO, . This
dianion is destabilized by having two negative charges in close proximity.

3.34 HB is the stronger acid.

3.35 AG° = AH° — TAS®
= 6.3 kJ mol ' — (298 K)(0.0084 kJ mol 'K ™1)
= 3.8 kJ mol~!
AG°
logK =logK,= ~pK, = — ——
08 Reg =08 Ba= TP Ra= TS 303RT
AG°

PKa= 3 303RT
X - 3.8 kJ mol !
PR (2.303)(0.008314 kJ mol 'K~ 1)(298 K)
pK,=0.66

3.36  The dianion is a hybrid of the following resonance structures:

0. Sol %) b oo Co: ey 0:

FI PR -~ i > ~ | PEQ
0. o

(\
‘9
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If we mentally fashion a hybrid of these structures, we see that each carbon-carbon bond
is a single bond in three structures and a double bond in one. Each carbon-oxygen bond
is a double bond in two structures and a single bond in two structures. Therefore, we would
expect all of the carbon-carbon bonds to be equivalent and of the same length, and exactly
the same can be said for the carbon-oxygen bonds.

*3.37 (a) Ais CH;CH,S™ B is CH;0H
C is CH;CH,SCH,CH,0~ D is CH3CH,SCH,CH,OH
Eis OH™

K)o N -

(b) CH,CH,—S-“H”+ CH,—0: —» CH;CH,—S: + CH;—0—H

CH;CH,—S: + CEZ—/—CHZ —» CH;CH,—S$—CH,CH,—O0:
C'.o.

CH,CH,—S—CH,CH,—0: + H—0—H —»

CH;CH,—S—CH,CH,—0—H + H—0:

*338 (a) CHs(CH,)OD + CHs(CH,)s Li —% CH;(CH,)s0™ Li* + CH,(CH,)sD

Hexane could be used as solvent. Liquid ammonia and ethanol could not because
they would compete with CH3(CH,)sOD and generate mostly non-deuterio-labelled
CH;(CH,),CHs.

(b) NH,” + CH,C=CH —>» NH; + CH,C=C:

Hexane or liquid ammonia could be used; ethanol is teo acidic and would lead to
CH;CH,O™ (ethoxide ion) instead of the dgsired alkynide ion.

.. +
(¢ HCl + <<:>>—NH2 —> @NH3 + CI-

Hexane or ethanol could be used; liquid ammonia is too strong a base and would
lead to NH,* instead of the desired anilinium ion.

*339  (ab) Cfl) C»?:_
CH CH
_CHL/TT > C s
H N\ H N\
CH, CH,

(¢) Since DMF does not bind with (solvate) anions, their electron density remains high
and their size small, both of which make nucleophiles more reactive.
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O :0:
340 (2 N o L
QO" :0:
o 4, o |
s /N
H,C CH, H,C CH,
Il . - I
(©) + :NH, —» C + NH;
/N N
H,C . CH; H,C CH,
I I
L + D0 —> C + OD~
H,C CH, H,C CH,D

© 2000, Modulo Editeur inc./ © 2000 John Wiley & Sons Inc.



ALKANES: NOMENCLATURE,
CONFORMATIONAL ANALYSIS, AND AN
INTRODUCTION TO SYNTHESIS

SOLUTIONS TO PROBLEMS

PPN

N e
a1 hthéh
Heptane 2-Methylhexane 3-Methylhexane
2,2-Dimethylpentane 3,3-Dimethylpentane 2,3-Dimethylpentane
2,4-Dimethylpentane 3-Ethylpentane 2,2,3-Trimethylbutane
42 (a) CH,CH,CH,CH,CH,— CH3CH2CH2(|ZHCH3 CH3CH2$HCH2CH3
1-Pentyl 2-Pentyl 3-Pentyl

CH,CH,CH(CH,;)CH,—  CH,CH(CH,)CH,CH,—
2-Methyl-1-butyl 3-Methyl-1-butyl

CH3C|HCH(CH3)CH3 CH3CI3(CH3)CH2CH3
3-Methyl-2-butyl 2-Methyl-2-butyl

(b) See the answer to Problem 4.1 for the names of C;H ¢ isomers.

38
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4.3

4.4

(a) CH,CH,CH,CH,Cl
1-Chlorobutane

CH,CH,CHCH,

Cl
2-Chlorobutane

(b) CH,CH,CH,CH,CH,Br
1-Bromopentane

CH3CH2CH2C|HCH3
Br
2-Bromopentane

CH3CHZ(IZHCH2CH3
Br
3-Bromopentane

CH,
CH3éCHZBr
H,
1-Bromo-2,2-dimethylpropane

(a) CH,CH,CH,CH,0H

1-Butanol

CH,CH,CHCH,
H
2-Butanol

ALKANES

CH3CIHCHZC1
CH,
1-Chloro-2-methylpropane
CH,
CH3—¢—-CH3
Cl
2-Chloro-2-methylpropane

CH3C|IHCI-]2CH2BI
CH,
1-Bromo-3-methylbutane

CH3CH2CIHCH2Br
CH,
1-Bromo-2-methylbutane
CH,
CH3(£HCIHCH3
Br
2-Bromo-3-methylbutane

o
CH3CHZC|'CH3

Br
2-Bromo-2-methylbutane

CH3(IIHCH20H
CH,
2-Methyl-1-propanol

CH,
CH3C:OH

CH,
2-Methyl-2-propanol

.39
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ALKANES

45

4.6

(b) CH,CH,CH,CH,CH,0H

(@)

(b)

(c)
(d)
(®
®

(@
(b)
(©)
@
(e)
(H

1-Pentanol

CH3CH2CH2CIHCH3
OH
2-Pentanol

CH3CH2CIIHCH2CH3
’ OH
3-Pentanol

G
CH,CCH,0H
H,
2,2-Dimethyl-1-propanol

CH3(%HCHZCHZOH
CH,
3-Methyl-1-butanol

CH3CH2(I3HCHZOH
CH,
2-Methyl-1-butanol
&
CH3CH(|JHCH3
OH
3-Methyl-2-butanol

CH,
CH3CH2(IZCH3
H
2-Methyl-2-butanol

1-(1-Methylethyl)-2-(1,1-dimethylethyl)cyclopentane or

1-tert-butyl-2-isopropylcyclopentane

1-Methyl-2-(2-methylpropyl)cyclohexane or

1-isobutyl-2-methylcyclohexane

Butylcyclohexane

1-Chloro-2,4-dimethylcyclohexane

2-Chlorocyclopentanol

3-(1,1-Dimethylethyl)cyclohexanol or 3-tert-butylcyclohexanol

2-Chlorobicyclo[1.1.0]butane
Bicyclo[3.2.1]octane
Bicyclo[2.1.1]hexane
9-Chlorobicyclo[3.3.1]nonane

2-Methylbicyclo[2.2.2]octane

@ Bicyclo[3.1.0]hexane or

bicyclo[2.1.1]hexane
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4.7 (a) trans-3-Heptene (e) 4-Methyl-4-penten-2-ol
(b) 2,5-Dimethyl-2-octene (f) 2-Chloro-3-methyl-3-cyclohexen-1-ol
(c) 4-Ethyl-2-methyl-1-hexene
(d) 3,5-Dimethylcyclohexene

48 @ /TN~ () NN

® b— (b) O—\\

C

(C)\(Y
@) SINA © N B ® Q/
Br
Cl
o (X
- Cl

1 g
() e~ A
4.9 VN
NN F X
X /\// \\/
1-Hexyne 2-Hexyne 3-Hexyne

\/k\ TSN =

3-Methyl-1-pentyne 4-Methyl-1-pentyne 4-Methyl-2-pentyne

4.10

>

2

o]

=

L

=

=

=

3

-

H3 H3 H3

H,C H,C H,C H,C
H,C H H, HC H, HC

0° 60° 120° 180° 240° 300° 360°
Rotation —>»
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411 logK. — AG° _ —7600 J - 13
Efeq —2.303RT (—2.303)(8.314 T K (298 K)
K., = 2138
Lete = amount of equatorial form
and a = amount of axial form
then, K,, = <& = 21.38
a
e = 21.38a
21.38a
e = ————— X = .
oe 7 + 213%a 100 95.5%
Cl Cl Cl Br Br
412 (a) (b) Br
Cl
. . Br
(cis) (trans) (cis) (trans)
CH,
|
CH-CH,
<—
413 (a-d) CH;?HM %cm
More stable because larger Less stable because
group is equatorial larger group is axial

CH, H,C
e L7 = e
CH,
(b) Yes
%C(CH:%

C(CH3)3

o =

Less stable because the large More stable because the large
tert-butyl group is axial tert-butyl group is equatorial
H,C
—
%\ CH, =
CH,
CH
More stable because both Less stable because both
methyl groups are equatorial methyl groups are axial
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H H
2 H?HCH3 Pd, Pt or Ni CH3CHZ(|:HCH3 Pd, Pt
CH, CH, or Ni
HCEC—?HCH3
CH;
CH,CH=CCH ik CH,;CH,CHCH
= e
2 [ 3 Pd,PtorNi A
CH, CH,
H
CH,CH,C=CH : CH,CH,CHCH
U2 pd,PtorNi TR
CH, CH,
T T
z
CH3(|3HCHCH2Br —H—;;» CH3(|2HCHCH3
3
CH, CH,
b .
zZ
CH3(I3H—(|3—CH3 T()IIT» CH3$HCHCH3
3
CH; Br : CH;
CH, CH,
| NaNH, _ | CH, —Br
HC=CCH,CHCH; ———*>» Na* ":C=CCH,CHCH; —*—>»
(—NHjy) (—NaBr)
s s
— H,
CH,—C=CCH,CHCH, Parorn” CH:CHCH,CH,CHCH;
pressure
I
Br—CH,CH,CHCH
HC=CH Ny pe=c:- Nat S eCHCHCH,
(=NHy) (—NaBr)
?Hz (|3H3
H
HC=C—CH,CH,CHCH, m» CH,CH,CH,CH,CHCH,
pressure
T i
- NaNH, o CH,CH,Br
HC=CCHCH;, W Na* ":C=CCHCH; W
s N
— H,
CH,;CH,—C=CCHCH, m CH,CH,CH,CH,CHCH,

pressure
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4.18

(a) Nonane P N N
& e Z N
Z e ~7 NN
HC=C:- CH,C=C:~  CH,CH,C=C:~ CH,CH,CH,C=C:"
+ + + +
X(CH,),CH, X(CH,)CH, X(CH,),CH, X(CH,);CH,

‘2-Methylheptadecane

)\/\/\/\/\/\/\/\:

(after hydrogenation of

the alkyne from /k/\ P U U U
xt_»z

one of the
possible retrosynthetic (or homologous pairs)
disconnections) .
)\ S + x
(Note that /k/X + is not a good choice

because the alkyl halide is branched at the carbon adjacent to the halogen.

Neither would )\ +
X -z

alkyl halide is secondary.)

work because the

(b) For any pair of reactants above that is a feasible retrosynthetic disconnection,
the steps for the synthesis would be

NaNH '—
RC=C—H THZ’ R—C=C:~ -RR,—,X> R—C=C—FR’
(a terminal (=NHy) (an alkynide (R 1s
. . primary H
alkyne; anion) and 2
- Pd, Pt, or Ni
R = alkyl, H) unbranched
at the
second R— CHZCHZ —R’
carbon)
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(a) CICH,CH,CH,CHCH, (b) CH,CH,CHCH,€
Cl Br
CH,
(c) CH,CH,CH,CHCH,CH,CH, (d) CH,C—CHCH,CH,
CHCH, CH, CH,
CH,
CH, cl_ Cl

(e) CH3éH({HCHzCH2CH3 ) é

G

CH,
H CH,
(2) (h)
H,C CH, H,C H
HS
® CH3C|HCHZC|HCH3 @ H0—<:>'""CH2CHCH3
OH CH,
or
(k) [>—CH2CH2CH2CHCH2CH3 HOMCHZCH(CHQZ
CH,
() CHC—CH,0H (m)
H3

(a) 3,3,4-Trimethylhexane

(b) 2,2-Dimethyl-1-butanol

(c) 3,5,7-Trimethylnonane

(d) 3-Methyl-4-heptanol

(e) 2-Bromobicyclo[3.3.1]nonane
(f) 2,5-Dibromo-4-ethyloctane
(g) Cyclobutylcyclopentane

(h) 7-Chlorobicyclo[2.2.1]heptane

The two secondary carbon atoms in sec-butyl alcohol are equivalent; however, there are
three five-carbon alcohols (pentyl alcohols) that contain a secondary carbon atom.
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H,C CH,
422 (a) CH3—&—-&——CH3 (b)
H,C CH,
2,2,3,3 -Tetramethylbutane Cyclohexane

CH,
(c) (d)
CH,

1,1-Dimethylcyclobutane Bicyclo [2.2.2] octane

4.23 Each of the desired alkenes must have the same carbon skeleton as 2-methylbutane,

C
C——é—C—C; they are therefore

~

T
CH,=CCH,CH,
CH
T L B, 2R, oy (l:Hz:H CH
CH;C=CHCH, 2 CHOH 3 23
pressure
CH,

|
CH,CHCH=CH,

o~

4.24  Only one isomer of C;H,, can be produced from five isomeric hexyl chlorides

(CeH ;CD). (le3
The alkane is 2-methylpentane, CH,CHCH,CH,CH, . The five alkyl chlorides are
CH, CH, CH,

| |
ClCHZCIHCH2CH2CH3 CH,CCICH,CH,CH;  CH,CHCHCICH,CH,
G G
CH,CHCH,CHCICH,  and CH,CHCH,CH,CH,Cl
4.25 CH;CH—CHCH; 2,3-Dimethylbutane

From two alkyl chlorides

-~

CH; CH;

CH3(|3—(|3CH3 CH, CH,
1l H L 22, CH;CH—CHCH,
CH, (le3
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From two alkenes

CH; CH;
CH2=C—?CH3 CH, CH,
) H
H -+ ——~ 3 CH,CH—CHCH,
Pd, Pt, or Ni
CH; CH, pressure
CH;C=——=CCH;
4.26 CH, CH,
H,
—_—>
Pd, Pt, or Ni
pressure
CH, CH,
H,
Pd, Pt, or Ni
pressure
CH, CH,
H,
—_— > i
Pd, Pt, or Ni
pressure
CH, CH,
H,
_—>
Pd, Pt, or Ni
pressure

4.27 (CH,);CCH, is the most stable isomer (i.e., it is the isomer with the lowest

potential energy) because it evolves the least amount of heat on a molar basis
when subjected to complete combustion.

A
CH,(CH,),CH, + 80,

CH,CH(CH,)CH,CH, + 80,

(CH,),CCH, + 80,

AH °
AH® = —3536 kJ mol !

AH®° = —3529 kJ mol !
AH® = —3515 k) mol ™!

\/
v 5CO, + 6H,0 v

47
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48  ALKANES

4.28 A homologous series is one in which each member of the series differs from the one pre-
ceding it by a constant amount, usually a CH, group. A homologous series of alkyl

4.29

4.30

4.31

4.32

halides would be the following:

CH.X
CH,CH,X
CH,(CH,),X
CH,(CH,),X

'CH,(CH,),X
etc.

This conformation is less
stable because 1,3-diaxial
interactions with the large
tert-butyl group cause
considerable repulsion.

i CH,

Cyclopentane Methylcyclobutane

This conformation is more
stable because 1,3-diaxial
interactions with the smaller
methyl group are less
repulsive.

H, CH,

cis-1,2-Dimethylcyclopropane

H,C CH,
< ; \ _\— ; [ | >—CH,CH
CH3 CH3 2 3

trans-1,2-Dimethylcyclopropane 1,1-Dimethylcyclopropane Ethylcyclopropane

SRR

S—A+1=N

cl H.__CH,

(d)

For cubane, S = 12 and A = 8. Thus 12 —= 8 + 1 = N; N = 5 rings in cubane.
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Smallest heat
of combustion

(b)D\/ <

Least stable

>

Largest heat
of combustion

@

Most stable

ALKANES

4.34
B
=
(a)™

]

b =]

=

g

-9
] ] ] 1 i | 1
0°  60° 120° 180° 240° 300°  360°

Rotation —>»

T H,CcH, H,Cch,
H,C

& H,C 3 H c

(b) S

=

=

=

=

2 HscgsH H,C é;in H,C

H,C H, HC

] 1 ] 1 ] ] ]

OD

60°

120°  180° 240°
Rotation —>»

300°

360°

49
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50 ALKANES

435 (a) Pentane would boil higher because its chain is unbranched. Chain-branching lowers
the boiling point.

(b) Heptane would boil higher because it has the larger molecular weight and would, be-
cause of its larger surface area, have larger van der Waals attractions.

(c) 2-Chloropropane because it is more polar and because it has a larger molecular
weight.

(d) 1-Propanol would boil higher because its molecules would be associated with each
other through hydrogen-bond formation. :

(e) Propanone (CH;COCH,) would boil higher because its molecules are more polar.

<> \//H

Bicyclo[1.1.0]butane 1-Butyne

436 C/H,

The IR stretch at ~2250 cm ™! for the terminal alkyne sp C—H bond distinguishes these
two compounds.

437 trans-1,2-Dimethylcyclopropane would be more stable because there is less

crowding between its methyl groups,
H,C :: CH, H,C :: H

H H H CH,
Less stable More stable

438 (a) "
3
L iZcrg

CH,

L iZcrg

(b)

trans

More stable because both methyl
groups are equatorial in the most
stable conformation

L
H3C .
c1s
More stable because both methyl
groups are equatorial in the most

stable conformation

cis
Less stable because one methyl

group must be axial and so has
the larger heat of combustion

ma
H.C

3
trans

Less stable because one methyl
group must be axial and so has
the larger heat of combustion
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4.40

()

(b)

(c)

Y

H,C H,

trans

More stable because both methyl
groups are equatorial in the most
stable conformation

(CI‘Is)sc\MZH3

More stable conformation because
both alkyl groups are equatorial

<CH3>3N
CH,

More stable because larger group
is equatorial

CH
e /"

More stable conformation because
both alkyl groups are equatorial

H3
«:Ha)ac\%T

More stable because larger group
is equatorial

ALKANES 51

CH,
HﬁM
cis

Less stable because one methyl
group must be axial and so has
the larger heat of combustion

(CH,),

-

(CHy)
373 CH3

<«

(CH,),
<«

CH,

(CH,),

4_—_)
' CH,
H3

If the cyclobutane ring were planar, the C—Br bond moments would exactly
cancel in the trans isomer. The fact that trans-1,3-dibromocyclobutane has a

Br
b 5
Br

Planar form
p=0

" dipole moment shows the ring is not planar.

lBr‘ i

Br

Bent form
p=0
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441 (a) H,, Pd, Pt, or Ni catalyst, pressure
(b) (1) NaNH, (2) BrCH,CH,CH,CH;

© M >—EZ_ Na™ (from >—E -(%%» }El— Na+)

(2) H,, Pd, Pt, or Ni catalyst, pressure

@

(e) H,, Pd, Pt, or Ni catalyst, pressure
CH,

® X—CHZ#CH3
CH,

H,
“4.42 (a) Oic (b) From Table 4.8 we find that this is
CH cis-1,2-dimethylcyclohexane.
- 3
(c) Since catalytic hydrogenation produces the cis isomer, both hydrogen atoms must

have added from the same side of the double bond. (As we shall see in Section 7.14,
this type of addition is called a syn addition.

H,C T ?CH CH,

cis-1,2-Dimethylcyclohexane . Y /

The cis isomer is produced
when both hydrogen atoms
add from the same side.

4.43 (a) From Table 4.8 we find that this is trans-1,2-dichlorocyclohexane.

(b) Since the product is the trans isomer, we can conclude that the chlorine atoms
have added from opposite sides of the double bond.

PO - g

trans-1,2-Dichlorocyclohexane Y
The trans isomer is produced

when the chlorine atoms
add from opposite sides of
the double bond.
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*4.45

4.46

4.47

4.48
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If trans-1,3-di-tert-butylcyclohexane were to adopt a chair conformation, one terz-butyl
group would have to be axial. It is, therefore, more energetically favorable for the molecule
to adopt a twist boat conformation.

(a) More rules are needed (see Chapter 7) to indicate relative stereochemistry for these
1-bromo-2-chloro-1-fluoroethenes.

(b) Bicyclo[4.4.0]decane (or decalin)

(c) Bicyclo[4.4.0]dec-2-ene (or A'-octalin)

(d) Bicyclo[4.4.0]dec-1-ene (or A'®®-octalin)
NOTE: The common name decalin comes from decahydronaphthalene the deriva-

8

1
7 3a 2
tive of naphthalene . that has had all of its five double bonds con-
3
4a
5

4

verted to single bonds by addition of 10 atoms of hydrogen. Octalin similarly comes
from octahydronaphthalene and contains one surviving double bond. When using
these common names derived from naphthalene, their skeletons are usually num-
bered like that of naphthalene. When, as in case (d), a double bond does not lie be-
tween the indicated carbon and the next higher numbered carbon, its location is spec-

ified as shown.
Also, the symbol A is one that has been used with commom names to indicate

the presence of a double bond at the position specified by the accompanying super-
script number(s}).

p-Glucose has all of its attached groups equatorial in the lowest energy chair confor-
mation. Other sugars have at least one group axial in their lowest energy chair confor-
mation.

Because if the configuration of stereocenters is changed, not all of the ring substituents
can simultaneously be in the preferred equatorial position, as they are in glucose.

H
i i )
trans , cis

The trans isomer would be more stable because it can have both of its rings in the fa-
vored chair conformation, avoiding the many eclipsing interactions found in the doubly
boat conformation of the cis isomer (which would increase its stability slightly by twist-

ing).

2mol equiv. LINH,
H—C=C—C=C—H : »>
2 mol equiv. CH3(CH,);Br

— — H,
CHy(CH,)y—C=C—C=C—(CHy,CH; > CHy(CHy) CH
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STEREOCHEMISTRY:
- CHIRAL MOLECULES

SOLUTIONS TO PROBLEMS

5.1 (a) Achiral (¢) Chiral (e) Chiral
(b) Achiral (d) Chiral (f) Chiral

52 (a) Yes (b) No (c) No

5.3 (a) They are the same molecule. (b) They are enantiomers.

5.4 (a), (b), and (f) do not have stereocenters.

GH, CH,
(c) HwmgaCl ClmG «H
a, C,
éH3 1) : éH3 (2)
CH, CH,

(d) Hw@<CHOH  HOCH,méaH

e, d,

éH3 1) CH, (2)
CH, CH,

' (e) H;C:ABr BméAH
L G
H, o,
(I:H3 1) CH3 2)

(h) Achiral

57
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58 STEREOCHEMISTRY: CHIRAL MOLECULES

CH, CIH3
CH, CH,
(g) HwmG«CH, H;Cms et
éHQ éHZ
Cu, Cu,
éHs 1 CH, (2)
cH, cH,
(h) HL&ACHZCI CICHZLC::AH
H, CH,
éH3 4y éHz @
0O ,
5.5 (a) (b)
| N
Limonene 0O O H
Thalidomide
0]
I_f
(R)
O
H
6]

5.6 (a) Two in each instance.

H--—-Cl B-—Cl Hfr R Br
E\C/i and | C/E or i i and ! C/E

[ 1 | AN ‘ [ 1 ] N\
H Cl
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5.9

5.10

STEREOCHEMISTRY: CHIRAL MOLECULES 59

(b) Only one in each instance.

Cl ]|3r
|
YN B ey
H H
Any other tetrahedral arrangements will be superposable on one or the other of
the above. -
(c) Three: H---- : Ho-- ; Ho----; Br
el )c(? and | (|
L] i
BL-—C1 B &l
(@ Two: fl" F
|l'C é "y
H'YZ pr Br” \'H
Cl

The following items possess a plane of symmetry, and are, therefore, achiral.
(a) A screwdriver

(b) A baseball bat (ignoring any writing on it)

(h) A hammer

In each instance below, the plane defined by the page is a plane of symmetry.

(@ II{ (b) Ili ® PII

.C
H,C™ \ H;C™ CH,CH,"
3 / 3H3({ CH,CH, SCH [N CH,

1 \"'H

&) (R)

H""

() (1)is(S)
(2)is (R)

(@ (Mis(S)
(2) is (R)

(e) (1)is(S)
@) is (R)

(g (Dis(S)
@ is (R)

(h) (1) is(S)
2 is (R)
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STEREOCHEMISTRY: CHIRAL MOLECULES

511 () —C1 > —SH > —OH > -H
(b) —CHBr > -CH,Cl > —CH,0H > —CH,
(c) -OH > —CHO > —CH, > -H
(d) —C(CH;); > —CH=CH, > —CH(CHy, > -H

(¢) —OCH, > -N(CHy), > —CH, > -H

5.12 (@) (5) (® ®) (¢ (8

5.13 (a) Enantiomers
(b) Two molecules of the same compound

(c) Enantiomers

5.14

(S)-(+)-Carvone (R)-(-)-Carvone

b d rotati '
observed rotation X 100

5.15 (a) Enant. Excess — - -
specific rotation of pure enantiomer

+1.151°
+5.756°
20.00%

100

(b) since the (R) enantiomer (see Section 5.7C) is +, the (R) enantiomer is present in

excess.
>16.@ e, ~ con ® /ﬁ—OH
CHyC—CH; 4 HO—Q\CH{—:_C‘
H H CH, HO HC NH,
(S)-Ibuprofen (S)-Methyldopa
(c) |
b C-om
H3C—é C
[ 47

SH H

(S)-Penicillamine
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5.17

(a) Diastereomers.

STEREOCHEMISTRY: CHIRAL MOLECULES

(b) Diastereomers in each instance.

(c) No, diastereomers have different melting points.

(d) No, diastereomers have different boiling points.

(e) No, diastereomers have different vapor pressures.

61

STUDY AID

An Approach to the Classification of Isomers

Do the compounds have the
same molecular formula?

We can classify isomers by asking and answering a series of questions:

U

Yes

Are they different?

Y

No

(hey are not isome@

L

Yes

Ghey are isomers.)

d

Do they differ in connectivity?

C

No
(l‘hey are identicaD

Yes

@y are constituti@
isomers.

N

No

@y are stereoisom@

Are they mirror images
of each other?

{7

Yes

(' They are-enanfiomers. )

<7

No

(They are diastereomers.)
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62 STEREOCHEMISTRY: CHIRAL MOLECULES

5.18 (a) It would be optically active.
(b) It would be optically active.
(c) No, because it is a meso compound.

(d) No, because it would be a racemic form.

5.19 (a) Represents A
(b) Represents C
(c) Represents B

520 (a) CH, QH3 CH,
H;C?‘Cl Cl :i HLCACI
CI"I™H H™ ™l é‘Cl
CH, CH, CH,
1) 2) 3
\ v J Meso compound
Enantiomers
()  CH, CH, EH
Hu 5 «OH HO\(:: ~aH wGOH
c, cr, éH
HO"(—::‘H ’(f‘on H"(_:*OH
CH, CH, CH,
(1) 2) 3)
\ N / Meso compound
Enantiomers
(c) CH,C1 CH,CI CH,C1
F Vé‘H H"é‘F H'é‘F
CH,CI CH,C1 CH,CI
)] (2) 3
\ v / Meso compound
Enantiomers
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@  CH, CH, (;H3 CH,
Hn.: «OH HO;é‘H ‘C- HO;é -H
| I |
CH, CH, CH, CH,
V(E: =g H V(é: ~C1 H "g ~(] rg
CH, CH, CH3 CH3
1) 2) 3 4) .
“ v ) N v J
Enantiomers ~  Enantiomers
(e) CH, CH, CH, CH,
H‘C? aBr Bra ;. aH ;EA \é
Fré‘H o~ ~F ™S ~F 'CE‘
CH, CH, CH, CH,
08 2) 3 @
“ J U Y,
e Y
Enantiomers Enantiomers

5.21 Bis (25,35)-2,3-Dibromobutane
C is (2R,3S5)-2,3-Dibromobutane

5.22 (a) (1)is(25,35)-2,3-Dichlorobutane
(2) is (2R,3R)-2,3-Dichlorobutane
(3) is (2R,35)-2,3-Dichlorobutane

(b) (1) is (25,45)-2,4-Pentanediol
(2) is (2R,4R)-2 4-Pentanediol
(3) is (2R,45)-2,4-Pentanediol

(¢) (1) is (2R,3R)-1,4-Dichloro-2,3-difluorobutane
(2) is (28,35)-1,4-Dichloro-2,3-difluorobutane
(3) is (2R,35)-1,4-Dichloro-2,3-difluorobutane

(d) (1) is (28,45)-4-Chloro-2-pentanol
(2) is (2R, 4R)-4-Chloro-2-pentanol
(3) is (25,4R)-4-Chloro-2-pentanol
(4) is (2R 48)-4-Chloro-2-pentanol

(e) (1) is (28,35)-2-Bromo-3-fluorobutane
(2) is (2R,3R)-2-Bromo-3-fluorobutane
(3) is (28,3R)-2-Bromo-3-fluorobutane
(4) is (2R,35)-2-Bromo-3-fluorobutane
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5.23

HOw = .aH

—Min

H™$~NHCOCHCI,
CH,OH

Chloramphenicol

524 (a) No (b) Yes (¢) No (d) No (e) Diastereomers

(f) Diastereomers

5.25 Me
[l @ MO
Meso compound
Enantlomcrs
5.26 (a H Cl A
@ _ (1R,2R)
ca —> Hm =
Br ' H = . .
H Br Br Cl . Enantiomers
H Cl Br CI{ (both trans)
B \\\\Cl H/,, Qs 3
—_) -
111 ll’»r J (15,29)
H ’ H ~N
< - (1R,25)
F—Zn = SN - )
! Cl Br Br Cl > Enantiomers
H H Br CI{ (both cis)
: ! ) (18,2R)
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(b) I-IH H C:l N
o 2 (18,3R)
M o e - O
r BrCl ]§_r Enantiomers
Cl Cl both ci
. - CL,,I (both cis)
H 4—, B =
H o J (R3$)
H Br
Ch a Cl \
H" <« %, - D (15,35)
BrH Br . Enantiomers
H cl (both trans)
Clim Br <« H’/, \-
_> B =t
i & J ar3Rr)
H Br

H Br
.(C)BI\N\ Cl ‘:;H%H
H Cl
Cl Br
H ’ H

5.27 See Problem 5.26. The molecules in (c) are achiral, so they have no (R-S) designation.

Achiral (trans)

Bl—<:><c 1

Achiral (cis)

5.28 (”) (I?
CEJ—H , (EI—OH
HO—C—=H 895 HomC=H €% (5 (-)Isoserine
| | H,0 (See the following
CH,0H CH,0H reaction, also.)
(S)-(—)-Glyceraldehyde (S)-(+)-Glyceric acid -
| ﬁ | (II)
C—OH C—OH C—OH
HNO Zn, H;0*
HO—C—=H  ——2» HO=C—=H ———» HO=—C—H
CH,-NH, CH,-Br CH,
(S)-(—)-Isoserine (R)-(+)-3-Bromo- (S)~(+)-Lactic acid

2-hydroxypro-
panoic acid

B\—<:>..uc1 -
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5.29 H,C Zn,D'(eg. DC)  H;C
H \C _CH,CI inD,0 . H *C ~CH,D
| I
C,H; CoH;
(8)-(+)-1-Chloro-2-methylbutane (R)-1-Deuterio-2-methylbutane

5.30 (a), (b), (f) and (g) only
5.31 (a) Seven.

(b) (R)- and (S)-3-Methylhexane and (R)- and (S)’-2,3—dimethy1pentane.

532 (2)and (b) .

Cl

(c¢) Four

(d) Because a trans arrangement of the one carbon bridge is structurally impossible. Such
a molecule would have too much strain.

533 (a) A is (R,S)-2,3-dichlorobutane; B is (S,S)-2,3-dichlorobutane; C is (R,R)-2,3-
dichlorobutane.

b) A

5.34 CH

3 CH,CH, CH,
or etc.
and
"y e N i/
H,C u CHs C

H
y H, 3 CH
(other answers are possible)

CH3

H;  (other answers are possible)

(d) CH, : CH,
" . and _Cong
“CH=CH, CH=CH~ \
CH,CH, CH,CH,
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5.36

CH,
5.37 (a) CH,
; CH,
™ CcH, ® oy B cn @
H3

5.38
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(e) H3C\ /CH2CH2CH3 H3C\ /H

C=C and c=C

/ \ / \

H H H CH,CH,CH,
(other answers are possible)

(a) Same ()) Enantiomers that are interconvertible by a ring flip
(b) Enantiomers (k) Diastereomers
(c) Diastereomers - () Same
(d) Same (m) Diastereomers
(e) Same (n) Constitutional isomers
(f) Constitutional isomers (o) Diastereomers
(g) Diastereomers (p) Same
(h) Enantiomers (@) Same
(i) Same

All of these molecules are expected to be planar. Their stereochemistry is identical to
that of the corresponding chloroethenes. (a) can exist as cis and trans isomers. Only one
compound exists in the case of (b) and (c).

(b) (3) and (4) are chiral and are enantiomers of each other.

(c) Three fractions: a fraction containing (1), a fraction containing (2), and a fraction
containing (3) and (4) [because, being enantiomers, (3) and (4) would have the
same vapor pressure].

(d) None

H H
@ Et Et
Et Et ,
H H

~ (b) No, they are not superposable.

(c) No, and they are, therefore, enantiomers of each other.

Et Et
) H H
Et Et
H H
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(e
®

539 (a)

(b)
(©
@

©)

No, they are not superposable.

Yes, and they are, therefore, just different conformations of the same molecule.

H H
Et\N\Et Et/%/&
H H

Yes, and therefore trans-1.4-diethylcyclohexane is achiral.

No, they are different orientations of the same molecule.

Yes, cis-1,4-diethylcyclohexane is a stereoisomer (a diastereomer) of trans-1.4-
diethylcyclohexane. Et

Et H

H cis-1,4-Diethylcyclohexane

No, it, too, is superposable on its mirror-image. (Notice, too, that the plane of the
page constitutes a plane of symmetry for both cis-1,4-diethylcyclohexane and for
trans-1,4-diethylcyclohexane as we have drawn them.)

5.40 trans-1,3-Diethylcyclohexane can exist in the following enantiomeric forms.

Et E
H H
Et Et

trans-1,3-Diethylcyclohexane enantiomers

cis-1,3-Diethylcyclohexane consists of achiral molecules because they have a plane of
symmetry. [The plane of the page (below) is a plane of symmetry.]

%Et
H

H
cis-1,3-Diethylcyclohexane

*541 (a) Since it is optically active and not resolvable, it must be the meso form:

CO,H (b) QOZH QO2H
Hu s «OH Hu ¢ «OH HOmiaH
|
H’é‘OH HO™ S ~H H™ ~OH
Co,H CoH Co,H
(meso)

(c) No (d) A racemic modification
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_ —30° — _2p0°
@ oo = 0 gm0 dm) 0

+165°
b = = +3300°
®)lelo = 5765 g/mL) (1.0 dm)
The two rotation values can be explained by recognizing that this is a powerfully
optically active substance and that the first reading, assumed to be —30°, was re-

ally +330°. Making this change the [a]p becomes +3300° in both cases.

(c) No, the apparent 0° rotation could actually be + or —360° (or an integral multiple
of these values).

Yes, it could be a meso form or an enantiomer whose stereocenters, by rare coincidence,
happen to cancel each others activities.

A compound C3HgO, has an index of hydrogen deficiency of 1. Thus, it could possess
a carbon-carbon double bond, a carbon-oxygen double bond, or a ring.

The IR spectral data rule out a carbonyl group but indicate the presence of an
—OH group.

No stable structure having molecular formula C;HgO, with a C=C bond can ex-
ist in stereoisomeric forms and 1,2-cyclopropanediol can exist in three stereoisomeric
forms.

Only ethylene oxide (oxirane) derivatives are possible for Y:

CH,0H HOCH,

0 o
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IONIC REACTIONS—
NUCLEOPHILIC SUBSTITUTION AND
ELIMINATION REACTIONS

OF ALKYL HALIDES

SOLUTIONS TO PROBLEMS

61 (2 CH—1:+ CHCH—O: ——> CH~O-CHCH; + :I:

Substrate Nucleophile . Leaving
group
(b i + CHCH~Br ——>» CHCH~[: + :Br
Nucleo- Substrate - Leaving
phile ’ group

+

(c) CHOH + (CH),C—Cl: ——» (CH),C-O-CH, + «Cli +H

Nucleo- Substrate Leaving
phile group

(d) CHCH,CH—Br: + “C=N: —» CHCHCH,—CN + :Bri

Substrate Nucleo- Leaving
phile group

() CHCH,—~Br: + :NH, —>» CHCH—NH, + Bri+H'
Substrate Nucleo- Leaving
phile group

€

6.2 90
' L /\ f\-. N
(CHQ@N By —» (CH,),C + iBr:

72
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6.3 (a) Weknow that when a secondary alkyl halide reacts with hydroxide ion by substitution,
the reaction occurs with inversion of configuration because the reaction is Sy2. If we know
that the configuration of ( — )-2-butanol (from Section 5.7C) is that shown here, then we can
conclude that (+)-2-chlorobutane has the opposite configuration.

CH, CH,
: O Hgé,‘Cl
SN2 ‘j:
(R)-(-)-Z-Butanol (5)-(+)-2-Chlorobutane
[o] 2D5° =-13.52° [a] ]2)5" = +36.00°

(b) Again the reaction is Sy2. Because we now know the configuration of (+)-2-chloro-
butane to be (S) [cf., part (a)], we can conclude that the configuration of (—)-2-iodobutane

is (R).
CH, CH,
Hu & aCl I I aH
—
é SN2 é
e s
CH, H,
(S)-(+)-2-Chlorobutane (R)-(-)-2-Iodobutane
(+)-2-Todobutane has the (S) configuration
64 (@ O

(b)
H20 /\
(CH,);C SN1 (CH,),C * CH, OHz

(CH3)3 N * ' (CHQﬁN “

By path (a) By path (b)

H ' H

6.5 } 3
H CH
(CH,),C OCH, and  (CH,),C 3
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6.6

6.7

6.8

6.9

6.10

(a) Being primary halides, the reactions are most likely to be Sy 2, with the nucleophile
in each instance being a molecule of the solvent (i.e., a molecule of ethanol).

(b) Steric hindrance is provided by the substituent or substituents on the carbon B to
the carbon bearing the leaving group. With each addition of a methyl group at the 8 car-
bon (below), the number of pathways open to the attacking nucleophile becomes fewer.

Protic solvents are those that have an H bonded to an oxygen or nitrogen (or to another
’ 0]

strongly electronegative atom). Therefore, the protic solvents are formic acid, HCOH;

I
formamide, HCNH,: ammonia, NH3; and ethylene glycol, HOCH,CH,OH

Aprotic solvents lack an H bonded to a strongly electronegative element. Aprotic sol-
0]

vents in this list are acetone, CH;CCHj; acetonitrile, CH;C=N; sulfur dioxide, SO,;
and trimethylamine, N(CHs)s.

The reaction is an Sy 2 reaction. In the polar aprotic solvent (DMF), the nucleophile (CN™)
will be relatively unencumbered by solvent molecules, and, therefore, it will be more re-
active than in ethanol. As a result, the reaction will occur faster in N,N-dimethylfor-
mamide.

(a) CH;0~

(b) H,S

() (CH,),P

(a) Increasing the percentage of water in the mixture increases the polarity of the sol-
vent. (Water is more polar than methanol.) Increasing the polarity of the solvent increases

the rate of the solvolysis because separated charges develop in the transition state. The
more polar the solvent, the more the transition state is stabilized (Section 6.14D).

(b) Inan S\2 reaction of this type, the charge becomes dispersed in the transition state:

I" + CH,CH,—Cl — |I-----CH;----Cl| —>» ICH,CH, + CI
Reactants Transition state
Charge is concentrated Charge is dispersed
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Increasing the polarity of the solvent increases the stabilization of the reactant I~ more than
the stabilization of the transition state, and thereby increases the free energy of activation,
thus decreasing the rate of reaction.

CH,0S0,CF, > CH, > CHBr > CH,Cl > CHF > MCH,0H

(Most reactive) (Least reactive)

CH,
/\ Q‘ inversion

/
6.12 (2 CH,CH,0 C=Br ———> CHCHO—C = + Na' Br

6.13

6.14

Na* s (s, N ®) \"Cr,cH,

CH, CH,

/\\ § inversion

/
®) CHCO C~pr 0, CH, éO—c + Na'Br
3 \\‘1 SN2

Na* CH,CHY (8) (R) }ICHZCH

CH CH
/+—\i\ C‘ inversion / ’

(c) HS C—Br <2 > HS—C, + Na'Br
N 7,

Na' CH3CH2“14 ) (R) }{/’CHszls

/—\ - . /
@ cus + }chr = CHSC,

N ¢
na cHeEST () ® YoHCH,
() CH,CH,CHBr + NaOH —>» CH,CH,CH,0H + NaBr
(b) CH,CH,CH,Br + Na —» CH,CH,CH)l + NaBr
(¢) CH,CH,CH,Br + CH,CH,ONa —>» CH,CH,CH,0CH,CH; + NaBr
(d) CH,CH,CH,Br + CH,SNa —>»  CH,CH,CH,SCH; + NaBr

(¢) CH,CH,CHBr + CH,l -ONa —> CH,CH,CH,0(CH; + NaBr

() CH,CH,CHBr + NaN, —>» CH,CH,CH,N, + NaBr
CH,

(8) CH,CH,CH,Br + :N(CHy), —> CH,CH,CH,—N*CH, Br
H3

(h) CH,CH,CH,Br + NaCN —> CH,CH,CH,CN + NaBr

(i) CH,CH,CH,Br + NaSH —> CH,CH,CH,SH + NaBr

(a) 1-Bromopropane would react more rapidly because, being a primary halide, it is less hin-
dered.
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6.15

6.16

6.17

(b)
(©)

(d)

(e

(a)
(b)

()

(d)

(b)

©

(@

(e)

1-Iodobutane, because iodide ion is a better leaving group than chloride ion.

1-Chlorobutane, because the carbon bearing the leaving group is less hindered than
in 1-chloro-2-methylpropane.

1-Chloro-3-methylbutane, because the carbon bearing the leaving group is less hin-
dered than in 1-chloro-2-methylbutane.

1-Chlorohexane because it is a primary halide. Phenyl halides are unreactive in S\2
reactions.

Reaction (1) because ethoxide ion is a stronger nucleophile than ethanol.

Reaction (2) because the ethyl sulfide ion is a stronger nucleophile than the ethoxide
ion in a protic solvent. (Because sulfur is larger than oxygen, the ethyl sulfide ion is
less solvated and it is more polarizable.)

Reaction (2) because triphenylphosphine [(C¢Hs);P] is a stronger nucleophile than

triphenylamine. (Phosphorus atoms are larger than nitrogen atoms.)

Reaction (2) because in an Sy2 reaction the rate depends on the concentration of the
substrate and the nucleophile. In reaction (2) the concentration of the nucleophile is
twice that of the reaction (1).

Reaction (2) because bromide ion is a better leaving group than chloride ion.

Reaction (1) because water is a more polar solvent than methanol, and Sy1 reactions
take place faster in more polar solvents.

Reaction (2) because the concentration of the substrate is twice that of reaction (1).
(The major reaction would be E2. However, the problem asks us to consider that
small portion of the overall reaction that proceeds by an Sy1 pathway.)

Both reactions would take place at the same rate because, being Sy1 reactions, they
are independent of the concentration of the nucleophile.

(The major reaction would be E2. However, the problem asks us to consider that
small portion of the overall reaction that proceeds by an Sy1 pathway.)

Reaction (1) because the substrate is a tertiary halide. Phenyl halides are unreactive
in Sy 1 reactions.

Possible methods are given here.

() CH,Ql ————» CHJ

CH,;0H OH"
S\2
N - (d) CH,CH,C1 T,OH/H—Z_O) CH,CH,0H
(b) CH,CH,CI —-C—H?.IT* CH,CH,I - Sn2
SN2 (e) CHCl ———> CH;SH
OH" 3 ‘
Sn2
(¢) CH,C1 C—HggH/?I;B) CH,OH N
N
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()

(g)

(h)

(i)

6))

(k)

(b)

©

(@

(e)

®

IONIC REACTIONS 77

SH"
CH,CH,CI m’ CH,CH,SH
SN2
cnc N »
1 —Syr» CHCN

CN”
CH,CH,Cl | yr> CH;CHCN

NaH CH,I
H —> £
CH,OH CHy CH,ONa CT30H—) CH,0CH,

NaH CH,L
CH,CH,0H (T“2)> CH,CH,0Na —% CH,CH,OCH,
cl

CH3CH20N3
—>
Feion” ()
The reaction will not take place because the leaving group would have to be a methyl

anion, a very powerful base, and a very poor leaving group.

The reaction will not take place because the leaving group would have to be a hy-
dride ion, a very powerful base, and a very poor leaving group.

The reaction will not take place because the leaving group would have to be a carb-

anion, a very powerful base, and a very poor leaving group.

T
HO™ E:CI_EZ/D —X—» "CH,CH,CH,CH,0H
CH,CH,CH,CH,0H

The reaction will not take place by an Sy2 mechanism because the substrate is a ter-
tiary halide, and is, therefore, not susceptible to S\2 attack because of the steric hin-
drance. (A very small amount of Sy1 reaction may take place, but the main reaction
will be E2 to produce an alkene.)

The reaction will not take place because the leaving group would have to be a CH,0~
ion, a strong base, and a very poor leaving group.

@CHQ,%CHs x> CH3NH3+ + CH,O

CH,NH, + CH,0H

The reaction will not take place because the first reaction that would take place would
be an acid-base reaction that would convert the ammonia to an ammonium ion. An
ammonium ion, because it lacks an electron pair, is not nucleophilic.

NH, + CH,0H, <= NH,' + CH,0H
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6.19  The better yield will be obtained by using the secondary halide, 1-bromo-1-phenylethane,
because the desired reaction is E2. Using the primary halide will result in substantial Sy2
reaction as well, producing the alcohol instead of the desired alkene.

6.20

6.21

Reaction (2) would give the better yield because the desired reaction is an Sy2 reaction,
and the substrate is a methyl halide. Use of reaction (1) would, because the substrate is a
secondary halide, result in considerable elimination by an E2 pathway.

(@

(b)

©

(d
(e)

()

(2

(h)

®

@

&)

The major product would be CH,CH,CH,CH,CH,0CH,CH, (by an S\2 mecha-
nism) because the substrate is primary and the nucleophile-base is not hindered.
Some CH,CH,CH,CH=CH, would be produced by an E2 mechanism.

The major product would be CH;CH,CH,CH=CH, (by an E2 mechanism), even
though the substrate is primary because the base is a hindered strong base. Some
CH,CH,CH,CH,CH,0C(CHj3); would be produced by an Sy2 mechanism.

For all practical purposes, (CH,),C=CH, (by an E2 mechanism) would be the only
product because the substrate is tertiary and the base is strong.

Same answer as (c) above.

(formed by an S2 mechanism) would, for all
(CH.).C NI practical purposes, be the only product. lodide ion
33 is a very weak base and a good nucleophile.

Because the substrate is tertiary and the only nucleophile is the solvent, the mecha-
nism is E1. The two products that follow would be formed.

H, H,
CH
(CHy),C ? and (CH3),C OcH,

CH,CH=CHCH,CH;, (by an E2 mechanism) would be the major product because the
substrate is secondary and the base/nucleophile is a strong base. Some of the ether,
CH,CH,CH(OCH;3)CH,CHj,, would be formed by an Sy2 pathway.

The major product would be CH,CH,CH(O,CCH,;)CH,CH, (by an Sy2 mechanism)
because the acetate ion is a weak base. Some CH,CH=CHCH,CH,CH; might be
formed by an E2 pathway.

CH,CH=CHCH, and CH,=CHCH,CHj; (by E2) would be major products, and
($)-CH,CH(OH)CH,CH; (by Sy\2) would be the minor product.

(i‘)-CH3CH2(%(CH3)CH2CH2CH3 (by Sn1) would be the major product.

OCH,
CH, CH,
|
CH3CH2& =CHCH,CH, , CH,CH=CCH,CH,CH, , and
CH, '

1
CH,CH,CCH,CH,CH, (by E1) would be minor products.

(R)-CH,CHIC(H, ; (by Sy2) would be the only product.
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(a), (b), and (c) are all S\2 reactions and, therefore, proceed with inversion of configura-
tion. The products are

H H H
(a) o ® L © MI
D D D
H H ’

(d) is an Syl reaction. The carbocation that forms can react with either nucleophile
(H,O or CH,OH) from either the top or bottom side of the molecule. Four substitution
products (below) would be obtained. (Considerable elimination by an E1 path would also

occur.)

H H,
H M CH;  ad H \Mi\ OH
D D
H, CH,
H Nﬁ CH;  d H N OCH,
D D

Isobutyl bromide is more sterically hindered than ethyl bromide because of the methyl
groups on the (3 carbon atom.

H3C\B o H

N\
H“..}C—CHZ—Br Hul';c —CH;—Br
H,C H
Isobutyl bromide Ethyl bromide

This steric hindrance causes isobutyl bromide to react more slowly in S\2 reactions and
to give relatively more elimination (by an E2 path) when a strong base is used.
(a) Sp2 because the substrate is a 1° halide.
(b) Rate = k [CH,CH,CI1]{I"]
=5X 10-5Lmol~!'s~! X 0.1 molL=! X 0.1 mol L~!

Rate =5 X 107 mol L~ 15!
(¢) 1X10-%mol L-1s~!
(d 1X10-¢mol L-1s~!
(€) 2X 10~¢mol L-1s~!

© 2000, Modulo Editeur inc. / © 2000 John Wiley & Sons Inc.



80

IONIC REACTIONS

6.25

6.26

6.27

6.28

6.29

(a) CH;NH™ because it is the stronger base.
(b) CH,O~ because it is the stronger base.
(c) CH,SH because sulfur atoms are larger and more polarizable than oxygen atoms.

(d) (C4Hs)sP because phosphorus atoms are larger and more polarizable than nitrogen
atoms.

(e) H,O because it is the stronger base.
(f) NH, because it is the stronger base.
(g) HS~ because it is the stronger base.

(h) OH~ because it is the stronger base.

%3 O

(a) HOCH,CH,Br + OH~ < HC—CH, —> CHy—CH, + Br~
SBr '

sl S — é ot o

+
(b) H, N ‘§H2—Br H, H, N H, H,
a \ | + Br
H H | . B !

Iodide ion is a good nucleophile and a good leaving group; it can rapidly convert an alkyl
chloride or alkyl bromide into an alkyl iodide, and the alkyl iodide can then react rapidly
with another nucleophile. With methyl bromide in water, for example, the following re-
action can take place:

H,O alone

N .
(slower) CH,0H,” + Br

CH,Br

H,O containing I' H,0 -
(faster) » CH,I (f_t)—> CH, OH + 1

tert-Butyl alcohol and ferz-butyl methyl ether are formed via an Sy1 mechanism. The rate
of the reaction is independent of the concentration of methoxide ion (from sodium methox-
ide). This, however, is only one reaction that causes fert-butyl bromide to disappear. A
competing reaction that also causes terz-butyl bromide to disappear is an E2 reaction in
which methoxide ion reacts with zerz-butyl bromide. This reaction is dependent on the con-
centration of methoxide ion; therefore, increasing the methoxide ion concentration causes
an increase in the rate of disappearance of terz-butyl bromide.

(a) You should use a strong base, such as RO ™, at a higher temperature to bring about
an E2 reaction.

(b) Here we want an Sy 1 reaction. We use ethanol as the solvent and as the nucleophile,
and we carry out the reaction at a low temperature so that elimination will be mini-
mized.
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1-Bromobicyclo[2.2.1]heptane is unreactive in an Sy2 reaction because it is a tertiary
halide and its ring structure makes the backside of the carbon bearing the leaving group
completely inaccessible to attack by a nucleophile.

__Br

1—Bromobicyclo[2.2.'1]heptane is unreactive in an Sy1 reaction because the ring structure
makes it impossible for the carbocation that must be formed to assume the required
trigonal planar geometry around the positively charged carbon. Any carbocation
formed from 1-bromobicyclo[2.2.1]heptane would have a trigonal pyramidal arrange-
ment of the -CH,— groups attached to the positively charged carbon (make a model).
Such a structure does not allow stabilization of the carbocation by overlap of sp? orbitals

from the alkyl groups (see Fig. 6.9).

The cyanide ion has two nucleophilic atoms; it is what is called an ambident nucleophile.
“iC=N:

It can react with a substrate using either atom, although the carbon atom is more nucle-
ophilic.

RN

Br—CH,CH, + :C=N: —» CH;CH,—C=N:

TN (™

c=N: + CH,CH,~Br —» CH,CH,—N=C:

NaH
CH,CH,CHCH, —————>
(&) CHCH,CHCH; £ s CH,CH,CHCH,

OH O Na*
CH,CH,CHCH,
—NaB
OCH,CH,CH,CH, <« 220 CH CH,CH,CH,Br

CH3CHZDBr

: Nt
() (CH,CSH —— "> (CH),CS Na (~NaBr)

Et,0 (-H,)

(CH,);C—S—CH,CH,
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(|3H3 CH,
NaH CH,I
CH,—C—CH,0H ——» CH,—C—CH,0 Na® 3
© CH,—C 2 Et,0 (-H,) S CH0™Na® ~—qap
CH, CH, C|H3
CH3—(|3—CH2—OCH2
CH,
NaH CH,I
-Nat 3
(d) CH,0H ———»Etzo(_Hz) CH,0™Na W C(H,OCH,
i S8 + Natie=N: B9y CH CH-—C=N:
(e) CHCH,~Br + Na'":C=N: -~ CH,CH,—C=N:
0 _— ™\ 0
CH,CO,H
) cH.l-ONat + CHC 913r CHCOM ¢ H.CH,0CCH
3 675 (-NaBr) 65 3
H,C CH
. . Q. acetone s 3
(ry HO Na" ¥ H""f—B‘ “NaBr HO—Cougy
CH,CH,CH, CH,CH,CH,
(R)-2-Bromopentane (5)-2-Pentanol
H,C CH,
(h) chf‘m _acetone 1
T (-NaCl) "y
CH,GHCH, A \"CH,CHCH,
ca, H H ly,
(5)-2-Chloro-4-methylpentane (R)-2-Iodo-4-methylpentane
(i) (CH;);CCHCH, B0 5 (CHp),CCH=CH, + EtOH
Br (-NaBr)
o g
. Br _ NOH_ \N‘
() (CHQ;HN " HocEOR> (CHy),CH
(-NaBr)
CH3CH2\ “ CH,CH,
(k) Na" “:C=N: CBr SOy N=C—Ciugg

H"/ ' (NaBr)
CH, CH,
(5)-2-Bromobutane '

e
¢)) N T Nati]:T acetone, NI
H,C a il (-Nacl) . H,C
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6.33 (a) I (Formation of this product depends on the
fact that bromide ion is a much better
H H leaving group than fluoride ion.)
(b) CH,CH,CHCH,CH,CH, —I (Formation of this product depends on the
(lll greater reactivity of 1° substrates in Sp2

6.34

6.35

reactions.)

CH,CH
e 2\S (Here two Sy;2 reactions produce a cyclic

() S
“CH,CH,” molecule.)

-H ¥) .
(d) CI-CH,CH,CH,CH,0H + NaH 5> CI-CH,CH,CH,CH,0
&

Cr
CH;~

= =C: Nat
(¢) CH,C=CH + NaNH, llq_Nﬁ? CH,C=C:"Na j(—NaI)

CH,C=CCH,
The rate-determining step in the Sy1 reaction of terz-butyl bromide is the following:

slow,

(CHy,C—Br & (CH,),C* + Br°

H,0
(CH,),COH,"

(CH,;);C* is so unstable that it reacts almost immediately with one of the surrounding wa-
ter molecules, and, for all practical purposes, no reverse reaction with Br~ takes place.
Adding a common ion (Br~ from NaBr), therefore, has no effect on the rate.

Because the (C¢H;),CH* cation is more stable, a reversible first step occurs and
adding a common ion (Br~) slows the overall reaction by increasing the rate at which
(C¢Hs),CH* is converted back to (C¢Hs),CHBr.

(C¢H,),CHBr 4_’ (C 6H5)2CH+ + Br

H,0
(C¢H),CHOH,*

Two different mechanisms are involved. (CH,);CBr reacts by an Sy 1 mechanism, and ap-
parently this reaction takes place faster. The other three alkyl halids react by an Sy2
mechanism, and their reactions are slower because the nucleophile (H,0) is weak. The
reaction rates of CH,Br, CH,CH,Br, and (CH,),CHBr are affected by the steric hin-
drance, and thus their order of reactivity is CH;Br > CH;CH,Br > (CH,),CHBr.
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6.36

6.37

6.38

6.39

*6.40

The nitrite ion is an ambident nucleophile, that is, it is an ion with two nucleophilic sites.
The equivalent oxygen atoms and the nitrogen atom are nucleophilic.

'/\ Nucleophilic site

:0=N—0:
* w__~ Nucleophilic site

(a) The transition state has the form:

&t 8-
Nu----R-----L

in which charges are developing. The more polar the solvent, the better it can solvate the
transition state, thus lowering the free energy of activation and increasing the reaction
rate.

(b) The transition state has the form:

in which the charge is becoming dispersed. A polar solvent is less able to solvate this tran-
sition state than it is to solvate the reactant. The free energy of activation, therefore, will
become somewhat larger as the solvent polarity increases, and the rate will be slower.

CH,
(@ c1-CH2—éI—CHz—CH2—I
CH,

CH,
(b) HO-él—CHQ—CHQ—Cl + some alkene
CH,

(a) Inan Syl reaction the carbocation intermediate reacts rapidly with any nucleophile
it encounters in a Lewis acid—Lewis base reaction. In the case of the Sy2 reaction, the
leaving group departs only when “pushed out” by the attacking nucleophile, and some
nucleophiles are better than others.

(b) CN~ is a much better nucleophile than ethanol and hence the nitrile is formed in the
S\2 reaction of CH;CH,CH,CH,CL. In the case of (CH,;) ;CCl the terz-butyl cation reacts
chiefly with the nucleophile present in higher concentration, here the ethanol solvent.

AH®, kJ mol ™!
(CH,),C—Cl —» (C}(3)3C- + Qf +328 Homolytic bond dissoc. energy
(CH),C: — (CH),C*+ + & +715  Ionization potential
oA+ g —» - ~330  Electron affinity

(CH,),C—Cl —» (CH3),C* + CI- +713 Heterolytic bond dissoc. energy
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(a) The entropy term is slightly favorable. (The enthalpy term is highly unfavorable.)
(b) AG° = AH° — TAS®
= 26.6 kJ mol ! — (298)(0.00481 kJ mol~?)

=252 kJ mol™
—AG®
logK,, = ————
© logke,= 3 303kT
_ —25.2 kJ mol "
(2.303)(0.008315 kJ mol ™" K™")(298 K)
= —4.4160

K,, = 1074410 = 384 x 107°

(d) The equilibrium is very much more favorable in aqueous solution because solvation
of the products (ethanol, hydronium ions, and chloride ions) takes place and thereby sta-
bilizes them. -

The mechanism for the reaction involves the participation of the carboxylate group. In
step 1 (see following reaction) an oxygen of the carboxylate group attacks the stereo-
center from the backside and displaces bromide ion. (Silver ion aids in this process in
much the same way that protonation assists the ionization of an alcohol.) The configu-

ration of the stereocenter inverts in step 1, and a cyclic ester called an a-lactone forms.

-:Q\C 20 o= (I; I
Il/ t./
Step 1 \(I: :o\(l: —> :O\é + AgB
€p C.. &-— oy gBr
H'¢ “Br_ i\ Br_ N H
CH, ‘Ag* H CH, “pg+ CH,
An a-lactone

The highly strained three-membered ring of the a-lactone opens when it is attacked by
a water molecule in step 2. This step also takes place with an inversion of configura-
tion.

0 0
I s | |
QO 5T B
Step 2 C5™O0H, —» ~“C._ o+ —> LCo .
H {\"OH, H'/ "OH + H
CH, H CH;, CH;,

The net result of two inversions (in steps 1 and 2) is an overall retention of configura-
tion.
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*6.43 (a) and (b)

CO,H
KOH
Ag,0 Clk | inversion
H,0
l retention ﬁ:Hz 1n\l') 9%1 n ll
COH CoH COH
HOm . <H (S)-(-)-Chlgrosuccmw | <OH
k(f acid
‘sz
CO H COH ,
($)-(-)-Malic (R)-(+)-Malic
acid CO,H acid
Hw).«Cl
Ko T
I inversion ?Hz Ag,0
PCl COH o
inversion (R)-(+)-Chlorosuccinic retention
acid
(¢) The reaction takes place with retention of configuration.
(d) HO,CCH,CHCICO,H
SOCl, ($)-(—)-Chlorosuccinic W‘I
acid
HO,CCH,CHOHCO,H HO,CCH,CHOHCO,H
(S)-(—)-Malic acid (R)-(+)-Malic acid
KOH socl,
HO,CCH,CHCICO,H
(R)-(+)-Chlorosuccinic
acid
*6.44 (l‘,H3 ClH3
(l) (l) No change of configuration
occurs, just a change in the
%HZ ) (g:H2 relative priority of a
C—?«H H C»(lJ<H group at the stereocenter.
CH,Cl1 CH,N
A B
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*6.45 Comparison of the molecular formulas of starting material and product indicates a loss
of HCL. The absence of IR bands in the 1620-1680 cm ™' region rules out the presence
of the alkene function.

A nucleophilic substitution agrees with the evidence:

[ ¢i: >
HQ:/NH—.S. (-H,0)
Cl:
_’.S.N Rt

:S:“/\

T

*6.46 The IR evidence indicates that C possesses both an alkene function and a hydroxyl group.
An E2 reaction on this substrate produces enantiomeric unsaturated alcohols.

+ :(:::1:—

OH Br
C

Br

C (racemic)

T\ L T
@ OH ®) OH

i (l
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ALKENES AND ALKYNES I
PROPERTIES AND SYNTHESIS

SOLUTIONS TO PROBLEMS

7.1  (a) (E)-1-Bromo-1-chloro-1-pentene
(b) (E)-2-Bromo-1-chloro-1-iodo-1-butene
(¢) (2)-3,5-Dimethyl-2-hexene
(d) (Z)-1-Chloro-1-iodo-2-methyl-1-butene
(e) (Z4S)-3,4-Dimethyl-2-hexene
(f) (Z3S)-1-Bromo-2-chloro-3-methyl-1-hexene

72 (@, ()  CH, CH,
H _
CH,=CCH,CH, —>>» CH,CHCH,CH;  AH°®= —119kJ mol !
2-Methyl-1-butene Pt
(disubstituted)
" o
H
CH,CHCH=CH, —2» CH,CHCH,CH;  AH°= —127kJ mol™'
3-Methyl-1-butene Pt

(monosubstituted)
g .
H.
CH,C=CHCH; — CH,CHCH,CH; AH® = —113 kJ mol ™!
2-Methyl-2-butene t
(trisubstituted)

(c) Yes, because hydrogenation converts each alkene into the same product.

('IH3 CH, (llH3
(d) CH,C=CHCH; > CHZZéCHZCH3 - > CH,CHCH =CH,
(trisubstituted) (disubstituted) (monosubstituted)

Notice that this predicted order of stability is confirmed by the heats of hydrogenation.

2-Methyl-2-butene evolves the least heat; therefore, it is the most stable. 3-Methyl-1-
butene evolves the most heat; therefore, it is the least stable.

90
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7.5

7.6

ALKENES AND ALKYNES I: PROPERTIES AND SYNTHESIS 91

(e) CH;Z=CHCH,CH,CH, HC_  CHCH, HC_ H

1-Pent =€ L£=C
entene H H H CH,CH,
cis-2-Pentene trans-2-Pentene

() Heats of combustion, because complete combustion would convert all of the alkenes
to the same products. (All of the alkenes have the formula CH,\)

CH,, + 7120, —> 5C0, + 5H0

(a) 2,3-Dimethyl-2-butene would be the more stable because the double bend is tetra-
substituted. 2-Methyl-2-pentene has a trisubstituted double bond.

(b) trans-3-Hexene would be the more stable because alkenes with trans double bonds are
more stable than those with cis double bonds.

(c) cis-3-Hexene would be more stable because its double bond is disubstituted. The double
bond of 1-hexene is monosubstituted.

(d) 2-Methyl-2-pentene would be the more stable because its double bond is trisubstituted.
The double bond of frans-2-hexene is disubstituted.

The relative stabilities of the pairs of alkenes in parts (b) and (c) in Problem 7.3 could be
determined by measuring heats of hydrogenation, because in each instance the two alkenes
would yield the same product. Heats of combustion could be used to determine the relative
stabilities of the alkene pairs in parts (a) and (d) [and also those in parts (b) and (c)] because
on complete combustion the alkenes produce the same number of molar equivalents of CO,

and H,0.

Br
() KOEt —
——_)EtOH Y\ + Y&
heat .
(trisubstituted,  (monosubstituted,

more stable) less stable)
Major product Minor product

Br
b) KOEt P
\H\ EOH * S
heat

(tetrasubstituted, (disubstituted,
more stable) less stable)
Major product  Minor product

An anti periplanar transition state allows the molecule to assume the more stable staggered
conformation,

Br
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whereas a syn periplanar transition state requires the molecule to assume the less stable
eclipsed conformation:

B

7.7  cis-1-Bromo-4-tert-butylcyclohexane can assume an anti periplanar transition state in
which the bulky terz-butyl group is equatorial:

CBr

(CH,), . @H — (CH3)3C—®

H H
B

The conformation (above), because it is relatively stable, is assumed by most of the mol-
ecules present, and, therefore, the reaction is rapid.

On the other hand, for trans-1-bromo-4-tert-butylcyclohexane to assume an anti
periplanar transition state, the molecule must assume a conformation in which the large
tert-butyl group is axial:

H CBI

(CH,),C Br <= g

H (CH3)3 H
Such a conformation is of high energy; therefore, very few molecules assume this confor-
mation. The reaction, consequently, is very slow.

7.8 (a) Anti periplanar elimination can occur in two ways with the cis isomer.

B
H1 @ 5

CH,

7~ CH

(a)/> H
B: _\/H ® > <}*CH3 (major product)
(b)

cis-1-Bromo-2-methylcyclohexane




7.9

7.10
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(b) Anti periplanar elimination can occur in only one way with the trans isomer.

B='\_/H CH,
trans-1-Bromo-2-methylcyclohexane
o
@ (1) CH3—C|:H—§H/_+\AH5§—%—§—H —=
CH, .0.
H
CH3—CH—g|g+—H + —"—Q—H
b |
H .
) cns—?HagquH P CH3—(|3H+ + H,0
CH, CH,

+ se
3) CH3—CH~@H + T:0SO,H =—>

CH,—CH=CH, + HOSO,H

(b) By donating a proton to the — OH group of the alcohol in step (1), the acid allows the
loss of a relatively stable, weakly basic, leaving group (H,0) in step (2). In the ab-
sence of an acid, the leaving group would have to be the strongly basic OH™ ion, and
such steps almost never occur.

CH, - CH,
(1) CH,CCH,0H + HA <= CH3(|3CH26H2 + AT
(|:H3 C|H3
CH, CH,
(2) CH3CCH26H2 —= CH3C(+JH2 + H,0-
in, &,
1° Carbocation
(|ZH3 (|:H3 F ?H3
3) CH3(|?\C;H2 —> |CHG—CH,|  —> CH,G—CH,—CH,
CH, CH,
1° Carbocation Transition state 3° Carbocation
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Hs cH, H
(4) CH,—CHCH—CH, —> c=cC + HA
+ 1 / N
s - CH; CH,

2-Methyl-2-butene

R (-H,0), (-H;0)
711 CHCHCHCH,~OH + HpO-H ——>42_ CH,CH,CHCH, Lur ==>

+H +H,0O
CH, H (+H,0) CH3 .( 20)
2-Methyl-1-butanol
Ve
H’} +  hydride ! + _0_1111_)
CH3CH2—-¢-— H' &> CH3—CH—?—CH3 -
CH, CH,
1° Cation 3° Cation
CH,CH=C—CH, + H,0"
H,
2-Methyl-2-butene
TN Lt (-H,0) (-H,0),
CH,CHCH,CH,—OH + H—(’O—H <«<—>2 CH CHCHZCH —OH; 4___‘—2’
’ - ' (+H0) (+H,0)
CH, CH3
3-Methyl-1-butanol
/_\ .
Ny ydride I]I’i + S NG
CH3(|ZH —éH S CH3—(|Z CH—CH, «—=
CH, CH,

CH,C=CH-CH; + H,0"
CH,
2-Methyl-2-butene

CH, CH;

3
7.12 HO O + CH
= 3 3 —
(- HZO) +
Isoborneol

CH2
CH3 —> @F + H,0*

CH; CH;
Camphene
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g PCL (1) 3 NaNH, CH.C=CH
(@ CH,CCH, e CH,CCLCH;  nineral ofl, heat =
(2) NH,*
(1) 3 NaNH,
—_— =
(b) CH,CH,CHBr, Tiineral oil, heat CH,C=CH
(2) NH,"
[same as (b)
(¢) CH,CHBICH,Br CH,C=CH

[same as (b)!
CH3CHCH Br CH,C= CH

(d) CH,CH=CH, cc14

(@ CH,CH=CH, + NaNH, —> No reaction

¥ e N .
(b) CH3CECQH + Na' *NH, —>» CH,C=C'Na’ + :NH;
Stronger Stronger Weaker Weaker
acid base base acid

(¢) CH,CH,CH, + NaNH, —>» No reaction

EoN
(d) CH,C=Ci + HTOCHCH, —> CHC=CH + 30CH,CH,

Stronger kA Stronger Weaker “Weaker
base acid acid base
T o+
(e) CH,C=C: + H-NH, —> CH,C=CH + {NH,
Stronger S 1 id Weaker Weaker
base tronger act acid base
CH,

/_\_ -
CH3—é—CECQH + Na* NH —> CH—&—CEC * Na'

(-NH3)
H, )
l Q
CH

CH3—¢—CEC—CH3
CH,

(a) CgH,, = formula of alkane
C¢H,, = formula of 2-hexene

= difference = 1 pair of hydrogen atoms
Index of hydrogen deficiency = 1

(b) CH,, = formula of alkane
C¢H,, = formula of methylcyclopentane

H, = difference = 1 pair of hydrogen atoms
Index of hydrogen deficiency = 1

(¢) No, all isomers of C.H,,, for example, have the same index of hydrogen deficiency.
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7.17

7.18

(d) No
(e) CgH,, = formula of alkane

C¢H,, = formula of 2-hexyne

H, = difference = 2 pairs of hydrogen atoms

Index of hydrogen deficiency =2
(H C,oH,, (alkane)

C,oH,¢ (compound)

H, = difference = 3 pairs of hydrogen atoms

Index of hydrogen deficiency = 3
The structural possibilities are thus

3 double bonds

1 double bond and one triple bond
2 double bonds and 1 ring

1 double bond and 2 rings

3 rings

1 triple bond and one ring

(a) C,sH;, =formula of alkane .
C,sH,, = formula of zingiberene

H; = difference = 4 pairs of hydrogen atoms
Index of hydrogen deficiency = 4

,
(b) Since 1 mol of zingiberene absorbs 3 mol of hydrogen, one molecule of zingiberene
must contain three double bonds. (We are told that molecules of zingiberene do not con-
tain any triple bonds.)

(c¢) If a molecule of zingiberene has three double bonds and an index of hydrogen defi-
ciency equal to 4, it must have one ring. (The structural formula for zingiberene can be
found in Problem 23.2.)

(a) We designate the position of the double bond by using the lower number of the two
numbers of the doubly bonded carbon atoms, and the chain is numbered from the end
nearer the double bond. The correct name is frans-2-pentene

SN mt NI
4”2 27 4

(b) We must choose the longest chain for the base name. The correct name is 2-methyl-

propene.
N
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(c) We use the lower number of the two doubly bonded carbon atoms to designate the
position of the double bond. The correct name is 1-methylcyclohexene.

1
2

(d) We must number the ring starting with the double bond in the direction that gives the
substituent the lower number. The correct name is 3-methylcyclobutene.

4 1 3 2

not
3 2 4 1

(e) We number in the way that gives the double bond and the substituent the lower num-
ber. The correct name is (Z)-2-chloro-2-butene.

1 4
J ] J
4/\%/ not 1/\?/

Cl Cl

(f) We number the ring starting with the double bond so as to give the substituents the -

lower numbers. The correct name is 3,4-dichlorocyclohexene.
2 1
Cl::'@ 1 Cljij 5
not
4 . 1 3
Cl C1”s t
(a) (b) (c)
z
@ NN (&) o7 (f) CH7=CHCBr,

SR A O

3

<>\/\/\ o E gﬂ3
0 S CH3—CEC—%.,H M C®cuc=cH

I H

© 2000, Modulo Editeur inc. / © 2000 John Wiley & Sons Inc.



98 ALKENES AND ALKYNES I: PROPERTIES AND SYNTHESIS

720 (a) — _

Br R
(Z,4R)-4-Bromo-2-hexene

H|||| U
Br
(E 4R)-4-Bromo-2-hexene

(b) /:>_\
=\

ClH
(3R ,42)-3-Chloro-1,4-hexadiene

o

Cli
(3R 4E)-3-Chloro-1,4-hexadiene

ci H
(2E,4R)-2,4-Dichloro-2-pentene

(3R,4Z)-5-Bromo-3-chloro-4-
hexen-1-yne

(3R 4E)-5-Bromo-3-chloro-4-
hexen-1-yne

Br
(Z,45)-4-Bromo-2-hexene

Br
(E 45)-4-Bromo-2-hexene

/4
H Cl
(3S5,4Z)-3-Chloro-1,4-hexadiene

(3S,4E)-3-Chloro-1,4-hexadiene

Cl /
Cl H
(2Z,4R)-2,4-Dichloro-2-pentene

Cl /s
H Cl
(2Z ,45)-2 ,4-Dichloro-2-pentene

(3S,4Z)-5-Bromo-3-chloro-4-

hexen-1-yne
Br
ol
(3S,4E)-5-Bromo-3-chloro-4-
hexen-1-yne
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(a) (E)-3,5-Dimethyl-2-hexene

(b) 4-Chloro-3-methylcyclopentene

(¢) 6-Methyl-3-heptyne

(d) 1-sec-Butyl-2-methylcyclohexene or 1-methyl-2-(1-methylpropyl)cyclohexene
() (Z,5R)-5-Chloro-3-hepten-6-yne

(f) 2-Pentyl-1-heptene

CHCH,CH,Cl ——ohCOK oy oh =
(2) K hatale’ Aatute? (CH,),COH 3 H_CH'Z
b) CH.CHCH CH,CH,ONa _
(b) CH, | 3 CH,CH,0H CH,CH =CH,
H*, heat
(c) CH,CH,CH,0OH ——> CH,CH=CH,
H* h .
) CH3§35HCH3 1%y CH,CH=CH,
H
() CH.C Zn, CH,COH _
H,y éHCHZBr or Nal/acetone CH,CH =CH,
T Hz
(f) CH,C=CH ~—=>% CH,CH=CH,

Ni,B (P-2)
() Br

CH,CH,ON,
O s O
® ¢

Cl 7n

CH3c02Hi @

H', heag’ @

() H

@ HC=CH ——2y pgo= e —>CH3SI -
=CH - HC=C*Na' 05 HC=C—CH,
(b) HO=CH —2y, pe=CtNat S By ye—c_ch,cH,
lig. NH,4 (-NaBr)

NaNH, __/?CHagl
(¢) CH,C=CH ——1» CH,C=C{"Na' 2y CH;—C=C—CH,

(fom@)]  ld- NHs (-Nal)
_ H, CH, ,CH,
[from(c)] A
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7.25

1) Li, CH,CH,NH, CH H
() CH—C=C—CH, 2=ttty W\

[from(c)] @NHA H  'CH,

/—_—\ Q
T CH,CH,CH,—Br _
() HC=C? Na CNabg > HC=C-CH,CH,CH,

[from(a)]

/’N

NaNH : N

(g) CH,CH,CH,C=CH ——>» CH,CH,CH,C =C: Na' cH, 1
(from(®)] lig. NH, 322 (-Nal)

CH,CH,CH,C =CCH,

CH,CH,C CH
(h) CH,CH,CH,C=CCH —T_y T H c=c °
3t 3 Ni,B (P-2) ’ N
[from(g)] H H
1) Li, CH,CH,NH,  CH;CH,C H
(i) CH,CH,CH,C=CCH, ~o—e Ry, = TN
(2) NH,Cl A=
[from(g)] H CH,

. RS NaNH ' .
() He=CiNa* By ye=cCcH,CH, ——> CH,CH,C=C’ Na'
[from(a)] (-NaBr) : lig. NH, :

CH,CH,—Br
—2—2—» (H,CH,C=CCH,CH,

- D,0O
(k) CH,CH,C=CiNa* —>» CH,CH,C=CD
3 2 3 2

[from(j)]
' D2 CH3 \ /CH3
(1) CH,C=CCH, W C=C_
[from(c)] D D

We notice that the deuterium atoms are cis to each other, and we conclude, therefore, that
we need to choose a method that will cause a syn addition of deuterium. One way would
be to use D, and a metal catalyst (Section 7.13)

H, D
D, CH,
Tl M})\
_ H
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7.26 Dehydration of trans-2-methylcyclohexanol proceeds through the formation of a carboca-
tion (through an E1 reaction of the protonated alcohol) and leads preferentially to the more
stable alkene. 1-Methylcyclohexene (below) is more stable than 3-methylcyclohexene (the
minor product of the dehydration) because its double bond is more highly substituted.

CH, CH, CH, H,
O™ O = O

—_—>> —> +

'H20 _H+

(major) (minor)
Trisubstituted Disubstituted
double bond double bond

Dehydrohalogenation of trans-1-bromo-2-methylcyclohexane is an E2 reaction and must
proceed through an anti periplanar transition state. Such a transition state is possible only
for the elimination leading to 3-methylcyclohexene (cf. Problem 7.8).

&yt .
H
it T Crem
B\_) CH, 3-Methylcyclohexene
Br
e C6H5-I¢3_CH3 mi:equ;hi?li heat>,  Cetls—C=C “Na" L Cetls-C=CH
r

3NaNH, o al
(b) CgH,CH,—CHBr, eiortpe® CH,C=CYNa* 8% ¢ c=cH

_ Br, 3NaNH, e
(c) CeH;CH=CH, _ﬁ) C6HS'C,H_(,:HZ mineral oil, heat>,  CeHsC=C! Na*
Br Br
MAy  cH-c=CH
¢} Cl
i PCl, INaNH, -
(@) CH—C—CH, P CHC—CH, et on e CHC=C Na'
Cl

M4y cHqc=cH
7.28 Cyclobutane is less stable than any of the butene isomers.

7.29 1-Pentene, 3375 kJ mol !
cis-2-Pentene, 3369 kJ mol !
trans-2-Pentene, 3365 kJ mol !
2-Methyl-1-butene, 3361 kJ mol ™!
2-Methyl-2-butene, 3355 kJ mol "
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7.30 1-Pentanol > 1-pentyne > l-pentene > pentane
(See Section 3.7 for the explanation.)
CH, CH CH CH,
731 (2) CH, CHCHCH S T Nc=c! ® + CHECHCHCH
EtOH, 3
Br heat H’ CH3
(major) (minor)
CH,
(b) CHC—CH-CH, OBl cy. é—cn =CH,
| EtOH, (I:
H; Br heat H,
CH, CH,
| NaOEt é
(c) CH,CH,CCH,CH, —Eﬁ—» CH,CH=CCH,CH, + CH,=C(CH,CH)),
heat (major) (minor)
Br NaOEt
(d) CH, EtOH CH, + CH,
t
hea (major) {minor)
r
(©) H NaOEt CH,CH, CH,CH,
H2CH EhtOH, +
0 t
H o ? ca {major) (minor)
r
H NaOE; CH,CH,
® H EtOH,
I:I heat
CH,CH,
H
CH CHSHE:H KOr-Bu (c;H3 —gHa
732 (@) CHC s Tmwon” CHFCHCHCH, + CH,CH=CCH,
Br heat (major) (minor)
CH, CH,
b) CH,CCH,CH OBy > CH,CCH =CH
®) I}y +-BuOH, E
CH, Br heat CH, (only)
CH, CH, CH,
(c) CHCH,CCH,CH, —KBE’O%“» CH,CH,CCH,CH, + CH CH—(J:CH2CH3
Br heat (major) (minor)
phi KOr-B i o
(d) CH éCH2CHCH 73_(%’ CH,CCH,CH=CH, + CH,CCH=CHCH,
CH Bl’ heat CH; (major) CH; (minor)
KOr-Bu
o O 28 Oy Oron

cat

(major) (minor)
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(CHy),COK

7.33 (a) CH,CH,CH,CH,CH,Br W CH,CH,CH,CH=CH,
(CH;);,COK _
(b) CH3(%HCH2CH2B1' W CH3(;HCH—CH2
CH, CH,
CH CH
i3 (CHy),COK 3
(c) CH3(IIHCHCH2Br W CH:;(IZI-I(E—CH2
CH, CH,

CH,),COK
(d) H3COBI ((—Ci—i;))—’—ﬁ» H3C—®
3
(e)  Br CH,CH,0Na
H,C Cacron > HC

7.34 CH, CH

| 3
CH,CCH,CH, > CH,CHCHCH, > CH,CH,CH,CH,CH,0H
H 3° H 2° 1°

CH, CH
1 o 3
735 (a) CH,CCH; —| > cH=CCH,
H  (10)
CH, CH CH,
B
(b) CH,CHCHCH, —> CH=CH(CH, + CH,CH=CCH,
H (-H,0) (minor) (major)
ca, . cH, cH,

] ]
(¢) CH,CH,CCH,CH, —o> CH,CH=CCH,CH, + CH,;CH,CCH,CH,

H (-H,0) (major) (minor)

CH,
H
(@) CH3dICH20H Fex> CHC=CHCH, + CH=CCHCH,

CH3 ('I-IZO) CH3 (maj or) CH3 (minor)

rearrangement

HO .
e) H3C><:>—CH3 — H3COCH3 + H2C:O—CH3

(-H0) (major) (minor)

736 The alkene cannot be formed because the double bond in the product is too highly
strained. Recall that the atoms at each carbon of a double bond prefer to be in the same

plane.
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7.37  Only the deuterium atom can assume the anti periplanar orientation necessary for an E2
reaction to occur.

H |ll||CH3

D
A__ OEt

7.38 (a) A hydride shift occurs.

(H0)
CH,CH,CH,CHOH —3> CH,CH,CH,CH, ——OH2 —>
CH,CH,CH —CH," ——4 CH,CH —-CHCH, —> C:C + H.O'
|\) shift }]I\J B H CH 3
(1° cation) A__ :OH, (major product)

(b) A methanide shift occurs.

+ N CH3 .
QLCH Hy QLCH AN OLCH3 me;ttx]z;;lds

H,C H :0 CH,
CH, CH
+ — + H,0"

© A methanide shift occurs.
CH,

-Agl
CH—é——CH—CH Ay, CH—&—CH—CH S DNG
H, i H, i
Ag"
™ ., ; . b (-EtOH,")
CH~C—CH—CH, ﬂﬁsll‘l‘;f‘;—‘d‘i cns—c—bé,—cn L
H, H, “H
Et-OH
H,C. CH, -
/C:C\
H,C CH,

(d) The required anti periplanar transtition state leads only to (E) alkene:

/—i H .'—H C6H5 2, |
CH, QBI’ Cﬁ:, CeHs
(1S,2R)
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In the first step, cholesterol reacts with bromine to form the vic-dibromide. This product
is then purified by crystallization, and then treatment with zinc in ethanol converts the
pure vic-dibromide back to cholesterol. (Recrystallization of the vic-dibromide is espe-
cially easy because it has a higher melting point than cholesterol.)

Br,
ccl, )
HO + impurities HO Br
Br
Crude cholesterol Careful recrystallization to purify
Zn, EtOH
(-ZnBr,)
HO Pure cholesterol

(a) Caryophyllene has the same molecular formula as zingiberene (Problem 7.17); thus
it, too, has an index of hydrogen deficiency equal to 4. That 1 mol of caryophyllene ab-
sorbs 2 mol of hydrogen on catalytic hydrogenation indicates the presence of two dou-
ble bonds per molecule. ’

(b) Caryophyllene molecules must also have two rings. (See Problem 23.2 for the struc-
ture of caryophyllene.)

(@) CyyHg, = formula of alkane
C;Hs, = formula of squalene

H,, = difference = 6 pairs of hydrogen atoms

Index of hydrogen deficiency = 6 ,
(b) Molecules of squalene contain six double bonds.
(c) Squalene molecules contain no rings. (See Problem 23.2 for the structural formula
of squalene.)
(a) We are given (Section 7.3A) the following heats of hydrogenation:

cis-2-Butene + H, l} butane AH° = —120 kJ mol !

trans-2-Butene + H, —Pt—) butane AH®° = —115 kJ mol !
Thus, for

cis-2-Butene —» trans-2-butene AH®° = —5.0 kJ mol™!

(b) Converting cis-2-butene into trans-2-butene involves breaking the 1 bond. There-
fore, we would expect the energy of activation to be at least as large as the m-bond
strength, that is, at least 264 kJ mol ™.
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!

AGH =\ 264 kJ mol ™!

(©)

cis-2-Butene . _¢_ L
—5.0kJ mol™? i

trans-2-Butene

Free Energy —>»

Reaction coordinate ——»

743 (a) H u H
2
C CH, Pt : c| H,

E F
Optically active (the Optically inactive and
enantiomeric form is an nonresolvable
equally valid answer)
(®) y / s H

,‘C=——C=C\ 5>  CH,CH,CH,CH,CH,CH,

CH,CH, q
G : H

Optically active (the Optically inactive and
enantiomeric form is an nonresolvable

equally valid answer)

7.44 ThatI and J rotate plane-polarized light in the same direction tells us that I and J are not
enantiomers of each other. Thus, the following are possible structures for I, J, and K. (The
enantiomers of I, J, and K would form another set of structures, and other answers are
possible as well.)

CH, §H3 H
CH,CH m & aH Pt l
(IJH:CHZ
Opticall ti L g »
ptically active CH3éH\éAH Optically
, .
CH3 C§H3 CHZCH3 active
CH7=Cm s
| H
JCE12CH3 P:

Optically active
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7.45 The following are possible structures:

CH_,,\C_C/CHS ”
el Pt
H CHCH,
CH,
L CH,
CH,CH,CHCH(CH,),
CH, N
Optically inactive
CH, \ Cc— C/ CHCH, H, but resolvable
77N Pt
H CH,

(other answers are possible as well)

7.46 (a) With either the (1R,2R)- or the (1S5,25)-1,2-dibromo-1,2-diphenylethane, only one
conformation will allow an anti periplanar arrangement of the H- and Br-. In either case,
the elimination leads only to (Z)-1-bromo-1,2-diphenylethene:

H H
B ?_—\ (‘— Ph Phy,, o
Ph" . B Ph
Br 1—3—1')
(1R,2R)-1,2-Dibromo-1,2-diphenylethane (Z2)-1-Bromo-1,2-diphenylethene

(anti periplanar orientation of H- and -Br)

Ph '
B:./\H —\ :-_:_ H Brlhlh‘ ..I"lPh
BI‘IIlll —3 Ph H
B

(18,25)-1,2-Dibromo-1,2-diphenylethane (Z)-1-Bromo-1,2-diphenylethene
(anti periplanar orientation of H- and -Br)

(b) With (1R,2S)-1,2-dibromo-1,2-diphenylethane, only one conformation will allow an
anti periplanar arrangement of the H- and Br-. In this case, the elimination leads only to
(E)-1-bromo-1,2-diphenylethene:

/~ TH H
B l"'—\ —‘:= h ‘ Bn“"l.| .ll""H
B Ijl" Ph Ph
AR
(1R,25)-1,2-Dibromo-1,2-diphenylethane (E)-1-Bromo-1,2-diphenylethene

(anti periplanar orientation of H- and -Br)
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(c) With (1R,25)-1,2-dibromo-1,2-diphenylethane, only one conformation will allow an
anti periplanar arrangement of both bromine atoms. In this case, the elimination leads only
to (E)-1,2-diphenylethene: ‘

/\Br ;-;:lph Phll'h

I —\ > > .l""'H
Ph\\\\\‘} :—) H Ph

H Br

(1R,25)-1,2-Dibromo-1,2- diphenylethane (E)-1,2- Diphenylethene
(anti periplanar orientation of both -Br atoms)

147 (a) CH, H, NiB (P-2)
C=CcH Na/NH >
or Na/NH;,
CH, HA CH
_} 3
<::><CH=CH2 <:>§,(+:H—-CH3

—-HA
« D, -
CH H A
3 CH,
(b) No, tetrasubstituted double bonds usually show no C=C stretching absorption in
their infrared spectra.

+7.48 , .
_ "Ny — AN\ T
A B

-Ht
\—/\/\OH > O and its enantiomer
\_/

H,C (0]

Iito

*749 (a) Three
' (b) Six
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- ADDITION REACTIONS

SOLUTIONS TO PROBLEMS
8.1 CH,CHCH,I
Br 2 Bromo-1-iodopropane

&t 5 . N ) Br
8.2 (a) CH3CH2(i::€I:I>‘ HYB — > CH,CH,C—CH, Bry, CH3CH2¢CH3
CH, . CH, CH,
CH, ‘ CH, I

st
® CHZCHeH, RIS —> CH,C—CHCH,
" —Cr CH, I

cH,¢—drcH,

N PN 3
o s - 0

CH, 5 a5 CH,
,
83 (4 CHyCH-CH=CH, +* H~Cl —> CHs—éI;CH-CH3

H 2° Carbocation

1,2-hydride
shift
CH, CH,
CH3—éI —CH,—CH, < — CH3—¢ —CH,—CH,
Cl " 3° Carbocation
2-Chloro-2-methylbutane
(from rearranged carbocation)
A -
CHs—é‘ —CH-cH, > cH; I—éH—CH3
H H 2-Chloro-3-methylbutane
Unrearranged 2° carbocation ' (from unrearranged carbocation)

111
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CH + . CH.
3 /—'\8 (‘ i —é 3+
®) CHyC-CH=CH, + H=CI —> CHy(-CH-CH,
CH, H, 2° Carbocation
y 1,2-methanide
H,C shift
H3C—¢ —CI:H--CH3 CH,
+
H,C Cl CHTC—-éH—CH3
3-Chloro-2,2-dimethylbutane H3

(from unrearranged carbocation)
lcr
Cl CH,
CHyC ~CH-CH,
H3

2-Chloro-2,3-dimethylbutane
(from rearranged carbocation)

‘ H,0
84 CH=CH, + H,SO, —> CH,CH,0S0;H ﬁ» CH,CH,0H + H,S0,

8.5 (a) Use a high concentration of water because we want the carbocation produced to
react with water. And use a strong acid whose conjugate base is a very weak nu-
cleophile. (For this reason we would not use HI, HBr, or HC1.) An excellent method,
therefore, is to use dilute sulfuric acid.

+
N N\ /\
+ Hg?—H p— + :(l)—H —

H H
(from dilute
H,S0,)
H

|
+

+ :il)—H —
H

+
H,0*

(b) Use a Jow concentration of water (i.e., use concentrated H,SO,) and use a higher
temperature to encourage elimination.
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(c) 1-Methylcyclohexanol would be the product because a 3° carbocation would be
formed as the intermediate.

CH, CH,
+
N O\ ak /\
+ H—(I)—H pm— + :0—H —
H

I

H,C ggﬂ«\ H,C_ OH

|
H
+
H,0*
CH CH ) CH
8.6 CH—C zﬂ—m . y methanide é
. YRV CH:,—":;H--CH3 _—__>migration CH3—+ —$H—CH3
CH, CH, CH,
Ho CH, - CH
—> CH3——é—cIH—CH3 —> CH3—I&—$H—CH3
H,0* CH, HO CH,

8.7 The order reflects the relative ease with which these alkenes accept a proton and form
a carbocation. (CH3),C=CH, reacts faster because it leads to a tertiary cation,

CH,
H,0* l ‘
(CH,;),C=CH, —— CH;—C—CH; 3° Carbocation
+

CH,CH=CH, leads to a secondary cation,
H,0*
CH;CH=CH, ——>» CH,— CH—CH;  2° Carbocation
and CH,=CH, reacts most slowly because it leads to a primary carbocation.

+
CH,=CH, 2o, CH;—CH,* 1°Carbocation

Recall that formation of the carbocation is the rate-determining step in acid-catalyzed
hydration and that the order of stabilities of carbocations is the following:

3°>2°>1° >*CH,
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8.8

8.9

8.10

8.11

CH, CH,

|
CH,—C=CH, —» CH;—C—CHj

—_—
T
~

H--A
CH, CH,

| HA |
CH CCH3u>CH (|:CH3

r»H—o o+ :(l):

H, CH,

tBre- H
0 m O
—Z3 “, —>
il Br+
)
-OH2
Qe (a)&g ;)(b) | |

5t :Ir:
3 :Br: Bromomum from (a) from (b)
- ion H‘
- Because paths (a) and (b) occur
at equal rates, these enantiomers
@ . are formed at equal rates.
,Racemlc form
T L QL .
CH~=CH, + Br—Br —» HC—CH, + Br
Br
. Nu = H,0
Nu:w —-—)u 2
He - or Br™
2 2 -
\]g,/-i- or Cl

+ -Ht
Br—CH,CH,—OH, —>» Br—CH,CH,—OH
Br—CH,CH,—Br
Br—CH,CH,—Cl
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Cl Cl

’%‘C/ Br

812 (a) /\ + enantiomer (b) <:|><
\\“?C_C'\""'//H Br
H3CH CH,
H N /H
C
©) /

.C—cC.,
H,C*/ \'CH,
H H

CHBr3
KoCCHy?
CH,CHI
. Zn(Cu)
' o
CH
CH, = ,0u
815 () (1) OsOy,pyridine, 25°C >
(2) NaHSO,
CH, =VOH
CH,
CH,CH,

(b) <j/ CH,CH, (1) 05O, , pyridine, 25°C CEOH + enantiomer
(2) NaHSO,
TNOH
H
(1) OsO,, pyridine, 25°C
/k/ (2) NaHSO, >

+ enantiomer
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8.16 (a) Syn-hydroxylation at either face of (Z)- or cis-alkene leads to the meso compound
(2R,35)-2,3-butanediol.

H HC H H
syn-hydroxylation syn-hydroxylation
HO” % CH, VA H,C”¢ “OH
H H,C H
(2R,35)-2,3-Butanediol (Z)-2-Butene (2R,3S)-2,3}Butanediol
4 :

Same meso compound

(b) Syn-hydroxylation at one face of the (E)- or trans-alkene leads to the (2R,3R)-enan-
tiomer; at the other face, which is equally likely, it leads to the (25,35)-enantiomer.

H H;C H H
c syn-hydroxylation C  syn-hydroxylation Cc
. i -
HO” L H VA H”{ “OH
(25,35)-2,3-Butanediol (E)-2-Butene (2R,3R)-2,3-Butanediol
t Enantiomers t
H,C H H,C H
817 (a) \C===C/ %‘—) C=0 + 'O—"’—C/
/ "\ (2) Zn, HOAc /
HC  CH—CH, H,C CH—CH,
| |
CH, CH;
(b) CH,CH,CH=CHCH,CH %'_’ CH,.CH,CH=0
32 23 (2)Zn,HOAc 32
/H /H
. (1) O,
_.—_—> =
© E>FC\ (2) Zn, HOAC E>:O + 0=C
H H

8.18 Ordinary alkenes are more reactive toward electrophilic reagents. But the alkenes obtained
from the addition of an electrophilic reagent to an alkyne have at least one electronegative
atom (Cl, Br, etc.) attached to a carbon atom of the double bond.

—c=c— > )c:c\z(

H
or

—L=C— _XL> :C:(,\)(
X

These alkenes are less reactive than alkynes toward electrophilic addition because the
electronegative group makes the double bond “electron poor.”
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8.19 The molecular formula and the formation of octane from A and B indicate that both

conrmounds are unbranched octynes. Since A yields only CH;CH,CH,CO,H on ozonol-
ysis, A must be the symmetrical octyne CH;CH,CH,C=CCH,CH,CH;. The IR ab-
sorption for B shows the presence of a terminal triple bond. Hence B is
CH3(CH,)sC=CH.

Since C (CgH;,) gives HO,C(CH,)sCO,H on ozonolysis, C must be cyclooc-
tyne. This is supported by the molecular formula of C and the fact that it is converted
to CgH ¢ (cyclooctane) on catalytic hydrogenation.

Answer to the Study Problem related to cholesterol biosynthesis, page 355.

In cholesterol biosynthesis an anti-Markovnikov addition occurs between C10 (once it
becomes like a tertiary carbocation) and C15, forming the six-membered “C” ring of
cholesterol (see the reactions in the text, page 355). This process results in a develop-
ing secondary carbocation at C14, which adds to C18 to form the five-membered “D”
ring of cholesterol. If, on the other hand, Markovnikov addition occurred between C10
and C14 instead of anti-Markovnikov addition between C10 and C15, as shown in the
following scheme, a developing tertiary carbocation would result at C15, along with for-
mation of a five-membered “C” ring. Then, Markovnikov addition of C15 (as it becomes
like a tertiary carbocation) to C18 would lead to a four-membered “D” ring and a terti-
ary carbocation at C19.

Squalene

CH,

O,
ZV

HO
H,C 7

which is the same as:
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8.20 By converting the 3-hexyne to cis-3-hexene using H,/Ni,B (P-2).
Bt H_ Bt
‘H C
e ——
A Ni,B(P-2) 4
| 7N
Et H Et

Then, addition of bromine to cis-3-hexene will yield (3R,4R), and (3S5,45)-3,4-dibromo-

hexane as a racemic form.

Et
H Et s
\|C|/ Br, Hs(;: «Br .
anti addition
JON B¢
H Et Et

8.21 (a) CH3CI<12(|ZHCH3
I
(d CH3CH2(T‘HCH3
OSO;H
(g) CH3CI-12(IZHCH2Br
Br

(j) CH,CH,CHCH,
Cl

(m) CH,CH,CHCH,OH
OH

(35, 45)
N

l=3t
BméAH
i
H’E‘Br
Et
(3R, 4R)
Y,

e

Racemic 3,4-dibromohexane

(b) CH,CH,CH,CH,

(e) CH,CH,CHCH,
OH

(h) CH,CH,CH=CH,

(k) CH,CH,CHCH,OH
OH

(n) CH,CH,CO,H + CO,

(c) CH3CH2(IZHCH3
OH

() CH3CH2(|IHCH3
Br

(i) CH3CH2C|HCH2Br
OH

9 9
() CH,CH,CH + HCH
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OH 2 9
(m) CE (0) HOC(CH,),COH
OH
823 (a) CHCH,C=CHBr  (b) CHCHC=CH,  (c) CH,CH,CBrCH,
Br Br
(d) CH,CH,CH,CH, (e) CH,CH,CH=CH, (f) CH,CH,C =CCH,
CH,

8.24

8.25

(g) CH,CH,C=CH and C]—[i_—_(l,‘CH3 [An E2 reaction would take place when
CH,CH,C=CNa is treated with (CH,),CBr.]

H3C\ }Br
(2) CH,C=CHCH, (®) CHCBrCHCH, () ~ t=C
Br Br CH,
HC, CH, HC, —~ Cl
(d) CH,CBr,CBr,CH, .(¢) c=C ® o=
/ \ / \
H H H  CH,
HC ~—~ H :
®  jo=c{ (h) CH,CH,CH,CH, (i) CH,CH,CH,CH,
H CH,

(j) CH;CO,H (2 molar equivalents) (k) CH;CO,H (2 molar equivalents)

(1) ‘no reaction

_ Br, 3NaNH,
(@ CHCH,CH=CH, o> CH,CH,CH-CH, oorrey
' Br Br heat
NH.Cl
CH,CH,C=CNa — > CH,CH,C=CH
+-BuOK
CH,CH,CH ——— = i
(b) CH,4 ‘ ,CH,CH,CI +-BuOH. hoat CH;CH,CH=CH, Thenasin (a)
2NaNH. NH,C1
(©) CH,CH,CH=CHCl ————2%3» CH,CH,C=CNa —2i=»
mineral oil,
heat
“ CH,CH,C=CH
3NaNH NH,Cl
(d) CH,CH,CH,CH—Cl ————2» CH,CH,C=CNa —*—»
[ mineral oil,
Cl heat

CH,CH,C=CH

(e) H—C=C—H —Z‘%» H—C=CNa Bty oy onc=cH
. 3
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H,0*, ;0

~ CH, CH
826 (@) CHC=CH, ———1> CH,CCH,

8.27

8.28

H

CH Lo CH,
() CHC=CH, —> CH,CCH,
1

CH, CH,
_ HBr
() CH3é_CH2 (no peroxides) CH3é|CH3
Br
CH, CH,
| HF é
(d) CH,C=CH, —» CH;GCH,
F
b Cl, B0 yhi
(e) CH,C=CH, LHEO, CH3éICH2c1
OH

(a) C,,H,, (saturated alkane)
C,oH,¢ (formula of myrcene)

H, = 3 pairs of hydrogen atoms
Index of hydrogen deficiency (IHD) = 3

(b) Myrcene contains no rings because complete hydrogenation gives C,oH,,, which
corresponds to an alkane.

(c) That myrcene absorbs three molar equivalents of H, on hydrogenation indicates that
it contains three double bonds.

(d) Three structures are possible; however, only one gives 2,6-dimethyloctane on com-
plete hydrogenation. Myrcene is therefore

CH, CH,
CH,C —cHen,cr,dcH =cH,

0
(e) O:CHCHZCHZHCH =0

/\H:Q—CHZCH3

+
CH3CH=@ S0l — > CH—CH—CH, —__—l
CH,CHCH, po  CHiCHCH,
OCH,CH, € :(l)g—CHZCH3
(H
cr-
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8.29 The rate-determining step in each reaction is the formation of a carbocation when the
alkene accepts a proton from HI. When 2-methylpropene reacts, it forms a 3° carbocation
(the most stable); therefore, it reacts fastest. When ethene reacts, it forms a 1° carbocation
(the least stable); therefore, it reacts the slowest.

CH, CH CH,
&_ H—-Q:I é r |
CH3— —CH2 W CH:;—+ —CH3 —_ CH3CI,CH3
3° Cation I
PRS I
CHCH=CH, ——> CH;CH—CH, —> CH,CHCH,
2° Cation I
By I
CH=CH, ——o> CH7CHy —> CHCH]I

1° Cation

8.30 CH3C|HCHZC}12CHz(%HCHzCHZCHZClI-ICHZCH3
CH, CH, CH,
2,6,10-Trimethyldodecane

8.31 (1) 0, CH (":CH + H(":CH CH gCH
) (2) Zn, HOAc 3 3 2~ 3
0
ol
+ HC—CH
8.32
7
Limonene
£ nS (‘I|{+ (-H,0)
CeH; CeHs
H 1,2-hydride v I I

+ shift + |
C6H5—(|J—CH2 LSS C6H5—(|3——CH3 —> C6H5—(|I—CH3

CeHs CeH; CeHs
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.s +
CH, :o;\ CH, :OH,
I | S | "L (~H,0)

H—I
8.34 CH3—(|J—CH——CH3 — CH3—(|J———CH—CH3 —1>

CH, CH;
CH, ‘ I"— CH;
I~ + 12 + |
CH;—C—CH—CH; ——» CH;—C—CH—CH; —>
| methanide |
CHS shift CH3
2° Carbocation 3° Carbocation
} CH,
CH3——(|3— CH—CH;,
CH;

8.35 (a) The hydrogenation experiment discloses the carbon skeleton of the pheromone.

r3: 3
Cisth 0 Pt M}{

Codling moth 3-Ethyl-7-methyl-1-decanol
pheromone

The ozonolysis experiment allows us to locate the position of the double bonds.

% OH (1) 0, o N
’ ’ (2) Zn, HOAc S 0
H
0\(\0
H
(b)
B
8.36 Retrosynthetic analysis
CH,(CH,) (CH,).,CH Syn
PR YT ? ==> CH,(CH,),C=C(CH,),CH, addition
/ \ fH
H H orm,

CH,(CH,),, ’E'CEC'E' (CH,),CH, = CHy(CH,),,CH,X + HC=CH +
X-CH,(CH,),CH,
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Synthesis
_ NaNH, B .mcm S
HC=CH hq—Nfg—) HC=C: Na (-NaBr) >
. NaNH, e CH,(CH»),,CH,~Br_
HCSCOH,),CHy g, > N TCSCCHDCH;, —Npy
H CH,(CH,) (CH,),CH
CHyCH),,C=CCH),CH, Npea® o= =
2 ¥ H
Muscalure
Retrosynthetic analysis
Markov-
CH,CBr,CH,CH,CH,CH,CH, __niko_v_> CH~CBrCH,CH,CH,CH,CH, + HB:
addition

Markov-
=——> HC=CCH,CH,CH,CH,CH; ==> HC=CH + BrCH,CH,CH,CH,CH,

addition + HBr

Synthesis
NaNH, T CHCHCHOE cr, Spe
= ETSre— =C: + et At Moty Mk’ ) >
HC=CH fiq NH, HC=C' Na NaBs)
Br
— IlPlBr" i .
HC=CCH,CH,CH,CH,CH;  Gcopammins®  HG=CCH,CH,CH,CH,CH,
H
lll_mrﬂ
—_— >
CH,COBr/alumina®  CHsCBR,CH,CH,CH,CH,CH,

Syn hydrogenation of the triple bond is required. So use H, and Ni,B(P-2) or H, and Lind-
lar’s catalyst.

(a CH, (b) CH,
H\E.AOH and H\é.AOH and
’(I: enantiomer enantiomer
through syn é through syn
H” :VOH  ,4dition HO™ = ™H addition
CHZCH3 CHZCH3
(©) CH, () CH,
H;é‘Br and H\é‘Br and
J: enantiomer enantiomer
through anti é through anti
H™ :™“Br  addition B~ : H addition

CH,CH, H,CH,
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8.40

8.41

8.42

8.43

*8.44

(a) (2S,3R)- [the enantiomer is (2R,35)-]
(b) (25,35)- [the enantiomer is (2R,3R)-]
(¢) (2S,3R)- [the enantiomer is (2R,3S5)-]
(d) (2S5,395)- [the enantiomer is (2R,3R)-]

1
@Br—Br —> O.:::-"Br O/c + enantiomer
. gy

Bromonium ion

The bromonium ion reacts with a chloride ion to produce the trans-1-bromo-2-chloro-
cyclohexane enantiomers.

(a) 1-Pentyne has IR absorption at about 3300 cm ™' due to its terminal triple bond.
Pentane does not absorb in that region.

(b) 1-Pentene absorbs in the 1620—1680 cm ™! region due to the alkene function. Pen-
tane does not exhibit absorption in that region.

(¢) See parts (a) and (b).

(d) 1-Bromopentane shows C-Br absorption in the 690-515 cm™ ' region while pen-
tane does not.

(e) For 1-pentyne, see (a). The interior triple bond of 2-pentyne gives relatively weak
absorption in the 2100-2260 cm ™! region.

(f) For 1-pentene, see (b). 1-Pentanol has a broad absorption band in the 3200-3550
cm™ ! region.

(8) See (f)

(h) 1-Bromo-2-pentene has double bond absorption in the 1620-1680 cm~ ! region
which 1-bromopentane lacks.

(i) 2-Penten-1-o1 has double bond absorption in the 1620—1680 cm ™' region not found
in 1-pentanol.

Because of the electron-withdrawing nature of chlorine, the electron density at the dou-
ble bond is greatly reduced and attack by the electrophilic bromine does not occur.

The index of hydrogen deficiency of A, B, and C is two.

CeH 4
CeHio
H, = 2 pairs of hydrogen atoms

This result suggests the presence of a triple bond, two double bonds, a double bond and a
ring, or two rings. The fact that A, B, and C all decolorize Br,/CCl, and dissolve in concd.
H,SO, suggests they all have a carbon-carbon multiple bond.

A must be a terminal alkyne, because of IR absorption at about 3300 cm L

Since A gives hexane on catalytic hydrogenation, A must be 1-hexyne.

2H,
CH,(CH,),C=CH % CH,(CH,),CH,
A
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This is confirmed by the oxidation experiment

(1) KMnO,, OH", heat
@ HO" » CH,4(CH),COH + CO,T

CH,(CH,),C=CH

Hydrogenation of B to hexane shows that its chain is unbranched, and the oxidation ex-
periment shows that B is 3-hexyne.
(1) KMnO,, OH", heat -

CH,CH,C BECCHZCH3 DR » 2 CH,CH,COH

Oxidation of C shows that it is cyclohexene.

(1)KMnO,, OH", heat > HO.C(C CO.H
(2) H3O+ ” 2 ( H2)4 2

C
8.45 (a) Four
OH
(b) CH,;(CH,)s mwié CH, (CH,),CO,H  + enantiomer
| o=/
H / \
H H
OH
CH,(CH,), \é «=CH, /H + enantiomer
| ‘c=C
H
H (CH,),COH

8.46 Hydroxylations by KMnO, are syn hydroxylations (cf. Section 8.9). Thus, maleic acid
must be the cis-dicarboxylic acid:

H H HO,C_
NWanc: Hz\-c _OH
C’ KMnO,
é syn hydroxylation V‘l
7N H”">on
H  COH HO,C
Maleic acid meso-Tartaric acid
Fumaric acid must be the trans-dicarboxylic acid: ’
HO,C O, H
H COH He: OH  HO £ B
| —p +
syn hydroxylation ~CO.H
77N\ HOC"sSon  mo” % O
HO,C H H H
Fumaric acid (*)-Tartaric acid
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847 (a) The addition of bromine is an anti addition. Thus, fumaric acid yields a meso com-

pound.
H COH HO,C LOH
\C/ 2 H;C/B r H\C"_/Br
R I
addition ,
77N Bry "y H” % B
HOC H CO,H CO,H

A meso compound

(b) Maleic acid adds bromine to yield a racemic modification.

H.C H,C Br H,C CH
CH, '
B Br CH, Br Br

r
A
(optically active) (a meso compound)

H,C
(CHR),COK | ?
: Br

A A
¢ [(CH)COK Q O’
Browa
A (CHICOK Q D% __, Q
CH, (2)2Zn, HOAc
+ 2 HCH
H, H
8.49 4C—C—C\
HC=C—C=C (CH=CH),CH,CO,H
H, ,(CH=CH),CH,COH
. "C=C=C\
HC=C—-C=C H
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H, CH
s H 3
8.50 HC=CagaH iy cHCH, cHCH,CH,
H,CH, E
D
Optically active Optically inactive
(the other enantiomer is (nonresolvable)
an equally valid answer)
*8.51 (a, b) -
S S R R
H OH .OH H
racemate C
(¢) C, in contrast to its cis isomer, would exhibit no intramolecular hydrogen-bonding.
This would be proven by the absence of infrared absorption in the 3500- to 3600-
cm ™! region when studied as a'very dilute solution in CCl,. C would only show
free O—H stretch at about 3625 cm ™"
#8.52 H ]
H :
2 1 CH,CH, - H CH,CH, H
& -4° -CH, TN PCI -CI- &)
C\ — P N C\
CH3CH2 CH _ CH,CH, cl CH3CH2 Cl
' I
I CH, . E
b H,0
CH,CH H CH,CH CH,cH, H A\H
) —a- | TN e OB TN
=C <« N—C—O N—C—0
/ N\ AN
CH,CH, O0—H CH3CH2 GClH CH,CH, Cl H
'l_H+
CH,CH H
aE.
N—C
N\,
CH,CH, Y
F
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NUCLEAR MAGNETIC RESONANCE AND
MASS SPECTROMETRY: TOOLS FOR
STRUCTURE DETERMINATION

SOLUTIONS TO PROBLEMS

9.1 We see below that if we replace a methy] hydrogen by some group Z, then rotation of the
methyl group or turning the whole molecule end-for-end gives structures that represent
the same compound. This means that all of the methyl hydrogens are equivalent.

H\ /H
wf (n
H

H
lreplace H with Z

H A 't \ /

urn

SO = SO
H z A z H

irotate CH,Z group

H H }'I
\ turn \
O = 7O
H H H H

l rotate CH,Z group

H\ /Z t Z\ /I_I
urn ‘
O = - O
H H H H
\ _

v
All of these are the same compound

130

© 2000, Modulo Editeur inc. / © 2000 John Wiley & Sons Inc.
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Replacing a ring hydrogen by Z gives another compound, but replacing each ring hydro-
gen in turn gives the same compound. This shows that all four ring hydrogens are equiv-
alent and that 1,4-dimethylbenzene has only two sets of chemical shift equivalent protons.

5888 8

CH,
All of these are the same compound
9.2 (a) One (d) One
(b) Two e Two
(¢) Two # Two
9.3 (a) CH, CH, CH,
HOmw ~ s replacement \éAH HO\C“H
é byZ ,A ,é
H™ I “H H" 7 VAdl ~~H
CH, o CH, |
Diastereomers
(a) _
(b) Six CH, (c) Six signals
() H—C—OH (c)
(d H—C-H (e
H,
0

(@ (b) (b)) (a)

94 () Two, CH;—CH;—CH;—CH,

(a) (c)

H3C\ /H

(c) Four, C=C

/ \

H H

(b) (d)

@ @ Y@
(e) Four, CH;—CHBr—C—Br
H(d)

(a) (b) (c)
(b) Three, CHa-—CH2—O—H
(I:‘;)C (II:I)
3
(d Two, \C :-C/
H CH
(b) (a)
(b)H -H(b)
® Two, (@)
(b)H H (b)
CH
(a3
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9.5

9.6

9.7

9.8

(@) H,C H (b) (@) H,C CH, (a)
(g) Three, (h) Four,
(b) H CH, (a) () H H (b)
H(c) H(d)
(@ (b) (c) (e (a)
CHjCHrCH, M H
@) Six, /C:C (j) Five, Cl—(lll—(FH——CHs(e)
(d) H H (b)H OH(d)

The 'H NMR spectrum of CHBr,CHCI, consists of two doublets. The doublet from the
proton of the —CHCl, group should occur at lower magnetic field strength because the
greater electronegativity of chlorine reduces the electron density in the vicinity of the
~CHCL, proton, and consequently, reduces its shielding relative to ~CHB,.

The determining factors here are the number of chlorine atoms attached to the carbon
atoms bearing protons and the deshielding that results from chlorine’s electronegativity.
In 1,1,2-trichloroethane the proton that gives rise to the triplet is on a carbon atom that
bears two chlorines, and the signal from this proton is downfield. In 1,1,2,3,3-penta-
chloropropane, the proton that gives rise to the triplet is on a carbon atom that bears only
one chlorine; the signal from this proton is upfield.

The signal from the three equivalent protons designated (a) should be split into a doublet
by the proton (b). This doublet, because of the electronegativity of the attached chlorines,
should occur downfield.

(a (b)
(CL,CH);—CH

The signal for the proton designated (b) should be split into a quartet by the three equiv-
alent protons (a). The quartet should occur upfield.

@ & @
A GjH;lis CHy-CH-CH,8
I

(@) doublet §1.9
(b) septet §4.35

(@ b
B CH/(Cl,is CH3—(|IH—C1
Cl
(a) doublet 62.08
() quartet 65.9

@ &
C C;H(Cl, is C1-CH,~CH,~CH,—Cl
(a) triplet 63.7
(b) quintet §2.2
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99 @ Jap=2Jpc

P i Ot
_—"——- ““*1
L} 1]
I J J :
I ab ab ab I
! ' | |
i ' ' '
1 » ! LS
2R Y P ' ~
: S ' ~ : pre : N
: ’4' \\ : |( ) 1
1 H v H 1
| | I T
’¢’|\\\ 'll\\
4 ~ ’, ~
L i ) A TN
i<E i I
Result: 8 1 l I I l I 1 1 (nine peaks)

() Jap=Jpc

' H H
H LA H
] T S ]
] ’—’ ‘\\ 1
[P !
i <Jp >l i

-—.’_-

;;—J}r »>heJy —;1 .

T
s ~

Result: » I | | I " (six peaks)

9.10 A single unsplit signal, because the proton is rapidly shifted from axial to equatorial po-
sitions.
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} 9.11 A is 1-bromo-3-methylbutane. The following are the signal assignments:

(d) (c) (b) (a)
BrCH,CH,CH(CH,),

(a) 623
(b) 827
(c) 832
(d) 842

B is 2-bromo-2-methylbutane. The following are the signal assignments:

@ (c) Bt (b)
CH CHZC( CH,),
(d)

(a) 611
(b) 833
(c) 640
(d) 668

C is 1-bromopentane. The following are the signal assignments.

(e) (d) (c) (b) (a)

BrCH,CH,CH,CH,CH,
(a) 614
(b) 623
(c) 830
(d) 633
(e) 634
9.12 The compound is methane, CH,. The molecular ion is at m/z 16. (This peak also happens
to be the base peak.)
i e i -
H—|C—H + e — H—(I:tH + 2e
H H
m/z 16
M3

i i
H-GH —> H-C + e
H H
miz 15
; ;
Ho¢ —> B¢+ R
H  miz 14
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H—C* —>» H-C# + He
m/z 13

H—C? —> «C* + H
m/z 12

The small peak at m/z 17 (M* + 1) comes mainly from methane molecules that contain
13C.

13 -

H

H—C-H + e —>H—”é|tH + 2e
H H
m/z 17
M+ 1)

9.13 The compound is water.
H-O-H + ¢ —>» H-O-H + 2e
m/z 18
(M3)

H-O-H —>» H-0" + He
m/z17

e - e

H—O' —> oM + He

s .o

m/z 16

The peaks at m/z 19 and m/z 20 are due (primarily) to naturally occurring oxygen
isotopes.

H-O-H + ¢ —>» ul0-H + 2¢
m/z 19

Mi+ 1)

18 =

H—O-H + ¢ —>» HEO-H + 2e
m/z 20
M3+ 2)
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9.14 The compound is methyl fluoride, CH,F.

CH-F + e —>» [CHyFlz + 2e

m/z 34
M)
[CH;Fl+ —>» [CHF]* + H*
m/z 33
[CHF]* —» [CHF]+ + B
m/z 32
[CHF}3% —>» [CF]*+ + He
m/z 31
[CHF13 —>» [FI* + CHyp
m/z 19
[CH,Fi§ —>» [CHy)* + Fe
m/z 15
[CH,]* —>» [CHJ)t + He
m/z 14
T (II) I
9.15 (a) CH;CCH,CH;  CH,CH,CH,CH CH3C|HCH CH,=CHCH,OCH,

CH,
CH,

CH, . l
CH,CH =CHCH,OH CH2=83~CH20H [ o > /1
CH,
OH CH,
’>—CH2CH3 l>CH20H D*OCH3
0] OH

CH, “OH C|H3 14|1 (|:H3 CH, CH, C|H3 H

KA N <Ay NA N

(b) Only the first three. (The peak at 1730 cm! is due to a C=0 group.)
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First, we recalculate the intensities of the peaks so as to base them on the Mt peak:

m/z INTENSITY
% of M+

86 Mt 10.0/10.0 X 100 = 100

87 0.56/10.0 X 100 = 5.6

88 0.04/10.0 X 100 = 04

1. Since M? is even, the compound must contain an even number of nitrogen atoms (i.e.,
0,2,4,etc.).

2. The value of the M? + 1 peak gives the number of carbon atoms.
Number of carbon atoms = 5.6/1.1 = 5

The compound must contain no nitrogen atoms because CsN, = (5 X 12) + (2 X 14) =
88, and the molecular weight of the compound (from the M peak) is only 86.

3. The very low value of the M* + 2 peak (0.4%) tells us that the compound does not
contain S, Cl, or Br.

4. If the compound were composed only of C and H, it would have to be CsH,:

H=86 — (5% 12)=26

But C;H¢ is impossible.

However, a formula with one oxygen gives a reasonable number of hydrogen atoms,
H=86 - (5X12) - 16=10

and thus our compound has the formula C;H,,O.

(@) The M? + 2 peak due to CH,-%"Cl (at m/z 52) should be almost one-third (32.5%)

as large as the M* peak at m/z 50.

(b) The peaks due to CH;—"°Br and CH;-3!Br (at m/z 94 and m/z 96, respectively)
should be of nearly equal intensity.

(c) That the M* and M* + 2 peaks are of nearly equal intensity tells us that the com-
pound contains bromine. C;H,Br is therefore a likely molecular formula.

C, =36 C, =36
H,=7 H,=7
TBr = 79 81Br = 81
miz =122 miz =124

Recalculating the intensities to base on M*

PEAK m/z % of BASE PEAK % of M*
Mm? 73 86.1 100

Mt +1 74 32 3.72
M +2 75 0.2 0.23

These data best fit the formula C;H,NO.
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9.19

9.20

9.21

(a) First recalculating the intensities so as to base them on the M? peak:

m/z INTENSITY
% of M*

78 MY 24/24 X 100 = 100

79 0.8/24 X 100 = 33

80 8/24 X 100 = 33

1. Since M? is even, the compound contains an even number of nitrogen atoms.
2. Number of carbon atoms = (M* + 1)/1.1 =3.3/1.1 = 3.

3. The intensity of the M* + 2 peak (33%) tells us that the compound contains one chlo-
rine atom.

4. We use the molecular weight (from the M? peak) to calculate the number of hydro-
gen atoms.

H=78 - 3X12) - 35=7
Thus, the formula for the compound is C;H,Cl.

(b) CH,CHCH,
Cl

(a) A tert-butyl cation, (CH3)3C+.

cH, |3 ' CH,

) CH3—¢—CH3 —> CH3—§+ + CHy
CH, CH,
m/z 57

A peak at M - 15 involves the loss of a methyl radical and the formation of a 1° or 2°
carbocation.

CH ,

[CH3CH2CIH(SIHZCH3] + —>» CHCHCHCH,CH, + CH;
(M3) (Mt - 15)

or
(FHP} (|:H 3

[CH,CH,CHCH,CH,] ¢ —> CH,CH,CHCH," + CH;
(M3) (Mt - 15)

A peak at M? - 29 arises from the loss of an ethyl radical and the formation of a 2°
carbocation.

G g
[CH,CH,CHCH,CH,] ¢ —> CH,CH,CH* + CH,CH;
(M3) (M - 29)

Since a 2° carbocation is more stable, the peak at M? - 29 is more intense.
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9.22  Both peaks arise from allylic fragmentations:

. ’/'\. (\ o _ . H C

CHZ—CH—CHz—(IJHCHZCH3 —>» CH;~CH=CH, + (;HC ,CH,
CH : CH,

3 Allyl radical . 57

CH/~CH* 6—1\2-|HCHZCH —>» *CH~CH=CH, + “CHCH,CH,
CH, m/z 41 CH3
Allyl cation

9.23 (a) Alcohols undergo rapid cleavage of a carbon-carbon bond next to oxygen because
this leads to a resonance-stabilized cation.

1° alcohol R CH2 OH' 2y cH=O0H <> CH;OH

FAlCEE 5
2 alcohol R—CHEOH' —"» RCH=O0H <« RCH—OH

cR .
3° alcohol R—CA'((‘)H =’y RC=0H <> RC—OH

R R
The cation obtained from a tertiary alcohol is the most stable (because of the electron-
releasing R groups).
(b) Primary alcohols give a peak at m/z 31 due to CH2=6H.

(c) Secondary alcohols give peaks at m/z 45, 59, 73 and so forth, because ions like the
following are produced.

+ - +
CH,CH=OH CH,CH,CH=OH  CH,CH,CH,CH=OH
m/z 45 m/z 59 m/z 13

(d) Tertiary alcohols give peaks at m/z 59, 73, 87, and so forth, because ions like the
following are produced.

+ + +
CH3C|=OH CH3CH2(|J=OH CH3CH2CH2(|J=OH

CH; CH, CH,
m/z 59 m/z 73 m/z 87
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9.24  The spectrum given in Fig. 9.41 is that of butyl isopropyl ether. The main clues are the

peaks at m/z 101 and m/z 73 due to the following fragmentations.

CH, :
| —CHy
[CH3——CH—OCH2CH2CH2CH3:1 =y CoH,CH=0CH,CH,CH,CH,
m/z 101
s b cHCHCH s
* +
CH;~CH—OCH,CH,CH,CH, CHCACHy CH3éHO:CH2
m/z 73

Butyl propyl ether (Fig. 9.42) has no peak at m/z 101 but has a peak at m/z 87 instead.

~CH,CHs
[CH,CH,CH,—0—CH,CH,CH,CH,] % B, CH=0CH,CH,CH,CH,
m/z 87
Butyl propyl ether also has a peak at m/z 73.
~CH,CH,CH; _
[CH,CH,CH,—O—CH,CH,CH,CH,] $ —CHCHCHy CH,CH,CH,0 =CH,
m/z 73

[Although the observation does not help us decide, it is interesting to notice that both spec-
tra have intense peaks at m/z 43 and m/z 57 corresponding to propyl (or isopropyl) and
butyl cations formed by carbon-oxygen bond cleavage.]

9.25 The compound is butanal. The peak at m/z 44 arises from a McLafferty rearrangement.

0o H 3 JOHTE o
H-"—=" Ccn,| —» |H-C + |l
\'/\ v AN CH,
CH;—CH, CH,
m/z 72 m/z 44
M) (Mt - 28)

The peak at m/z 29 arises from a fragmentation producing an acylium ion.

H
\
C=0; —>» H-C=0 + CH,CHCH,
((J;H;J ~ m/z 29
GH
CH,

9.26 The ion, CH2=I$H2, produced by the following fragmentation.

RICHENE, 2> cnzhm, <> G,
v m/z 30
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9.27 Compound A is fert-butylamine. Our first clue is the molecular ion at m/z 73 (an odd-
numbered mass unit) indicating the presence of an odd number of nitrogen atoms. The
base peak at m/z 58 is our second important clue. It arises from the following fragmenta-

tion.
CH, ]
g, | 2y ca~c=fm,
H, H,
m/z 58
The 'H NMR spectrum confirms the structure
(a) (b) )
(CH,),C —NH2 (a) Singlet 5 1.2 (9H)

(b) Singlet & 1.3 (2H)

9.28 The compound is 2-methyl-2-butanol. Although the molecular ion is not discernible, we
are given that it is at m/z 88. This information gives us the molecular weight of B and
rules out the possibility of a structure with an odd number of nitrogen atoms.

The IR absorption (3200-3550 cm ™) suggests the presence of an —OH group.
Two important peaks in the mass spectrum are the intense peaks at m/z 59 and
m/z 713. These peaks correspond to fragmentation reactions that produce resonance-sta-
bilized oxonium ions and strongly suggest that we have a tertiary alcohol [see Problem

9.23, part (d)].
3 -CH,CH 3
CH3CH2—é—0H B, ¢:(5H
H, CH,
<CH* m/z 59
CH,CH,C =DOH
m/z 73 CH,

The peak at m/z 70 corresponds to the loss of a molecule of water from the
molecular ion, and the peak at m/z 55 probably arises from a subsequent allylic cleavage.

-H,0 [ (|JH3 T
——> |CH,CH=C—CH,
CH, s m/z 70
CH3CHZ—¢—OH

CH "
CH, 10 {c °H, }

-——» |CH,CH,C=CH,
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The 'H NMR spectrum of B confirms that it is 2-methyl-2-butanol.

929 (a)

(b)

()

(d)

(e)

(H

(g)

(h)

(1)

(c)
@ 1 B
CH~CH;~C—CH,

OH

(d)

CH;—C—OH ()
CH, (a)

(@ (b) (a)
CH;~CH—CH,

Br
® 9 © @
CH;~C—CH;CH,

(b) (a)
CH;-OH

©

(c)

(b) (¢
CH;~CH—CH,Cl

H3
(a)
® Q @

CgH;—CH—C—CH,
(c)

(@ (b) (c) (d
CH;~CH;~CHCO,H

Br
(b) (a)
<@—CHZ—CH3

=
(c)

(a) (b) (c) (d)
CH;~CH;-O~CH,CO,H

(a) Triplet, 8 0.9 (3H)
(b) Quartet, & 1.6 2H)
(c) and (d) Overlapping singlets, § 1.1 (7H)

(a) Singlet, § 1.28 (9H)
(b) Singlet, 8 1.35 (1H)

(a) Doublet, & 1.71 (6H)
(b) Septet, 8 4.32 (1H)

(a) Triplet, 8 1.05 (3H) C=0, 1720 cm™
(b) Singlet, & 2.13 (3H)
(c) Quartet, & 2.47 (2H)

(a) Singlet, § 243 (1H)  O-H, 3200-3550 cm’’
(b) Singlet, & 4.58 (2H)
(c) Multiplet,  7.28 (5H)

(a) Doublet, § 1.04 (6H)
(b) Multiplet, & 1.95 (1H)
(c) Doublet, 5 3.35 (2H)

(a) Singlet, 220 BH) C=O0, near 1720 cm’
(b) Singlet, & 5.08 (1H)
(c) Multiplet, § 7.25 (10H)

(a) Triplet, § 1.08 BH) C=O0 (acid) 1715¢cm’
(b) Multiplet, § 2.07 2H) O—H, 2500-3000 cm’
(c) Triplet, § 4.23 (1H)

(d) Singlet, § 10.97 (1H)

(a) Triplet, 8 1.25 (3H)
(b) Quartet, § 2.68 (2H)
(c) Multiplet,  7.23 (5H)

(a) Triplet, 8 1.27 3H)  C=O0 (acid)-1715 cm*
(b) Quartet, § 3.66 @H)  O—H, 2500-3000 cm’
(c) Singlet, d 4.13 (2H)
(d) Singlet, 8 10.95 (1H)
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(@ (b) (a)
() CHy-CH—CH, (a) Doublet, 8 1.55 (6H)
11102 (b) Septet, 8 4.67 (1H)

(@ (b) (b)) (a)
(k) CH,0-CH,CH—OCH, (a) Singlet, 5 3.25 (6H)
(b) Singlet, 8 3.45 (4H)

® Q (© 1
(a) Doublet, d 1.10 (6H) C=O0, near 1720 cm’

(1) CH;~C—CH—CH,
(I}E// (b) Singlet, 3 2.10 3H)
3 Na) (c) Septet, § 2.50 (1H)

(b) (a)
(m) @*(EH—C% (a) Doublet, § 2.00 (3H)
\ ) B (b) Quartet, & 5.15 (1H)
() ! (c) Multiplet, & 7.35 (SH)

9.30 Compound E is phenylacetylene, C;H;C=CH. We can make the following assignments
in the IR spectrum:

Wavelength (um)

080 =c—n_]
. ) Cz22C (Ar) g
2 0 i n——]

4000 3500 3000 2500 2000 1800 1600 1400 1200 1000 800 600 400 200
Wavenumber (cm™)

The IR spectrum of compound E (Problem 9.30). (Spectrum courtesy of Sadtler Re-
search Laboratories Inc., Philadelphia.) .

9.31 Compound G is 2-bromobutane. Assignments are as follows:

(@ b @ (o
CH,-CH,~CH-CH,

Br
(a) triplet 6 1.05
() multiplet 6 1.82
(¢) doublet 61.7
(d) multiplet §4.1
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9.32

9.33

*9,34

Compound H is 2,3-dibromopropene. Assignments are as follows:

(@)
() H\ /CHyBr
C=C
/ \
() H Br
(a) 642
(b) 86.05
(c) 8564

Compound J is cis-1,2-dichloroethene.

H H
N
FS

Cl1 Cl

We can make the following IR assignments:

3125 cm’', alkene C—H stretching
1625 cm™', C=C stretching
695 cm’’, out-of-plane bending of cis double bond

(a) Compound K is,

@S ) ()  (a) Singlet, $2.15 C=0, 1720 cm’
CH;~C—CH—CH, (b) Quartet, & 4.25
(I)H (d) (c) Doublet, & 1.35
(d) Singlet, & 3.75

(b) When the compound is dissolved in D,O, the —OH proton (d) is replaced by a
deuteron, and thus the "H NMR absorption peak disappears.

0] 0O
> |
CH3HC|HCH3 + D0 &= CH3é(fHCH3 + DHO
OH OD

Run the spectrum with the spectrometer operating at a different magnetic field strength
(ie., at 30 or at 100 MHz). If the peaks are two singlets the distance between them—
when measured in hertz—will change because chemical shifts expressed in hertz are
proportional to the strength of the applied field (Section 9.6). If, however, the two peaks
represent a doublet, then the distance that separates them, expressed in hertz, will not
change because this distance represents the magnitude of the coupling constant and cou-
pling constants are independent of the applied magnetic field (Section 9.8).
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Compound O is 1,4-cyclohexadiene and P is cyclohexane.

(@)
(b)
H, > (a) 826.0
(b) N (b) 81245
a
0 (@ P
The molecular formula of Q (C;Hg) indicates an index of hydrogen deficiency (Section
7.8) of four. The hydrogenation experiment suggests that Q contains two double bonds
(or one triple bond). Compound Q, therefore, must contain two rings.
Bicyclo[2.2.1]hepta-2,5-diene. The following reasoning shows one way to arrive
at this conclusion: There is only one signal (6 143) in the region for a doubly bonded
carbon. This fact indicates that the doubly bonded carbon atoms are all equivalent. That
the signal at 8 143 is a CH group in the DEPT spectra indicates that each of the doubly
bonded carbon atoms bears one hydrogen atom. Information from the DEPT spectra tells

us that the signal at 6 75 is a —CH,— group and the signal at 6 50 is a —\C—H group.

/7
The molecular formula tells us that the compound must contain two —>C—H groups,
and since only one signal occurs in the >C spectrum, these —>C-—H groups must be
equivalent. Putting this all together, we get the following:
(a)
(c) (c) H, (a) 850
- (b) 875
(c) () N (c) 8143
(a)
Q R

That S decolorizes bromine indicates that it is unsaturated. The molecular formula of S
allows us to calculate an index of hydrogen deficiency equal to 1. Therefore, we can
conclude that S has one double bond.

The '*C spectrum shows the doubly bonded carbon atoms at § 130 and § 135.
In the DEPT spectra, one of these signals (6 130) is a carbon that bears no hydrogen
atoms; the other (6 135) is a carbon that bears one hydrogen atom. We can now arrive
at the following partial structure.

C\ /C
C=—C
/ \
C H

The three most upfield signals (6 19, § 28, and 6 31) all arise from methy] groups.
The signal at 8 32 is a carbon atom with no hydrogen atoms. Putting these facts together
allows us to arrive at the following structure.

e 28,
? \(é):(cﬂ/ ¥3 (a) 519 (d) 832
/ \ (b) 828 (e) 6130
H,C H (c) 831 () 8135
(b)
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9.38

Although the structure just given is the actual compound, other reasonable struc-
tures that one might be led to are

H,C C(CH,), H,C CH,
\ / \
/C =C\ and C=—C
H CH, H C(CH,),

The IR absorption band at 1745 cm~! indicates the presence of a >C=O group in a five-
member ring, and the signal at §218.2 can be assigned to the carbon of the carbonyl group.

There are only two other signals in the 13C spectrum; the DEPT spectra suggest
two equivalent sets of two —CH,— groups each. Putting these facts together, we arrive at

cyclopentanone as the structure for T.

0]
(b) 038.0
(a) (c) 5218.2

T

OH
| orbya hydrlde mlgratlon T l

+H* Ht
_) _..—> —> + ‘ B
_"H20 e
OH

+ .
<«
alkanide + —HZO

migration
l+Br B
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SOLUTIONS TO PROBLEMS
10.1  (a) H—H + F—F —> 2H—F
(DH°® = 435) (DH® = 159) 2(DH"° = 569)
+594 kJ mol ™! —1138 kJ mol ™!
is required for is evolved in
bond cleavage bond formation
AH° = +594 — 1138
= —544 kJ mol "
(» CH;—H + F—F —>» CH;—F + H—F
(DH® = 435) (DH° = 159) (DH° = 452) (DH® = 569)
+594 kJ mol ™! —1021 kJ mol ™!
is required for is evolved in
bond cleavage bond formation
AH° = +594 — 1021
= —427 kJ mol ™!
(c) CH;—H + Cl—Cl —>» CH;—Cl + H—Cl
(DH® = 435) (DH° = 243) (DH°® = 349) (DH° = 431)
+678 kI mol~! ~780 kJ mol~!
is required for is evolved in
bond cleavage bond formation
AH° = +678 — 780
= —102 kJ mol !
(@ CH;—H + Br—Br —>» CH;—Br + H—Br
(DH® = 435) (DH® = 192) (DH® = 293) (DH® = 366)
+627 kJ mol ™! —659 kJ mol~!
is required for is evolved in
bond cleavage bond formation
AH® = +627 — 659
= —32kJ mol ™!

148
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© CH—H + I-1 —>» CH—I + H-I

(DH" = 435) (DH°® = 151) (DH°® = 234) (DH°® = 297)
+586 kJ mol ™! —531kJ mol ™!
is required for . isevolved in
bond cleavage bond formation
AH® = +586 — 531
= +55kJ mol ™!

(® CH;CH,—H + Cl—C1 —» CH;CH,—Cl + H—Cl

(DH° = 410) (DH° = 243) (DH® = 341) (DH* = 431)
+653 kJ mol ™! —772 kJ mol ™!
is required for is evolved in
bond cleavage bond formation
AH®° = +653 — 772
= —119 kJ mol ™1
(® (CHy),CH—H + Ci—Cl —>» (CHy,CH—Cl + H—Cl
(DH" = 395) (DH® = 243) (DH" = 339) (DH° = 431)
+638 kJ mol ! —770 kJ mol ™!
is required for is evolved in
bond cleavage bond formation
AH°® = +638 — 770
= —132kJ mol ™!
(h) (CHp);C—H + Cl—Cl —>» (CH;);C—Cl + H—Cl
(DH® = 381) (DH® = 243) (DH® = 328) (DH® = 431)
+624 kJ mol ! —759 kJ mol
is required for is evolved in
bond cleavage bond formation
AH°® = +624 — 759
= —135kJ mol !
o
CHiCH,C > CH,CH,CHe > (CH,),CHCH, > CHj,e
CH, CH,
3° > 2° > 1° >  Methyl

The compounds all have different boiling points. They could, therefore, be separated by
careful fractional distillation. Or, because the compounds have different vapor pressures,
they could easily be separated by gas chromatography. GC/MS (gas chromatogra-
phy/mass spectrometry) could be used to separate the compounds as well as provide
structural information from their mass spectra. Their mass spectra would show contri-
butions from the naturally occurring *>Cl and 37Cl isotopes. The natural abundance of

© 2000, Modulo Editeur inc. / © 2000 John Wiley & Sons Inc.



150

RADICAL REACTIONS

104

10.5

10.6

10.7

35Cl is approximately 75% and that of 371 is approximately 25%. Thus, for CH;Cl, con-
taining only one chlorine atom, there will be an MT peak and an MT +2 peak in roughly
a3:1(0.75:0.25) ratio of intensities. For CH,Cl, there willbe MT, M +2,and M T +4
peaks in roughly a 9:6:1 ratio, respectively. [The probability of a molecular ion mt
with both chlorine atoms as >>Cl is (.75)(.75) = .56, the probability of an MT +2 ion
from one 3°Cl and one *’Cl is 2(.75)(.25) = .38, and the probability of an Mt +4 ion
peak from both chlorine atoms as 37C1 is (25)(.25) = 0.06; thus, their ratio is 9:6:1.]
For CHCl; there will be M'f', mt +2, and Mt +4, and Mt +6 peaks in approxi-
mately a 27:27:9:1 ratio, respectively (based on a calculation by the same method).

. (This calculation does not take into account the contribution of 13C, 2H, and other iso-

topes, but these are much less abundant.)

A small amount of ethane is formed by the combination of two methyl radicals:

2CH,» —»CH, : CH,

This ethane then reacts with chlorine in a substitution reaction (see Section 10.6) to form
chloroethane.

The significance of this observation is that it is evidence for the proposal that the
combination of methyl radicals is one of the chain-terminating steps in the chlorination
of methane.

The use of a large excess of chlorine allows all of the chlorinated methanes (CH,Cl,
CH,Cl,, and CHCI,) to react with chlorine.

Chain Initiation

Stpl F—F  —>» 2F- AH° = +159kJmol™!
(DH® = 159)

Chain Propagation

Step2 CH;—H + F- —>» CH;» + H—F AH° = —134kJmol™
(DH® = 435) (DH"° = 569)

Step3 CH,» + F—F —» CH;—F + F- AH®° = —293kJmol™'

(DH® = 159) (DH® = 452)

Chain Termination

CH;» + F- —>» CH;—F AH° = —452kJmol™!
(DH" = 452)
CH;» + CH; —>» CH;—CH; AH° = —368KkJmol™’
(DH® = 368)
F- + F- —>» F—F AH® = —159kJ mol™?
' (DH® = 159)
CH—H + ¥ —>» CH;- + H—F AH° = —134kJmol™’
CH,- + F—F —>» CH,—F + F- AH®° = —293kJ mol!
CH;—H + F—F —» CH;—F + H—F AH° = -427kJmol™’
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10.8 (a) Reactions (3), (5), and (6) should have E, , = 0 because these are gas-phase reactions
in which small radicals combine to form molecules.

(b) Reactions (1), (2), and (4) should have E,, > 0 because in them covalent bonds are
broken.

(c) Reactions (1) and (2) should have E, , = AH® because in them bonds are broken ho-
molytically but no bonds are formed.

109 (a) 5+ F---H---CH;, &-
E,,= +50kJmol™!
T _ CH3' + HF
PE
Step 2
Reaction coordinate ———>
(b) 8 CH;--F--F &-
E,, = +4.2kJ mol™!
T AH° = —293 kJ mol !
PE
Step3 _______________ CH3F + F-

Reaction coordinate ———>
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(c) 2 F-
T E,, = +159kJ mol !
PE
Reaction coordinate ——»
(d) CH;* + F-

Reaction coordinate ———»

(e) Notice that this is the reverse of Step (2) in part (a)

Reaction coordinate ——>»

10.10 (a) CH;CH,—H + Cl- —>» CH,CH, + H—Cl
(DH® = 410) (DH® = 431)

AH® = —431 + 410 = —21 kJ mol~!
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(b) Transition
state

o o
Cl T--H---CH2CH3

E, .= +42Kk] mol ™!

T CH,CH;, + CL

PE
AH° = —21kJ mol ™!

Reaction coordinate ———»

(c) The hydrogen abstraction step for ethane,
CH,CH~H + Cl* —» CH,CH,» + HCl (E,=4.2kImol !
has a much lower energy of activation than the corresponding step for methane:
CHfH + Cl» —» CHy» + HCI (Eaet = 15.9 XJ mol ™ 1)

Therefore, ethyl radicals form much more rapidly in the mixture than methyl
radicals, and this leads to the more rapid formation of ethyl chloride.

10.11 Cl, —ﬂ—> 2Cl-
or heat
(I:l Cl
Step2a Cle + H:(II—CH3 —>» H:Cl + -¢—CH3
H H
(131 Cl1
Step 3a CH3C|‘»- + C1: 1 —>» CH3——¢—C1 + CI
H H

1,1-dichloroethane
Step2b  Cl* + H—CH,CH,Cl —>» H:Cl + *CH,CH,ClI

Step 3b  *CH,CH,CI + Cl:C1 —>» CICH,CH,Cl1 + CI*
1,2-dichloroethane

10.12 (a) There is a total of eight hydrogen atoms in propane. There are six equivalent 1°
hydrogen atoms, replacement of any one of which leads to propyl chloride, and
there are two equivalent 2° hydrogen atoms, replacement of any one of which leads
to isopropyl chloride.

CHCHCH, + C, —> CHCHCHC + CHCHCH,
cl
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If all the hydrogen atoms were equally reactive, we would expect to obtain 75%
propy! chloride and 25% isopropyl chloride:

% Propyl chloride = % X 100 = 75%
% Isopropyl chloride = % X 100 = 25%

(b) Reasoning in the same way as in part (a), we would expect 90% isobutyl chloride and
10% tert-butyl chloride, if the hydrogen atoms were equally reactive.

CH,
CH3_éI_H + Cl, —» (CHp),CHCHCl + (CH,),CCl
CH,

% Isobutyl chloride = % X 100 = 90%
% tert-Butyl chloride = Yo X 100 = 10%

(c) In the case of propane (see Section 10.6), we actually get more than twice as much
isopropyl chloride (55%) than we would expect if the 1° and 2° hydrogen atoms
were equally reactive (25%). Clearly, then, 2° hydrogen atoms are more than twice
as reactive as 1° hydrogen atoms.

In the case of isobutane, we get almost four times as much ferz-butyl chloride
(37%) as we would get (10%) if the 1° and 3° hydrogen atoms were equally reactive.
The order of reactivity of the hydrogens then must be

3 > 2° > 1°

10.13 The hydrogen atoms of these molecules are all equivalent. Replacing any one of them
yields the same product.

Cl
light
A + Cl, Ty (+ more highly chlorinated products)
Cl
light
+ Cl, —E (+ more highly chlorinated products)

We can minimize the amounts of more highly chlorinated products formed by using a
large excess of the cyclopropane or cyclobutane. (And we can recover the unreacted cy-
clopropane or cyclobutane after the reaction is over.)

, » H,C CH, CH,
1014 (a) Q (b) CHC—~C—CH, (o) cnri—cnj

Hs H3 H3

10.15 At lower temperatures, isomer distribution accurately reflects the inherent reactivities of
the hydrogens of the alkanes. As the temperature is raised, chlorine atoms become more
reactive, and hence less discriminating. If the temperature is high enough, hydrogens are
replaced by chlorine on a purely statistical basis.
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10.16 (a) g o gH3 CH,
B 2 z + ?
H «aCl W H ‘Cl H\C _aCl
é 1 |
H, H, CH,
H, Cl’é‘H H™ ~ (|
H, CH, CH,
(25,45)-2,4-Dichloro- (2R ,45)-2,4-Dichloro-
pentane pentane

(b) They are diastereomers. (They are stereoisomers, but they are not mirror images of
each other.)

(c) No, (2R,4S5)-2,4-dichloropentane is achiral because it is a meso compound. (It has a
plane of symmetry passing through C3.)

(d) No, the achiral meso compound would not be optically active.

(€) Yes, by fractional distillation or by gas chromatography. (Diastereomers have dif-
ferent physical properties. Therefore, the two isomers would have different vapor
pressures.) :

(fand g) In addition to the (2S,4S)-2,4-dichloropentane and (2R,4S)-2,4-dichloropen-

tane isomers described previously, we would also get (25,35)-2,3- dlchloropentanc ]

(25,3R)-2,3-dichloropentane and the following:

CHCl CH, cH,
H;&ACI + Clgé,‘Cl + H\é‘Cl
&, &, ln,
&, du, du,

H, (lst éHZCl
(optically active) (optically inactive) (optically active)

10.17 (a) Seven (see below)

(b) (|IH3 B CHBr, CH,Br CH,Br CH,
) > H H
CH, heat, CH, + H‘C ~Br 4 B‘\(lt -ty Br,
light
‘%HQ é|H ‘%H T ‘%HZ
CH, CH, CH, CH, CH,
. ~ J
(a) (b) (c)
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H

B

H

Mile)

=~y
H

3

Cline

N\

3
;C‘Bl' +Bl‘\é‘H + H\é‘BI‘ + H\C‘Br + Bl'\c

H, H, H, CH,Br
-t o+

] T
g5~ H”SBr éHz 2 H,
H, H, . H,Br HBr

M@

H,

)
(@]
ey

(@ 1T
Ol

J CH,Br

(©

(d)

10.18 (a)

(b)

©

\ Y
(d) (e) (f) (&)

None of the fractions would show optical activity. Fractions (b), (d), and (f) are
racemic forms; all others contain achiral molecules.

Ions likely to be formed are the molecular ion (MT), Mt -Br, and others. The Mt
peak would be accompanied by M7 +2 and MT +4 peaks due to the isotopes of
bromine. The natural abundance of 7°Br is 50.5% and the natural abundance of
81Br is 49.5%. Thus, the MT peak (where both bromines are "’Br) has probabil-
ity (.505)(.505) = .255, the M +2 peak (one "Br and one ®'Br) has probability
2(.495)(.505) = .500, and the probability of the MT+4 peak (where both bromine
atoms are 8'Br) is (.495)(.495) = .245. Thus, the MT, M1 +2, and MT +4 peaks
will have an intensity ratio of approximately 1:2:1, respectively. (This calculation
does not take into account the contribution of >C, ?H, and other isotopes.) The
M -Br peak would also be accompanied by an MT-Br+2 peak.

No, the only fractions that would contain chiral molecules (as enantiomers) would
be those containing 1-chloro-2-methylbutane and the one containing 2-chloro-3-
methylbutane. These fractions would not show optical activity, however, because,
they would contain racemic forms of the enantiomers.

Yes, the fractions containing 1-chloro-2-methylbutane and the one containing 2-
chloro-3-methylbutane.

Yes, each fraction from the distillation could be identified on the basis of 'H NMR
spectroscopy. The signals related to the carbons where the chlorine atom is bonded
would be sufficient to distinguish them. The protons at C1 of 1-chloro-2-methyl
butane would be a doublet due to splitting from the single hydrogen at C2. There
would be no proton signal for C2 of 2-chloro-2-methylbutane since there are no
hydrogens bonded at C2 in this compound; however, there would be a strong sin-
glet for the six hydrogens of the geminal methyl groups. The protons at C2 of 2-
chloro-3-methylbutane would approximately be a pentet, due to combined splitting
from the three hydrogens at C1 and the single hydrogen at C3. The protons at C1
of 1-chloro-3-methylbutane would be a triplet due to splitting by the two hydro-
gens at C2.

10.19 Chain-Initiating Step

heat,hv
Cl, ———» 2Cl*
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Chain-Propagating Steps cl,

#1020 (a)

(b)

©
(d
O]

()

—> CH,CH,CH,* —*» CH;CH,CH,CI

Cle + HCl + Cl*

CH,;CH,CH,
Cl
» CH,CH* —» CH,CHCI + Cl*
H, +HCl H,
Three CH, CH,
Hu i waCl  ClaiaH
a ~C ¢
CH,CH,CH,CH, —» CH,CH,CH,CH,C1 + é + é
; H, H,
('JH3 H
I
J

Y
Enantiomers as a

racemic form

Only two: one fraction containing I, and another fraction containing the enantiomers
II and 111 as a racemic form. (The enantiomers, having the same boiling points, would
distill in the same fraction.)

Both of them.
The fraction containing the enantiomers.

The 'H spectrum for 1-chlorobutane would show a triplet at approximately 63.6-
3.8, whereas the hydrogens at C2 of 2-chlorobutane (either enantiomer) would
approximately be a pentet at §3.6-3.8. The DEPT spectra for 1-chlorobutane would
have three positive signals corresponding to the carbons of the three CH, groups
and one negative signal corresponding to the CH;. The DEPT spectra for the 2-
chlorobutane enantiomers would have only one positive signal corresponding to the
single CH, carbon, and three negative signals corresponding to the two CH; groups
and the CH carbon.

Molecular ions from both 1-chlorobutane and the 2-chlorobutane enantiomers would
be present (but probably of different intensities). Mt +2 peaks would also be pres-
ent. Both compounds would likely undergo C-Cl bond cleavage to yield C.Ho"
cations. The mass spectrum of 1-chlorobutane would probably show loss of a propyl
radical by C-C bond cleavage adjacent to the chlorine, resulting in an m/z 49 peak
for CH,C1™ (and m/z 51 from *’Cl). Similar fragmentation in 2-chlorobutane would
produce an m/z 63 peak for CH;CHC1" (and m/z 65).
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10.21

10.22

(a) Five
CH, CH,C1 CH3 CH, CH, CH,
ClniaH 0 cmé‘ﬂ Cl\éAH Clng=H LOING i
éH3 H, éH CH3 H2C1
A C D E

(b) Five. None of the fractions would be a racemic form.

(c) The fractions containing A, D, and E. The fraction containing B and C would be op-
tically inactive. (B contains no stereocenter and C is a meso compound.)

(a) Oxygen-oxygen bonds are especially weak, that is,

HO—OH DH® = 213 kJ mol ™!
CH,CH,0 —OCH, DH® = 184 kJ mol ™'

This means that a peroxide will dissociate into radicals at a relatively low temperature.

RO—OR 100200°Cy o,

Oxygen-hydrogen single bonds, on the other hand, are very strong. (For HO-H, DH® =
498 kJ mol~'.) This means that reactions like the following will be highly exothermic.

RO + R-H —» RO-H + Re

Chain

(b) Step! (CH),CO—OC(CHy, 2<% 2 (CH,),CO-
Initiation

Step2 (CH,;),CO+.+ R—H —>» (CH,;);COH + Re
Step3 Re + CI—CI —>» R—-Cl + CI* Chain
Propagation

Step4 Cl* + R—H —>» H-Cl + Re

CH, CH, CH,*

1023 CH éCHzCH > CH,CHCHCH, > CH CHCH,CH, * ~ CH,CHCH,CH,

(3% , (2°) 1°) 1%

1024 (1) Cl, —» 2Cl-  AH° = +243 kI mol ™!

() CI- + CH, —» CH),Cl + H- AH® = +85.8 kJ mol ™
(3) H- + Cl, —>» HCl + CI AH® = —188 kJ mol ™"

This mechanism is highly unlikely to compete with one given in Section 10.4 because
step (2) of this mechanism is highly endothermic (AH® = +85.8 kJ mol~!). This means
that the energy of activation for this step, a chain-propagating step, will have to be larger
than +85.8 kJ mol ~*. Notice in Section 10.5B that neither of the chain-propagating steps
for the mechanism given in Section 10.4 has an energy of activation greater than +15.9
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kJ mol L. The alternative mechanism given in this problem, consequently, will proceed
at a rate that is very much slower than the one given in Section 10.4 and will, for all
practical purposes, not compete with it at all.

B Nal
1025 (a) CH,CH, —2» CH,CHBr ——-—» CHCH,I

(5x2)
light
NaOH
(b) CH,CH,Br (%)——» CH,CH,0H %» CH,CH,0~ Na*
—th
[from part (a)] l CH,CH,Br
CH;CH,0CH,CH;,
© (CH3) COK
heat heat (E2)
light
CH; CH, CH;
| Br, | NaOEt |
(d) CH;CHCH,CH;, _he7> CH3C|CH2CH3 ——> CH;C=CHCH;
light Br heat HBr,
(E2) ROOR,
heat, light .
i
CH3(|3—C|HCH3
H Br
(by anti-
Markovnikov
addition)

Br,
(e) CH, W CH;Br
light
1) NaNH, 1) NaNH,

HC=CH ————2» HC=C—CH, ————2» CH,—C=C—CH,

2) CH,Br 2) CH,Br
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10.26

*10.27

*10.28

_ 1) NaNH, ) _ H,, Ni,B
= N —— ; = — 2 "2
() HC=CH 2) CH,CH,Br CH;3;CH,C=CH o
[from part (a)] H,, Lindlar’s
catalyst

CH,CH,CH=CH,
lHA, H,0

CH3CH2?HCH3
OH

+ +
() CH,CHBr + Na* 'N=N=N~ ——» CH;CH,—N=N=N"
N

Chlorine atoms are electronegative and abstract hydrogens according to their “electron
richness.” The electronegative fluorine atom reduces electron density in proportion to its
proximity to the different CH, groups. The CH; group is the least reactive site because
the bond dissociation energy for a CH, group is greater than that for a CH, group.

Besides direct H- abstraction from CS5 there would be many H- abstractions from the
three methyl groups, leading to:

Any of these radicals could then, besides directly attacking chlorine, intramolecularly
abstract H- from C5 (analogous to the “back biting” that explains branching during alkene
radical polymerization).

+ . — + HOH
H(>|/ HO HO
l dimerization g
” HWH

X
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Use the single-bond dissociation energies of Table 10.1:
Table 10.1 Single-bond homolytic dissociation energies DH° at 25°C
A:B —» A- + B
Compound kJ mol ! Compound kJ mol~!
H-H 435 (CH,),CH-Br 285
D-D 444 (CH,),CH-I 222
F-F 159 (CH3),CH-OH 385
c-cl 243 (CH,),CH-OCH, 337
Br-Br 192 (CH,),CHCH,-H 410
I-I 151 (CH,),C-H 381
H-F 569 (CH,),C—Cl 328
H-CI 431 (CH,),C-Br 264
H-Br 366 (CH,),C-1 207
H-1 297 (CH,),C-OH 379
CH,-H 435 (CH,);C-OCH, 326
CH,F 452 CeHsCH,-H 356
CH,—CI 349 CH,=CHCH,-H 356
CH,-Br 293 CH,—CH-H 452
CH,-1 234 CeHs-H 460
CH,-OH 383 HC=C-H 523
CH,~OCH, 335 CH,—CH, 368
CH,CH,-H 410 CH,CH,~CH, 356
CH,CH,-F 444 CH,CH,CH,~CH, 356
CH,CH,—CI 341 CH,CH,~CH,CH, 343
CH,CH,-Br 289 (CH,),CH-CH, 351
CH,CH,-1 224 (CH,),C-CH, 335
CH,CH,-OH 383 HO-H 498
CH,CH,-OCH, 335 HOO-H 377
CH,CH,CH,-H 410 HO-OH 213
CH,;CH,CH,-F 444 (CH3);CO—OC(CH3); 157
CH,CH,CH,—Cl 341 : :
nggzggf?r igz CeHsCO—OCCeHs 139
3G UH—
CH.CH.CH.—OH 383 CH,CH,0-OCH, 184
CH,CH,CH,-OCH, 335 CH,CH,0-H 431
(CH;),CH-H 395 ’
(CH,),CH-F 439 CH,C-H 364
(CH,),CH-Cl 339
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Chain-Growth Polymers

Al

A2

A3

1QA

Head-to-tail polymerization leads to a more stable radical on the growing polymer chain.
In head-to-tail coupling, the radical is 2° (actually 2° benzylic, and as we shall see in
Section 15.12A this makes it even more stable). In head-to-head coupling, the radical is 1°.

D
CH,=CH
~7 N OCH
@ RS + CHTQCH —> R—CH;~CH. ———>
(from (')CH3 H,
initiator) Monomer
&)
CH,=CH
OCH,
R-CH;~CH-CH—CH* ————> etc.
OCH, OCH,
S
N [Nen,=tc
(b) R + cryg\ca2 —» R—CH~CCL’ SH=CCh ,
(from Monomer
initiator)

™ e S
H,—=CC
R—CH—CCl, -CH;—CCl* SRRy e

In the cationic polymerization of isobutylene (see text), the growing polymer chain has a
stable 3° carbocation at the end. In the cationic polymerization of ethene, for example, the
intermediates would be much less stable 1° cations.

N CH,=CH. efc.
H* + CH=CH, —> CH,CH' — > CHCHCHCHS — >

1° Carbocation

With vinyl chloride and acrylonitrile, the cations at the end of the growing chain would
be destabilized by electron-withdrawing groups.

N CH,=CHClI etc.
H + CHCH —> cHCH —— > CH3CHCH2€H+ —>
¥ ¥

Cl o Cl Cl

N CH,=CHCN etc.
H + CHECH —> cHcH ————> CH3$HCH2$H" —>
¥

CN CN CN CN
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A4 . (,3N
CH,=C
VR CN CN_ : CO,CH,
HO + CH2:¢ —> HO—CHQéI:
CO,CH,4 CO,CH,
N
CH,=C
?N EN_ CO,CH,4
HO-CH;—C—CH;—C: » etc.

o,cH, Co,CH,

AS  (a)

(Ph = C{H,)

(Ph = C,H,)

Isotactic polystyrene
(Ph = C.Hy)

(b) The solution of isotactic polystyrene.
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SOLUTIONS TO PROBLEMS

11.1 These names mix two systems of nomenclature (radicofunctional and substitutive; see
Section 4.3F). The proper names are: isopropyl alcohol (radicofunctional) or 2-propanol
(substitutive), and zert-butyl alcohol (radicofunctional) and 2-methyl-2-propanol (substi-
tutive). Names with mixed systems of nomenclature should not be used.

112 @ > om \( e
H

1-Propanol 2-Propanol Methoxyethane
(Propyl alcohol)  (Isopropyl alcohol)  (Ethyl methyl ether)

H ,
® - >"on Y\OH \/T\ ~|—0H

1-Butanol 2-Methyl-1-propanol 2-Butanol  2-Methyl-2-propanol
(Butyl alcohol) (Isobutyl alcohol) (sec-Butyl alcohol) (rert-Butyl alcohol)

P S e W T

~N

1-Methoxypropane Ethoxyethane 2-Methoxypropane
(Methyl propyl ether)  (Diethyl ether) (Isopropyl methyl ether)

11.3  The presence of two — OH groups in each molecule of 1,2-propanediol and 1,3-propane-
diol allows their molecules to form more hydrogen bonds. Greater hydrogen-bond for-
mation means that the molecules of 1,2-propanediol and 1,3-propanediol are more highly
associated, and, consequently, their boiling points are higher.

G G
114 (2) CHCHOH  (b) CH,CHCH,  (c) CH,C—OH  (d)CH,CCH,CH,§
OH CH, OH

166
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11.5 A rearrangement takes place.

CH, CH, .
CHa—é—CH'—‘C/H:? HSO-H —> CH3—é—éH—CH3 1:2-methanide
I [ A shift

CH, H CH,
H
‘/—\ . + J)QH )’\ .
CH—¢—CH-CH, S, CH3—¢—(IZH—CH3 R
CH, CH, CH, CH,
OH

CI{:,—¢—c|:}1—c11l3

CH, CH;  2,3-Dimethyl-2-butanol
(major product)

CH, CH, CH,4
11.6 CH (ll—CH HeOA), ) ey —(ll—CHH A NaBH, o CH.—C—CH
6 @ CHC=CH, Thrmo S HEOAC 6= S 3
: OH OH
vy CH.CH—CH, JEOA% | 1 CHCH,HeOAc ——oity CH,CHCH
( ) 3 2 THF-H20 3 | 2 go ¢ OH™ 3l 3
OH OH
HO HgOAc OH
CH.C=CHCH, —EOA%,_ (y (li—éHCH NaBH, | cH (IJCH CH
© CHG= 3 "THF-H,0 3 3 ToH- e
CH, CH, CH,
. /\ -
\ / i 5, R—O-H |
11.7 (a) /C:C\ + +HgOCCF3 g _é\_&f_ o — = > |_(‘:_ o
. It
JHgOCCF, HgOCCF,
RO
=
HgOCCF,
O
_EH3 Hg(OCCEy) _EH3 | NaBH,/OH"
g 32 a
—CH, ———*%% (CH~C—CH,HgOCCF 4
(b)  CH; CH, THF-CH,OH 3 ,HgOCCE, demercuration
solvomercuration OCH3

CH,
CH,(%CH3 + Hg + CF,CO0
OCH,
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THF: BH
118 (2 3CH,CH,CH=CH, —> (CH,;CH,CH,CH,);B

CH, .. pm CH,
(®) 3 CHC=CH, ———> (CH,CHCH,);B

CH
THF: BH
(c) 3 CH,CH=CHCH, — > (CH3CHZéH)3B
CH, H
THF: BH, ' ‘
(d) 3 syn addition CH, + enantiomer
anti Markovnikov ]|3—
e THF: BH s
11.9 CH,C=CHCH, ———» CH3éH —CH—;BH
CH,
Disiamylborane
11.10 (a) CH;CH,CH,CH=CH (1) THE: BH, CH,CH,CH,CH,CH,OH
. a =
} lz-Peniene ? (H,0,0H e
(1) THF: BH,
b = C H,CH,CHCH,OH
CH,; CH,
2-Methyl-1-pentene
OH
(¢) CH,CH,C=CHCH (1) THE: BH, CH,CH CH(|3HCH
3 2 | 3 %)) HZOZ’ OH 3 2 | 3
CH;, CH,
3-Methyl-2-pentene
(|)H
(1) THF: BH,
= HCH,CH
(d) CH3CI CHCH,CH;, @) H,0,, OH CH3(|3HC ,CH,

CH; CH,;
2-Methyl-2-pentene

CH,

H

1) THF:BH
(e) <>—CH3 L———3—> + enantiomer
(2) H,0,, OH

1-Methylcyclobutene OH

THF:BH;
111 @ 3CHCHCH=CH, —
CH, CH,

3 CH3(IJHCH2CH2D
CH,

CH3(|3HCH2CH2 ‘) =B

CH,CO,D

Y
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—B—
¢+ BH. CH,CO,D
(b) CH,C=CHCH, JHE!BH,,, CH,CH tu-cH, ——>>

CH, CH,
CH3CIHCHDCH3
CH,
:BH, CH
(c) <>—CH3 T—HFLL) @(H e enantiomer)g&—coz—D>
B.- N
CH, |
H (+ enantiomer)
D
CH, D
CH,CO,T
@ THEF: BD, CH, CH,COT
B— (+ enantiomer)
D |
H
H,
T (+ enantiomer)

H

11.12 (a) CH,CH,0H + NaNH, —>» CH,CH,0ONa + NH,
Stronger Stronger Weaker Weaker
acid base base acid

®) CH,CH,0H + HC=CNa —» CH;CH,ONa + HC=CH

(c) CH;CH,0OH + NaOAc CH;CH,0ONa + HOAc
Weaker Weaker Stronger Stronger
acid base base acid

11.13  Use an alcohol containing labeled oxygen. If all of the label appears in the sulfonate es-
ter, then one can conclude that the alcohol C—O bond does not break during the reaction:

R-O-H + R=SOCl -(—%%j)—» R—"0—SO5-R'

PCl,
_CHOH _ Hc SO.OCH
base (—HCI) 3 23
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PCl (CH;),CHCH,0H
b s > 3) 208 o
(b) CH,;SO,0H (=POCl,, —HCI) CH,S0,Cl base (—HCI)
CH;S0,0CH,CH(CH,),
(CH,),COH
(c) CH,S0,Cl W CH,S0,0C(CH,),
H, C H,C
1115 (a) Huu/ "C—OH + TsClI Le(%%)n_, H'? ~C—OTs
H;C, B;C,
(R)-2-Butanol
/_icg inversion /CH3
b)) HO + HlyC —OTs —) HO“C{'H + OTs
HC, C,Hs
) TsCl
( ¢ H OH retentlon anCl'SlOIl
3
cis-4-Methyl- trans-l Chloro-4-
cyclohexanol methylcyclohexane

11.16 (a) Tertiary alcohols react faster than secondary alcohols because they form more stable
carbocations; that is, 3° rather than 2°: '

CH, CH3
CH; —O—-H <———’ CH; \ + HO

CH H
. \ CH,
—é—Cl

3

(b) CH,OH reacts faster than 1° alcohols because it offers less hindrance to S2 attack.

(Recall that CH,OH and 1° alcohols must react through an Sy2 mechanism.)

—_— -
11.17 _ CH3CHC|:HCH3 + HBr <«—— CH3CHC|HCH3 + Br
Tl—Hzo
CH, CH, CH,
Br~ 1,2
< <
CH,CCH,CH, CH,CCH,CH; <= CH,CHCHCH,
Br shift
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CH, CH,
H,0
e
CH3 CH3 CH3
CH,
CH; —é——b—R 4y cH; —é—o—R
G, H CH,

This reaction succeeds because a 3° carbocation is much more stable than a 1° car-
bocation. Consequently, mixing the 1° alcohol and H,SO, does not lead to formation of
appreciable amounts of a 1° carbocation. However, when the 3° alcohol is added, it is
rapidly converted to a 3° carbocation, which then reacts with the 1° alcohol that is present

in the mixture.

CH CH
i 3 _/\ [ 3 i
11.19 (@ (1) CH,CHO Na" * ca}‘L —» CH,CHO-CH, * L * Na'
(L = X, OSO,R, or OSO,0R)

/"\CH3 CH3 _
(2) CH,0™ + CH—éH—L —» CH,0- CHCH + L
(L =X, OSO,R, or OSO,0R)

(b) Both methods involve Sy2 reactions. Therefore, method (1) is better because substi-
tution takes place at an unhindered methyl carbon atom. In method (2) where substitution
must take place at a relatively hindered secondary carbon atom, the reaction would be ac-
companied by considerable elimination. ‘

11.20 Reaction of the alcohol with K and then of the resulting salt with C,H;Br does not break
bonds to the stereocenter, and these reactions therefore occur with retention of configu-

ration at the stereocenter.
Reaction of the tosylate, C(,HSCH2CIHCH3, with C,Hs;OH in K,COj solution, however,

OTs
is an Sy 2 reaction that takes place at the stereocenter and thus it occurs with inversion at

the stereocenter.

i L) N
2 O—CH, CH, T C-CH, CH, —> C{IZ CH, + a
OH 101" o
~ 4 HO
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R paiin™
1122 () HO + HOCHyCH;Cl <= HO + 'OfCIlz—CH?CI —>

0]
N -
H,C—CH, +Cl
(b) The —O group must displace the CI” from the backside,

OH (O
OH™ Sn2,
H H «—— H H ——= epoxide
Cl Cl

trans-2-Chlorocyclohexanol

Backside attack is not possible with the cis isomer (below); therefore, it does not

form an epoxide.
H

OH
H

Cl
cis-2-Chlorocyclohexanol

CH, CH, , ,
| —
123 @ cH=C -Hy cu-¢r ROy oyl _pr Hy CH—C—OR
3 3 ] 3
CH, CH, H, H H,

(b) The fert-butyl group is easily removed because, in acid, it is easily converted to a rel-
atively stable, tertiary carbocation.

CH, CH,€ $H3
() CH-C—0-r —E> CH—C—b R —> CH—C + HOR
H, CH3
CH—&—OH PE: CH—(':—OH2 4——| ‘—» CHT——(IZ
&, H,
H p
/ 'R
1124 (a) CH30—C{,"CH3 + HI —» I° + CH—g—C{,"CH —>
CH,CH, CH,CH,
H
ICH, + HO—C{,"CH
CH,CH,
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SN2 atiack of I~ occurs at'the methyl carbon atom because it is less hindered;
therefore, the bond between the sec-butyl group and the oxygen is not broken.

(b) CHfO-C(CH), + HI —> CHy-O-C(CHy, + I

VoL

CH,
CHOH + CHyCh ——>» CH3—é|—1
CH

CH, !

In this reaction the much more stable tert-butyl cation is produced. It then combines
with I" to form tert-butyl iodide. )

b
HA ¥~ CH,—0H
1125 (a) Hzc\—/CH2 —> Hzc\——/CH2 — = (IJHZ—CHZ

(|)+ OH
H

—A—_—> HOCH,CH,0CH;,
Methyl Cellosolve

(b) An analogous reaction yields ethyl cellosolve, HOCH,CH,0CH,CH,.

I
I~ | H,0 -
(c) Hzc\—/CH2 —> (IIHZCHZ —2—» HOCH,CH,I + OH
(0] ('}
T
:NH
(d) Hzc\—-/cn2 —3> C|H2CH2 —> HOCH,CH,NH,
o-
OCH,
CH,0” | CH,OH

(e) HC—CH, — > (|IH2CH2 ———» HOCH,CH,0CH; + CH;0"

o-

11.26 The reaction is an Sy2 reaction, and thus nucleophilic attack takes place much more
rapidly at the primary carbon atom than at the more hindered secondary carbon atom.

CH g—{B—C’H/+\ - faty, oy g(}JI;IzOCH Major
N/ ? CH,O  “ch,0d” 3 3 product
O OH
EH:, 1 g}g
—_ . . slow Mi
CH,C—CH, * > CH,CCH,OH 1not
N/ CH,0  cH,0H T Hy product
0 OCH,
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11.27 Ethoxide ion attacks the epoxide ring at the primary carbon because it is less hindered,

and the following reactions take place.

NS » *
Cl-CH~-CH—CH, + OC,H; —> Cl—-CH2—(|:H——CHZOCZH5

\of) A 5
x*
—» H,C \——/CH —CH,0C,H,
0]
H
11.28 %
—> OH
ll'lH
H0"
- H
—> “OH
.I”'[_I
OH
11.29 Na*CN~ Na'Cl’
Aqueous
—>
+ -« * phase
R,N'CI R,N'CN
R,N'Cl R,N'CN Organic
+ A + phase
‘ (decane)
CH,(CH,),CN CH,(CH,),C1

11.30 (a) b
g\o/ﬁ ( )[:O/_\Oj
G 0 o
\—);12Crown-5 \_/ 12-Crown-4

11.31 (a) 3,3-Dimethyl-1-butanol
(b) 4-Penten-2-ol
(c) 2-Methyl-1,4-butanediol
(d) 2-Phenylethanol
(e) 1-Methyl-2-cyclopenten-1-ol
() cis-3-Methylcyclohexanol
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HOCH,CH,
H,C_ CHOH \_ 4OH
132 (a = (b) g
i H HOCH,
OH
(c) )
OH H
() CH,CH,C=CCHCH,0H (f) H,C—CH,
a Hzé\ /éHZ
o)
(g) CH,CHCH,CH,CH, (h) CHSCHz—C)—@
J)CHZCH3
CH, CH,
) cnsén —o—éHCH3 (j) CH,CH,—O—CH,CH,0H
THF:BH
1133 (a) CH,CH,CH=CH, (hydmbomﬁ; g (CH,CH,CH,CH,);B
H,0,/0H"
Coxidation) CH,;CH,CH,CH,0H

(b) CH,CH,CH,CH,a Xy CH,CH,CH,CH,0H

C OK/(C H
(CH),CORICIV.CR CH,CH,CH=CH,

(c) CH,CH,CHCH,
1
HBr OH"
<00 CHCH,CH,CH,Br % CH,CH,CH,CH,0H
_ H, _
(d) CH,CH,C=CH W CH,CH,CH=CH,
[as in (a)]

———» CH,CH,CH,CH,0H

1134 (@ 3 CHCHCHCH, + PBry —> 3 CH,CH,CHCH, + HpO,

H Br
PB, (CH,),COK
(b) CHCHCHCHOH —» CHCHCHCHBr ~ o con
CH,CH,CH=CH — CH,CH,CHCH
;CH,CH=CH, (no peroxides) CN N
Br
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11.35

11.36

(c) See (b) above.

HBr
_ =CH, ————>
(d) CH,CH,C=CH —-——-—>N B2 CHCH,CH=CH, o e
CH,CH,CHCH,
Br

OH Cl
@ O/ + soc, —> O/ + S0, + HC
Cl
(b) O + HCl —>» O/
CH,
© __HBr Hs
(no peroxides)
CH
@ 3 (1) THF: (D THF: BH, | """CH + enantiomer
@000 > oniH
Br
CH,OH
H, t BuOK (1) THF: BH3 H,
() BuOH “@H,0, 00

(@) CH,CH,CH,CH,0ONa Sodium butoxide
(b) CH3CH2CHZCH20C1'12CI{2CH3 Butyl propyl ether

(¢) CH,SO,0CH,CH,CH,CH, Butyl mesylate

(d H3C“©’8020CH2CH2CH2CH3 Butyl tosylate

(e) CH,0CH,CH,CH,CH, 1-Methoxybutane
(f) CH,CH,CH,CH,I Butyl iodide
(g) CH,CH,CH,CH,CI Butyl chloride

(h) same as (g)
i) CH3CH2CH2CHQOCH2CH2CH2CH3 Dibutyl ether

(j) CH,CH,CH,CH,Br Butyl bromide

© 2000, Modulo Editeur inc. / © 2000 John Wiley & Sons Inc.



k)
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1137 (a)

(b)

()

(d)

(e)
63

(g)

(h)

(i)

)

(k)

®

11.38 (a)

(b)

ALCOHOLS AND ETHERS 177

CH,
CH3CH2CH2CH20—SIi—C(CH3)3 Butyl fert-butyldimethylsilyl ether
CH,
CH,CH,CH,CH,OH 1-Butanol
o,
CH,CH,CHONa Sodium sec-butoxide
G,
CH,CH,CHOCH,CH,CH, sec-Butyl propyl ether
"
CH,SO,0CHCH,CH,4 sec-Butyl mesylate
o
H;C—<<:>>*5020CHCH2CH3 sec-Butyl tosylate
CH
CH3OéHCH2CH3 2-Methoxybutane
CH3C|HCH2CH3 sec-Butyl iodide
I
CH3CIIHCH2CH3 sec-Butyl chloride
Cl
same as (g)
SN &
/C =C\ mainly, trans-2-Butene
H CH,
CHj(fHCHZCH3 sec-Butyl bromide
Br
CH;,
CH3CH2(I3HO—Si—-C(CH3)3 sec-Butyl tert-butyldimethylsilyl ether
CH; CH;,
CH3CH2(|3HCH3 2-Butanol
OH
CH,Br + CH,CH,Br (¢) Br-CH,CH,CH,CH,—Br
CH,
CH3(|¥ —Br + CH,CH,Br (d) Br-CH,CH,—Br (2 molar equivalents)

CH,
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1139 H,C CH, H,C_CH; H,C CH, CH,
OH ., OH, UH { _CH,
H &> H <= —> H
+ H,0 3° Carbocation
is more stable

CH CH,
1140 (a) cm—é—cn:cn2 + THF:BH, —» CH3—('3-CH2——CHZ B
H, H,
- CH,
H,0, OH. B0 o ~¢—CH—CH,0H
H3

(1) THE: BH,
(2) HO,, OH, H,0

— ()THREBH,
© @CH_CHZ (2) HO,, OH, K0 ~ @CH&%OH
H
' CH, (1) THR BH, ' |
@ @/ (2) HO,, OH,H,0 > "I(}:{H3 + Cnant#omer

(b) CH,CH,CH,CH,CH=CH, » CH,CH,CH,CH,CH,CH,0H

H H
1141 (a) SN )) p (© H
H, CH, H,
H D D
GHs Br (I:H3
1142 (a) CH3dHCH3 ——Z%—» CH,CCH,
heat, hv |
Br
. gH3 CH,CH,ONa gH3
(b) CH,(CH; ~cycmon > CH,C=CH,
Br
CH, CH,
| HBr l
(¢) CHC=CH, —eroxiges > CH;CHCH,Br
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CH, i CH,
(@) CHCHCHBr ——S_» CH,CHCH,I

acetone

CH, OH- CH,
(e) CH3dHCH2Br W CH,CHCH,OH
x (u:H3 (1) (BH,) H
cHl=cH, 28%: . oy duc,oH
(2) H,0,,0H
d 3 H,0',H,0 s
(f) CHC=CH, — == CH,CCH,
OH

CH, . CH,
a
() CH,CHCHBr 2ty CH,CHCH,0CH,

CH,OH
s CH,CON 9
) CHCHCHBr SNy oy dhc,0cCH,
cH,CoH

CH, CH,
@) cHCHCHBr NNy cdHCH,CN

s CH,SN h
. a :
() CHCHCHBr ~—2 2y CH,CHCH,SCH,
o CH, CH.SH CH,
CHC=CH, —eoies® CH,CHCH,SCH,
s CBy, s
(k) CH,C=CH, peroxides > CH,(CH,CBr,
Br
(l) HCl “
1143 (a) <j + HC-OOH —» 0 2> + enantiomer
oK

(b) The trans product because the CI attacks anti to the epoxide and an inversion of
configuration occurs.

Cl
H H - -
). X | on H
H + enantiomer
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CHs CH
NaNH, CH,CH(CH,),Br ) 3
1144 HCSCH - i» HC=CNa — ———> CH,CH(CH,),C=CH
. 3
A CH,o

NaNH, CH,(CH,)sBr

B (CgH 1 SNa) C (C 19H36)

H3
Ni,B (P-2) -
H/ \'I D (CygHy)

H3
CH,CH(CH,),
C

(CH,),CH,

—

/ \ /4
7 %0’ Y E (C,H,0)

(1) THF: BH,

é:H
CH,CHCH,OH
(2) H,0,,OH~ ;CHCH,

CH,
1145 (a) CH3é:-CH2

3 (1) THF: BH 3
(b) CH,C=CH, ~3icpcor”> CH;CHCH,T

CH, CH, CH
| THF: BD / CH,CO,T, 3
) CHC=CH, "2 CHC—CHyB — i3 CH,CCH,T
| \ |
D D
e G CH,CH,B
(d) CH,CHCH,0H -™» CH,CHCH,0Na ——%—»
CH,
CH,CHCH,~O—-CH,CH,
Hg(OA
1146 (a) CH,CH,CH,CH=CH, Hp(OAch,, CH3CH2CHZSHCH2HgOAc
H
NaBH,
? CH3CH2CH2(IZHCH3
OH

CH=CH Q)_Hg% CHCH
(b) —~"2 (2)NaBH/OH" (L)H 3

CH, CH,
A CH,CH(CH,),C=CNa ——2"5 CH,CH(CH,),C=C(CH,),CH,
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CH,
1) Hg(OAc)
(c) CH,CH=CCH,CH, -~—tioAck

@ O=CHCH3

M I|CH3
+ enantiomer
OH

(2)NaBH /OH"

(1) Hg(OAc), )
(2)NaBH JOH"

" lI|CH3
C= + enantiomer
"OH

(b) Diastereomers

.|l|(:I‘I3
+ enantiomer

(c) D=

g

@) E = H3CNOMS
H
H
CH,

(e) H = CH3CH2-—C€....,H

ONa

CH,

/
H K= CH3CH2_C{III|H

OMs

(g) Enantiomers

=ty

H
=CH
F= HC =

ALCOHOLS AND ETHERS

CH,

CH,CH,{CH,CH,

X

H,CH,

-|II|CH3

+ enantiomer

H

Ts

C=CH
H

CH,

/
J= CH,CH;—Comy

OCH,

CH,

H

181
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*11.48 The reactions proceed through the formation of bromonium ions identical to those formed
in the bromination of trans- and cis-2-butene (see Section 8.7A).

Br\ CH, Bn\'\ CH,
s 3 -H,0
A H",..-C"‘C‘H S Hlln"‘C C‘H —>
4d 4 Q\é
H,C OH H,C H,
+ Br
H, /B \ CH, Bg __=—CH3 (Attack at the other carbon
; o H"""C—C atom of the bromonium ion
H,C )\H u CI Br gives the same product.)
3
meso-2,3-Dibromobutane
Br\ H Br\ H
= HB = -H,0
B Hul'}c—ci‘ s HIIII')C_C\‘ CH, =0y
H,C OH  HC C><5H2
(a) H,C r
H"III|. P
4 C_C-‘
Br / L CH,
Hu, /vl BT H
H, c/ ~cH
J(b) 3 oA
(b) " ‘aCH,
——) HHI IC_—C\
H,C Br
(%)-2,3-Dibromobutane
(CH)), (CH,),
*11.49 . Socl, R H
R
H OH H
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HO H
*11.50 R S
HO OH
V\achlral ‘/gH
H H H H
R S R S
HO % OH HO 7 OH
OI;I pseudoasymmetric fH
C D

A and B are enantiomers

A, C, and D are all diastereomers
B, C, and D are all diastereomers
C is meso

D is meso

183
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ALCOHOLS FROM CARBONYL
COMPOUNDS:
OXIDATION-REDUCTION AND
ORGANOMETALLIC COMPOUNDS

SOLUTIONS TO PROBLEMS
H 3 H=-3
121 (a) H—é—O—H 1 O =+1
I—II Total = -2 = oxidation state of C
o) 1 H=-1
& 30=43
H O-H Total =+2 = oxidation state of C
0 2 0 =22
=+
H_é—H Total = 0 = oxidation state of C
o 0
|
(b) CH, CH,OH H-&61 wd-oH  co,
4 2 0 +2 +4

(c) A change from —2to 0
(d) An oxidation, since the oxidation state increases

(e) A reduction from +6 to +3

HH HQ
122 (@) H—#—#—OH H—(’I:—é—n

H H H \

A A A AL
r Y s \ r \ 4 N
3H=3 2H=2 3H=3 '1H-=-
1c=0 1C=0 1C=0 1C=0
Total= 3 1.0 =+1 Total= 3 2 O =42
Total = -1 Total =+1

185
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186  ALCOHOLS FROM CARBONYL COMPOUNDS

12.3

(b) Only the carbon atom of the —CH,OH group of ethanol undergoes a change in ox-
idation state. The oxidation state of the carbon atom in the CH;— group remains un-
changed.

©) H O
|
H—lﬁ-—é—on
H The oxygen-bearing carbon atom increases its ox-
idation state from +1 (in acetaldehyde) to +3 (in
A _A .
3 H = _3\ r 1 ¢ = 0\ acetic acid).
1C=0 30=4+3
Total = -3 Total =+3

(a) If we consider the hydrogenation of ethene as an example, we find that the oxidation
state of carbon decreases. Thus, because the reaction involves the addition of hydrogen,
it is both an addition reaction and a reduction.

H H HH

H-&=tn + B, N> H-(CoH
| H H

2H=2 3H=3

2C=0 1C=0

Total = - Total = -3

(b) The hydrogenation of acetaldehyde is not only an addition reaction, but it is also a
reduction because the carbon atom of the C=0 group goes from a + 1 toa — 1 oxidation
state. The reverse reaction (the dehydrogenation of ethanol) is not only an elimination re-
action, but also an oxidation.

lon-Electron Half-Reaction Method for Balancing Organic
Oxidation-Reduction Equations

Rule 1

Rule 2

Only two simple rules are needed:

Electrons (e™~) together with protons (H*) are arbitrarily considered the reducing agents
in the half-reaction for the reduction of the oxidizing agent. Ion charges are balanced by
adding electrons to the left-hand side. (If the reaction is run in neutral or basic solution,
add an equal number of OH ~ ions to both sides of the balanced half-reaction to neutral-
ize the H*, and show the resulting H* + OH~ as H,0.)

Water (H,0) is arbitrarily taken as the formal source of oxygen for the oxidation of the
organic compound, producing product, protons, and electrons on the right-hand side.
(Again, use OH ™ to neutralize H* in the balanced half-reaction in neutral or basic media.)
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Write a balanced equation for the oxidation of RCH,OH to RCO,H by Cr,0,2~ in acid
solution.

Reduction half-reaction:

Cr,02~ + H* +e-—» 20 + TH,0

Balancing atoms and charges:

Cr,02~ + 14H* + 6e~ = 2C* + 7TH0

Oxidation half-reaction:
RCH,OH + H,0 = RCOH + 4H* + de-
The least common multiple of a 6-electron uptake in the reduction step and a 4-electron

loss in the oxidation step is 12, so we multiply the first half-reaction by 2 and the second
by 3, and add:

3RCH,0H + 3H,0 + 2Cr,0,2~ + 28H* = 3RCO,H + 12H* + 4Cr* + 14H,0
Canceling common terms, we get:
3RCH,0H + 2Cr,0,2~ + 16H* = 3RCO,H + 4Cr* + 11H,0

This shows that the oxidation of 3 mol of a primary alcohol to a carboxylic acid requires
2 mol of dichromate.

Write a balanced equation for the oxidation of styrene to benzoate ion and carbonate ion
by MnO, ~ in alkaline solution.

Reduction:
MnO,~ + 4H* + 3¢~ = MnO, + 2H,O (inacid)

Since this reaction is carried out in basic solution, we must add 4 OH~ to neutralize the
4H* on the left side, and, of course, 4 OH ™ to the right side to maintain a balanced equa-

~ tion.

MnO,~ + 4H* + 40H- + 3¢~ = MnO, + 2H,0 + 4 OH~

or, MnO,~ +2H,0 + 3¢~ =MnO, +4 OH~
Oxidation:

ArCH=CH, + SH,0 = ArCO,~ + CO;2~ + 13H* + 10e~

We add 13 OH ™ to each side to neutralize the H* on the right side,
ArCH=CH, + 5H,0 + 13 OH~ = ArCO,~ + CO,2~ + 13H,0 + 10e~
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The least common multiple is 30, so we multiply the reduction half-reaction by 10 and
the oxidation half-reaction by 3 and add: ‘

3ArCH=CH, + 39 OH- + 10MnO,~ + 20H,0 = 3ArCO,~ + 3CO;2~ +
24H,0 + 10MnO, + 40 OH-

Canceling:
3ArCH=CH, + 10MnO,~ = 3ArCO,~ + 3CO,2~ + 4H,0 + 10MnO, + OH~

SAMPLE PROBLEMS

Using the ion—electron half-reaction method, write balanced equations for the following

oxidation reactions.

(2) Cyclohexene + MnO,~ +H* >  HO,C(CH,),CO,H + Mn?* + H,0

(b) Cyclopentene + MnO,~ + H,0 LoDy, cis-1,2-cyclopentanediol + MnO,+ OH~

(¢) Cyclopentanol + HNO, 3  HO,C(CH,);CO,H + NO, + H,0
3 2 273 2 2 2

@ 1,2,3-Cyclohexanetriol + HIO, >3 OCH(CH,),CHO + HCO,H + HIO
4 273 2 3

SOLUTIONS TO SAMPLE PROBLEMS

(a) Reduction:

MnO,” + 8H" + 5¢ = Mn** + 4HO
Oxidation:
i 4H0 = cof -, * o+ 8e
AR COH 8H' + Be
H
The least common multiple is 40:
8MnO, + 64H' +40e = 8Mn** + 32HO
s H _[(coH . :
+ 20H,0 = COH + 40H" + 40e
H :

Adding and canceling:

H ) ' COH
> + 8Mno, + 24H =5\ _com * 8Mn?* +12HO

H
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(b) Reduction:
MnO,” + 2H,0 + 3¢ = MnO, + 4OH

Oxidation:

H
@ + J0H = + 2
OH

The least common multiple is 6:
2MnO; + 4H,0 + 6¢ = 2MnO, + 8OH

H
3@ + 60H = 3 + 6e
OH

Adding and cancelling:

H
3 @ + 2MnO; + 4H,0 =3 <IO +2MnO, +20H

OH

(¢) Reduction:
HNO, + H¥ + ¢ = NO, + HO

Oxidation:
OH

O,H
O,H

The least common multiple is 8:
8HNO, + 8H' + 8¢ = B8NO, + 8H0
OH

+ 3HO = OH ot o,
2 O.H 8H 8e
)

Adding and cancelling:

OH | OH
+ 8HNO, = on *+ 8NO, + SHO
2

(d) Reduction:
HIO, + 2H" + 2¢ = HIO, + HO
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Oxidation:
HO.oH CHO O
H, +HO = ( + HC-OH + 4H' + 4¢
CHO
H
The least common multiple is 4:
2HIO, + 4H' + 4e = 2HIO, + 2H0
HOLoH CHO 0
H = ' -
0H+H20_< +H(f—OH+4H" + 4e
\ CHO

Adding and cancelling:

HOL & on

CHO O
H - <
o + 2HIO,

+ HC-OH + 2HIO, + HO

CHO

H

124 (a) LiAlH,
(b) LiAlH,
(c) NaBH,

125 (a) <ONH+ CrO;C1~(PCC)/ICH,Cl,

(b) KMnOy, OH,” H,0, heat; then H;0*
(¢) H,CrQO,/acetone

d (1) O35 (2 Zn,HOAc
T TN
126 (a) CHg:Li + H-OH —>
Stronger Stronger
base acid
& (3t Q
(b) CHs:Li + H-OEt R
Stronger Stronger
base acid

C6H6 + LiOH
Weaker Weaker
acid base
CH, + LiOEt
Weaker Weaker
acid base
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Mg 58 ™ DOD
12.7 Br —>» :MgBr —>» D

¢l &5
12.8 @MgBr + Cc=0 —>» @ Yo Mgpr| MEBCL,

191

0o OH
I (1) ether |
129 (a) (1) CH;CCH,CH; + CH;Mgl -(5NH—+> CH3$CH2CH3
4
: CH,
(o} OH
Il ' (1) ether I
(2) CH,CCH; + CH,CH,MgBr W CH3(|3CH2CH3
4
CH,
o} OH
I (1) ether |
(3) CH,CH,COCH,CH; + 2CH;Mgl W CH3(|3CH2CH3
- 4
CH,
OH
I (1) ether
® () CHCHCCH,CHy + CH;Mgl -7or=> CH3CH2(|3CHZCH3
4
CH,
OH
I (Dether o CH,CH,CCH,CH
(2) CH;CH,CCH; + CH;CH,MgBr W SOH,CCH,CH,
CH,
0 OH

(1) ether

I I
() CH,COCH, + 2CH,CH,MgBr ———> CH3CH2C|CH2CH3

() NH*
CH,
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0 OH
| 1) eth
© (1) CHCH + BrMgCHCH,CH, %O%r» CH#H(%HCHZCHS
3
CH, G
CH CH,
IO (1) eth QH
ether,
(2) CHMgl + HCCHCHCH, oo CH,CHCHCH,CH,
3
i GH,
CH CH, -
0 OH
1l (1) ether
@ @ @—CCH3 + CH,CH,CH,MgBr W @—-(IECHQCHZCH3
* CH,
0 | 1) eth \
@) @—CCHZCH2CH3 + CHMgl 7(2-));—;%—» ©—¢CH2CH2CH3
4 [0 CH3
0 1) eth o
(3) CH,CCH,CH,CH, + CHMgBr -é—;;ﬁe{—» <®—élcrl2c1{2c113
* CH,
q (1) ether
© (1) CHCOEt + 2CHMgBr ~— o (C/Hy),COH
(2) NH,
q (1) ether
@) CHLCH, + CHMgBr — > (CH),COH
(2) NH,
(0] OMgBr
PCC C6H5MgBl'
1210 () CHCHCHOH 5o cu,cHCh s CH,CH,CHCH,
OH

H,0* I
W CH,CH,CHC¢H,

Il 0]
(1) HCH, ether PCC |
,
(b) CHMgBr —————»(2) T CHCH,0H ¥ C6HSéH
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O 2 CHMgBr OMgBr NHL* (|)H
(¢) CH,CH,COCH, ————> CH (CH,CH, o> CAHCCHCH,

[from part @)] H 2 H

OMgBr

(d) CH,CHCH,O0H W CH, CHHH —> CH, CHéHC H;

H, o H, H,
OH
HZO —» CH,CHCHCH,
H,

1211 (a) (CH,),CHCH,0H + (CH,),C=CH,

(b) (CH,),CHCH,CN (c) (CH,),C=CH,

(d) CH,CHCH,OCH, + (CH,),C=CH,

CH,

OH OH

(e) (CH3)2CHCH2—¢—CH3 (f) (CH,),CHCH,CHCH,
CH,
OH

(8) (C}13)2CHCH2d|CHZCH(CH,)2 (h) (CH,),CHCH,CH,CH,0H
CH,

(i) (CH,),CHCH,CH,0H (i) (CH,),CHCH,

(k) (CHy),CHCH, + CH,C=CLi

OH
12.12 (a) CH,CH, (b) CH,CH,D (c) CH,CHCH,CH,
OH OH
(d) C6H5—(:J—C6H5 (e) CgHg— é—cnpn3 (®) cﬁns-él—crxzcu3
CH,CH, CH,CH, CH,
OH

() CH,CH, + CH,CH,C EC—&HCH3

(h) CH,CH, + @—MgBr
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OH  OH
1
1213 (a) (CH,),CHCHCH,CH,CH, (b) (CH3)2CHéICH2CH2CH3
CH,
OH
(c) CH,CH,CH, + CH,CH,CH,C Ec-lé—cn3 (d) CH,CH,CH,
CH,
(e) CH,CH,CH,CH,CH=CH, ) CH3CH2CH2—-<:l
CH,CH,CH,  CH,
(g) c=q (h) CH,CH,CH,CH,
H H

12.14

Note: This variation of the Corey-Posner, Whitesides-House synthesis is stereo-
specific.
(i) CH,CH,CH,D

(a) LiAlH, (@ (1) KMnO,, OH-, heat,  (2) H;0*
(b) NaBH, (e) PCC/CH,CI,
(©) LiAlH, -

1215 (a) 3(CH),CHOH + PBr, —> (CH,),CHBr + H}PO,

(CH),CHBr + Mg <2  (CH,),CHMgBr
372 372

(é)l (1) ether, EH
(CH,),CHMgBr + CHCH ;¥ (CHy),CHCHCH,
3
0
1 (1) ether

(b) (CH;,CHMgBr + HCH ———>» (CH,),CHCH,0H
[from part ()} @) H,0
/O\ (1) ether
(c) (CH,),CHMgBr + H,C—CH, _(_2)-H3_OT> (CH,),CHCH,CH,0OH
[from part (a)]

SOCL
(CH3)2CHCH2CH2C1
0] OH
1l (1) ether é
(d) (CH,),CHMgBr + HCCH(CH,), W (CH,),CHCHCH(CH,),
3

[from part (a)]
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(e) (CH,),CHMgBr + DO —>» (CH,),CHD
[from part (a)]

(f) (CH),CHBr + Li —> (CH,),CHLi %» [(CH,),CH],CuLi

(from part (a)]

RGN 5 &
12.16 (a) CH,:Li + H9CEC—CH2CH3 —>» CH, + Li:C=CCH,CH,

0 C=CCH,CH,
SN NH
(b) + Li:C=CCH,CH, —»
c=CcHcH,

H\ /H
HO_ C=C

N
CH,CH
0 (Y e

CH,CH,C=C o?Hr\ CH,CH,C=C_ o'Ng*

Q
) é Na:H é CH,CH, ~0SO,CH,

CH,CH,C=C_ OCH,CH,
+  0SO,CH,

(e) CH,CH,CHCH,
H

(f) CH,CH,CHCH,
SO,CH,
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0
I
@ CH3CH2(‘2HCH3 + Na*~OCCH; —> CH3CH2(|?HCH3
Q_OSOZCH3 OﬁCHs
o}

(h)

1217 (a)

(b)

(c)

(d

(e)

¢9)

(g)

(h)

(1)

()

(k)

+ Na* 0SO,CH,
CH,CH,CHCH, + CH,CH,0H
OH

PB
CH,CH,CH,CH,CH,OH —%» CH,CH,CH,CH,CH,Br

(CH;);,COK

CH,CH,CH,CH,CH.Br ——————3% CH,CH,CH,CH=C
[ﬁlOSmI-?a)]HZ 2 2 (CH3)3COH 3 H2 H2 H2
(¢)) Hg(OAc)le HF-HZO
CH,CH,CH,CH=CH, ————— > CH,CH,CH,CHCH,
[from (b)] (2) NaBH, OH
H,CrO,
CH,CH,CH,CHCH, -2==5» CH;CH,CH,CCH,

[from (¢)] OH

CH,CH,CH,CHCH, LLLTS CH,CH,CH,CHCH, |
[from ()] OH Br 0
Mg ' (1) HCH
CH,CH,CH,CH,CH;Br % CH,CH,CH,CH,CH,MgBr - ===
[from (a)] 3
CH,CH,CH,CH,CH,CH,0H
o)

/ \
1) BC—CH
CH,CH,CH,CH,CH,MgBr DACTTL, CH,CH,CH,CH,CH,CH,CH,0H

[from ()] @) H,0

PCC 1
CH,CH,CH,CH,CH,0H -5 CH,CH,CH,CH,CH

H,Cro,
CH,CH,CH,CHCH; = CH,CH,CH,CCH,€

acetone, H,0
[from (c)] OH 0

(1) KMnO,, OH ", heat
(2) H,0*

1]
CH,CH,CH,CH,CH,0H » CH,CH,CH,CH,COH

H,SO,
(1) CH,CH,CH,CH,CH,OH 2=5» (CH,CH,CH,CH,CH,),0

(2) CH,CH,CH,CH,CH,OH —28% CH,CH,CH,CH,CH,0Na

H)
CH,CH,CH,CH,CH;Br
[from (2)) » (CH,CH,CH,CH,CH,),0
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Br, 3 NaNH,
()’ CH,CH,CH,CH=CH, o> CHCH,CH,CHCHBr 7r=—">

[from (b)] Br
CH,CH,CH,C=CNa —» CH,CH,CH,C=CH
(m) CH,CH,CH,C=CH —"»  CH,CH,CH,C=CH,
[from (D)] Br

(n) CH,CH,CH,CH,CH,Br Et—‘o> CH,CH,CH,CH,CH,Li
[from (a)]

(0) CH,CH,CH,CH,CHLi 2% (CH,CH,CH,CH,CH,),CuLi
[from (n)]

CH,CH,CH,CH,CH,Br _
r—— » CH,(CH,);CH,

(P CH3C}12CH2CH2CH2MgBr @ CHs(sz)ngHﬂfrom @)
[from (f)] ' (2)NH, on
CH,(CH,),((CH,),CH, .
CH,

i
CH;MgB 1) CH,CCH
1218 (@ CHLC=CH —3-t—>» CH,C=CMgBr Li:_3>
ether (—CH,) (2)NH,

CHC=CC(OH)(CH,),
() CHcocH, Sy cHCHCH,
OH

_ H, _
(¢) CH,C=CH —W C¢H,CH—=CH,

(1) THE: BH,
(d) C(H,CH=CH, ——->(2)H202’ on > CéHtsCH,CH,0H
/O\
(1) PBr, (1) H,C—CH,
CHCHCHOH  — =% CHCH,CHMgBr - H,0°

(e (2) Mg, Et,0
CH,CH,CH,CH,CH,0H

-

() CHCHCHOH 2y cychcHoNa Sy

(H)
C4H,CH,CH,OCH,
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12.19 (a) Partial Analysis

OH
|
cuculcH, = CHCHCHCH, —> CH3CHéH
H, H, + H,
C HMgBr
Synthesis
; i
CH,CHCH,0H Eﬁ’él" CH,CHCH ¥ 155% CH,CHCHCH,
3 3 H,
CHBr —
6i1sor Etzo
‘(b) Partial Analysis
CH,CH,
CH CHzCHZ—I-JZ—’-CH2CH CH, => 2CH,CH,CH,MgBr
Ot CH,CH,
' +
0’ “OCH,
Synthesis
PBr, Mg '
CH,CH,CH,0H —> CH,CH,CHBr — 5> CH,CH,CH,MgBr
I CH,CH;
1) CH,CH,COCH
() O, OO 5 CH,CH,CH,CCH,CH,CH,
(2)NH,* [
OH

(c) Partial Analysis

CH, CH,
<>+CHCHCH > <>-Mg}3r + HﬁéHCH3
0

OH
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Synthesis

PBr;
OOH _PBr o QB E:zo <>MgBr

CH,

CH, N
cuCicHo cutuca, 2> HéHCH
[from (a)] ]
OMgBr
(d) Partial Analysis

@—CHZCHO = @CHZCHpH ==> C/HMgBr
| 0

+ H,CCH,
Synthesis

0
7\
M —_
@Br g @MgBr e

(e) Partial Analysis
(CH,),CHCH,CH,CO,H == (CH,),CHCH+CH,CH,0OH —>
(CH,),CHCH,MgBr + H,C—CH,
Synthesis

PB
(CH,),CHCH,0H —» (CH,),CHCH,Br —= (CH,),CHCH,MgBr

Et20
/O\

() H,C—CH, _

(2 H,0*

(1) KMnO,, OH™ heat
) H3O+

(CH,),CHCH,CH,CH,OH

(CH,),CHCH,CH,CO,H
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®

()

(h)

Partial Analysis

OH o
FCH,CHCH, - / "+ CH,CH,CH,MgBr
Synthesis
OH O (1) CH,CH,CH,MgBr OHn
H,CrO, } [from (b)] 5 CH,CH,CH,
@NH," '

Partial Analysis

CH,CH,CH,CCH,CH(CH), ==  CH,CH,CH,CH <CH,CHCHy), =
OH

Il
CH,CH,CH,CH + BrMgCH,CH(CH,),

Synthesis
0 (D(CH,;),CHCH,MgBr

PCC I [from (e)] .
CH,CH,CH,CH,OH C_Hz-(i) CH,CH,CH,CH @ o' >
H,CrO,
CH,CH,CH,CHCH,CH(CH;), —~—*> CH,CH,CH,CCH,CH(CHy),
H
Partial Analysis
1|3r (I)H
CH,CH,CCH,CH, ==> CH,CH,C 4CH,CH, =
CoHs CeH,
OH

I |
CH,CHMgBr + CH,CH,CCH; — CH,CH,CH-CH; =

1l
CH,CH,CH + CHMgBr
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Synthesis

0
CH,CH,CH,0H _—__) CH3CHZHH (1) GHMgBr [from (a)]

CH,Cl, ) HO'
QH H,Cr0, il
CH,CH,CHCH, ———% CHCH,CCH, ————
CH3CHzMgBl'
(1) PBr,
CH,CH,0H ———J(z) Vo B0
v
Br OH
CH,CH,CCH,CH, <2~ CH,CH,CCH,CH,
6H5 6H5

12.20 Analysis

@";—\cg\ = @UfMg%Br' + (L>U—\

CHBr + Mg CH;=CHCH,CH,

il
+ RCOOH
Synthesis

CH=CHCH,CH, ﬁ_H; [>_\ (1) GH;MgBr @_\/\
@) H3O*
OH

12.21 The starting compound is a cyclic ester. Addition of two molar equivalents of CH,Mgl
will (after acidification) furnish the desired product.

OH

0)
0 (1)2CHMgl . HC
T35 5
4 H,C
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12.22 Analysis

CH, CH,
CH3—CH2—é—§—cECH == CH—CH; ‘T Na* “:C=CH
H 0

Synthesis

CH
3—CHz—é—cECH
H

I
_ NaNH, s+ (1)CH,CH,CCH,
= Pra— =C:
HC=CH g > HO=CYNa" -k » CH

12.23 The three- and four-membered rings are strained, and so they open on reaction with
RMgX or RLi. THF possesses an essentially unstrained ring and hence is far more resis-
tant to attack by an organometallic compound.

0 OMgX
1224 (@ RMgX + CH~O--O-CH, —» Csz—O—f:l—O—Csz
R
0 OMgX
H,OM | RMgX S
' R
2 RMgX OMgX NH,* OH
R-C-R| —E» R-C-R —t> R-C-R
R R
.0 OMgX
| H,OM;
(b) RMgX + H—C—O-CH, —)_[H_él;_o_czﬂs CHOMeX
R

2 RMgX OMeX o+ OH
g-C-g | DMy H—¢—R Lo, H—#-—R
R R
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*12.25 Br Br
(CH;),;CSi(CHj3),Cl | (1) Mg, Et,0
> —_———
HO. imidazole —Slio 03 (‘L(

(3)H;0"
OH OH

+ -
| Bu,N F
_Slio HO

Before converting the reactant to a Grignard reagent it is first necessary to mask the al-
cohol, such as by converting it to a tert-butyldimethylsilyl ether. After the Grignard re-
action is over the protecting group is removed.

*]12.26 2-Phenylethanol, 1,2-diphenylethanol, and 1,1-diphenylethanol are distinct from di-
phenylacetic acid and benzyl phenylacetate in that they do not have carbonyl groups. IR
spectroscopy can be used to segregate these compounds into two groups according to
those that do or do not exhibit carbonyl absorptions.

'H NMR can differentiate among all of the compounds. In the case of the alco-
hols, in the "H NMR spectrum of 2-phenylethanol there will be two triplets of equal in-
tegral value, whereas for 1,2-diphenylethanol there will be a doublet and a triplet in a
2:1 area ratio. The triplet will be downfield of the doublet. 1,1-Diphenylethanol will ex-
hibit a singlet for the unsplit methyl hydrogens. '

The broadband proton-decoupled '*C NMR spectrum of 2-phenylethanol should

show 6 signals (assuming no overlap), four of which are in the chemical shift region for
aromatic carbons. 1,2-Diphenylethanol should exhibit 10 signals (assuming no overlap),
8 of which are in the aromatic region. 1,1-Diphenylethanol should show 6 signals (as-
suming no overlap), four of which would be in the aromatic region. The DEPT 3C NMR
spectra would give direct evidence as to the number of attached hydrogens on each
carbon.

Regarding the carbonyl compounds, both diphenylacetic acid and benzyl
2-phenylacetate will show carbonyl absorptions in the IR, but only the former will also
have a hydroxyl absorption. The "H NMR spectrum of diphenylacetic acid should show
a broad absorption for the carboxylic acid hydrogen and a sharp singlet for the unsplit
hydrogen at C2. Their integral values should be the same, and approximately one tenth
the integral value of the signals in the aromatic region. Benzyl phenylacetate will ex-
hibit two singlets, one for each of the unsplit CH, groups. These signals will have an
area ratio of 1:5 with respect to the signal for the 10 aromatic hydrogens. The broad-

~ band 'H decoupled '*C NMR spectrum for diphenylacetic acid should show four aro-
matic carbon signals, whereas that for benzyl phenylacetate (assuming no overlapping
signals) would show 10 signals in the aromatic carbon region. Aside from the carbonyl
and aromatic carbon signals, benzyl phenylacetate would show two additional signals,
whereas diphenylacetic acid would show only one. DEPT >C NMR spectra for these
two compounds would also distinguish them directly.
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*12.27

*12.28

It makes it impossible to distinguish between aldehyde and ketone type sugars (aldoses
and ketoses) that had been components of the saccharide. Also, because the R groups of
these sugars contain stereocenters, reduction of the ketone carbonyl will be stereo-
selective. This will complicate the determination of the ratio of sugars differing in con-

figuration at C2.

The IR indicates the presence of OH and absence of C=C and C=0. The MS indicates
a molecular weight of 116 amu and confirms the presence of hydroxyl. The reaction data
indicate X contains 2 protons per molecule that are acidic enough to react with a Grig-
nard reagent, meaning two hydroxyl groups per molecule. (This analytical procedure,
the Zerewitinoff determination, was routinely done before the advent of NMR.)
Thus X has a partial structure like:

CgH,o(OH), with one ring, or

CsH¢O(OH), with two rings, or (less likely)

C4H,0,(OH), with three rings.
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+
— —
CH, <+ CH, “ o
3 -H* 3 +H0 CH;
H,C H,C H;C 2° Carbocation
methanide )+ CH, -H* N CH;,
Shift +H+

H,C

3° Carbocation

(®) @(JBS& —> <>B+r + Br

then,
en Br

(e — (T,
: "l

D

Ci

(c) The enantiomer of the product given would be formed in an equimolar amount via the
following reaction:

Cl™
) La

+ .
=~ .
Br

The trans-1, 2-dibromocyclopentane would be formed as a racemic form via the reaction
of the bromonium ion with a bromide ion:

JBr Br
(oo — (L - (T
Br "By

Racemic trans-1,2-dibromocyclopentane

206
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And, trans-2-bromocyclopentanol (the bromohydrin) would be formed (as a racemic form)
via the reaction of the bromonium ion with water.

,|I|'OH2+ OH,;
(s +vome (L (T
Br N
iOH OH
L
Br "By

Racemic trans-2-bromocyclopentanol
(a) CHCl; (b) The cis isomer () CH)Cl
This indicates that the bonds in BF; are geometrically arranged so as to cancel each oth-

ers’ polarities in contrast to the case of NF;. This, together with other evidence, indi-
cates that BF; has trigonal planar structure and NF; has trigonal pyramidal structure.

@ sp’
(b) They are much smaller (60°) than the expected 109.5°.

(c) That the bent bonds in cyclopropane, like compressed springs, contain stored en-

ergy that is available to assist in reactions that open the 3-membered ring.

All of these differences can be explained by the contribution to the CH,=CHCI molecule
made by the following A and B resonance structures.

H\V) /H ' H\' /H
C=C,, <«> c—C
\.. / A\
H Ct: H cit
A B

(a) Because of the contribution made to the hybrid by B, the C-Cl bond of CH,=CH-C1

has some double-bond character and is, therefore, shorter than the “pure” single bond of

CH,CH,~Cl.

(b) The contribution made to the hybrid by B imparts some single-bond character to the

‘carbon-carbon double bond of CH,=CH-ClI, causing it to be longer than the “pure” double
bond of CH,=CH,,.

(c) Electronegativity differences would cause a carbon-chlorine bond to be polarized as
follows:

|8t &
~—<l
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And this effect accounts, almost entirely, for the dipole moment of CH;CH,CL

5§
CH,CH,—Cl L=205D
+—>

With CH,=CH-Cl, however, the resonance contribution of B tends to oppose the polariza-
tion of the C—C1 bond caused by electronegativity differences. That is, the resonance effect
partially cancels the electronegativity effect, causing the dipole moment to be smaller.
A= CH3(CH2)11CH2CECH

B= CH3(CH2)11CH2CECN3

C = CH;(CH,);;CH,C=CCH,(CH,)sCH3

Muscalure = CH3(CH2)“CH2\ /CHZ(CH2)6CH3
‘ Cc=C
/ N
H H
HC  CdH; H,C CH,
\ / \ /
CcC=C c=—C
/ \ / \
H,C CH, H,C, CHs
(E)-2,3-Diphenyl-2-butene (2)-2,3-Diphenyl-2-butene

Because catalytic hydrogenation is a syn addition, catalytic hydrogenation of the (Z) iso-
mer would yield a meso compound.

H,C CH H, oo |
TN H HCq m & ] Hu & s CH;
! i Lo o= |l
Hscs/ \CH3 H,C, ™ i H H™ s ™NCcH,
7 CH, CH,
@ (by addition (by addition at
at one face) Lthe other face)

A meso compound

Syn addition of hydrogen to the (E) isomer would yield a racemic form:
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H,C CH ¢ £,
B, HyC ma i Hu & sCcHy
—2y +
/L ~N b - (l: ’é
CeHs H,CP i ™H I T CH,
- CHy CeH,
(by addition (by addition at
at one face) the other fa@
N\ v ;

Enantiomers - a racemic form

From the molecular formula of A and of its hydrogenation product B, we can conclude
that A has two rings and a double bond. (B has two rings.)

From the product of strong oxidation with KMnO, and its stereochemistry (i.e.,
compound C), we can deduce the structure of A.

(1) KMnO,OH", heat _ HOLC CO.H
() H;0* COH
A

CO,H

meso-1,3-Cyclopentane-
dicarboxylic acid

Compound B is bicyclo[2.2.1]heptane and C is a glycol.

H
Ay =
A B
KMnO,, OH |
cold, dilute OH
. H
A C H

Notice that C is also a meso compound.
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NaNH CH,l
9 (a3 CH,C=CH TEWZ) CH,C=CNa —» CH,;C=CCH,
. 3

W BG fH
— 2 —
(b) CH,C=CCH, m" /C—C\
[from (a)] H H
_ HC H
Li \ /
(c) CH,C=CCH, —NH_) /C:C\
3
(from ()] H CH,
d) CH,C=CH L—} CH,CH=CH —N—BiP BrCH,CH=CH ]
@ S Ni,B (P2) VT2 tight i
25°
+
Li . Cul .
CHJl 5% CHiLi —> (CHy,Culi
CH,CH,CH=CH,
or
— (1) NaNH, — H, _
CH;C=CH W CH;C=CCH, NiB (P2) » CH;CH CHCH3 v
or (1) Na, lig. NH,4
@NH,CI lHB’
CH.CH,CH=CH, €<% " (H.cH,CHCH
T2 tert-BuOH, S 3
heat Br
wps  CHiCHCH=CH,
(e) CH,CH,CH=CH, —éa—) + Br (CH,);COK
[from (d)] (CH ,);COH
| CH,CH =CHCH,Br
CH~=CH—CH=CH,
HBr
(H CHCH,CH=CH, — ——» CH,CH,CH,CH,Br
[from (d)]
(2) CH,CH=CHCH HBr
& e 3 no peroxides CH3CH2C|HCH3
[from (b) or (c)] Br
or
C - HBr
H,CH,CH=CH, CH,CH,CHCH,

no peroxides
[from (d)] Br
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CH,
H,C H Br\é P
@ o= RLEN (cf. Section 8.7)
VA cc, (é
H CH, (anti addition) IH
[from (c)] CH,
(2R, 39)
A meso compound
CH, CH,
B = H ‘Bl‘
. \ t\C Halé
@ /C=C< %’ é
H H (anti addition) é ‘H
[from (b)] CH3
(2R, 3R) (2s, 3S)
A racemic form
CH,
H,C CH, H\é =OH
§); \c=(,/ %—» (cf. Section 8.10)
/ abs, - $
H % (syn additiony H : OH
[from (b)) CH,
orH cC H Q &
3 oed (1) RCOOH Ha & «OH
1{ N 2)H,0", heat 'é (cf. Section 11.19)
CH;  (anti addition) H™ ;“OH
[from (c)] CH,
HBr Br- H3C\ /Br
k = I,or e i
(k) CH,C=CCH, CH:,C—OZH) l-{C C\ (cf. Section 8.13)
CH,
]i”r
10 CH3C!HCH2CH3 m) CH3CICH2CH3 (cf. Section 10.6)
CH, CH,
l?r CH,CH,ON:
3LI1,0Na
(a) CH3(%CH2CH3 W CH, C CHCH,
CH, heat CH3
(l)H
(b) CH3CI=CHCH3 W CH3C|CH2CH3
CH, CH,

[from (a)]
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OH
1) THF: BH
(¢c) CH,C=CHCH, () THE: BHL,,, CH3CHéHCH3
| (2)H,0,, O |
CH, CH,
[from (a)]
B i 3 NaNH
T :
(d) CH,CHCH=CH, —2> cn,cnéﬂcnpr 220,
] ccCl, ( ‘ heat
CH, CH, |
- H;0* =
CH,CHC=CNa ———> CH,CHC=CH
CH, CH,
HBr
(e) CH,CHCH=CH, Roor”  CHiGHCH,CH,Br
CH, heat CH,
Cl
(f) CH,CHCH=CH, _Hel, crlsclﬂéﬂai3
CH, CH,
HCl ¢
(g) CH,C=CHCH, —> CH3élCH2CH3
CH, CH,
[from (a)]
Nal
(h) CH,CHCH,CH,Br ~acctone”  CHiCHCH,CH)I
CH, SN2 CH,
[from (e)]

DO
(i) CH,G=CHCH, (DO,

(2) Zn, HOAc
CH,
[from (a)]
. _ (1) O
() CH,CHCH=CH, -2 HoAc

CH,

1] ((l;?
CH,CCH, + CH,CH

0 .9
cngn&n + HlH
CH,
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ANSWERS TO FIRST REVIEW PROBLEM SET 213

CH, q CH,CI CH
1 CH36|CHQCH3 b CHGCHCH, + CH3é|CHC1CH3
CH, CH, CH,
A B C
=
+ CH,CCH,CHCI
p CHs

B cannot undergo dehydrohalogenation because it has no B hydrogen; however, C and D
can, as shown next.

CH
CHS(J'JCHCICH3 S—
C s (CH;);COK §H3 H
3 — ____2_’
—_——)(CHB)3COH CH, |CH CH, - A
CH | E CH,
CH,&|CH2CH2C1 —
> CH,

/7 ua EE‘?« : s

CHS
CH3éICH=CHZ —» |CH,C—CHCH,] —» cnaff—éﬂcm

|
g CH, CH,
+Cl +Cl
R ol
—>» CH, i HCH, _(-JEE&H_) CH:,CIHCHCH3
¢ CHs ¢ CH
H,, Pt

» CH,CH,CH,CH,

12 CH,;C=CCH,

» No IR absorption in
A 2200-2300 cm™ ! region.

H, | Ni,B (P-2)

CH,
H3C\ . /CH3 )] 0804 ) H\é ‘OH
/C_-C\ (2)NaHSO, 'é
H H (syn hydroxylation) H™ 2 ~OH
B c OCH,

(a meso compound)
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13 The eliminations are anti eliminations, requiring an anti periplanar arrangement of the
bromine atoms.

—> ‘c=C’ + IBr
"'CH
. /J H3C( \H
I\J
meso-2,3-Dibromobutane trans-2-Butene
2 s H, #
HCme —> c=C + IBr
/4 \H YA
I-\jBr CH3 H3C CH3
(25,35)-2,3-Dibromobutane cis-2-Butene
CH ( Br CH \CH3
Has e, &
*c——c o —> cC=C + IBr
. H H
N
(2R,3R)-2,3-Dibromobutane cis-2-Butene
14 The eliminations are anti eliminations, requiring an anti periplanar arrangement of the
—H and —Br.
HSC B-‘-. CBI BI/,,' \\\H
6 " ‘. W~
- :/C :\“H 5N
E‘O\/ CeHs HCq CeHs
meso-1,2-Dibromo- (E) -1-Bromo-1,2-
1,2-diphenylethane diphenylethene
B{ CBI B, CoHs
HSC6 'u "C=(:.‘
TrRen T N
EQ__, HyCs H
(2R,3R)-1,2-Dibromo- (Z) -1-Bromo-1,2-
1,2-diphenylethane diphenylethene

(25,35)-1,2-Dibromo-1,2-diphenylethane will also give (Z)-1-bromo-1,2-diphenylethene
in an anti elimination.
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In all the following structures, notice that the large fert-butyl group is equatorial.

(a) C(CH,),

{

Br
+ enantiomer
as a racemic form

(b) C(CH,),

H

)
OL
T

+ enantiomer
as a racemic form

(c) C(CH,),

{

OH
+ enantiomer
as a racemic form

(@ C(CH,),

]
OZ
g asl

+ enantiomer
as a racemic form

(e) C(CH,),

{

® C(CH,),

4

Br
+ enantiomer
as a racemic form

4

(bromine addition is anti; cf.
Section 8.7)

(syn hydroxylation; cf. Section 8.10)

(anti hydroxylation; cf. Section 11.19)

(syn and anti Markovnikov addition
of —H and —OH; cf. Section 11.7)

(Markovnikov addition of —H and
—OH; cf. Section 11.4)

(anti addition of —Br and —OH, with —Br and
—OH placement resulting from the more
stable partial carbocation in the intermediate
bromonium ion; cf. Section 8.8)
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16

17

1

(g) C(CH,), (anti addition of -1 and —C1, following
H

Markovnikov’s rule; cf. Section 8.2)

I

+ enantiomer
as a racemic form

2 8
(hy HC(CH,)LCCHY),

(i) C(CH,), (syn addition of deuterium;
D

cf. Section 7.14)

H
+ enantiomer
as a racemic form

6)) C(CH3)3 (syn, anti Markovnikov addition of —D and

—ll3—~ , with —]la— being replaced by -T

H where it stands; cf. Section 11.7)
+ enantiomer
as a racemic form

CH, CH, CH,
A= CH,C=CHCHCH, B = CHgéH(llﬂ BH C-= CHséH(%HCHZCHS
GH, 2 OH
CH,

(a) The following products are diastereomers. They would have different boiling points
and would be in separate fractions. Each fraction would be optically active.

iﬂs s H,C Jr HC Jr
) >
H"/"\ CCl, Hulyc"‘C{-uH + Hl"yC_C{“'CH2Br
CH=CH,
H,CH,C H,CH,C CH,Br H,CH,C H
(R)-3-Methyl-1-pentene . (optically active) (optically actg)
\
Diastereomers
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ANSWERS TO FIRST REVIEW PROBLEM SET 217

(b) Only one product is formed. It is achiral, and, therefore, it would not be optically

active.
CH, H,
) &, .
" Pt H"/"\

ncrc’ “CH=CH, ncacd CHCH,

(optically inactive)

(¢) Two diastereomeric products are formed. Two fractions would be obtained. Each
fraction would be optically active.

CH 1 H,C OH H,C OH
é 3 (1) 0s0, I\ / =\ /
N (2)NaHSO0, H‘*‘)C_C{'"H + Hl"f—c‘\"'"CHZOH

HCHC CHZCH, H,CH,C CH,0H H,CH,C H
. (optically active) (optically active)
J

v
Diastereomers

(d) One optically active compound is produced.
CH, CH,
(1) THF:BH, é

N L (2) H,0,,0H H"/"\
H,CH,C CH=CH, ’ H3CH2CI CH,CH,0H

(optically active)

(e) Two diastereomeric products are formed. Two fractions would be obtained. Each frac-
tion would be optically active.

CIH3 (1) Hg(OAc),, THF-H,0
HnyC\ (2) NaBH,, OH
H,CHC  CH=CH, HC~ OH HC OH
l"‘C - lllC_C‘ln
HY ' BT CH,
H,CH,C CH, H,CH,C H
(optically active) (optically active)
. _
v
Diastereomers
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(/) Two diastereomeric products are formed. Two fractions would be obtained. Each frac-
tion would be optically active.

o
I
COH
o
CH3 (1) OO' 2
>
H||I' N (2) H30+, Hzo
H,CHC CH=CH, HC ~ OH HC ~ OH
H"';C CcluH + H"'}C_C'\""'CHZOH .
H,CH,C CH,OH H,CH,C H
. (optically active) (optically active)
J
Y
Diastereomers
18
Zn
+
HOAc
enantiomer enantiomer (a meso compound)
A B AcC
CH,
CH,CH,ONa > H,
CH,CH,OH Pt
CH,
D
(1) O,
(2) Zn, HOAc
CH,
o)
0]

CH,
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19 CH,

/
@CH m/z 120 = M* N
\ 105 = M* — 15(CH, -) = C4Hs—CHCH,

CH
3 77 = M* — 43(i—Pr ) = C(H, +
87.2-17.6 5 ring protons
2.95 CH of isopropyl group
1.29 equivalent CHss of isopropyl group

20 CsH;00 has IHD =2
IR absorption indicates C=0
13C NMR spectrum for X is consistent with structure

I
CH;—CH—C—CH;
CH,
H
21 (a H H G
H H Cl H H
Cl Cl Cl Cl
Cl (1 Cl H
all cis 1-trans 1 4-trans 4 1,3-trans
meso meso meso meso
Cl 1 H Q1
H H Cl Cl H
Cl Cl H Cl
Cl Cl H Cl
1,2-trans 1,2 3 trans 8
6 U J
meso meso Y
1,2,4-trans
Enantiomers
H 1
Cl H
Cl
Cl H
9 1,3,5-trans
meso
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(b) Isomer 9is slow to react in an E2 reaction because in its more stable conformation (see
following structure) all the chlorine atoms are equatorial and an anti periplanar transition
state cannot be achieved. All other isomers 1-8 can have a — Cl axial and thus achieve an
anti periplanar transition state.

H - H
Cl & ¢l
Cl
Cl ; Cl
Cl H
H H
9
CH, CH,
E E H
2 (3 CHCHCHCH, — Hup aCHF  FCH, me i aH
+
CH, i}g éHQ
H, H,
Jd 2 J
~Y
Enantiomers
(obtained in one fraction as an
optically inactive racemic form)
CH, CH,
F CH,CH CH,CH
+ CHGCHCH,  + HuiaF + FaiiaH  + CH,CHCH,CH,F
CH, dn, b, CH,
3 4 5 , 6
(achiral and, therefore, v i (achiral and, therefore,
optically inactive) Enantiomers optically inactive)

(obtained in one fraction as an
optically inactive racemic form)

(b) Four fractions. The enantiomeric pairs would not be separated by fractional distilla-
tion because enantiomers have the same boiling points.

(c) All of the fractions would be optically inactive.

(d) The fraction containing 1 and 2 and the fraction containing 4 and 5.
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23 CH, CH/F CH,
\é _FL_) =‘H + =‘F
&, é éH2
& L, &
H, 1 CH, . 2 H,
(R)-2-Fluorobutane (optically active) (achiral and, therefore,
optically inactive)
CH, CH, CH,
+ it + ! + Fun &
L . d,
H™ I ~%F F™ 1 “H é
~ ~ H,F
, CH, , CH, ]
(optically active) meso compound (optically active)
(optically inactive)
(b) Five. Compounds 3 and 4 are diastereomers. All others are constitutional isomers of
each other.
(c) See above.
24 ,
H,CH,C CH,CH,
H,cf “"CH H H
4 et C}{ 3 H,CH,C. ™"\ _CH,CH,
! M L 4™
®) 0) ® B H i

Each of the two structures just given has a plane of symmetry (indicated by the dashed line),
and, therefore, each is a meso compound. The two structures are not superposable one on
the other; therefore, they represent molecules of different compounds and are diastere-
omers.
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25  Only a proton or deuteron anti to the bromine can be eliminated; that is, the two groups un-
dergoing elimination (H and Br or D and Br) must lie in an anti periplanar arrangement. The
two conformations of erythro-2-bromobutane-3-d in which a proton or deuteron is anti peri-
planar to the bromine are I and II.

BC C/Br B HC, CH,
DGy, — c=cC
" / 3 D/ \H
! H H
GH0 I
o Cpr H CH
= / DB, \ s 3
HSC\E)—C"""'CH == C:C\
ah D/ \H 3 H,C H
CH0
I

Conformation I can undergo loss of HBr to yield cis-2-butene-2-d. Conformation II can un-
dergo loss of DBr to yield trans-2-butene.
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CONJUGATED UNSATURATED SYSTEMS

SOLUTIONS TO PROBLEMS

14
131 (a) “CH,=CHCH,X and CH,=CH—CH,X

(b) The reaction proceeds through the resonance-stabilized radical.
u . 14 1 & &
CH—CH—-CH, <—» "CH—CH=CH, or CH,—CH —CH,
Thus, attack on X, can occur by the carbon atom at either end of the chain since these

atoms are equlvalent

(¢) 50:50 because attack at the two ends of the chain is equally probable.

2 2 2
s 3 SR 3 S Y

132 (2) CH;—CH CH, <> CH —CH”  “CH, o CH—CH  CH,
" p E & g &

(b) We know that the allylic cation is almost as stable as a tertiary carbocation. Here
we find not only the resonance stabilization of an allylic cation but also the additional
stabilization that arises from contributor D in which the plus charge is on a secondary
carbon atom.

(c) CH3—éH—CH=CH2 and CH;~CH=CH—CH;—Cl, because the Cl will attack
the chain at the two positive centers shown in structure F.
CH, CH,
| . .
133 (3 CH=C—CH, <> CHz—éZCH2
(b) CH=CH—CH—CH=CH, <« *CH;~CH=CH—CH=CH, <>
+
CH;=CH—CH=CH—CH,

223
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224 CONJUGATED UNSATURATED SYSTEMS

(d) <>

O Qe
SRS

(e) CH,CH=CH-CH=OH <«—» CH,CH=CH—-CH—OH <>

CH,CH—CH=CH—0H
() CH=CH-—Br: <> ICH;CH=Br:
| CH;' CH; CH, CH, CH,
(8) «> > O
+ +

0: :0:
(h) tCHC—CH, <> CH=C—CH,

() CH~S—CH} <> CH;—$=CH,

. 4 + /O" 24+ /O"
(j) CH;—N <«—>» CH—N <—>» CH;—N
N . N N
.O_- - .O. . .O. -
. b (minor) ™

CH,
|
134 (a) CH,CH,C —CH=CH, because the positive charge is on a tertiary carbon atom
+
rather than a primary one (rule 8).
CH

2
Y
(b) because the positive charge is on a secondary carbon atom rather than a
primary one (rule 8).

(c) CH2'=JI'\I(CH3)2 because all atoms have a complete octet (rule 8b), and there are
more covalent bonds (rule 8a).

1
(d) CH—C—OH because it has no charge separation (rule 8c).

(e) CHz:CH(SHCH=CH2 because the radical is on a secondary carbon atom rather

than a primary one (rule 8).

(f) :NH;—C=N: because it has no charge separation (rule 8c).
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13.7

13.8

13.9

CONJUGATED UNSATURATED SYSTEMS 225

In resonance structures, the positions of the nuclei must remain the same for all struc-
tures (rule 2). The keto and enol forms shown differ not only in the positions of their
electrons, but also in the position of one of the hydrogen atoms. In the enol form, it is
attached to an oxygen atom; in the keto form, it has been moved so that it is attached
to a carbon atom.

(@) cis-1,3-Pentadiene, trans,trans-2,4-hexadiene, cis,trans-2,4-hexadiene, and 1,3-
cyclohexadiene are conjugated dienes.

(b) 1,4-Cyclohexadiene and 1,4-pentadiene are isolated dienes.

(c) 1-Penten-4-yne is an isolated enyne.

The formula, C¢Hg, tells us that A and B have six hydrogen atoms less than an alkane.
This unsaturation may be due to three double bonds, one triple bond and one double
bond, or combinations of two double bonds and a ring, or one triple bond and a ring.
Since both A and B react with 2 mol of H, to yield cyclohexane, they are either cyclo-
hexyne or cyclohexadienes. The absorption maximum of 256 nm for A tells us that it is
conjugated. Compound B, with no absorption maximum beyond 200 nm, possesses iso-
lated double bonds. We can rule out cyclohexyne because of ring strain caused by the
requirement of linearity of the —C=C— system. Therefore, A is 1,3-cyclohexadiene;
B is 1,4-cyclohexadiene.

All three compounds have an unbranched five-carbon chain, because the product of hy-
drogenation is unbranched pentane. The formula, CsHe, suggests that they have one dou-
ble bond and one triple bond. Compounds D, E, and F must differ, therefore, in the way
the multiple bonds are distributed in the chain. Compounds E and F have a terminal
—C=CH (IR absorption at ~3300 cm ™ !]. The UV absorption maximum near 230 nm
for D and E suggests that in these compounds, the multiple bonds are conjugated. The
structures are

CH;—C=C—CH=CH,  HC=C—CH=CH—CH; HC=C—CH,—CH=CH,
D E F

(a) Recall that 1,2 and 1,4 addition refer to the conjugated system itself and not the
entire carbon chain. CH3CH2C|HCH =CHCH, and CH,CH,CH =CH([JHCH3

Cl Cl
(b) The most stable cation is a hybrid of equivalent forms:
CH,CHCH=CHCH, <% CH,CH=CHCHCH,
Thus, 1,4 and 1,2 addition yield the same product.
CHs(T‘HCH =CHCH,
Cl
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226 CONJUGATED UNSATURATED SYSTEMS

13.10 Addition of the proton gives the resonance hybrid.

(@ CHCH-CH=CH, < CHCH=CH—CH,
I 1

The inductive effect of the methyl group in I stabilizes the positive charge on the adjacent car-
bon. Such stabilization of the positive charge does not occur in IL Because I contributes more
heavily to the resonance hybrid than does II, C2 bears a greater positive charge and reacts faster
with the bromide ion.

(b) In the 1,4-addition product, the double bond is more highly substituted than in the 1 2-
addition product; hence it is the more stable alkene.

13.11 (a), (c) H
O H
(b) =- Elech\ S

interaction Endo adduct
occurs here.

1312 (@ HC Hi H,C LCH,
—=CCH, e H
+
H,C H,C
H,C '
(b) "MCOCH,
COCH,
H,C HO
HO
/ +
H 0]
0 H
6 H
(major product) (minor product)

13.13 Use the trans diester because the stereochemistry is retained in the adduct.

i
H..COCH,
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O\\C AOCH,
13.14 @ + (I?
*~och,
CH;. O
JCH;
(dienophile
underneath the
plane of the diene) CO,H
gH3 O
. -~ "CH,
(dienophile 4
above the “ay,
plane of the diene) COH

(Or, in each case, the other face of the dienophile could present itself to the diene, re-
sulting in the respective enantiomer.)

(CH,),COK

1316 (2 BCH,CHCHCHBr —~r "> CH=CH—CH=CH,

concd H,SO,
_—> —CH—CH=
(b) HOCH,CH,CH,CH,0H heat CH~=CH—CH=CH,

concd H,SO,
—, _ . ——— 27l — — —
(¢) CH=CH—CH,CH;-OH heat CH;=CH—CH=CH,
(CH;3),COK

d) CH=CH—CH,CH~Cl
(@) CHz H,CH; (CH,),COH

CH~=CH—-CH=CH,

(CH,):COK

() CH=CH—CH—CH, —>——% CHZ=CH—CH=CH,
L (CH,),COH
COnCdVstO‘t

() CHFCH—CH—CH, —_t—» CH=CH-CH=CH,

heat
OH
) Ni,B (P-2) .
(g) CHZZCH—CECH + H2 1—2-(——)> CI'IFCH—CH:CH2
13.17 CHF=C—C=CH,
H, CH,
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13.18 (a) CI—CH,CHCH=CH, + Cl1-CH;~CH=CH—CH;-Cl
1

(b) CH~CH—CH—CH, (¢) CH;-CH—CH—CH,

él (lll él (Iil ér Br Br fir

(d) CH;CH,—CH,—CH,
() Cl-CH;-CH-CH=CH, + Cl-CH;CH=CH—CH;-OH
OH
[+CICH,CHCH =CH, + CICH,CH=CHCH,C! ]
Cl

(f) 4CO, (Note: KMnO, oxidizes HO,C—CO,H to 2 CO,)

(9) CHCH—CH=CH, + CH;CH=CH—CHy-OH

OH
A
HC™ "\ ccl, Er
1319 (a) CH=CH-CH CH, + | /NBr —%» CH7=CH-CH-CH,
H,C
\(\:\
~Bs) O + CH-CH=CH-CH,
Br
K
(CH,CO CH,=CH—CH=CH,
(CH,),COH

Note: In the second step, both allylic halides undergo elimination of HBr to yield 1,3-
butadiene; therefore, separating the mixture produced in the first step is unnec-
essary. The BrCH,CH=CHCH, undergoes a 1,4 elimination (the opposite of a
1,4 addition).

Br
CC |
(b) CHF=CH—CH;-CH;~CH; + NBS ——1‘4—> CH~CH-CH—CH;-CH,4

(CH;);COK

—CH=CH-CH— — 33 3y CH=CH-CH=CH—CH

Q—(};H2 CH=CH-CHj; CH3> (CH,),COH CH=CH-CH=C 3
T .

Here again both products undergo elimination of HBr to yield 1,3-pentadiene.
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concd H,SO, [as in (a)]

__.___._> ———
(¢) CH,CH,CH,CH,OH — CH,CH=CHCH,

(+ CH,CH,CH=CH,)

CH;-CH=CH-CH, 4—;333(— CH=CH-CH=CH, <“——
Br Br

cc
(d) CH~CH=CH-CH, + NBS —l‘} CH;~CH=CH-CH,Br

+ CH7=CH-CHBr—CH,

Br
© O + B, hght’ (CH)COK | s, @
. (CH3)3COH CCL
(excess)
Br

(CH3)3C0K
(f) (CI‘I3)‘;COH Game as >

1320 R—O-0-R —rhf—a;—t> 2R-0r

R—:(:)- + H—]:B:r: > R—b—H + oé.r'.

CH=CH-CH=CH, + +Br:—> [CHFCH—-(.ZH—(|2H2 <—>C.H2—CH:CH—(|JH2]

Br Br
HBr .
=y CHZ:CH_(le_(leZ + Cle_CH :CH—(IZH2 + oBr:
H Br H Br
(E and Z)
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13.21

13.22

13.23

Various IR, 'H NMR, !3C NMR, and MS features could be used to differentiate the
members of any of these pairs. IR absorptions can be used to indicate whether double
or triple bonds are present in a given molecule, or whether a hydroxyl group or halogen
is present. Chemical shifts in the proton and carbon NMR spectra indicated can also be
used to indicate the hybridization state of carbon atoms. The number of signals in the
proton or carbon NMR spectrum for a given compound can suggest whether there is
symmetry to the structure or not. Splitting patterns in the proton spectra can give de-
tailed information about the connectivity of atoms. Mass spectra will indicate molecu-
lar weight differences when the molecular ions are present. Fragmentation patterns can
indicate specific aspects of molecular structure characteristic to one member of a pair
or another. UV would distinguish members of a pair where one is conjugated and the
other is not. Consult tables with representative spectral information to predict specific
aspects of the spectra for each compound.

(a) Because a highly resonance-stabilized radical is formed:
CH=CH-CH-CH=CH, € CH=CH-CH=CH—CH, <>
CH;~CH=CH—CH=CH,
(b) Because the carbanion is more stable:
CH=CH-CH-CH=CH, > CHZ=CH—-CH=CH—CH, <>
CH;~CH=CH—CH=CH,

That is, we can write more reasonance structures of nearly equal energies.

CH, el CH, CH,
CHEC-CH=CH, —~—> CHC—CH=CH, <> CH-C=CH-CH,| I
+ +

CH, CH,
—> CHFé—SH—CH3 > 9}12—&=CH—CH3 Il

The resonance hybrid, I, has the positive charge, in part, on the tertiary carbon atom; in
I1, the positive charge is on primary and secondary carbon atoms only. Therefore, hybrid
1 is more stable and will be the intermediate carbocation. A 1,4 addition to I gives

CH,
CH~C=CH—CH;~Cl
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13.25

13.26

13.27

13.28

CONJUGATED UNSATURATED SYSTEMS 231

0
1 11
(@ E H . CH () HC\ CH, H\, COCH,
+ [l + 1l
C
N B HC” SCH, H” “COCH,
o}
2
(c) HyC o ~CH, HCOCH, (d) GHs Q
ne” S, cnor A
0
<t | | ) + I
H™ H H” COCH,

Neither compound can assume the s-cis conformation. 1,3-Butadiyne is linear, and

<—;_->:CH2 is held in an s-trans conformation by the requirements of the ring.

o)
|

(@) : :COCH3 ®) : :CFa
3 CF3
H__H
@CH2 + \ﬁ —> @
= 1"

The endo adduct is less stable than the exo, but is produced at a faster rate at 25°C. At
90°C the Diels-Alder reaction becomes reversible; an equilibrium is established, and the
more stable exo adduct predominates.
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Cl
cl Cl ol
13.29 Cl al q
+ —> ¢
a1 Cl H
Cl Cl
Aldrin /
Cl Cl
C1 ﬂ
o1 H  cmcoon
H Y
Cl Cl H
Dieldrin bH
)
13.30 (a)
D h—
H Norbornadiene
H
ol s ao
/C
NaOG,H, I
C,H,OH
13.31 Cl
I>< @ ﬂﬁ% @ %
Note: The other double bond is less reactive because Chlordan cl Cl
of the presence of the two chlorine substituents.
c_Cl cL.. Cl
Cl
Cl allylic Cl
—_—
chlorination
Cl Cl Cl Cl

Heptachlor

© 2000, Modulo Editeur inc./ © 2000 John Wiley & Sons Inc.



CONJUGATED UNSATURATED SYSTEMS 233

cL Cl

13.32 ci_ Cl
Cl Ci
Cl \\ —_—_> Cl
a” d i ca” d

]
vor
[

@ Isodrin

13.33 Protonation of the alcohol and loss of water lead to an allylic cation that can react with
a chloride ion at either C1 or C3.

H
CH,CH=CHCH,0H —'» CH,CH=CHCH;O-H —»
+

CH,CH=CHCH, <> CHCHCH=CH, <>

CH,CH=CHCH,Cl + CH,CHCH=CH,
cl

1334 (1) CHFCH-CH=CH, + Cl, —»  CICH;~CH-CH=CH,

i

.
CICH~CH=CH-CH, _

iy
3* &+
CICH;-CH—CH=CH,
5t 5t
(2) CICH;-CH-=CH=CH, —E—I_-i:)—P CICH,~CH—-CH=CH,
H,
+ CICH;~CH=CH-CH,0CH,
13.35 A six-membered ring cannot accommodate a triple bond because of the strain that
would be introduced.
C
/ . Too highl
00 highly
HQé & strained

Br
2 RONa"

Br
—>
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Br
13.36  The products are CH3CH2CIHCH =CH, and CH,CH,CH =CHCH,Br (cis and trans).
They are formed from an allylic radical in the following way:

Br, —» 2Br (from NBS)

Bre + CH,CH,CH,CH=CH, —» CH,CH,CHCH=CH,

+ HBr
CH,CH,CH=CHCH,
| 5 5
CH,CH,CH==CH*=CH, + B, —» CH,CH,CHCH=CH,
Br + Br

+ CH,CH,CH=CHCH,Br
(cis and trans)

13.37 (a) The same carbocation (a resonance hybrid) is produced in the dissociation step:

CH,
CH,C =CHCH,CI

A

CH, CH,
CH;~C—~CH=CH, <> CH~C=CH—CH, + AgCl
+ +

GHs AV 1 I J

|
CH,C—CH=CH,” \— y
cl
iHZO
CH, CH
CH~C-CH=CH, + CH~C=CH—CH,OH
H o 8s5%) (15%)

(b) Structure I contributes more than II to the resonance hybrid of the carbocation (rule
8). Therefore, the hybrid carbocation has a larger partial positive charge on the tertiary
carbon atom than on the primary carbon atom. Reaction of the carbocation with water will
therefore occur more frequently at the tertiary carbon atom.

13.38 (a) Propyne. (b) Base (: B™) removes a proton, leaving the anion whose resonance
structures are shown:

_ Hn (- i
CH=C=CH, + :B <= H:B + /c:c:c\ <«>» (C—C=C—H

H H H/
I II
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Reaction with H:B may then occur at the CH, carbanion. The overall reaction is
CH=C=CH, + :B <> [CH=C=CH <« CH~C=CH] + H:B
CH~C=CH + :B

13.39  The first crystalline solid is the Diels-Alder adduct below, mp 125°C,

On melting, this adduct undergoes a reverse Diels-Alder reaction, yielding furan (which
vaporizes) and maleic anhydride, mp 56°C,

? 0]
H
-
H heat ' 0 + 0
O

Furan Maleico

anhydride
(mp 56° C)

Cl) 0]

'|,.:COCH3
1340 (a) O\ + enantiomer
cH,

Il
COCH,

(b) (:E + enantiomer
CH,

+ enantiomer

|I|||CN CN
(c) O\ + enantiomer (d)
cH, H,

13.41  The product formed when butyl bromide undergoes elimination is 1-butene, a simple

- monosubstituted alkene. When 4-bromo-1-butene undergoes elimination, the product is

1,3-butadiene, a conjugated diene, and therefore, a more stable product. The transition

states leading to the products reflect the relative stabilities of the products. Since the tran-

sition state leading to 1,3-butadiene has the lower free energy of activation of the two, the
elimination reaction of 4-bromo-1-butene will occur more rapidly.
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1342  The diene portion of the molecule is locked into an s-trans conformation. It cannot, there-
fore, achieve the s-cis conformation necessary for a Diels-Alder reaction.

13.43

OSi(tert-Bu)Ph,

Ph o

*13.44
o —» O
(0]
*1345 (a)
@ (isomer 2)

)

(isomer 1)

(c) See above
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SOLUTIONS TO PROBLEMS

14.1

14.2

14.3

14.4

Compounds (a) and (b) would yield only one monosubstitution product.
Resonance structures are defined as being structures that differ only in the positions of
the electrons. In the two 1,3,5-cyclohexatrienes shown, the carbon atoms are in different

positions; therefore, they cannot be resonance structures.

Inscribing a square in a circle with one corner at the bottom gives the following results:

We see, therefore, that cyclobutadiene would be a diradical and would not be aromatic.

(@ — — —

The cyclopentadienyl anion (above) should be aromatic because it has a closed bonding
shell of delocalized 7 electrons.

(b) and (c) The cyclopentadienyl cation (below) would be a diradical. We would not
expect it to be aromatic.

(d) No, 4 is not a Hiickel number.

245
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145

14.6

14.7

14.8

149

(a) The cycloheptatrienyl cation (below) would be aromatic because it would have a
closed bonding shell of delocalized 7 electrons.

(c) No, 8 is not a Hiickel number.

If the 1,3,5-cycloheptatrienyl anion were aromatic, we would expect it to be unusually
stable. This would mean that 1,3,5-cycloheptatriene should be unusually acidic. The fact
that 1,3,5-cycloheptatriene is not unusually acidic (it is less acidic than 1,3,5-heptatriene)
confirms the prediction made in the previous problem, that the 1,3,5-cycloheptatrienyl
anion should not be aromatic.

(a) Br

Br
Br
heat ;
(b) —HBI' + Br
Br

Tropylium bromide

These results suggest that the bonding in tropylium bromide is ionic; that is, it consists of
a positive tropylium ion and a negative bromide ion.

It suggests that the cyclopropenyl cation should be aromatic.

The fact that the cyclopentadienyl cation is antiaromatic means that the following hypo-
thetical transformation would occur with an increase in 7r-electron energy.

/T m-electron o -
HG energy increases = = * + H,

© 2000, Modulo Editeur inc. / © 2000 John Wiley & Sons Inc.



AROMATIC COMPOUNDS 247

14.10 The cyclopropenyl cation (below).

" A St

14.11 The high field signal arises from the six methyl protons of trans-15,16-dimethyldihy-
dropyrene, which by virtue of their location are strongly shielded by the magnetic field
created by the aromatic ring current (see Figure 14.8).

14.12 Major contributors to the hybrid must be ones that involve separated charges. Contribu-
tors like the following would have separated charges, and would have aromatic five- and
seven-membered rings.

a0

SH OH
1413 @ N7 | N\> (b) N7 N\
H H

14.14 Because of their symmetries, p-dibromobenzene would give two 13C signals, o-dibro-
mobenzene would give three, and m-dibromobenzene would give four.

B&z ) Br Blr)
(W (a)Br )
(b) (b) (b) (c) (a)
(b) b) (c) b) (d) b {Br
a)
I

(c) (c)
Two signals Three signals Four signals
CH, CH, CH,Br
14.15 CH,
_ : ‘Br Br
Br
A B C D

A. Strong absorption at 740 cm™! is characteristic of ortho substitution.
B. A very strong absorption peak at 800 cm~! is characteristic of para substitution.
C. Strong absorption peaks at 680 and 760 cm ™! are characteristic of meta substitution.

D. Strong absorption peaks at 693 and 765 cm™! are characteristic of a monosubstituted
benzene ring.
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O,H Br
14.16 (a) (b) (c) : :Br
NO, Br
CH,
NO, OH COH
@ (e) /@ ®
NO, O,N NO,
NO,
OCH,CH, SOH 0,0CH,
(@ @\ (h) (i)
Cl
1 CH,
CH,Br NH,
CH,
() (k) )
CH,
NO,
0
C(CH,), OH C—CH,
(m) @ (n) @ (0)
CH, Br
OH
C(H, OCH,4
P) (@ HOCH,CHCHCH, ® @:
CH, CH, Cl
Br Br Br
Br Br
14.17 (a)
Br Br Br
Br

1,2,3-Tribromo-
benzene

1,2,4-Tribromo-
benzene

1,3,5-Tribromo-
benzene
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OH
Cl

(b)
Cl

2,3-Dichloro-
phenol

OH
Cl Cl

2,6-Dichloro-
phenol

NH,
()

NO,

4-Nitroaniline
(p-nitroaniline)

SO,H
(d)

CH,

4-Methylbenzene-
sulfonic acid
(p-toluenesulfonic

acid)

CH,CH,CH,CH,

Butylbenzene

C(CH,),

tert-Butylbenzene

3-Methylbenzene~

(m-toluenesulfonic

Isobutylbenzene

AROMATIC COMPOUNDS

OH OH
Cl Cl
Cl
Cl
2.4-Dichloro- 2,5-Dichloro-
phenol phenol
OH OH
Cl Cl Cl
Cl
3,4-Dichloro- 3,5-Dichloro-
phenol phenol
NH, NH,
0,
NO,

2-Nitroaniline
(o-nitroaniline)

3-Nitroaniline
(m-nitroaniline)

SO,H SO,H
CH,

CH,

2-Methylbenzene -

sulfonic acid
(o-toluenesulfonic
acid) acid)

sulfonic acid

CH,CH(CH,), CH,CHCH,CH,

sec-Butylbenzene

249
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14.18

14.19

14.20

14.21

Hiickel’s rule should apply to both pentalene and heptalene. Pentalene’s antiaromaticity
can be attributed to its having 8 7 electrons. Heptalene’s lack of aromaticity can be at-
tributed to its having 12 7 electrons. Neither 8 nor 12 is a Hiickel number.

(a) The extratwo electrons go into the two partly filled (nonbonding) molecular orbitals
(Fig. 14.6), causing them to become filled. The dianion, therefore, is not a diradical.
Moreover, the cyclooctatetraene dianion has 10 7 electrons (a Hiickel number), and
this apparently gives it the stability of an aromatic compound. (The highest occu-
pied molecular orbitals may become slightly lower in energy and become bonding
molecular orbitals.) The stability gained by becoming aromatic is apparently large
enough to overcome the extra strain involved in having the ring of the dianion be-
come planar.

(b) The strong base (butyllithium) removes two protons from the compound on the left.
This acid-base reaction leads to the formation of the 10 4 electron pentalene dian-
ion, an aromatic dianion.

Pentalene dianion

The bridging ~CH,-group causes the 10 7 electron ring system (below) to become pla-
nar. This allows the ring to become aromatic.

>

(a) Resonance contributors that involve the carbonyl group of I resemble the aromatic
cycloheptatrienyl cation and thus stabilize I. Similar contributors to the hybrid of II
resemble the antiaromatic cyclopentadienyl cation (see Problem 14.9) and thus desta-
bilize IL.

0 o
Contributors like IA are exceptionally
«— stable because they resemble an aromatic
(a) compound. They therefore make large
I IA

stabilizing contributions to the hybrid.
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aromatic compound. Any contribution

Contributors like ITA are exceptionally

unstable because they resemble an anti-
<>

they make to the hybrid is destabilizing.

I ITIA

Cs

14.22 Ionization of 5-chloro-1,3-cyclopentadiene would produce a cyclopentadienyl cation,
and the cyclopentadienyl cation (see Problem 14.9) would be highly unstable because it
would be antiaromatic. )

Antiaromatic ion
(highly unstable)

14.23 (a) The cycloheptatrienyl anion has 8 7 electrons and does not obey Hiickel’s rule; the
cyclononatetraenyl anion with 10 7r electrons obeys Hiickel’s rule.

o O

Cycloheptatrienyl anion Cyclononatetraenyl anion
8 m-electrons 10 m-electrons
Antiaromatic Aromatic

(b) By adding 2 7 electrons, [16]annulene becomes an 18 7 electron system and there-
fore obeys Hiickel’s rule.

14.24 As noted in Problem 13.28, furan can serve as the diene component of Diels-Alder re-
actions, readily losing all aromatic character in the process. Benzene, on the other hand,
is so unreactive in a Diels-Alder reaction that it can be used as a nonreactive solvent for
Diels-Alder reactions.
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14.25
CH, (a) (@) doublet §1.25
A @——<H (b) (b) septet §2.9
CH, (a) (¢c) multiplet §7.3
| ©
CH, (a) (@) doublet 51.35
B H (b) (b) quartet §4.1
NH, (c) (c) singlet51.8
@ A (d) multiplet 7.3
(@)
H H
(a) triplet 62.9
H
C (9] H(b) (b) quintet §2.1
(¢) multiplet 67.1
g H
(@)

14.26 A 'H NMR signal this far upfield indicates that cyclooctatetraene is a cyclic polyene and
is not aromatic.

14.27 Compound F is p-isopropyltoluene. 'H NMR assignments are shown in the following
spectrum.

F’ CIOHM

(d) (b)

b
-
-
-
-
-
=
=
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We can make the following !H NMR assignments:

b) © (@
CH, CH-CH,

\ , CH,4
(@)
@
(a) doublet 61.25 (c) septet 62.85
(b) singlet §2.3 (d) multiplet 67.1

14.28 Compound L is allylbenzene,

{ c)H\ /H (a) (d) Doublet, d 3.1 (2H)
C=C (a) or (b) Multiplet, & 4.8
@ Cﬁ2 Nuro) (a) or (b) Multiplet, & 5.1
d) (c) Multiplet, & 5.8
—— (e) Multiplet, d 7.1 (5H)

(e)

The following IR assignments can be made.

3035 cm !, C-H stretching of benzene ring
3020 cm~!, C-H stretching of -CH=CH, group
2925 cm~! and 2853 cm™~!, C-H stretching of -CH, —group
1640 cm~1, C=C stretching
990 cm~! and 915 cm~ !, C-H bendings of -CH=CH, group
740 cm~! and 695 cm~!, C-H bendings of ~C,H; group

The UV absorbance maximum at 255 nm is indicative of a benzene ring that is not con-
jugated with a double bond.

14.29 Compound M is m-ethyltoluene. We can make the following assignments in the spectra.

H, (¢)
of
H,-CH,

® @

(a) triplet 6 1.4

(b) quartet 6 2.6
(¢) singlet 6 2.4
(d) multiplet  7.05

Meta substitution is indicated by the very strbng peaks at 690 and 780 cm™! in the IR
spectrum.
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14.30

14.31

14.32

Compound N is C¢H;CH=CHOCHj,. The absence of absorption peaks due to O-H or
C=0 stretching in the IR spectrum of N suggests that the oxygen atom is present as part
of an ether linkage. The (SH) '"H NMR multiplet between 8 7.1-7.6 strongly suggests the
presence of a mondsubstituted benzene ring; this is confirmed by the strong peaks at

~690 and ~770 cm ! in the IR spectrum.

We can make the following assignments in the 'H NMR spectrum:

(a) (b) (c) (d)
C¢H,~CH=CH-OCH,

(a) Multiplet 87.1-7.6
(b) Doublet 6 6.1

(c) Doublet §5.2

(d) Singlet 63.7

Compound X is meta-xylene. The upfield signal at & 2.3 arises from the two equivalent
methyl groups. The downfield signals at 8 6.9 and 7.1 arise from the protons of the ben-
zene ring. Meta substitution is indicated by the strong IR peak at 680 cm~! and very
strong IR peak at 760 cm~ L.

The broad IR peak at 3400 cm ~ ! indicates a hydroxy group, and the two bands at 720 and
770 cm~! suggest a monosubstituted benzene ring. The presence of these groups is also
indicated by the peaks at 8 4.4 and 8 7.2 in the 'H NMR spectrum. The 'H NMR spec-
trum also shows a triplet at & 0.85 indicating a -CH, group coupled with an adjacent
—CH,—group. There is a complex multiplet at & 1.7 and there is also a triplet at § 4.5
(1H). Putting these pieces together in the only way possible gives us the following
structure for Y.

@—?HCHZCHE,

OH
Y,GH,;0
(c) (b (a
@?H—CHZ—Cm (@
—— OH
( () @
{e) )
(c)
@
TMS
) 46 44 M.s 1.6 09 08
1 1 1 1 1 1 1 1 |
8 7 6 5 4 3 2 1 0

3y (ppm)
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14.33 (a) Four unsplit signals,

(a)
(d) CH,
H.C
"N NQ )
Il )—H
O N N

(b) Absorptions arising from: =C-H, CH,, and C=0 groups.

*14.34  The vinylic protons of p-chlorostyrene should give a spectrum approximately like the

following:

() (a) (b)

7.0 6.0 5.0
SH(PPm)
*14.35 Ph Ph
O—1t-B
N @>—Ph
Ph -
Ph ph”~ Br

255
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*14.36 @

‘ Nat ——> Fe (a “sandwich compound”)
¢ >

D

*14.37 Ph—C=C—C=C—Ph
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SOLUTIONS TO PROBLEMS

15.1 X E E E

l.w l.w l.H»

©/E ©/E E
15.2° The rate is dependent on the concentration of NO,* ion formed from protonated nitric
acid.

H—El)—No2 + HA —>» NO} * HO" * A

H
(where HA = HNO, or HOSO,H)

Because H,SO, (HOSO,H) is a stronger acid, a mixture of it and HNO; will contain a
higher concentration of protonated nitric acid than will nitric acid alone.

That is, the reaction,
H-O-NO, + HOSOH = H-fl)—No2 +  HSO,
H

Protonated
nitric acid

produces more protonated nitric acid than the reaction,

.
H—-0-NO, + H—O0-NO, < H—(|)—N02 + NO,
H

258
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R -
153 Swepl CHCHZCH, + HSF =2 CHCHCH, + F

H CH,

CH,

/ H
Step 2 + H—C\

CH,

H CH,
({H CH CH3

Step 3 \ - ==
ep CH3 + F = + HF

+ -
: :0  >OAICK,
Jop ) » | -
15.4 CH,C—O-CCH, + AICl, «Z CH,C-O CCH, —>

U

+ .él . =
CH,C=0: + CH, —QA1C13

!

+ oo
CH,C=0:

15.5 The carbocation formed by the action of AlCl, on neopentyl chloride is primary. This car-
bocation rearranges to the more stable tertiary carbocation before it can react with the ben-

zene ring:
CH, CH, CH,;
CH3(|ICH2C1 + AICl; —>» AICl,~ + CH3CCH2 e CH3CCH2CH3

CH, ‘

156 CH,CH,CH,—OH + BF, === CH,CH,CH," - + HOBF,
The propyl cation can rearrange into an isopropyl cation:

hydride +
CH,CH,CH,"” —qur » CH,CHCH,
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Both carbocations can then attack the ring.

CH3CH2CH2 ©{' @C}gcmcm
| CHZCHzCH
-

CH,CHCH, cHCH CHCH
> 3 >
+ CH,

- @
CH,CH,CH,COCI CCH,CH,CH, Zn(Hg)
157 (@ AIC > ‘Hﬂﬂ
retiux

@CHZCHZCHZCH3

gCH (S:JII{I?:H
b) (CH;),CHCH,COCl 2 3 Zn(Hg)
AICkL > HCI l
reflux

3
CH,CH,CHCH,

C¢H,COCI Q

0 0
\ 1|

/C AIC Zn(Hg)

3 ’

(d)© +O\©_—) @Aﬂ;
HO
0

f

0]
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CH
@ j@ socy, @ AIC |
' Hoﬁ c1ﬁ
o)
- H H H H
Zn(Hg)

Ol O = 0L 10

H H

0]

If the methyl group had no directive effect on the incoming electrophile, we would expect
to obtain the products in purely statistical amounts. Since there are two ortho hydrogen
atoms, two meta hydrogen atoms, and one para hydrogen, we would expect to get 40%
ortho (2/5), 40% meta (2/5), and 20% para (1/5). Thus, we would expect that only 60%
of the mixture of mononitrotoluenes would have the nitro group in the ortho or para po-
sition. And we would expect to obtain 40% of m-nitrotoluene. In actuality, we get 96%
of combined o- and p-nitrotoluene and only 4% m-nitrotoluene. This shows the ortho-para
directive effect of the methyl group.

CH, CH,
s, SO,H
1,50, +
SO.H

COH
HNO,
stof
NO,
NO,
@ i @
Br
H O OH
CH,COCI CCH3
AICl, )
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15.10 As the following structures show, attack at the ortho and para positions of phenol leads
to arenium ions that are more stable (than the one resulting from meta attack) because
they are hybrids of four resonance structures, one of which is relatively stable. Only
three resonance structures are possible for the meta arenium ion, and none is relatively
stable.

Ortho attack

.. e o

:OH :OH ‘OH

Relatively stable

Meta attack

£X3 .o

:OH
——p
Br*

3
T
o}
==

r Br Br

Para attack

:OH Q('iH
@ —> <> <>
Br * '
T
&61{ :OH
<>
+
H Br

H r
Relatively stable

H
B
H
:OH
H
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15.11 (a) The atom (an oxygen atom) attached to the benzene ring has an unshared electron
pair that it can donate to the arenium ions formed from ortho and para attack stabilizing
them. (The arenium ions are analogous to the previous answer with a -COCH, group re-
placing the -H).

(b) Structures such as the following compete with the benzene ring for the oxygen elec-
trons, making them less available to the benzene ring.

10!
@—&C—Cﬂ > <€_—>>-_§>=<':—CH3

This effect makes the benzene ring of phenyl acetate less electron rich and, therefore, less
reactive.

(c) Because the acetamido group has an unshared electron pair on the nitrogen atom that
it can donate to the benzene ring it is an ortho-para director.

(d) Structures such as the following compete with the benzene ring for the nitrogen elec-
trons, making them less available to the benzene ring.

:0¢
2 |
@’} C=CH, <> @—ff—c—cm
H

15.12 The electron-withdrawing inductive effect of the chlorine of chloroethene makes its dou-
ble bond less electron rich than that of ethene. This causes the rate of reaction of
chloroethene with an electrophile (i.e., a proton) to be slower than the corresponding re-
action of ethene.

When chloroethene adds a proton, the orientation is governed by a resonance ef-
fect. In theory, two carbocations can form:

—> :C1—CH,—CH,"
I (less stable)

:CI-CH=CH, + H'

> «(I-CH-CH, —=» CI—CH—CH,

i &

:C1=CH—CH,

II (more stable)

Carbocation 1II is more stable than I because of the resonance contribution of the extra
structure just shown in which the chlorine atom donates an electron pair (see Section
15.11D).
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15.13 Ortho attack
CH,CH, CH,CH, CH,CH, CH,CH,

Bt r Br Br
H
—> <> @ H <> H
+ +

Relatively stable

Para attack

CH,CH, CH,CH, CH,CH, CH,CH,

ARSIRICENS

Relatively stable

15.14  The phenyl group, as the following resonance structures show, can act as an electron-
releasing group and can stabilize the arenium ions formed from ortho and para attack.

Ortho attack

NO", No, € NO, % 'NOZ
+ +
+

ISR CIRS

NO, No, € NO,

| «> | |
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Para attack

N
3-8

15.15 .
<@>—CHCH2CH3 leads to 1-chloro-1-phenylpropane
I
<@>>C}{2(.JHCH3 leads to 2-chloro-1-phenylpropane
II
<@>——1’.‘H2CH2C.H2 leads to 1-chloro-3-phenylpropane
III

The major product is 1-chloro-1-phenylpropane because I is the most stable radical. It is
a benzylic radical and therefore is stabilized by resonance.

@—C'HCHZCH3 > <;>:cr1cr12cn3 «>
-<:>:CHCH2CH3 > @ZCHCH2CH3
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15.16 (a) @—CECH lNaN_NHHZ, @—cchNa+ CH,CI
iq. NH, >

(1)r~1a1~1}12/1~m3 _
@—C—CH 2 CHCG <<:_j>—c=ccnzcn3
N B (P-2 N\
i,B (P-2) \‘f"H

[from(a)]

O watimr O,

3
[from(a)] E‘I

15.17  The addition of hydrogen bromide to 1-phenylpropene proceeds through a benzylic rad-
ical in the presence of peroxides, and through a benzylic cation in their absence (cf., a
and b as follows).

(a) Hydrogen bromide addition in the presence of peroxides.

Chain Initiation
Step 1 R—&-L‘O—R —>» 2R—0-

Step 2 Ro-/_+\ Ip——OBr —> R—O—H + Br

)

Siep3  Br’+ CHLHTCHCH; —> CJHCH—CHCH,

U Br

A benzylic radical

Chain Propagation
NN
Step 4 CGHSCHClHCH3 + H—Br —>» C6H5CH2CIHCH3 + Bre
Br Br
2-Bromo-1-phenylpropane
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The mechanism for the addition of hydrogen bromide to 1-phenylpropene in the
presence of peroxides is a chain mechanism analogous to the one we discussed when
we described anti-Markovnikov addition in Section 10.9. The step that determines the
orientation of the reaction is the first chain-propagating step. Bromine attacks the sec-
ond carbon atom of the chain because by doing so the reaction produces a more stable
benzylic radical. Had the bromine atom attacked the double bond in the opposite way,
a less stable secondary radical would have been formed.

/—_—\ .
CH,CH=CHCH, + Br* —x> C,H,CH—CHCH,
(WIN) |
Br
A secondary radical

(b) Hydrogen bromide addition in the absence of peroxides.

CHCH=CHCH, + HBr —>» CHCHCH,CH, + Br
A benzylic cation

|

C6H5C|HCH2CH3
Br
1-Bromo-1-phenylpropane

In the absence of peroxides, hydrogen bromide adds through an ionic mechanism.
The step that determines the orientation in the ionic mechanism is the first, where the pro-
ton attacks the double bond to give the more stable benzylic cation. Had the proton at-
tacked the double bond in the opposite way, a less stable secondary cation would have
been formed.

CHCH=CHCH, + HBr —X%> C6H5CIH—éHCH3 + Br
H
A secondary cation

15.18 (a) @—CHCH2CH3 because the more stable carbocation intermediate is the
1
benzylic carbocation, <©>—(EHCHZCH3 , which then reacts with a chloride ion.

(b) @>—CI-ICI~12CH3 because the more stable intermediate is a benzylic cation,
H which then reacts with H,0.
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15.19 (a) The first method would fail because introducing the chlorine substituent first would
introduce an ortho-para directing group. Consequently, the subsequent Friedel-Crafts re-
action would not then take place at the desired meta position. '

The second method would fail for essentially the same reasons. Introducing the
ethyl group first would introduce an ortho-para director, and subsequent ring chlorina-
tion would not take place at the desired meta position.

(b) If we introduce an acetyl group first, which we later convert to an ethyl group, we
install a meta director. This allows us to put the chlorine atom in the desired position.
Conversion of the acetyl group to an ethyl group is then carried out using the Clem-
mensen reduction.

0, O,N
15.20 (a) (b) (c) +
~ ON SO,H 0, 0,

15.21 (a) Inconcentrated base and ethanol (a relatively nonpolar solvent), the Sy2 reaction is
favored. Thus, the rate depends on the concentration of both the alkyl halide and
NaOC,H;. Since no carbocation is formed, the only product is '

CH,CH=CHCH,OCH,CH,

(b) When the concentration of C,HsO ™ ion is small or zero, the reaction occurs through
the Sn1 mechanism. The carbocation that is produced in the first step of the Sy1 mecha-
nism is a resonance hybrid.

CH,CH=CHCH,
CH,CH=CHCH,CI == i Yo
CH,CH—CH=CH
This ion reacts with the nucleophile (C,H;O~ or C,H;OH) to produce two isomeric ethers

| OCH,CH,
CH,CH=CHCH,OCH,CH, and CH,CHCH=CH,
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(c) In the presence of water, the first step of the Sy1 reaction occurs. The reverse of
this reaction produces two compounds because the positive charge on the carbocation is
distributed over carbon atoms one and three

CH,CH=CHCH, CH,CH=CHCH,CI

¢ +Cl ) + Cl
CH,CH—CH=CH, CH,CHCH=CH,

(a) The carbocation that is produced in the Sy1 reaction is exceptionally stable because
one resonance contributor is not only allylic but also tertiary.

CH, Sl CH, CH
CHC=CHCH,CI = |cH,C=CHlH, <> CHC—CH=CH,
+

A 3° allylic carbocation

CH, CH
(b) CH,C=CHCH,OH + cr1,é|cn=cr12
OH

Compounds that undergo reactions by an Sy 1 path must be capable of forming relatively
stable carbocations. Primary halides of the type ROCH,X form carbocations that are sta-
bilized by resonance:

R—-0-CH, <> R-0=CH,
The relative rates are in the order of the relative stabilities of the carbocations:

+ + + +
CHCH, < CHCHCH, < (CH)CH < (CHyC

The solvolysis réaction involves a carbocation intermediate.

CH,

CH,CH, CH,CH, OCH, OCH,
Cl cl

15.26 (a) + (b) +
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Q-

—~
(=%
~

5.
o

cl
© @ ®
1
® + OO
cl
(h) cascrxzo—@ + CH,CH,0 ~©—c1
| 0
NHCOCH, NHCOCH, olcH,
NO, NO
1527 (@ + (b)
(mamly)
cl cl cl
No, ON
(©) ) . |
| coH coH
CoH S NO,
0
NO,

ﬁ:l
1528 (a) @—CHCH3 ®) @—cn:cnc:g
H=CHCH,CH, () @—cu,_qﬂcmcm

(c)

@
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(e) <C:>>—§HCH2CHZCH3 ) <C:>>—CHQCHZCH2CH3

OH
(®) @—C—OH
Gt
CH, CHCH,
| AlCl,
15.29 (a) @ + CICHCH, —»
CH,
i ]
GHs AICI ety
®) @ + CiccH, > @ CH,
CH,
i
Q AlC1 CCH,CH, Zn(Hg)
c 3 _£nidg)
(c) @ + Cl‘dCHZCH3 > HC], reﬂuxl

©/c112c1412cr13

(Note: The use of CI-CH,CH,CH, in a Friedel-Crafts synthesis gives mainly the
rearranged product, isopropylbenzene.)

0]
0 Con,CH,CH,
(d) @ + alencncen, 2>
Zn(jﬂ HCl,
reflux
©/CH2CH2CH2CH3

(e) e + Cl ——-)FCC13 s
2 dark ol

[from (b)]
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® @ CI\Q AIC], , c12
- CH,CH,0Na
CH,CH,0H

iy, 5
q (1) THE: BH,
(@) @ ) H,0,, Ol H
(syn addition) O

[from (P)]

2 N02
H,SO,
(h)@ + HNO, —2—L>© —91>©\
H,S0,
NO

+

r NO2
R FeB
W @ .o, FB, HNO, + ontho
H,SO,
O.H
FeCl, SO, 3
©%H©m©

SO,H (separate)

H20/H2804, heat
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H,0/H,S0, heat
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_HNO,
sto,,

(separate) SO,H

_S0,
sto4
[from (h)]
CH=CH,
15.30 (a) @l
CH=CH,
H=CH,
(c) ©/
H=CH,
(d) ©/
H=CH,
(e) ©/
CH=CH,
)
CH=CH,
(g) @r

(1) THE: BH,

H,0/H,S0, I
heat

SO;H
CHCICH,C1
Cl,
CH,CH,
_EL)
N

CHOHCH,OH
KMnO,, OH
25°C ©/

(1) KMnQ,, OH ', heat >
(2)H,0"

@COZH

CHOHCH
H,0 3
stof

CHBrCH,
HBr i
no peroxides
CH2CH2OH

(2)H,0,,0H"
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(h)

@

(k)

o

(m)

(n)

1531 (a)

CH=CH, (1) THE BH, | CH,CH,D

) CH;COZD
H=CH, CH,CH,Br
HBr
©/ peromdes ©/

CH,CH,Br CH,CH,I
acetone

+ Nal S

CH,CH,Br CH,CH,CN
©/ + CN —>

©/ H=CH, Dz @CHDCHP

O,
( + | heat, ‘ Niz,
NS

H,CH,OH CH,CH,0ONa
Qs s
[from (g)] @/CH2CH20CH3

0,H O,H

KMnQ,, OH' H_,O") Cl
heat FeCl,

Cl

AlCl
—3) + ortho

0
& s

COCH,
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(c)

H3
(d)

H3
(e)

H3
)

H3
(g2)

H3

(h)
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H, H,
HNO, Br, Br
H,SO, FeBr,
NO, NO,
(+ ortho)
H, O,H
Br, KMnO,,OH" > H,O*)
FeBg heat
Br Br
(+ ortho)
C12 (excess)
lxght FeCl3
H,
T, AICL
+ Cl—éHCH3 —3» + ortho
CH,CHCH,
Cl
AICl
+ \O =3y CH; + ortho
H,
O,N NO,

HNO; (excess)
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CH, CH, H, CH,

(separate) SO H : SO,H
H,0/H,SO,, heat | 3

NO.
, SO, SO;H _HNO; 2
(i) —_—>  —
H,SO, HZSO4

COOH H, CH,

NO, NO,
(1) KMnO,, OH™, heat c12 H,0/H,S0,
-~ (H0* Fec13 heat

H, H,
AlCl, Zn(Hg)
+ Cl—éCH2CH2CH3 e —I_—Ia—)
=0 CH,CH,CH,CH,
CH,CH,CH,
(+ ortho)
NHCOCH; NHCOCH;,
—_ +
1532 @ @ atan, @ Bn o,
eBr,
) OH
Br
(+ ortho)
NHCOCH, NHCOCH; NHCOCH, NHCOCH
SO3H
(b) 50, o,
H,SO, FeBr,
[from (a)] (minor SO;H (major SO;H
product) product)
NH;,

_ (1) H,0/H,S0,
- heat
(2)OH™
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NHCOCH3 NHCOCH3
© CCH3 UL H+ >
H3SO4
[from (b)] ol
NHCOCH; NHCOCH; NHCOCH; NH,
NO, NO, . NO,
Br, @ () H,0
HZSO4 FeBr, H,0, heat
) OH™
SO,H SO.H Br Br
[from (b)]
NH, NH,
Br Br
Br,
(e) @ ——PHZO
Br

15.33 (a) Step (2) will fail because a Friedel-Crafts reaction will not take place on a ring that
bears an —-NO, group (or any meta director).

CH3C0C1 no Friedel-Crafts
HZSO4 AlCl3 reaction

(b) The last step will first brominate the double bond.

H :CH2
NaOEt,, Br,
EtOH FeBr
hght heat
HBrCH,Br HBrCH,Br HBrCH,Br
Br
+

Br
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15.34 (a) Electrophilic aromatic substitution will take place as follows:

0+£0 = G+0
-0+LO

(b) The ring directly attached to the oxygen atom is activated toward electrophilic attack
because the oxygen atom can donate an unshared electron pair to it and stabilize the in-
termediate arenium ion when attack occurs at the ortho or para position.

1535 (a) @_{Hz_g_@ + B-—@—cnz—ﬁ
o Q=0 - =O~LO
Br
-PHO

15.36
—CH, ——> C—CH, —> HnC—CHs
| Her <l \
0 QH H)OH

—_> ¢—CH;, —>
\
:OH
\*H—-(]}r

(s
H
H

e~

-—HBr

CH, CH,
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15.37 This problem serves as another illustration of the use of a sulfonic acid group as a block-
ing group in a synthetic sequence. Here we are able to bring about nitration between two
meta substituents.

H H

concd. H,SO, HO,S concd HNO,
60-65°C concd H,SO,
OH OH
G SO;H
H
HO,S NO,
H;O“ HO
OH heat
g SOH
OH OH
15.38 dilute Cl Cl
H SO Cl H SO,
00°C Fe heat
SO;H SO;H

H* +
1539 (@ (1) CH,CH=CH—CH=CH, —>» CH;CH=CH—CH—CH,

!

+
C,H,CH—CH=CH—CH,

CH,CH==CH==CH—CHj,

+

8+ X~
(@) CoH{CH=CH=CH—CH, —> CgH,CH=CH—CH—CH,
X
(b) 1,2 Addition.

(c) Yes. The carbocation given in (a) is a hybrid of secondary allylic and benzylic con-
tributors and is therefore more stable than any other possibility; for example,
CH,CH=CH~CH=CH, —1» C/H.CH,—CH—CH=CH,
A hybrid of
i allylic contri-

+ butors only
CH,CH,—CH=CH—CH,
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15.40

(d) Since the reaction produces only the more stable isomer—that is, the one in which
the double bond is conjugated with the benzene ring—the reaction is likely to be under
equilibrium control:

—> CJH,CH=CH-CH—CH, Ao
o product
8" 5t cl
CH,CH ~“CH—=CH—CH, — More stable isomer
+
- —» CH,CH —CH=CH-CH, Not
cl : ‘ (|Zl formed

Less stable isomer

/@ Alch, ZnHg)
“Ha >
H,C

Toluene Succmlc
anhydride (CnHHO )
50Ch Ay
H,C
(C11H1407) (C,H 13CIO)
O:(; NaBH, /O:; _H,S0,
heat
C
O
(C11H0) (Cl1H140)
EtOH
H,C llght H,C heat
F G
(CyHyp (CyH,,Br)

2-Methylnaphthalene
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H, H,
N
15.41 HNO, } 0, (only possible
H,S0, mononitro product)
 CH, CH,
CH,OH CH20H2

_rearrange- _ © —HA
ment .y
"y "H
CHZ l

CH,—C=CH, H,C CH;
HA + CH,
(b) CH3—C|2 CH, —> CH,— (l: CH, ,
C¢H; CeH; CH; CgHs
HC CH, HC CH,
—-HA
—> —

CH CH

A= HCH3 615 CH, (]

o n OO % OO
Jeok s
OH
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( C) (1) CH3MgI @
(QNH,* ' CeHs
_ 0 H,C" OH H, /Ni
@ (1) CgH;MgBr H*
()NH 4+ heat

15.44 (a) Large ortho substituents prevent the two rings from becoming coplanar and prevent
rotation about the single bond that connects them. If the correct substitution patterns are
present, the molecule as a whole will be chiral. Thus, enantiomeric forms are possible
even though the molecules do not have a stereocenter. The compound with 2-NO,,
6-CO,H, 2'-NO,, 6'-CO,H is an example,

O,N 0,
CO,H HO,Cy,
and
0, O,N
N HO, CO,H
~Y

These molecules are nonsuperposable mirror images and, thus, are enantiomers.

)

The plane of the page is a plane of symmetry.

1545 (a) Q
<@>—c—cnzc1{3 @—CCIZCHZCH3 @—CECCH3
C

A B
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~C-H Nc—cH,
/
E H

NS
/
D CH,
© @ CH,
H;é‘Br H;é‘Br
Br” :H H’é‘Br
F CH; ¢ ‘s

HC——Cl + A, —> HC—$=0 + AC,

Q |
. C—CH;,  po1-
+ HC—C=0 —> — >
+
o)

(0]
1} 1
C—CH3 C —CH3
base >
1 -HCl
CgH,,0Ct

(a and b) The tert-butyl group is easily introduced by any of the variations of the
Friedel-Crafts alkylation reaction, and, because of the stability of the fert-butyl cation,
it is easily removed under acidic conditions.

(c) Incontrast to the -SO;H group often used as a blocking group, ~-C(CH,); activates
the ring to further electrophilic substitution.

At the lower temperature, the reaction is kinetically controlled, and the usual o/p direc-
tive effects of the ~CH; group are observed. At higher temperatures, the reaction is ther-
modynamically controlled. At reaction times long enough for equilibrium to be reached,
the most stable isomer, m-toluenesulfonic acid, is the principal product.

The evidence indicates that the mechanistic step in which the C-H bond is broken is not
rate determining. (In the case cited, it makes no difference kinetically if a C-H or C-D
bond is broken in electrophilic aromatic substitution.) This evidence is consistent with
the two-step mechanism given in Section 15.2. The step in which the aromatic com-
pound reacts with the electrophile (NO,*) is the slow rate-determining step. Proton (or
deuteron) loss from the arenium ion to return to an aromatic system is a rapid step and
has no effect on the overall rate.
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15.50

15.51

15.52

15.63

15.54

*15.55

NaCN

(@) CH,CHBr —pmg>»” CeH,CH,CN
(-NaBr)
CH,ONa
(b) CHCHBr —cuom > CeHsCH,0CH,
(-NaBr)
CH,CO,Na
(c) C¢H,CH,Br W C¢H,CH,0,CCH,
(-NaBr)
(d) CHCHBr —mece®
: 611s-tLDI - “acetone CeH,CH I
(-NaBr)
Na
(¢) CH7=CHCH,Br m%;» CH=CHCHN,
(-NaBr)
. NaOCH,CH(CH;),
() CHFCHCH,Br <c),cacmon > CH~CHCH,0CH,CH(CH,),
(-NaBr)
Br CH,
NSNS
+H H,0
CH)C—0-H =2 (CH)C-OH, = (CH)C
- 64 +H,0 67573 -EtOH
Very stable
: H carbocation
(CcHy,C —'fl)—Et % (CeHy);,C—O-Et
H
(a) CH,CH,CH=CHCH,Br would be the most reactive in an Sy2 reaction because it
is a 1° allylic halide. There would, therefore, be less steric hindrance to the attacking
nucleophile.
(b) CH,=CHCBr(CHj,), would be the most reactive in an Sy1 reaction because itisa
3° allylic halide. The carbocation formed in the rate-determining step, being both 3° and
allylic, would be the most stable.
The final product is o-nitroaniline. (The reactions are given in Section 15.14.) The pres-
ence of six signals in the 13C NMR spectrum confirms that the substitution in the final
product is ortho and not para. A final product with para substitution (i.e., p-nitroani-
line) would have given only four signals in the 13C NMR spectrum.
CH,OHCHOHCH,OH (Glycerol) After sodium borohydride reduction of the alde-

hyde, ozonolysis oxidatevely degrades the aromatic ring, leaving only the polyhy-
droxy side chain. Water is an alternative to HOAc sometimes used to work up ozonol-
ysis reactions.
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(;OOH
HO~C—H ,
[ (Threonic acid)
H=—C—=OH
i
CH,0H
Ozonolysis oxidatively degrades the aromatic rings, leaving only the carboxyl carbon as

a remnant of the alkyl substituted benzene ring. Water is an alternative to HOAc used
to work up the ozonolysis reaction.
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ALDEHYDES AND KETONES |I.
NUCLEOPHILIC ADDITION TO THE

SOLUTIONS TO PROBLEMS
1l (I)l 1l
16.1 (a) CH,CH,CH,CH,CH  CH;CH,CHCH CH,CHCH,CH
H, H,
Pentanal 2-Methylbutanal 3-Methylbutanal
Hs I I
CH3(|E —CHO CH,CH,CH,CCH,4 CH,CH,CCH,CH,
CH,
2,2-Dimethylpropanal 2-Pentanone 3-Pentanone
0
CH3(|JHJ','CH3
CH,
3-Methyl-2-butanone
i HO
) ﬂ 9 CH,
o Ot O
Acetophenone or Phenylethanal or 2-Methylbenzaldehyde
methyl phenyl ketone  phenylacetaldehyde (o-tolualdehyde)

%HO HO
CH,
CH,
3-Methylbenzaldehyde 4-Methylbenzaldehyde
(m-tolualdehyde) (p-tolualdehyde)

287
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16.2

16.3

16.4

(a) 1-Pentanol, because its molecules form hydrogen bond's' to each other.

(b) 2-Pentanol, because its molecules form hydrogen bonds to each other.

(¢) Pentanal, because its molecules are more polar.

(d) 2-Phenylethanol, because its molecules form hydrogen bonds to each other.

(e) Benzyl alcohol because its molecules form hydrogen bonds to each other.

(@ CHCHCHOH —X 3 CH,CHCH

diethyl ether

CH,Cl,
S0Cl [l . LiAIH[OC(CH
) CHCHCoH 2%y chcnfa DANCCWLL, oy cp,ty

' Brz _(HHCHO

(1) KMnOQ,, OH ', heat SOCl,
(b) <@>'—CH3 2 H,0° @—COZH — >
LiAIH[OC(CH;);)5
@COCI diethyl ether > ©>_CHO

HC=CN H,0", Hg?'
(c) CH,CH,Br ——— CH,CH,C=CH —_—=—> CH,CH,UCH,

2

2+
(d) CH,C=CCH, __g__’ CH,CH, CCH
H,0

H,CrO,
(e) @—-?HC& ——— @—ﬁcm
0
CH,COCl
"0 - - Or
3
0
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f ! ! cny,cuLi
(h) @-COH 2k, @—ca Chool, @jcm
: ' CN CH,CH,MgBr
(i) H,Br ——>» i2
©_C 2>t ©_CH2CN diethyl ether l
f Bo' J[MeBr
H,CCH,CH, <—— H,CCH,CH,

0
) 1)i-Bu,AIH |
() .CHCH,CN 5(—23)%—» CHCH,CH
3

0)
(1)i-Bu,AIH |
(k) CH,(CH,),CO,CH, ma:—) CH3(CH2)4éH

165 (a) The nucleophile is the negatively charged carbon of the Grignard reagent acting as
a carbanion.

(b) The magnesium portion of the Grignard reagent acts as a Lewis acid and accepts an
electron pair of the carbonyl oxygen. This acid-base interaction makes the carbonyl car-
bon even more positive and, therefore, even more susceptible to nucleophilic attack.

5t &
>c o) —> —(}—Q—ng

:—G '\\ +
R
5-

(c) The product that forms initially (above) is a magnesium derivative of an alcohol.

(d) On addition of water, the organic product that forms is an alcohol.

16.6 The nucleophile is a hydride ion.

H P S i > 4
16.7 =0t + .‘p\ <= H—?—_C): —= H—é—:()H
H \/ H H—‘O=+ H H
H
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16.8 Acid-Catalyzed Reaction

-+
+H S5m0 H

Ly _H
CH3—C—CH - CH—~C—CH, -— CHS—(II—CH <=

Hz“o H2130+ +H
OH *+OH,
+H, HO H
CH3—é—CH3 = CH3—cJ:—CH3 <—= CH;-C-CH,
I H | +H,0 I ., +H*|
“OH “OH "*OH
CH;—C—CH,
!
Base-Catalyzed Reaction Y
OH" + H0 &2 HO + “OH
& > 9 . HO o,
CHi~C-CH, + "OH «—— CH3—&|--—CH3 <0T CH; é—CH (I_-I;O_-
sOH , “OH
¢OH Ol
CH —é—CH3 4_—’ CH;—C—CH,
130" g
Acetal
16.9 Acetal group cetal group
CH0H ¢

Sucrose

H

\

16.10 +HO—CH, .
— _:_f£>
Orgo @“?«—— _
qa -HO—CH, g OH
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“0~CH (;o—cH,
/ PG 4 -HO s
O£ & OF5" & Orpeo
E H +H0

\-e
H OH OH, H
(hemiacetal)
/\ écn .
b, +HO—CH, / S OCH,4
<@>—?:z3cHs “oom Nocu., g
H HO—CH, H OCH, H OCH,
(acetal)
1611 HC_ e BCL ., .Hocmomon HC. OH
=0 &= C=0H 3 >
H,C Y HC HOCRCIOT g.c” “be,cH,0H
H H
H,C. O-H H,C C‘c'>"—H
H N/ +H N -H,0
- C <= C
T /N “w X2 THO
H,c” OCH,CH,0H HC  OCHCHOH
H‘é— 0—CH
H
HC N HC  JO-CH, . HC_ X
SRR <= AN ‘ AN
H,C HC ™ 0—CH, HC  0-CH,

16.12 HO\Q/CHZOH
0 CO,CH [ CO,C,H;
1613 @ ﬁ/ *2% nocnomol

H
A
[ oMl OH
—CH C—CH
2 CHMgl Oh?m 3 NH,* . 3
—_—> 3 H,0 ) I l 3
C
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(b) Addition would take place at the ketone group as well as at the ester group. The
product (after hydrolysis) would be.

OH
HO <—CH,
CHy” CH,
o (F% (o (1, = ()
6—R 0-R

(b) Tetrahydropyranyl ethers are acetals; thus, they are stable in aqueous base and hy-
drolyze readily in aqueous acid.

O

I

Q i <= HOCH,CH,CH,CH,CH
(?——H 0O OH 5-Hydroxypentanal

0
H
(¢) HOCH,CH,CH,CH,Cl ron ,CH,CH,CH,CI
w, CL °
Mg CH CCH
E4O 0~ “OCH,CH,CH,CH,MgCl ———»
NH
o OCHZCHZCHZCHz(liOMgCl H—:)» HOCH2CH2CH2CH2CIOH
CH, i CH,
i
(+ HOCH,CH,CH,CH,CH)

© 2000, Modulo Editeur inc. / © 2000 John Wiley & Sons Inc.



ALDEHYDES AND KETONES |. NUCLEOPHILIC ADDITION TO THE CARBONYL GROUP 293

BF, SCH,
16.15 (a) O + HSCH,CHSH —>»
S—CH,
Raney Ni
——> <:> + CHCH, + NiS
2
. lc? BE, S—CH,
(b) CH + HSCH,CH,SH —>» i
S—CH,
R Ni
ﬂg’.—‘) @CH3 + CH,CH, + NiS
2

16.81 CH;._ _CO,”

CH,._ _CO,”
NH, E H-N—H
H\\c(/:l_\'_I\H == H(N-E >
_ H _
=0,PO | N ‘O =0,PO | 0
P P
+1TI CH;, +IT CH,
H H
CH,._ _CO,”
- oy
+
H—CTN"E > He o NH y g
H__ _
=0,PO | N ° =0,PO | 0
F P
H H
16.B2 CH,)_CO,” CH;._ €O, CH,._ _CO,~
E—B
~ +I|~|I—H +IﬁI—H +III—H
H—C —>~ H—C <«—>» H—C
=0,PO | 0 =O3PO/\(§:O =0,PO B o
# ¥ 7
N CH, N CH, N CH,
H H H
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0 OH OH
| HCl, H,O
1616 @ cHCH 2Ny cuduon > cHdHCOH
Lactic acid
(b) A racemic form
i
1)(CH)P, - CH,CCH
16.17 (a) CH,I —EZ;(R+5)’> ‘CH~P(C(H,), S, C,H,C=CH,
H3
1
1) (C¢Hs)sP - C¢H,CCH
(b) CH,CH,Br E2;R+’)’> CH,CH —P(C(H)), S, C4H,C=CHCH,
H3
I H,C
- CH,CCH 3
(c) ‘CHP(CH), ——» >c=c1q2
‘[from part ()] H,C
0? CH,
(d) ICH-PCH), —> é
[from part (a)]
I
(1) (CeHs)sP S CH,CCH,CH; _
(e) CHCHCHBr g > CHyCHCH —P(CHy), >
CH
CH3CHZCH=éCH2CH3
i
(1) (C¢Hs)5P -+ C¢HsCH
() CHFCHCHBr 5 pr="» CH/CHCH—P(CHy), —— >
C4H,CH=CHCH=CH,
1l
(1) (CeHs)P I | CeH,CH
(8) CHCHBr -5 » CgHCH —P(CHy), —
CH,CH=CHCH;
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+ CHy™; -
6 5/ N, [ N,
\j CH3 (C6H5)3P+ CH3

16.18  (CgHy),P:

CeHs,, ,CHy CeHs,, ,CH;
H-CJCAH <«—  H=~c—Cc=H
[ L, 1
(C6H5)3Pfo (CcHy)PT O
CeHs.,, ,CH;
C=C + (CgHy);PO
H/ \H
7n OZnBr
16.19 (a) (CH,),C=0 + BrCH,CO,CH,CH, %enzenc” (CH3)2éCH2CO2CH2CH3

OH
B9,y (cH,),CCH,CO,CH,CH,

3
CHCO,CH,CH,

CH,

(1) Zn, benzene

(©) CH3CH2(I:h + BrCH,CO,CH,CH, (2)H,0", heat \

H
CH,CH,CH,CH,CO,CH,CH, <~ CH;CH,CH=CHCO,CH,CH,
> "0 MR w
16.20 C-H + :0-0-C-R C—0-0—C—R <=
\_/" |
RCOH o )
é—o—o—c—R = @ P Lo,
0
_ 0 .
@—C—OH + H
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16.21 The product is a lactone, formed as follows:

0 éOH
HO, O-O0—C-R HO O—O—C—-R
il
ol G o)
o, T3 0O
(a lactone)

16.22 CHsg —O——(llHCH3 The isopropyl group has a greater migratory aptitude than
CH,
the methyl group. The mechanism is as follows:
O/\A OH (0]
9, .2 i | o
CH3—C‘\+/ £ 0—C—R <—= CH;—C—0—0—C—R =<—
) (CH;),CH (CH,),CH
o cJSon R . 0
_é | RCOH —é isopropyl 1
CH—C—0-0;C-R CH :g = » cu,¢—0CcH(CH)),
(CHs)zéH (CH3)2CH migration s
+ H
16.23 (a) HCHO Methanal
(b) CH,CHO Ethanal
(¢) CH,CH,CHO Phenylethanal
(d) CH,COCH, Propanone
(e) CH,COCH,CH, Butanone

(f) CH,COCgH;
(8) C4H,COCH,

CHO
"l
OH
CH,0 CHO
1 @ :
HO

(i) CH,CH,COCH,CH,

1-Phenylethanone or methyl phenyl ketone

Diphenylmethanone or diphenyl ketone

2-Hydroxybenzaldehyde or o-hydroxybenzaldehyde

4-Hydroxy-3-methoxybenzaldehyde

3-Pentanone
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16.24

16.25

(k) CH,CH,COCH(CH,),
(1) (CH,),CHCOCH(CH,),
(m) CH,(CH,),CO(CH,),CH,
(n) CH,(CH,),CO(CH,),CH,
(0) C4H,CH=CHCHO

(a) CH,CH,CH,OH

(b) CH,CH,CHOHCH;

(c) CH,CH,CH,0OH

0
(d) CH,CH,C —0
(e) CH,CH,CH=CH,
(f) CH,CH,CH,OH
0—CH,

/
(8) CHCH,CH J
0—CH,

(h) CH,CH,CH=CHCH,

() CH,CHOHCH,

(b) CH,COHCH,
CH,

(¢) CH,CHOHCH,

(d) No reaction

CH,
(e) CH,C=CH,

(f) CH,CHOHCH,

HC_ O—CH,
@ >c< ‘l
' o—CH,

(h) CH,CH=C(CH,),
H

(i) CH,CCH,CO,CH
CH,

2-Methyl-3-pentanone
2,4-Dimethyl-3-pentanone
5-Nonanone
4-Heptanone
3-Phenyl-2-propenal
(i) CH,CH,CHOHCH,CO,C,H;
() CH,CH,CO;NH," + Agl
(k) CH,CH,CH=NOH

() CH,CH,CH=NNHCONH,
(m) CH,CH,CH=NNHCH
(n) CH,CH,COH

S—CH,

/
(0) CH;CH,C]l Al
S—CH,

(p) CH,CH,CH, + CH,CH, + NiS

(j) No reaction

(k) CH,C=NOH

CH,

M CH3(%_—-NNHCONH2
CH,

(m) CH3C|I=NNHC6H5
CH,

(n) No reaction

H3C\ /S—CHi
@ X ‘l
B S—CH,

(p). CH,;CH,CH; + CH3CH; + NiS
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=0
4
o=

16.26 (a)

O

NO,

CH
y/ 2
(c) ¢

¢

\
CH,

H3
OH

h
(b) @—C=NNHC6H5
(@ @—«;Hcm

OH

ACh
16.27 (a) + CH,CH,CH,COCI @-{CH CH,CH,

*

AICl ﬂ
@ + (CH,CH,CH,C0),0 —» @—CCH2CH2CH3

© = O

f
(b) <C:>>—-v:CH2CH2CH3

(1) Li, diethyl ether CuLi
ula
(2) Cul
CH,CH,CH %Cl ﬂ
2y
- CH,CH,CH,
Zn(Hg)
HCI » H,CH,CH,CH,

NHNH, CH,CH,CH
OH™,heat H,CH,CH,CH,

HSCH,CH,SH @7:/5 H,
H* \
S—CH,
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@—CHO T, @-CHZOH
(b @—cno AT BO', @—c
(©) @-COZH SCk @—c
MgBr

Qe Qe == L0
@f‘@ = OO

o)) A1c13 ﬂ
) H30+

[from (c)]

f f
(e) @—cm + (CH,),CuLi —>» @—CCH3 + CH,Cu + LiCl

[from (c)]

ﬂ H
. ()CHMgl 0
® n e (O)onen
(@) R—H (1) (CH,;),CHCH,MgBr (?II:C HCH
() H,0* > e
CH,

[from (a)]

16.28 (a)

[from (b)]
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. Zn
(i) @—Cﬂzm Hcon” @—CH3

[from (h)]

or
S—C

Bt VR -
@—c‘ . HSCHCH,SH @_{\H Raney Ni
-H —22 | —
BFs s—em, B\
2

1 o > I See problem 16.8
(k) —H —H (See problem 16.
@C H,"0" ©>_C for the mechanism)

?I HCN ?H
(m) @—c—n HN, @—CHCN
(a cyanohydrin)
9 NH,OH
(n) -H —>» H=NOH
(an oxime)
(0) ﬂ—H + H,NNHCH H’—(Yb H=NNHCH
65 CH,COH 6

(a phenylhydrazone)

® @—ﬁ—n + H,NNHCONH, —> @‘CH:NNHCONHz

(a semicarbazone)

(@ @—ﬁ—n + (CHyP-CHCH=CH, —> @-CH=CHCH=CH2

(a Wittig reagent)
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0

il
0 CCH,CH,
1629 (a) @ + cen o Ay

0

! 0
c-Cl CCH,CH,
(b) @ + (CH,CHy),CuLi —» ©/

16.30 (a) @-CH OH E—I:C—lz-) @-C
) @_Cl o SOCh @_E LIAH(OC(CHy), | @ﬁ .
(1)KMnO,, OH" [as in
=CH ————»
© @ cn o @—COZH s @

(1YKMnO,, OH" [as in (b)]
d = —_—
@ ©_C H ono @COZH )
©_C—H

(e) 9_ (1)(i-Bu),AlH, hexane, -78°C > ﬂ_
@ oc, L .
) _ (1) (i-Bu),AlH,hexane, -78°C R q :
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CH,

OH +
H,CrO 1) CH,Mgl H
16.31 4y SULLE L N OH ——»
acetone (2) NH,* heat
. B

CH, (")
WO CHCH,CH,CH,CH,CCH, 280 OF,
—_—
(2) Zn, HOAc 2ty 3 O
c D

| 1
HO—CCH,CH,CH,CH,CCH,

E
BrCH,CO,E H,0* OH
t
16.32 CH38H ———2—2—> —> CH3éHCH2C02Et —h:-g?
K
H. 1) DIBAL-H
CH,CH =CHCO,Et —» CH,CH,CH,CO,Et o -
Pt (2)H,0
L M \
\ i,
CH,CH,CH,CH
16.33 @ Ly @ —é—H

O\CH

The compound C;H,O; is 3,4-dihydroxybenzaldehyde. The reaction involves hydroly-
sis of the acetal of formaldehyde.

OH

|
CH, Br CH,MgBr CH,CHCH,
16.34 (a) (l)CH3CHO
Elzo (2) H,0"

O
CH,MgBr ) CHZ'——\ cH, CH,CH,CH,OH PCC
T e—
() (2) H;0* C—H_z_C—lz\
[from (a)] @CHZCHZCHO
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CH,Br EH-b(C HJ), Q
() (1) (CeHs)sP CGHSCH =CHCH
) C6H5L1

(a Wittig reagent)

©/CH =CH—CH ICH©

|
CHMgBr o oo CH,CHCH,CH, oo
() + H— éCH CH, —>» ==

o v

I
E@rCHZCCHZCH3

0
| HOCH,CH,0OH,H* / M,

1635  BrCH,CH,CHC—H Ly BrCHZCHZCH2CH:, =
\ 1,0

[from (a)]

A 0
0] OH
/ (1) CH;CHO | 1l
BrMgCH,CH,CH,CH :’ " CH,CHCH,CH,CH,C —H
\ (2)H,0"H,0 -
B O C
CH, CH,
(0] (1)CH,0H
— > +3 O
y ()R
CH OCH,
(a hemiacetal) D (an acetal)

16.36 (a) (CH,),SO,, NaOH, or CH,], NaOH cH
] 3

(b) PCC/CH,CI, (c) Zn, BICHCO,Et, then H,0"

(d) LiAlH,, then H,0 Intermediate is CH;O —@- CHO
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OCH,
_ PCC - CH0H L
1637 CHFCHCH,OH 5> CHFCHCH ——» CH=CH #H
A B OCH,

OCH, 0

KMnO,, OH é H,0" E
——— 3% CH-CH—-CH > —CH—CH
cold, dilute 1H2 I | H,0 CIHZ ?
OH OH OCH, OH OH

C Glyceraldehyde

The product would be racemic as no chiral reagents were used.

, O = O . 0
I NaBH, 4 4

' Ha~ HO -
1638  CHC—Cmyg  ——> H5C—Cay + HO~Cc—Cuy
CH,CH, H,C CH,CH, HsC CH,CH,
(R)-3-Phenyl-2-pentanone . ® (R) ) ®) —

Y
Diastereomers

(1) 2(CgHs)sP

(2) RLi (CH,),B—CH(CH,),CH—P(CH,),

. 1639  BrCH,(CH,),CH,Br

A
2CHa(CHz)n§CH3 EH’ EH’ H,
» CH,(CH)),,C =CH(CH,),CH=C(CH,),,CH; — >
B
CH,  CH,
CH,(CH,),,CH(CH,),CH(CH,),,CH,

C

16.40 (a) Ag(NH,),*OH~ (positive test with benzaldehyde)
(b) Ag(NH,),*OH - (positive test with hexanal)
(c) Concentrated H,SO, (2-hexanone is soluble)
(d) CrO,in H,SO, (positive test with 2-hexanol)
(e) Br, in CCl, (decolorization with C;H;CH=CHCOCH,)
(f) Ag(NH,),*OH " (positive test with pentanal)
(g) Br, in CCl, (immediate decolorization occurs with enol form)

(h) Ag(NH,),*OH~ (positive test with cyclic hemiacetal)
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16.41 Compound W is

/\singlet 834

multiplet & 7.3 { @: =0
I -1
" R peak near 1715 cm o
« (DKMnO,, OH" heat COH
Compound X is ORo
COH
8
multiplet & 7.5 H L)
C Jztr let § 2.5 Phthalic acid
iple 4

triplet 8 31

16.42 Each 'H NMR spectrum (Figs. 16.4 and 16.5) has a five-hydrogen peak near 8 7.2, sug-
gesting the Y and Z each has a C¢gH;—group. The IR spectrum of each compound shows
a strong peak near 1710 cm . This absorption indicates that each compound has a C=0
group not adjacent to the phenyl group. We have, therefore, the following pieces,

i
O

If we subtract the atoms of these pieces from the molecular formula,

CoH,20
-CH;,0 (CH+ C=0)
We are left with, C;H,

In the 'H NMR spectrum of Y, we see an ethyl group [triplet, 6 1.0 (3H) and
quartet, § 2.45 (2H)] and an unsplit —CH,—group [singlet, § 3.7 (2H)]. This means that
Y must be

©>—-4:1{2CCH2CH3

1-Phenyl-2-butanone

In the 'H NMR spectrum of Z, we see an unsplit —CH, group [singlet, 6 2.1 (3H)] and
two triplets at 6 2.7 and 2.9. This means Z must be

@—CHzCHZCCH

4-Phenyl-2-butanone
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16.43 That compound A forms a phenylhydrazone, gives a negative Tollens’ test, and gives an
IR band near 1710 cm~ ! indicates that A is a ketone. The 13C spectrum of A contains only
four signals indicating that A has a high degree of symmetry. The information from the
DEPT !3C NMR spectra enables us to conclude that A is diisobutyl ketone:

@ ® ©R
(CH3)2CHCH2éCH2CH(CH3)2
@)

Assignments:
(a) 6226
(b) 6244
(c) 6523
(d) 6210.0

16.44 That the !13C spectrum of B contains only three signals indicates that B has a highly sym-
metrical structure. The information from DEPT spectra indicates the presence of equiva-

| .
lent methyl groups (CH; at & 18.8), equivalent —Q— groups (at 6 70.4), and equivalent

:C=O groups (at 8 215.0). These features allow oniy one possible structure for B:

)

N [ i
3

@ ®

H,C A\
ca, ©
Assignments:
(a) 618.8
(b) 6704
(c) 8215.0
16.45 The two nitrogen atoms of semicarbazide that are adjacent to the C=0 group bear partial

positive charges because of resonance contributions made by the second and third struc-
tures below.

0 0 O
A -§-0f, <> mi-N=t-, <> mN-§-Cfm,
H H H

Only this nitrogen is nucleophilic.
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16.46 Hydrolysis of the acetal linkage of multistriatin produces the ketodiol below.

OH
16.47 -
Clz oH ﬁ)
H, heat hv, HCl, —1-12—6) —H
or peroxide OH

— (O

The gem-diol formed in the alkaline hydrolysis step readily loses water to form the alde-
hyde.

16.48

]
CH3JZ ——&—CHZCH_,, or its enantiomer
H,

16.49 The general formula for an oxime is

OH
\C =Nf
/ .

Both carbon and nitrogen are sp? hybridized; the electron pair on nitrogen occupies one
sp? orbital. Aldoximes and ketoximes can exist in either of these two stereoisomeric forms:

ROH OH RHYH
(K \ N/ (R) \ o
C= . or C=N
/ o / \
R R OH
This type of stereoisomerism is also observed in the case of other compounds that pos-
sess the C=N group, for example, phenylhydrazones and semicarbazones.
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0
16.50 0

§

0]
N [ aH
@0 + (CH30)2P/\| (\/v NaH _
0]

AcO H
gl
*16.51 RoG ,C _ %
0" —— -Co,
NH, II;lune o
exchange =
with 0;P0 |
Enz—N=PLP >
(see problem 16.B1) ;N° CH;

Imine -
NH, " exchange =03P0 0
with I :
Enz—NH #
2 . +N CH3

(—Enz—N=PLP) I
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1

*16.52 (a) O—H stretch at about 3300 cm ™ '; C==0 stretch at about 1710 cm™

(b) o._ JOH
(Intramolecular hemiacetal
from A)
CH,
*16.53 CH,0
CH,0H
CH;0
C

309
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ALDOL REACTIONS

SOLUTIONS TO PROBLEMS

17.1

17.2

17.3

o o

2,4-Cyclohexadien-1-one Phenol
(keto form) (enol form)

The enol form is aromatic, and it is therefore stabilized by the resonance energy of the
benzene ring.

H7€3\
",....C—EC(, does not have a hydrogen attached to its a-carbon

H3C
atom (which is a stereocenter) and thus enol formation involving the stereocenter

scz\

0
is not possible. With u C",,..l C—CH éCsH the stereocenter is a 3 carbon
3

H
and thus enol formation does not affect it.

In OD/D,0:
CH, o CH 0 D.O O
/7 > / 2
C, 5—|—C< + O &= CH—&—C( <= C,H— —-C
H Gl CH; D ¢ Hs
+ enantiomer
In D,0'/D,0:
CH, o 0-D H,C
/) D+ y/ -H' 3 oD
C2H5—¢—C< + D' == CH —é—c( = c=(
H CeHs H CeHs H5C2/ CeH;
O-D H, o
M -D* y/
& Hs—é—Ci/ <= C2H5—¢—C< + enantiomer
D CeHs D CeHs

311
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17.4 EtO’f\
H9S

H
cis-Decalone Protonation on trans-Decalone
the bottom face
H H
=7 =7
H
|
H
No bulky groups are
A large group is axial in trans-decalone.

axial in cis-decalone.

17.5 Thereaction is said to be “base promoted” because base is consumed as the reaction takes

place. A catalyst is, by definition, not consumed.

17.6 (a) The slow step in base-catalyzed racemization is the same as that in base-promoted
halogenation—the formation of an enolate ion. (Formation of an enolate ion from sec-
butyl phenyl ketone leads to racemization because the enolate ion is achiral. When it ac-
cepts a proton, it yields a racemic form.) The slow step in acid-catalyzed racemization is
also the same as that in acid-catalyzed halogenation—the formation of an enol. (The enol,
like the enolate ion, is achiral and tautomerizes to yield a racemic form of the ketone.)

(b) According to the mechanism given, the slow step for acid-catalyzed iodination (for-
mation of the enol) is the same as that for acid-catalyzed bromination. Thus, we would

expect both reactions to occur at the same rate.

(c) Again, the slow step for both reactions (formation of the enolate ion) is the same,

and consequently, both reactions take place at the same rate.

(o} :
B e o z )

177 (@ CH,CH,CH + OH <= CH,CHCH + HO0
0% 0 0
| - -

CH,CH, U ‘CHCH = CH,CH,CHCHCH
CH, CH,

O‘KN . OH 0O
——>

I | | [
CH,CHZCHCIHJZH + HO & CH3CH2CHCiHéH + OH

CH, CH,
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OH 0]
\
(b) For CH3CH2éHCH2CH2&H to form, a hydroxide ion would have to remove a 8-

proton in the first step. This does not happen because the anion that would be produced,
that is, :CH,CH,CHO, cannot be stabilized by resonance.

0
|
© CH3CH2CH=(IZéH
CH,

OH
o NaOl H.
178 CHCHO 2% CHCHCHCHO —» CH,CH=CHCHO ITZl

(aldol)
CH,CH,CH,CH,0H
ofr o
17.9 (a) 2CH,CH,CH,CHO TZO—) CH3CH2CH2CHCIHCHO
CH,
CH,

(1) LiAIH,, Et,0

H" .
(b) Product of (&) 5% CH,CH,CH,CH=CCHO oro ]

i
CH,  CH,CH,CH,CH=CCH,0H
CH,
.Y CH,
(c) Product of ( )? CH,CH,CH,CH,CHCH,0H
H,
H,
NaB o
(d) Product of (a) 2"y CH,CH,CH,CHCHCH,OH
H,
&,
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CH, DH  CH,
17.10 CH,(lJCH ={cH, + HO = cn,don =beu, + o =

(shown in text) OH CH,
=t —c=t—cH, + HO

: :OH
|
CH3('IICH3 + HO == cmﬁcn3 + Cl

CH, CH, :OH CH,
Hg;\:é ’/+_c\ —CH—(IJ—CH <= HO—é—CH—(L,l CH_&—CH3
H, du,
NS 0
<= HD T/CH—C—CH_é CH —"H* CHé CHéCH_éCH
' é H, 2,6-Dimethyl-2,5-hepta-
dien-4-one

17.11 Drawing the molecules as they will appear in the final product helps to visualize the
necessary steps:

Mesitylene

The two molecules that lead to mesitylene are shown as follows:

Dy
o)

CH This molecule (4-methyl-3-penten-2-one) is formed
14
CH, ” by an acid-catalyzed condensation between two
molecules of acetone as shown in the text.
X0 H,C” CH, f

3
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The mechanism is,

By
CH, CH, O0=C__

0 +H"<_'_’H6=(|:; | —-— [

C C
H, H, H3C/ \CH3 H @; \CH3

. PCC | 9 Propanal
17.12 —Q‘CHZOH CH2C12) | \ / T—)

CllHMO

i
——©—c=q—c~n Pdc +QCH H—C—H
CH,

C,H,;0 Lily aldehyde (C, 4H200)
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s (O)-

0
CH

17.14 Three successive aldol additions occur.

First
Aldol
Addition

Second
Aldol
Addition

Third
Aldol
Addition

caln +onn = ~cnly + HO
3 H, H,

0
| P > - I
HCH + =CH2&H <— OCH,CH,CH

o)
] I > |
OCH,CH,CH *+ HO <« HOCHZCHQéH + OH~

| - |l
HocucCh + ont = HocHGHH + HO

tﬁ CH,0
W CH&H <= HOCH,CHCHO
CH,OH

|
HOCHZ(fHCHO + H,0 <= HOCH,CHCHO + OH

CH,0H CH,0H
HOCH,CHCHO + OH® == HOCHé CHO + H,0

20 CH,OH CH,OH
' l-cHo == ¢
HCH + HOCH,C-CHO HOCH;— : —CHO
V -
CH,0
CH,OH CH,0H
HOCH —(lz—CHO + H0 <<= HOCH;— &—CHO + OH
H,OH

CHO

I
+ CHCHO T bty @-CH:CHCHO
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1715 (2 CH,COH + BF, &= CH,CO,BF, *+ H'

NS ’\ ‘
H + | <= tl —>

Pseudoionone

éi\/ﬂ\
~ Ionone

+ ™

B-Ionone

(b) In B-ionone both double bonds and the carbonyl group are conjugated; thus it is
more stable.

(c) B-Ionone, because it is a fully conjugated unsaturated system.

1716 (a) @é—n + CHZNO dilOH, = CH_C—NO
L)

Il
(b) HCH + CHNo, 95 pocH,cH,NoO,

™ .-
1717 (@) “:CH-C=N: <> CH=C=N:

N

(b) CH;j~C=N: = [:CHC=N: <> CI-[2=C=N::| + EOH

:0|=
C—CH—C=N:
- \ EtOH
@ U+ _iCHc=N: —> H EoH,,

OH

|
CH-CH;—C=N: CH=CH—CN
@ heat
HO '
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17.18

17.19

17.20

17.21

0 0 0%
I | O I | yd
CH3C(CH2)4éH —> '=CH2C(CH2)4dH —> (CHy, \CH2
N 2 \C/
OH l
~H 0
H,0 RN HO
—> (l,), CH, —>
/
C
i 0
0
0 0
d . O t&l ]
CH,CCH,CH,CH,CH,CH —> CH, @C_HCH
HAC\C,O" HC OH 0 CH, Q
AN — .
—> >
H,C CH,
@) Q (b) CHy () CH,
o HC C Ca 0
VAN il -0 [l
H, CH, 0 l H; CH~C—CH,
_0 H, /
HC—C cH—c” H,C—CH,
CH, S

Notice that starting compounds are drawn so as to indicate which atoms are involved in
the cyclization reaction.

It is necessary for conditions to favor the intramolecular reaction rather than the inter-
molecular one. One way to create these conditions is to use very dilute solutions when we
carry out the reaction. When the concentration of the compound to be cyclized is very low
(i.e., when we use what we call a “high dilution technique”), the probability is greater that
one end of a molecule will react with the other end of that same molecule rather than with
a different molecule.

0 o Li*

OH
R
CH; DA CH; ()CH,CH_ CH; CHCH,
(a) (2)H,0

Kinetic enolate
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0
oL )CHLH h ™
(b) CH3CH2CCH Ay cHcHC=CH, o> CHiCH,CCH,CHCH,
2
Kinetic enolate
9
O L1 0O OH
1)CH,CH,CH 0
(c) CH3CHéCH3 DA, CH3CHd =CH, %—Hg—’> CH,CHCCH,CHCH,CH,
CH3 CH3 CH,
Kinetic enolate
o Li* |(1)
(d) CH3CH—CHéCH3 CH,CH=CHC=cH, LSH:CH

* @H0 N 0 OH
CH,CH=CHCCH,CHCH,

0]
 oH, on H oLt o~ don,
17.22 (a) CH, (J:_CHéCH —>» CH é-—CH CH2
)H,0 4
- CH,

OH

CH, "o

a-Bisabolanone

0 H OH
il
CH, oLt mes~<_)-Cn
(b) CH, é_CH C=CH, >
(2 H,0
[prepared in (a)] CH] o
Ocimenone
17.B1 ]
(')/\—Si(CH3)3 N(c,Hy),
Step 1 + FNCH), —> + (CH,);SiF
OIN(CHY), q ONCH),
CHC6H5
Step 2 + C6H CH —
0 ON(C4 9)4

Q OH
HCeH HCH.
Step 3 HO o s
P —> + (C,Hy),NOH
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N Y,
17.23(a)\| —-—————>\| —3—>\| ‘
47\VCH3£‘1 CH,
Y ,

O Lit 0
‘ 2 eq. LDA, —r b st
ot oo
&
(CHy),Si” l
0 0 0 O Lit
H,0*
<_L_
(CHy),Si” (CH,),Si”

0
1724 CH, CH,
LDA

Kinetic enolate

o Lol 0
CH, T‘S{: CH,
10, 90y | —> + C¢H;SeOH
2
H
0
1725 (a) Hs cHs
H 4+ oH =
0 0
0 0 ]
I oH, CHy S0
h Ry —— Hy CH=C-CH, —>
\_*+ »CHACHY-C-CH, == CHyCH=C—CH, 2>
0 0
0 cn, 0 ch, 9 g,
HCH, _H'
| <= =
0 (I::O #r (0] @) 0
CH3 -=CH2 0
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0)
Q H, H,
H, -H,0
‘-H* '
0] (0]
OH

(b) 2-Methyl-1,3-cyclohexanedione is more acidic because its enolate ion is stabilized
by an additional resonance structure.

R
Yn bt

| H .
1726 (3) CHCCH, <= cHCon,
-+

o:::

/‘/‘o

- |
c6nséCH2= + CH,CH =CH(LJC6H5 <= CHCH —c1+r=cc6
“H,

¢=0
C4H, H’Tl&l*

C6H5CHCH£C6H5
H2
e
C6H5
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0 .
+ CH;CH =CHCCH, <<= CH,CH —crrzccﬁH5

i

I
C4H,CHCH,CC H
05
D S
IS gl conjugate 2 —
1727  HN-NH, + CHFCHSCH  — == (j: 4 =
H, ~ _NH,
|
o OH H
‘H,0
N\ /N\H
| H | ~
H H
OH
17.28 (a) CH,CH,CHCHCHO (b) @CH:C—CHO (c) CH3CH2ClHCN
CH,
‘/{ I
(d)CH,CH,CH,0H (e) CH,CH,C /é (f) CH,CH,C—OH
OH Al
(g) CH,CH,CHCH, (h) CH,CH,C —OH (i) CH,CH,CH=NOH
OH OH

| |
(j) CH,CH,CH=CHCH, (k) CH,CH,CH-CH; (1) CH,CH,CHC=CH
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(m) CH,CH,CH,

CH, ©
1729 (a) CH3éI —CH,CCH,

OH

OH

|
(d) CH,CHCH,

OH
@ CH3¢CH3
CH,
HC,
()~ C=CHCH;
H,C

(m) CH,CH,CH,

ALDEHYDES AND KETONES II: ALDOL REACTIONS 323

(I)H
(n) CH,CH,CH—CHCO,Et
H,CH,
Il c|)H
(b) CH;CH =CHCCH, (c) CH3CI:CH3
CN
HC_ O—CH,
(e) /C\ (f) No reaction
HC O—CH,

I‘{OH
(h) No reaction @) CH3éCH3
OH OH
(k) CH3éIC6H5 () CH3¢CECH
CH, CH,

HO CH,CH,
OFe T —&HCO,Er
CH,

OH

17.30 (a) H3C@C_H=CHCHO
OH
(<) H3C-©>~éHCH2CH3
0 . 0
I E
(e) HO—C —OH

(b) 11[3c~<C—_—>>~c'sﬂc_=_ccn3
i

(d mc@é—on

() H,C@CH:CHZ

i o g
(®) H,C—@CH:CH-&@ (h) H,C—@»&H—cnzé—om
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0 0
Il |
1731 (a) @cno + CH—C—-C(CHy, L%, <C:>>—c11:CH-é—C(Cf13)3
dil OH: '
() @cm - Q - @-miQ
0

SilOH H
(c) @-CHO + CH,CHNO, — @CH—C —NO, P:
@-CHZEH—NHZ

H3
() Gil OH (1)L1A1H4, EL0
@m0
FENS
HC o C—-CH H,C CHCH,
o OH
(e) CHp—@CHO + CH,CN 2223 cH o@—CH:CHCN
0 CHO
Il dilOH" heat
(f) 2 CH;CH,CH,CH,CH —.=» CH,CH,CH CH2CH—CH(CH2)2CH 22y
OH
CHO CH,OH
L ()LiAlH,, Et,0 &
CHy(CH,),CH=C(CH,),CH; 355~ > CHy(CH,),CH =C(CH,),CH,

@i& @ 22 Q-0
.HSC}I:IZ:CHZSH @i;c _@ Raney Ni | ©:>: @
3
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CH; 0%
0] 0] 2
él OoH él - ﬂCHz —CI—C—CH3 o
17.32 C(H,CCH,CH, —» CH,C-CHCH, >

CH, CH, CH,
HC™ ~C{ H,C c< o BC £ H,
(Ij Cells —» | CH; —>» ] S 6.
H C/ §C/C 3 H C/CH\C/CH3 H C/CH\C/CHZ.
3 o 3 I } I
HOH< O 0 Y
CH CH CH
(]j 3 3 OH { 3 CH
o H\C,O o H o 6
— [CeH; 2Oy —>
H,C” ~¢” H, H,C H,C
I 0 0]
CH O CH
* (1) NaNH, 3 Hg*, H,0" 3
= 1 3 po=C— ——
1733 HC=CH <3 cpcoch,” HC=C C—OH “ho > cnﬂ ¢ OH
(3)NH,CVH,0 A CH g CH
O CH
C¢H;CHO nr?
5 @cn:cu—c—cl—on
CH,
C

1734 (a) The conjugate base is a hybrid of the following structures:
o

- S |
“:CH,-CH=CH—CH <«—» CH;7=CH—-CH—-CH <€*—» CHI:CH—CH:éH
“ J
Y

This structure is especially
stable because the negative
charge is on the oxygen atom.

H,
(b) CH,CH=CHCHO 4_}?_’ “*CH,CH =CHCHO
-+

O
| >
CH,CH =CHU ‘CH,CH =CHCHO «—

0- OH
i,
CH,CH =CHCH—CH,CH =CHCHO 4_? CH,CH =CHCH—CH,CH =CHCHO

MOy ¢ H,CH =CHCH=CHCH=CHCHO
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17.35

17.36

17.37 (a) Compound U is ethyl phenyl ketoné:

(1}0 H “ base 8
(2) Zn, HOAc (aldol
condensation)
(¢)) 03 base
(2) Zn, HOAc (aldol
condensauon)
Moso, __HO
(2) Na,S0O, (Sectlon 22.6D)
CHO H,
basc
(aldol
condensauon)
CHO
+ CH CC . base +
@ | If adol > | IT
\ CH2 C CH, condensation) N
C6H5

(a) Insimple addition, the carbonyl peak (1665-1780-cm ~! region) does not appear in
the product; in conjugate addition it does.

(b) As the reaction takes place, the long-wavelength absorption arising from the conju-
gated system should disappear. One could follow the rate of the reaction by following the
rate at which this absorption peak disappears.

Q 1690 cm-! 0 ,——1705 cml
Y 830,812 Y 835 820

N 67.1

(b) Compound V is benzyl methyl ketone:
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0]
|
17.38 Ais CH3(.}ZCH2CH(OCH3)2

L
)
0 NaOH CHI L
CH,HCH2CH(OCH3)2 —
Ag(NH,),"OH" .
H‘iﬂzo ~———————% no reaction

0O 0 . 0O 0
cnsé'CHzé'H AeH, OF Agl + CH3CIIICH2&10‘

(a) Singlet § 2.1 (c) Triplet § 4.7
@9 ® (@ & e
CH;~C—CH;~CH(OCH,), (b) Doublet 3 2.6 (d) Singlet d 3.2

17.39  Abstraction of an a hydrogen at the ring junction yields an enolate ion that can then
accept a proton to form either trans-1-decalone or cis-1-decalone. Since trans-1-decalone
is more stable, it predominates at equilibrium.

H 0 ) 0] O
B¢ ’
<>
(-H)

H H

H O
4y .
H
(95%) (5%)
trans-1-Decalone cis-1-Decalone
(more stable) (less stable)

’ 2) RLi
1740 (a) CH,OCH,Br + (C(H,),P 2 RLL CH,0CH =P(C,H,),

(b) Hydrolysis of the ether yields a hemiacetal that then goes on to form an aldehyde.

= §* ar G
+
CH,0 O—C:CHQC[{a 4?{*— CH,0 @—C H—CH :9CH3
+H,0 (|:H3 -H' (|:H'3
4_.’ CH,0 —@—C H—CH—OCH, <= CH,0 ‘@>—CH—CHOCH3
-H,0 W) +H I
OH, OH
(hemiacetal)
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17.41

17.42

17.43

0 . CHOCH, _,

(c) Cf + CH,OCH=PCH), —> <=
H o s CH—OCH
CH=DCH, _+#10, Ay
-HZO +H*
OH
CH-OCH,  CH,OH CH
O £
, “CH,0H

(@) The hydrogen atom that is added to the aldehyde carbon atom in the reduction must
come from the other aldehyde rather than from the solvent. It must be transferred as a
hydride ion and directly from molecule to molecule, since if it were ever a free species it
would react immediately with the solvent. A possible mechanism is the following:

OB o = Ot oo = Ori
OH ]

m—%—q o
i

e Qb 12O — O
en &\j O
OD;
C:j ?D ;/6;
-

(b) Although an aldol reaction occurs initially, the aldol reaction is reversible. The Can-
nizzaro reaction, though slower, is irreversible. Eventually, all the product is in the form
of the alcohol and the carboxylate ion. ‘

This difference in behavior indicates that, for acetaldehyde, the capture of a proton from
the solvent (the reverse of the reaction by which the enolate ion is formed) occurs much

" more slowly than the attack by the enolate ion on another molecule.

When acetone is used, the equilibrium for the formation of the enolate ion is un-
favorable, but more importantly, enolate attack on another acetone molecule is disfavored
due to steric hindrance. Here proton capture (actually deuteron capture) competes very
well with the aldol reaction.

TsO

L1A1H4 TSCI \j\/
base / base
B
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RCO,H Lew1s
( Ac1d
O

Multistriatin
i
1744 Xis: @—CH=CH—C—CH=CH@
C(CHjy), (li(CH3)3
*1745 - TfO—Si-CH; CH,—Si .
L) e ot
> H
~H Proton
CH3 CH3 removal and
hydride migration
(l’J(CH3)3
CH,—Si_ ..
P 1>No: o
CH;
_ H
wH
CH,4
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1 8 CARBOXYLIC ACIDS AND THEIR

DERIVATIVES: NUCLEOPHILIC ADDITION-
ELIMINATION AT THE ACYL CARBON

SOLUTIONS TO PROBLEMS

18.1

18.2

18.3

184

(a) 2-Methylbutanoic acid

(b) 3-Pentenoic acid

(¢) Sodium 4-bromobutanoate
(d) 5-Phenylpentanoic acid
(e) 3-Methyl-3-pentenoic acid

Acetic acid, in the absence of solvating molecules, exists as a dimer owing to the forma-
tion of two intermolecular hydrogen bonds:

"
4 N\
H,C—C C—CH,
\. 4
O—H-----0

At temperatures much above the boiling point, the dimer dissociates into the individual
molecules.

(a) CH,FCO,H (F- is more electronegative than H-)

(b) CH,FCO,H (F-is more electronegative than Cl-)

(c) CH,CICO,H (Cl-is more electronegative than Br-)

(d) CH,CHFCH,CO,H (F- is closer to -CO,H)

(e) CH,CH,CHFCO,H (F-is closer to -CO,H)

(f) (CH3)3ItI —@-COZH [(CH3)3+N- is more electronegative than H-]

(g) CF, —@—C02H (CF;- is more electronegative than CH;)

(a) The carboxyl group is an electron-withdrawing group; thus, in a dicarboxylic acid
such as those in Table 18.3, one carboxyl group increases the acidity of the other.

(b) As the distance between the carboxyl groups increases the acid-strengthening, in-
ductive effect decreases.

333
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I
18.5 (a) CH,CH,C-OCH,

n.. I
(¢) CH,0—CCH,C-OCH,

(e) CH,CH,CH,CH,C=N
i
C—OCH,
(f)
C—OCH,
0

(h) H—C—N(CH,),

!
' p,c~C—OCH,CH,
3 "l
mC~c—ocn,cH,
0

() KMnO,, OH, heat

0]
11
(b) O,N— : : —C—OCH,CH,
i

0
11
—OCH,CH,CH,

_C
H~C~C—OCH,CH,CH,
0

0
|
(i) CH3CH(l,‘ —Br

18.6 (@ @—cupm

(2) H,0"

i

. o) .
Mg CO, I H;O
O 2> Oprvese <> (O)-covan ™

(HCI/NaOH
(2) H,0*

0
(c) <®'C-—CH3

(1) KMnO,4, OH", heat .

q
Ol
@CQH + CHCl

(d) @CH=CH2

(2) H,0*

(1) KMnO,4, OH ", heat -

R
O

© (O)-cuon

(2) H,0*

() KMnO,,OH"

2
O

0

(2)H;0"

0
Ot
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18.7 These syntheses are easy to see if we work backward.

o) M
(a) C4H,CH,COH <8—Hz—— CH,CH,MgBr 4;50— CH,CH,Br

CH CH
13 0 3
(b) CH,CH,CH,CCOH *{JTZ CH,CH,CH CMgBr <—— CH,CH,CH, éBr
CH, CH3 , CH3
(¢) CH/~=CHCH,CO,H 4-(2)7 CH;/=CHCH,MgBr 4_1—3;6 CH,=CHCH,Br
2

(1)CO,
« 2 PR
o neO)-com <22 (D2

H,C Br

CH,CH,CH,CH,CH,Br

(¢) CH,CH,CH,CH,CH,CO,H 42—2;;{— CH,CH,CH,CH,CH,MgBr

(1)CN

18.8 (a) CH,CH,COH (2)H*, H,0, heat

C¢H,CH,Br
(1) CN

CH7=CHCH,CO,H (2)H*, H,0, heat

CH;/=CHCH,Br

_()CN
"~ (2)H*, H,0, heat

CH,CH,CH,CH,CH,CO,H CH,CH,CH,CH,CH,Br

(b) A nitrile synthesis. Preparation of a Grignard reagent from HOCH,CH,CH,CH,Br
would not be possible because of the presence of the acidic hydroxyl group.

18.9 Since maleic acid is a cis dicarboxylic acid, dehydration occurs readily:

i i
H C—OH
\C/ 200°C \C/ \
(|:| — > (|:] /O + HO
/ C OH / \ﬁ
O (0]

Maleic acid Maleic anhydride
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Being a trans dicarboxylic acid, fumaric acid must undergo isomerization to maleic acid
first. This isomerization requires a higher temperature.

! 0 0
HO—C.____H H___C—OH H_ _C
heat} I -H,0 ” o
v \ﬁ-on H” \ﬁ—on " C\ﬁ/
0 0 o}

Fumaric acid

18.10 The labeled oxygen atom should appear in the carboxyl group of the acid. (Follow the re-
verse steps of the mechanism in Section 18.7A of the text using H,!30.)

OH H

0 O-H
/ +H, +C,H,0H
1811 CH=CHC] 4—% CHZ-CHC\ ——> CH —CHé—éc,,H9
OCH, - "OCH, CH,OH 0CH3
+
‘ -CH;0H LOH
= CHFCH&I—OC4}19 — CHZ—CHC o
| +CH,OH AN +H"
+QCH, ’ OC.H,
e
H CH=CHC(
OC,H,

18.12 (a) (1) OH heat
Q * C H SO c Q (mverswn)
H3 H SO C H
OH
H3
B
9 .
(2) Q + CHLC-Cl —» Q
H, H H, CCH
c &
OH", heat -
(reﬂux;(a‘ Q * C6H5C02
H, H

D
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H 0
\ n_ inversi i/
(3) IN.I"C—_BI + CH3CO Na+ m)—-) CH3CO—C.""|I
I
CH, E CH,
H
OH", heat /
(reflux) "y
\ CeH,s
F CH,
H\ /H
OH, h
@ BB oy WG,
[l . l|||
C6Hl'3l \ IC6H13
CH, F CH,

(b) Method (3) should give a higher yield of F than method (4). Since the hydroxide
ion is a strong base and since the alkyl halide is secondary, method (4) is likely to be
accompanied by considerable elimination. Method (3), on the other hand, employs a
weaker base, acetate ion, in the Sy2 step and is less likely to be complicated by elimina-
tion. Hydrolysis of the ester E that results should also proceed in high yield.

18.13 (a) Steric hindrance presented by the di-ortho methyl groups of methyl mesitoate pre-
vents formation of the tetrahedral intermediate that must accompany attack at the acyl
carbon.

(b) Carry out hydrolysis with labeled 2OH - in labeled H,'80. The label should appear
in the methanol.

OH"

0 1o > CH,CO, + (CH,CH,),NH
18.14 (a) C6H56N(CH2CH3)2
—H%+ C(H,CO,H + (CH,CH,),NH,
OH" _
0 —Hz? OCCH,CH,CH,CH,NH,
(b)
N H' 1|
H ———» HOCCH,CH,CH,CH,NH,

HO
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OH"

(c) HO,CCH-NHCCHNH, , CH,
CH, ¢ | H 5  HO,CCHNH, + HO,CCHNH
CeHs HO SN

CH3 ?HZ

CoHs

SOC12 NH3
18.15 (@ (CH,),CCO,H —2% (CH,),CCOCI —» (CH,),CCONH,

P,O
——23 (CH,),CC=N
heat

(b) An elimination reaction would take place because CN" is a strong base.

CH CH
7 ™\ 2 /o -
CN + H@élgm —> HON + CH=C_ + Br
CH, CH,
0 H
T
-N

CHOH O0=C=N CH,0-C
18.16 (a) @ + @ —> @ @

0
| 1l -
(b) Cl-C-Cl + 4CHNH, —> CH,N—C-NCH, + 2CH,NH, + 2Cl
H H

0]

0
il I
H,0—C—Cl . o CH20-C—I\IICH2C02H
(c)  + H,NCH,CO, —> H
ta
D
» H,0CNHCH,CO,H H, . i CH,
(d) —P5—> H,NCH,CO, + CO, +
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0

1
CH,OCNHCH,CO,H -
(e) @ ——— H,NCH,COH + CO, +

CH,COH
@CHZBr

@ OH', H,0 r
(f) H2N— —NH2 —Et_-) 2NH3 + CO3

(a) By decarboxylation of a B-keto acid:

0 0
| il 100-150°C ]
CH,(CH,),CCH,COH 2 » CH,(CH,),CCH, + CO,

(b) By decarboxylation of a substituted malonic acid:

COH
100-150°C ’
CH3CH2é‘: —COH — > CHCHCHCOH + CO,
CH, CH,

(c¢) By decarboxylation of a B-keto acid:

0 (|)| 0
OH 100-150°C
e + CO,

(d) By decarboxylation of a substituted malonic acid:

C|OZH 100-150°C
CH3CH2CHng ————% CH,CH,CH,CH,CO,H + CO,
CO,H

(a) The oxygen-oxygen bond of the diacyl peroxide has a low homolytic bond disso-
ciation energy (DH® = 146 kI mol ™). This allows the following reaction to occur at a

moderate temperature.

[o)
Il
R—E—O——O—'C'-—R —>» 2R—C-0r AH° = 146 kJ mol ™!

(b) By decarboxylation of the carboxylate radical produced in part (a).

0
R——0. —> R+ + CO,
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(c) Chain Initiation

: 0 h 0
Step] R—C—0—0—C—R —2» 2R—C—O

0
|
Step 2 R—é—-O- —» R+ + CO,

Chain Propagation

Step3 Re + CH/=CH, —» RCHCH;

Step4 RCH,CH* + CH=CH, —» RCH,CH,CH,CH,"

Step 3, 4, 3, 4, and so on.
18.19 (a) CH,(CHy),CO,H
(¢) CH,(CH,),CONHC,H;

(¢) CH,CH,CH=CHCH,CO,H
(g) HO,CCH,CH,CH,CH,CO,H
CO,H
(1)
CO,H

(k) C,H,0,C—CO,C,H,

(m) CH,CH,CO,CH,CH(CH,),

HOC, ~ COM

(0) /C==C
¥ X\
HO,C ){
\
C=C
(q) / \

(b) CH,(CH,),CONH,
(d) CH,(CH,),CON(C,H,),

(f) CH,CH=CHCH,CHCOH
CH,

COH

(1) C,H,0,C(CH,),CO,C,H,

COH

(p) HO,CCHOHCH,CO,H

(r) HO,CCH,CH,CO,H
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(s) NH (t) HO,CCH,CO,H

(u) C,H,0,CCH,CO,C,H;

(a) Benzoic acid

(b) Benzoyl chloride

(c) Benzamide

(d) Benzoic anhydride

(e) Benzyl benzoate

(f) Phenyl benzoate

(g) Isopropyl acetate or 1-methylethyl ethanoate

(h) N,N-Dimethylacetamide or N,N-dimethylethanamide

(i) Acetonitrile or ethanenitrile

(1) KMnO,, OH ™, heat
18.21 (a) Cl CH, - > Cl CO,H
() H;0

NBS NaCN
(b) c1—€>>cn3 S5 Cl@CHZBr >
H,0", H,0
c1—©—cmm L c1@CH2c02H
eat

o)

(1) SOCl, il HCN
>
() Cl@CO2H (2)LIAIH[OC(CH,),], Cl@CH -

[from (a)]

OH . OH
[ H,0%,H,0 [
Cl CH-CN ———==>» Cl CHCO,H
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0

(1) sOC, - HON
d) Cl CH,CO,H » Cl H —_—>
(@) @ 2727 (QLIAHOC(CHy),), O CHCH

{from (b)]

H

QH H,0",H,0 ?
cl CH,CHCN ———23 (CI CH,CHCOH | —>
CI@CH=CHC02H

B NaOH
1822 (@ HC-COH —:» CHBr—COH —“» CHBr-CONa ——
H,0",
CH-CONa 2210, HO,C-CH-COH

CN

(1) KMnO,, OH ™, heat

(b) HO-CH;~CH;-CH;-CH;-OH

@) H,0"
OH i
(1)KMnO,, OH, heat C—OH
(c) n >
(2) 5,0 ﬁ-—OH
0
(1) KMnO,, OH™, heat
18.23 () CHCHCH,CHCHOH -~ r > CH,CH,CH,CH,COH
3
(1) Mg, Et,0 H,0*
(b) CH,CH,CH,CH,Br mﬁ—”—* CH,CH,CH,CH,CO,MgBr —Lol
2
CH,CH,CH,CH,CO,H
oN H,0", H,0
. CHCH,CHCHBr —» CHCHCHCH,ON ——L
CH,CH,CH,CH,CO,H
1) KMnO,, OH, heat :
(c) CHy(CH,),CH =CH(CH,),CH, —~ 0% > 2CH,(CH,),COH
) H;0
1) Ag(NH;), "OH™~
(d) CH,CH,CH,CH,CHO A8 OF o oy o,CH,CH,CO,H

(2)H,0*

0
1l
HO-(~CH;-CHy-C-OH
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(¢) CH,CO,CH,(CH,),CH,

CARBOXYLIC ACIDS AND THEIR DERIVATIVES

OH

|
(b) CH;C(CH,CHy),

(d) CH,CONH,

CH, Il
(e) @ + CH3—©—CCH3 (f) CH,CHO

CCH,
0

(8) CH,COCH,

(i) CH,CONHCH,
(k) CH,CON(CH,),
(m) (CH,C0),0
(0) CH,CO,CH,

18.25 (a) CH,CONH, + CH,CO,” NH,*

(b) 2CH,CO,H

(c) CH,CO,CH,CH,CH, + CH,COH
(d) CH,COCH, + CH,COH

(h) CH,CO,Na
(j) CH,CONHC{H
(1) CH,CO,CH,CH,
(n) (CH,C0),0

(p) BrCH,COCI

(e) CH,CONHCH,CH, + CH,CO, CH,CH,NH;"
(f) CH,CON(CH,CH,), + CH,CO, (CH,CH,),NH,’

[CONH,
18.26 (a) i,
C
&
CO, NH,
(CO,CH,CH,CH,
(c) (|JI~12
<
COH
CONHCH,CH,8
() CH,
R
CO, CH,CH,NH,"

COH
® ci,

R
CO,H

COH
CON(CH,CH,),
® Ch,
R
CO, (CH,CH,),NH,"
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See text, p. 677.

SOCl1 AlCl
=0,
O

0]

Br
1
(1) C;H;MgBr NBS
(2)NH,CI heat
CGHS C6H5
NaOEt

CH,
g poH o,H
=z T 2
18.28 (a) « ] >
H COH
1o o,H
= T 2
(b) + || >
\ __.'C\ mCOZH
HO,C H
H COH

e
+
(@——{@
v NA
Q
NO
o)

H COH COH
18.29 (a) CH,CH,COH + CH,CH,0H

(b) "CH,CH,CO, + CH,CH,0H
(¢) CH,CH,CO,(CH,),CH, + CH,CH,0H
(d) CH,CH,CONHCH, + CH,CH,0H
(¢) CH,CH,CH,0H + CH,CH,0H

C6H5
() CH cnzé —CH, + CH,CH,0H

OH
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18.30 (a) CH3CH2C02H + NH4+
(b) CH,CH,CO,” + NH,
() CH;CH,CN

18.31 See the mechanisms in Section 18.8F, where R = CH,CHj; for propanamide.

H2C-—CI-\I2
1832 (2 ‘ c=0 (b) CH,CH=CHCO,H
H,C—0
O\\ //0
C—O
/ \ {
() CHCHGH — CHCHCH, (@ HCQ
O—C\\ CHZ—C\\
6]
O
an ]
(©) Hzc/ ) T
M CH
CH—‘QH 2
CH,
CH, CH, CH,
18.33 5 _at TsOm 5 aH H
@ ‘C TsCl, pyridine s kCI:‘ . CN- ‘C‘
CH (retention) CH, (inversion) éHz
H, A CHs éH3
(R)-(-)-2-butanol
cH, cH,
% _.aCOH _ Hw. i _«CH,0H
HS0,, HO HocaCOHl ) Liam, ‘Cl 2
(retention) é (2) H,0 CH,
é (retention) é
H3 H3

(#) C -)D

345

© 2000, Modulo Editeur inc. / © 2000 John Wiley & Sons Inc.



346 CARBOXYLIC ACIDS AND THEIR DERIVATIVES

H3

(b) HO;C P | PBr,

é pyridine
H, (inversion)
H

lIIMO

3
(R)-(-)-2-butanol
H,
HOCumn e
H,S0,, H,0
(retention) (I:H2

Y

4

H,

(c) TsO;CAH CH,CO;

H2 (inversion)

H,

me)

(d) H;C‘ «CH,OH PBr,
éHz (retention)

CH, CH,
H;é‘Br N NCuw it
é (inversion) é

H, H,
éH3 éHa
E F
CH,
(1) Lialg, HOCH, ¢ «H
) B,0 dn,
(retention) é
. H,
(+)D
cH, 9 cH,
Hu i «OCCH, oFF Hu. G aOH
éHz (retention) (l:H2
dn H
} +-HH

(S)-(+)-2-butanol
H3
Hgé «CH,Br Mg
éHz diethyl ether

)

(]: (retention)
H, H,
-)D J
CH, CH,
=z =
H B Ha.  .«CH,CO,H
Hu & «CH,MgBr ) co, n & «CH,CO,
éHz Qu éHz
é (retention)
H, H,
K L
CHO CN CN
() Hng«OH  HN,  Hoi 4OH + HOmwGuH
|
éHZOH H'é‘OH H'%‘OH
CH,0H CH,OH
(R)-(+)-Glyceraldehyde M N
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CO,H CO,H
H,SO, BO HLéAOH © Ha& .aOH

f) M
heat HNO,
H'é‘OH H’é‘OH
CH,0H CO,H
P meso-Tartaric acid
COH CO,H
HOwm. : aH HOw. i aH
H,S0,, H,0 (O} ~C
(g) N _2_h“_HZ_> :E — ré
eat HNO,
H” s ™NOH H” 1 ™OH
CH,OH COH
Q (-)-Tartaric acid
CH 0] CH CH, OH
d 3 I KCO d >  HCN d 3 &
18.34 (a) CH,CHCHO + HCH -W') CH, ICHO —» CH, I_ HCN
i CH,OH CH,OH
A (*)-B
CH, OH o
{
H,0' EHZ* gH -H,0 H3c—é H H,NCH,CH,CO
W CH3'—— HCO,H —_—> H
CH,OH N0 0o .
(+)-pantothenic
@®-C @)-D acid
HzNCH2CH2|(IJNHCHzCHZSH

(1)-pantetheine €—

HOH,C o Q o
(b) (CH3)2Cgé‘C—NHCH2CHzé —NHCH,CH,SH

|
H

HOH,C
OH', H,0 i O

© hear (CH3)2C~cTACO[ + E,NCH,CH,CO, * H,NCH,CH,S

H
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(0]
. 0 OH', H,0
1835 CH,CH,0 NH—-C-CH, —————*reﬂux CH,CH,0 NH, +
Phenacetin Phenetidine CH,CO,

An interpretation of the 'H NMR spectral data for phenacetin is as follows:

)
(@ (o) I &
CHy;—CH,—0 NH—C—CH,
(e)
\mmnym—
(d)

(a) triplet 61.4

(b) singlet §2.1

(¢) quartet 6 3.95

(d) multiplet 6 6.8-7.4
(e) broad singlet 9.0

0 0
I I
18.36 (a) CH,CH,—O-C—CH,CH;~C~O—CH,CH,
(a) (c) (b) (b) (c) (a)
Interpretation:
Il
(a) Triplet 8 1.2 (6H) 2 —C—0-, 1740 cm™! (ester)

(b) Singlet & 2.5 (4H)
(c) Quartet d 4.1 (4H)

0 CH, (a)
(b) <<:_)>'C—O-CH2—CH-—CH3
\ ) (c) (b) (a)
(d)
Interpretation:

0
(a) Doublet 3 1.0 (6H) —5—0—, 1720 cm! (ester)

(b) Multiplet § 2.1 (1H)
(c) Doublet d 4.1 (2H)
(d) Multiplet 8 7.8 (5H)
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(e)
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0
I
@’CH2—C—O—CH2CH3
\ y (b) (¢) (a)
(d)

Interpretation:

(a) Triplet 3 1.2 (3H) - (|3]—O- , 1740 cm1 (ester)
(b) Singlet & 3.5 (2H) :

(c) Quartet & 4.1 (2H)

(d) Multiplet & 7.3 (5H)

1
Cl1-CH—CO,H
(a) (b)
Interpretation: —OH , 2500-2700 cm™1

(a) Singlet § 6.0
(b) Singlet §11.7 —C—0-, 1705 cm~! (acid)

0
Cl—~CH;—C~O-CH,CH,
(b) (c) (a)

Interpretation:

(a) Tripletd 1.3 - 8—0—, 1745 cm™! (ester)
(b) Singlet 3 4.0
(c) Quartet & 4.2

349

COH cocl CON(CH,CH,),

2
C,H;),NH
18.37 @ + soc, —» @ GH)NH | @
CH, CH, CH,
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18.38 Alkyl groups are electron releasing; they help disperse the positive charge of an alkyl-
ammonium salt and thereby help to stabilize it.

RNH, + H,0* —> R>NH;* + H,0
Stabilized by
electron-releasing
alkyl group

Consequently, alkylamines are somewhat stronger bases than ammonia.

Il
Amides, on the other hand, have acyl groups, R—C—, attached to nitrogen, and acyl
groups are electron withdrawing. They are especially electron withdrawing because of
resonance contributions of the kind shown here,
P :0:
R—C-RNH, <> R-C=fH,

on =

This kind of resonance also stabilizes the amide. The tendency of the acyl group to be
electron withdrawing, however, destabilizes the conjugate acid of an amide, and reactions
such as the following do not take place to an appreciable extent.

0
0 e P— |
R—C-NH, + H,0" ~ —> R—é—NH; + HO0

Stabilized Destabilized by
by electron-withdrawing
resonance acyl group

18.39 (a) The conjugate base of an amide is stabilized by resonance.
9 ||
R—C—NH, + B~ =2 R—C—NH™ + BH

|

:ilj:‘
R—C=NH
This structure is especially

stable because the negative
charge is on oxygen.
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(b) The conjugate base of an imide is stabilized by an additional resonance structure,

:p :;c} :ﬁ ) :p
R—CRNH-C-R + OH =—> R-—c—r}i—é—R + H0
An imide ( ¢

18.40 That compound X does not dissolve in aqueous sodium bicarbonate indicates that X is not
a carboxylic acid. That X has an IR absorption peak at 1740 cm~! indicates the presence
" of a carbonyl group, probably that of an ester (Table 18.5). That the molecular formula of

X (C,H,,0,) contains four oxygen atoms suggests that X is a diester.

The 13C spectrum shows only four signals indicating a high degree of symmetry
for X. The single signal at & 166.7 is that of an ester carbonyl carbon, indicating that both
ester groups of X are equivalent.

Putting these observations together with the information gathered from DEPT 13C
spectra and the molecular formula leads us to the conclusion that X is diethyl malonate.
The assignments are

Q 9 (a) §14.2
CH,CH,0CCH,COCH,CH, (b) 8416
(@) (c) (d)(b) (d) (c) (a) (c) 8613

(d) §166.7

18.41 (a) Chain Initiation
Step 1 RO—OR —>» 2RO

(0] 0

I |
Step 2 CH3JISH + RO —>» CHsés' + ROH
Chain Propagation

Ol 0O
Step 3 CH3&S' + CH=CHR —>» CH3HSCH2CHR

0] o) 0} 0]
step 4 ca,lscrCur  + culst —> cndscu,cnR +cH,Cs -
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CH, cH,
1) OH, h
(b) CH,C=CHCH, + CH3éSH ROORy, cH CHCHCH3 22;11 = e
SﬁCH ’ ’
CH,
CH, éon + CH3éHCHCH
$H

18.42 cis-4-Hydroxycyclohexanecarboxylic a01d can assume a boat conformation that permits
lactone formation.

i i
H COH HO Cc——oO
0] -H,0
I <« —>
= \—7
Neither of the chair conformations nor the boat form of trans-4-hydroxycyclohexanecar-
boxylic acid places the ~OH group and the -CO,H group close enough together to permit
lactonization.
18.43 %HO Br,, B0 CO2 PBr, CO2
H\C a0OH _—‘)[ ol H\C -a0H —> ch 0OH —
éHZOH (!H20H éHZBr
(R)-(+)- (R)-(-)- (R)-(-)-3-Bromo-
Glyceraldehyde Glyceric acid 2-hydroxypropanoic
acid
C02 N CO2
H oH <2 § on <«
\C i heat NC i
&, &,
O,H é

(R)-(+)-Malic acid (R)-(C,H,NO,)
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1844 ()  CHO CN CN
Ha & _«OH . aOH HOw ot
*Cl HCN kcl + | [cf. Problem
CH,OH =S ~on p=S~on 183
( R)-( +)_ éHZOH éHZOH
Glyceraldehyde M N
COH COH CO,H
HOm. 2 & aH HOm.&
H,SO, ° ‘(i: = [O] ;C PBrJ_} 0 e ~H
Ho > ¢ HNO,
H” ;1 ~~OH H” 1 ~VOH B™ I H
CHZOH COH COZH
(=)-Tartaric acid
u v /
[cf. Problem 18.33(g)]
COH
HO 54H
é E Zn
CO H

(b) Replacement of either alcoholic -OH by a reaction that proceeds with inversion
produces the same stereoisomer.

(8)-(-)-Malic acid

gOzﬂ gO H (__ZOzH CO2
Hogé, aH PBr, \é‘H _ H\é‘Br B
) (inversion = (mversmn 'é
H”™ I NOH at C2) BI’% ~=y H”™ :™NOH atCl) I “OH
Co,H CoH Co,H Co,H
(¢) Two. The stereoisomer given in (b) and the one given next, below
gOzH (_302H (__IOZH QOZ
HO\él -aH PBr, HO\(;: P | _ Bl‘\(;: P PBr, HO: A ‘H
(retention = (retention
= ~op a2 H”YBr H”SYSOH aCl) H™: “OH
COZH COZH COZH CO H

353
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(d) It would have made no difference because treating either isomer (or both together)
with zinc and acid produces (—) malic acid.

CO,H COH CO,H COH
HOm. i _aH HOm > HOm: HOm: aH
\C Zn \C AH _ &C AH Zn MC |
(A éH - éH H
B ;‘H 2 2 H™ B
CoH OH OH CoH
L\ J

(-)-Malic acid

18.45 (a) CH30,C—C=C—CO,CHz. This is a Diels-Alder reaction.

(b) H,, Pd. The disubstituted double bond is less hindered than the tetrasubstituted dou-
ble bond and hence is more reactive.

(¢) CH,=CH—CH==CH,. Another Diels-Alder reaction.
(d) LiAlH,

|
©) CH3—ﬁ—Cl and pyridine

(f) CH;CH,S™

(8 OsO,

(h) Raney Ni

(i) Base. This is an aldol condensation.

(j) CeHsLi (or C¢HsMgBr) followed by H;0™

(k) H;O™. This is an acid-catalyzed rearrangement of an allylic alcohol.

|
(1) CH,CCl, pyridine

(m) O, followed by oxidation

(n) Heat
4 o) O
1846 @ [ o + o heaty o _H
~ Pt
\ ! 0
Furan Dimethylmaleic
anhydride 0] 0
- (0)
' o)

Cantharidin
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(b) Cantharidin apparently undergoes dehydrogenation to the Diels-Alder adduct
shown here, and then the adduct spontaneously decomposes through a reverse Diels-
Alder reaction to furan and dimethylmaleic anhydride. These results suggest that the at-
tempted Diels-Alder synthesis fails because the position of equilibrium favors reactants
rather than products.

The very low hydrogen content of the molecular formula of Y (CgH405) indicates that
Y is highly unsaturated. That Y dissolves slowly in warm aqueous NaHCOQj; suggests
that Y is a carboxylic acid anhydride that hydrolyzes and dissolves because it forms a
carboxylate salt:

(0]
I | -
R—C e +
N NaHCO, R é O Na
4 H,0, heat
R—? 2+
| -
5 R—C—0Na*
(insoluble) (soluble)

The infrared absorption peaks at 1779 and 1854 cm~! are consistent with those of an aro-
matic carboxylic anhydride (Table 18.5).

That only four signals appear in the 13C spectrum of Y indicates a high degree of
symmetry for Y. Three of the signals occur in the aromatic region (6 120-6 140) and one
signal is downfield (& 163.1)

These signals and the information from the DEPT 13C NMR spectra lead us to con-
clude that Y is phthalic anhydride. The assignments are

0
@ 0 & (@) (a) $124.3

(c) o (b) 51311
/ (c) 5136.1

¢ (d) §163.1

0)
Z is phthalic acid and AA is ethyl hydrogen phthalate.

(a) Ethyl acetate (b) Acetic anhydride (c) N-Ethylacetamide.

In the first instance, nucleophilic attack by the amine occurs preferentially at the less hin-
dered carbon of the formyl group. (Recall that aldehydes are more reactive than ketones
toward nucleophiles for the same reason.) In the second case, CF,CO, ™ is a better leav-
ing group than CH,CO, ~ since the former is the conjugate base of the stronger acid.

0
I
OH occl OCNHCH,

18.50
) = O 2= O
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(0]
1l AICL Clemmensen or
. H(CH >»
1851 CgHg + (CHy),CHCCI @CC (CHy), Wolff-Kishner

HCHO
@-cnzcn(cn3)2 oL > (CH3)2CHCHf©~CH2c1
KN, (CH3)2CHCH;©-CH CN -g—g%—» (CH3)2CHCH;©~?HCN

CH,
———>H3°* CH.),CHCH CHCOOH
heat (CHy), 2 ]
CH,

0 0
H Il
1852 A= @CCH(CH3)2 C= (CH,)ZCHCHZ—@CCH3
B= ©>—Cf12cn(c113)2 D= (CH3)ZCHCH2—@<|:(0H)CN
CH,

In the last step, Hl/red P accomplishes both the reduction of —OH to —H and the hy-
drolysis of the nitrile function.

18.53 (a) The signal at 6 193.8 is consistent with the'carbonyl carbon of an aldehyde and
shows that the PCC reaction produced cinnamaldehyde.

(b) The signal at 6 164.5 is consistent with the carbonyl carbon of a carboxylic acid,
and suggests that the oxidation with K,Cr,0, in sulfuric acid produced cinnamic acid.

O—(|3CH (Q—("ZCH (o
O
A
(IR absorption at 2550 cm™! is S—H stretch) SH
OH
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YécH, o~
O’ 3 Ho O’/
“mQ—CCH, )

C

i
*18.55 @—C

—0—0—-C—g ? 28—

CARBOXYLIC ACIDS AND THEIR DERIVATIVES

_

—_—

opeom
0°

I

0]

(IR absorption at 3020 em~lis C—H

stretch for C—H of 3-membered ring)

0] 0
| I

—_— O .

357

S + o=cIJCH3

o-
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SPECIAL TOPIC
Step-Growth Polymers

SOLUTIONS TO PROBLEMS
0
B.1 (a) 9 5 o C(CH,),CO.H
H,Cr,0, 2 2/4~%2

B.2

360

(b) HO,C(CH,),CO,H + 2NH; —>» NH,0,C(CH,),CO,NH, _211::;) >
-2H,

0]
1 350°C, 4H >
HzNC(Cﬁz)ﬂNHz catalyst N=C(CH,),C=N catal)'zst

H,NCH,(CH,),CH,NH,

a
(c) CHFCH—CH=CH, —» CICH,CH=CHCH,cI 2T,

catalyst
H,NCH,(CH,),CH,NH,

H 4H
N=CCH,CH=CHCH,C=N —» N=C(CH,),C=N >

0
@ (] ZEy epcmencna 2NNy N=C(CH,),CaN

4 H2
catalysti H,NCH,(CH,),CH,NH,

(a) HOCH,CH,OH + :B° g2 HOCH,CH,0 + HB

0
0 i
| : I ]
Roc—@ﬁ:—ocma{zon = ROC@—COCH;HZOH

OCH,

0
I f B, |

ROC COCH, + OCH,CH,0H ==
o)
]

* CH,0
CHBO_ + HB == CH,OH + :B~

[R = CH,- or HOCH,CH,-]

© 2000, Modulo Editeur inc./ © 2000 John Wiley & Sons Inc.
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0 0 H
0 - q +HOCH,CH,0H
(b) ROC—@— CH, <= ROC 2
COCH, <= COCH, “HOCH,CH,OH
i oH
I
ﬁ: (?—CHZCH OH == ROC (IZ—OCHZCH20H
CH3

—CH30H é -H >
———> RO —@—C—OCHzCHZOH (——

+CH,OH
i 0
[R=CH,-or HOCH,CH,-] ROC‘@C—OCHZCHZOH

i i
11
B3 (a) CH,OC@*COC% + HOCH2—<:>—CH20H
(b) By high-pressure catalytic hydrogenation

0]
| | Il
B.4 etG—OCHz(IIHCHZOé éOCHz('JHCHzO&j COCHZCIHCHZO —etc.

eI Rk,

e O

o=
) 0
ool Bocmeuonol,
eto—OCH, CH2 COCH,CHCH, OCH,CHCH,0 —etc.
e
0=
o
@—9—@—0}1 + Cl- é a s

CH,

o-£0 9{ G ﬂ}
(?ZHa 0-C EH3 0—C g—e

Lexan
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SPECIAL TOPIC B

B.6

(a) The resin is probably formed in the following way. Base converts the bisphenol A
to a phenoxide ion that attacks a carbon atom of the epoxide ring of epichlorohydrin:

Y THs )
CICH,CH~CH, + o@?@o’ + H,C—CHCHCl —»
0 CH, 29
CIA—CHZ—CH CH2—0—©— —@O—CHZ—CH—CHZQI
s
=y HZCWCHCHZO@Q—@OCHZCQ ~CH,
0 CH, o

CH,

- O i D _
y then HZC\—C/ HCH,CI

CH, > (0] >

CH,
CHCH @ocn CHCH E}o@c@ocupi CH,
| \ 7/
n CH, (0]

(b) The excess of epichlorohydrin limits the molecular weight and ensures that the resin
has epoxy ends.

(¢) Adding the hardener brings about cross linking by reactiﬁg at the terminal epoxide
groups of the resin:

H,NCH,CH,NHCH,CH,NH, + H,C—CHCH;~(polymer}-CH,CH—CH, —»
0 0

—CH2-—$HCH2—I\IICH2CH2—I\II—CHZCHZ—I;I—CHZCEHCHQ[polymer]CHZCEHCHZ—etc.
OH H ?Hz H OH OH
?HOH
¢H,
[polymer]
&,
(EHOH
H2 - etc.
CH2CH21\I -CH,CH; —N -CH ﬁZHCHZ[polymer]CH (;HCH2
H H OH OH
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SPECIAL TOPICB 363

I [ |
@ NHCOCH,CH,0C(CH,),COCH,CH,0CNH
a

(b) To ensure that the polyester chain has -CH,OH end groups.

Because the para position is occupied by a methyl group, cross-linking does not occur
and the resulting polymer remains thermoplastic (See Section B.4.)

a.l +

| H
0 on Qg
H-CH E» g-C-H 2> —H A,
H
H O-H H O-H
CHOH %,  HOCH CHOH Ml g
(as before) (as before)
HOCH, ércnzm é/c&bm
CH,O0H CH,OH
H , OH H H )
HOCH, ¢H, @ HOCH, CH, O-H
7 B
CH,OH CH,OH

O

—>» Bakelite
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SYNTHESIS AND REACTIONS OF
B-DICARBONYL COMPOUNDS:
MORE CHEMISTIRY OF ENOLATE ANIONS

SUMMARY OF ACETOACETIC ESTER AND MALONIC ESTER SYNTHESES

A. Acetoacetic Ester Synthesis

Ol Ol (1) NaOEt OI OI (1XCH ,),COK
—__.___» 373
cn,on, okt ) RX CH3éc|HéOEt x>
R
Ol ‘II 1)OH', H,0 ﬁ_R'ﬁ) 1
CHscE—J:—COEt ADOM, IOy cH,C—C—CoH 2y CH,CCHR'
[ (2)H,;0* I -CO, i
R R
B. Malonic Ester Synthesis
0 0] O 0O
Il | (1) NaOEt 01 (1)(CH,),COK
_—) 3)3
Et0CCH,COE: 2) RX EtOCCIHéOEt orx >
(l)l R'IO (1) OH,H,0 1l llz'lcl) (|)|
EtOC—C—COEt 2000 o pod_—don 22 golcr:
] (2)H,0* II{ -Co, IIZ

SOLUTIONS TO PROBLEMS

I ' I
191 @ Stepl CH,CH-COCH, + ;OCH < CH,CH—COC,H; + C,H,OH

H io-

CH,CH=COC,H,

364
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Co Q %
< |
Step 2 CH3CH2C / (;HCOCZH —> CH3Csz —CIIH-éOCZH5
“ocH, (w, C,H,0<CH,
C,HO™ CH3CH:,% '—(lfH—dOCZHS
CH,

—A—
O HO 0,
I &T\_ . I .ﬁ)
Step3 CHCH,C-C-COCH; + ~OCH; <> CHyCH,C=C=COC,H,

CH, CH,
+C,H,OH
0O O 0
1 I bl
(b) CHyCH,C-CH-COCH; + CH,CH,C=C-COC;H;
CH, CH,
!
‘ COC,H;

19.2 (a)

(b) To undergo a Dieckmann condensation, diethyl glutarate would have to form a
highly strained four-membered ring.

| 1
19.3 CH3éOC2H5 + CHO~ = :CHZ&OCZH5 + C,H,OH
il L 0 i
CHCOCH, + ICHCOCH; <5 CgHC—CH,COCH;
OC,H,

f_—I_ﬁ
8 9 R
cHLCHOOCH, + CHO < CGHSC“—'CFIL‘&OCZH5 + C,H,OH

o
Ho', CH,.C -CHzéOC H;

Il - 1
CHCH,COCH, +CHO™ <= CHCHCOCH; + CHOH
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-0 | c2}150—$—oc21415
CH,CHCOC,H, + C,H,0COC,H, <= CH,GH <

(OC;H,
O

(E—O,CZHS C—OGC,H;
CH + - <> CHC: + CH,OH
sHsGH CGHO <= sHsG C,Hs
(OC,H; (OCH,

Resonance
stabilized

0

+ Iél_ocsz

=2 > CHCH
(OC,H
O

0]

0
N I 1) NaOCH,CH
19.4 (a) CH,CH,COC,H, + CH,0C —éOCsz e et

2 H;0"

0
> CH3CIHéIOC2H5
T (OCH;
00

(1) NaOCH,CH, _

0 0
L. 0l
0" nécn,docH,

q 0
® calocH, + ntoc,H,

0 0O (|)|
(1) NaOCH,CH, CH

I
19.5 (a) + HCOGH, 5o

CH
(1) NaOCH,CH;, 3

(2)H;0"

0 0
(b) CH,CH,CCH,CH,CH,LOC,H,
o

(1) NaOCH,CH;
(2)H;,0"

CH
) 1|
(c) CZHSOZCCHZd]:CHzCOZCZHS + C,H,0C —COC,H; >

CH,
CO,CH;
Oy _—~CH
D 0
¢ \C,Cﬂs (1) NaOCH,CH; CH,
/ CH, (@HO"
\
o Th o
CO,CH, CO,C,H

0,C,H;

C,H,0 H,
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i
/COC2H5 0
N | DY _ H2C .'CH_H_CH
19.6 CH3CCH2CH2CH2CH2C0C2H5 + C,H,0 I S—— ) 3
GHOH . g H,
2
H.O . 0
GHO oy g fl
—CH, —CH, _
< == * CHO

Y

o 0
P i
+<’C—CH, ot C—CH,
+ CCGHOH ——>

19.7 The partially negative oxygen atom of sodioacetoacetic ester acts as the nucleophile.

o) 0
< | |
CH3H —CH—-C—-OC,H; <«—>» CH,C :CH—é—OCsz
19.8 Again, working backward,

(1) dil. NaOH, heat

0 0 0
|
(a) CH,OCHCH,CH, €2 CH,HCIH:—éOH <

-CO, (2) H,0*
CH,
a0 (1) NaOC,H é(:)l clé)
, ‘1 altats ’
(_—_.—_—
CH,éqHéoczﬂs @ CH.CH,B: CH,CCH,COC,H,
GH,
CH,
CH,
H,
i i éHZ (1) dil. NaOH, heat
11, INa' , fical
& cndcnoncmen, €2 cudd-con < ==
€O, (2) H;0
H2 H2
H2 H2

H, H,
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368 SYNTHESIS AND REACTIONS OF 8-DICARBONYL COMPOUNDS

Gt
GH,
O CH,
CH3&II—éI—C02C2H5
G

CH,
CH,

0
(1) (CH;),COK I
(2) CH,CH,CH,Br CH3H_C|HCOC2H5
Ty
GH,
CH,

(1) NaOC,H

J 1
h (2)CH3CH2CH2B1- CH3 CH2COC2H5

0 0 0
| 9 .
(c) CHaéCH2CH2C H <eat CHsé (I:Hé oH <« (1) OH, heat

-Co, (2) H,0*
2
cnlcudoc . €280 oy deg locn
S s (2) CsHsCH,Br TS
GH
CGHS

19.9 (a) Reactivity is the same as with any Sy2 reaction. With primary halides substitution
is highly favored, with secondary halides elimination competes with substitution, and
with tertiary halides elimination is the exclusive course of reaction.

(b) Acetoacetic ester and 2-methylpropene

(c) Bromobenzene is unreactive to nucleophilic substitution.

I (1) NaOC,H; o
1910 CH,;CH,CH,COC,H; W CH3CH2CH2C(|3HCOC2H5
3
i
CH,
O
(1)NaOH, H,0, heat) CH.CHLCH ECH(II:0 heat I
YT SCHCH,CC H —g5> CHyCH,CH,CCH,CH,CH;
g
CH,

19.11 The carboxyl group that is lost more readily is the one that is  to the keto group (cf. Sec-
tion 18.11 of the text).
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(1)OH', H,0, heat

Q 0 0 0
| ] |
vz culonenfon, < culoudon <

€O, (2)H,0*
2
=0
Gl
0O 0 O O
cnlendocy, «2NocH - 0
X ,H; (2) C.H,COCH,Br CH,CCH,COC,H,
H2
=0
SH,
g IOI h OI OI (1)OH', H,0, heat
eat - s L12%, €a
19.13 CH,CCH,CCH; <—C—02- CH3&(T‘H(IJOH om0
C=0
CH,
T (1) NaH (l) (I)l
a
(_
CH3CCIHCOC2H5 ) GH.COCI CH3(JJCH2COC2H5

=0
CGHS

19.14 (a) One molar equivalent of NaNH, converts acetoacetic ester to its anion,

0 0 0O .0
Il T
CH3(£CHZéOC2H5 + NH,” —> CHs(l,‘—-CH—&OCzHS + NH,

and one molar equivalent of NaNH, converts bromobenzene to benzyne (cf. Section
21.11B):

I
NH, —DBr N
—> @ + NH, + Br
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Then the anion of acetoacetic ester adds to the benzyne as it forms in the mixture.

0 0
(|:|0Et i C|—OEt
N/ A_CH
O %~ O —
CCH,
°© 9 a0
CI—OEt (IS—OEt
C C

This is the end product of the addition.

(b) 1-phenyl-2-propanone, as follows:

O—N=0

C-OH
—OEt (l:

H
H (1) OH', H,0, heat N heat
» H
O O
0
@CHZCCH3

(c) By treating bromobenzene with diethyl malonate and two molar equivalents of
NaNH, to form diethyl phenylmalonate.

|
ﬂ EtOC—CH—COEt
Br /COEt
2 NaNH
Q- ¢ =
CCH,
0

[The mechanism for this reaction is analogous to that given in part (a).]
Then hydrolysis and decarboxylation will convert diethyl phenylmalonate to
phenylacetic acid.

| ! ! |
EtOC—CH—COEt HOC—CH—COH

(1)OH’, H,0, heat heat CHZCOZH
andeinder
‘ + CO,
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19.15 Here we alkylate the dianion,

0 0 0 0
| ] 2KNH,. - [} = | (1) GHCHCL
- :CH,C —CH— B
CcH,¢—CcH-LOCH, T cn,d—én-Locn, ONELG
n.
CH,CH,CH,CCH,COC,Hj
19.16 Working backward,
<|:02H
heat (1) OH™, H,0, heat
COH
CO,C;Hs - COCiH
(1) NaOC,H
CH3CH2CH2C|H  (2) CH,CH,CH,Br (|:H2
CO,C,H CO,C,H;
CoH
heat 1) OH -, H,0, heat
(b) CH,CH,CH,CHCOH <%:‘)2 CH,CH,CH,CCH, %2; RN
CH, CO,H
CO,C,H; CO,C;H
CH,I
CH3CH2CH2(|JCH3 Cioycok CHCHCH,CH
CO,C,H; CO,C,H
CO,C,H;
(1) NaOC,H (|: H
~ (CH,CH,CH,Br | 2
CO,C,H;
COH
heat (1) OH™, H,0, heat
CH,CHCH,CH,CO,H <——— CH,CHCH,CH <
(c) 9 CHCO, “co, 3 2 (2)H,0*
CH, CH, COH
CO,C;H CO,C,H
1) NaOC,H
CH,CHCH,CH < EZ; i CH:
3 2
CH, CO,C,H, ln,  COCH;
CN
1917 2H,C—CH;CHyBr + }12c/ base N
\  —2HBr

COEt - {jOE
o]
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OH , heat ()OH”, heat OH™, heat COH
-CO,, _CO0,, -Et0H —NH
V) H30+

Valproic acid

0]
Il
19.18 (a) Formaldehyde, H—C—H

m Cli m C(H,CH,Br m
(b) TCH, > ys LB s>(s
Ll L +

H H H H CH,CH;

HgCl,, CH,0H, H,0 _
-HSCH,CH,CH,SH

X

CH,CH,CH

I HA m (1) C,H,Li

4Ho

(c) CHCH + HSCHCHCHSH —> ¢ | -5
‘HCy, H

(6]
m HgCl,, CH,0H, H,0

1l
s>(s ' » CMH,CCH, + HSCH,CH,CH,SH
H,C, CH,

19.19 By treating the thioketal with Raney nickel.

(1) CH,Li K\l
m ey, -—aﬂﬂ» RCH,CH,R’

S >(S (2) RCH,Br § >(S H, + 2>
CH,CH,CH,

R” H R” CHR

19.20 (a) /O\ 2 HSCH,CH,CH,SH _ s, Q S
H‘"3 (":H HA { CH HC\ )

0 S

(1) 2CH,Li E\ /j hydrolysis
(2)BrCH, -@-CHzBr

B
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|
CH (1)OH", H,0, heat
— > 7 N\
O:C/ \C’O : @) 0" O\\i E/O
Hs ,Hs OH " H ,
A malonic acid
O CH O
ﬁg&‘—) HOUCH, CCH don
CH3
+H, + /CH3
19.22 (3 C=0 + HNCH), == CH=N  +HO
/ CH,
0 O-<H . CH 0] _CH,
CH2=N:CH CH2N
3
<__—_> —-:‘H,—} CH,

(b) H>c=o + BN = CH2:N<:I + H,0
H

0 HZ_NO
@—C—CH e c:{c
I
@cmzmz_b@
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r . CH,
() T=0 + HNCH), === CHF1\< + H,0

H CH,
X .
N
H  cH,
CH,N H
‘e,
CH, CH,
OH OH
CH,N(CH,), repetition (CH,),NCH, CH,N(CH,),
of similar
steps
CH, CH,
19.23 These syntheses are easier to see if we work backward.
[ \Cl
+
O
- 8 cuy,cm i
(a) (CH,),CH, H,0 24703 CIC(CH,),CH,
(CH;CH,);N
0]

H,0

(b) CH,CH =CHCH, <=
@,C%CH =CHCH,

e
_ BrCH,CH=CHCH, N
-
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7 O H—N(j

| (DBICH,CCH, N
‘__.__.__._‘_
(c) CH,CCH, ) H,0 “TFHo

Coc H
(l)BrCHzCOC2H5 H'N
(2) H,0 - H20|

‘ NBS (1) Mg, Et,0
19.24 (a 2 CH,CO,H
@ @Cmﬁ’ B @y c0, then .07 @ B
B

A
0
COEt
SOCl, || || EtOCOEt [
s Qrands = Openbuis @c\;,m
C E I
O
(0]
CHCH,. COEt .
(CH,);,COK N s H2NCNH2 CH,CH,
CH,CH,Br ) /C\ NaOEt >:
C6H5 I(l:OEt
F O
Phenobarbltal
(b) See Section 19.3.
| 2 ?
C COEt
1925 CIH (1)NaOC,H, CH,CH éH (1) (CH;);COK CH,CH, \C/COEt
——21y = —
. {2  (2)CH,CH,Br (2) CH,CH,Br e
COEt e COEt e CH,CH, \ﬁom
0]
(0] o q O
0
1 CH.C
H,NCNH, S, >:
22y (0]
NaOEt CH3C}12 N

Veronal
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i i
COEt COEt
C,H (1) NaOC,H; >  CH.C / (1) (CH3),COK
(2 (2)CHy(CHy,CHBr CHy(CH),GR-CH o e —crcm,Br >
COE CH, CH, GOE
o O
0 o) H
CH=CHCH |éOEt f CH=CHC N
Hy= IN / H,NCNH, 7~CHCH, o
VAN NaOEt
CH,(CH),GH ™ “COE ! CH,(CH,),GH N
CH, o) CH, 0] H
Seconal
I I (1) NaOEt I
19.26 (a) CH3CH2CH2C—(13H—COC2H5 @Ho" CHCH,CH,COCH;
3 N
i
CH,
(0] 0] (0]
I heat Il I
(b) CHyCH,CH,CCH,CH,CH, <—co— CH3CH2CH2C—(|JH—COH
- 2
T
CH,
1) OH', H,0, h
4( ) 2, et product of (a)
(2) H,0*
CHcclﬁé o < HC( COH  yom, 1,0, heat
(C) 675 2 -C()z /C\ ‘(2) H30+
H,C, COH
H,C. CO,CH H
3 N 27275 (1)NaOCHj 05
RN (2) CH,I CeHs—CH
HC; CO,CH; CO,C,H,

I
(1) CH,0COC,Hj, NaOC,H

I
“ DR C¢H,CH,COC,H;

[
(1) C,H,0C—COC,H;,
-~ (2 H;0*

I NaOC,H I
(d) CH;CH,CHCOC,H; =25 CH,CH,CH,COC,H

C—COC,H;
ol
0
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[ HA [
heat I (1) OH™, H,0, heat
o, CH3CH2CIJHCOH <00 product of (d)
C—COH
[
I
I (1) HCOC,H,, NaOC,H,{ Il
(f) C6H5(|3HCOC2H5 NOTTE C¢HCH,COC,H;
CH
Il
(0]
(@ CCH3 Hzo cn,'éa “‘N
G/CCH R;N) @ H',-H,0
(h) o & roduct of (g)
¢—CH, “(cH,,cox P 8
0] 0]
CH,CH .
CH,CH, heat C}(I; H ’ (1)OH’, H,0, heat
(i) << 2 "
-Co, (2) H;0
0
CH,CH, coc H,
C02C2H5 CH]CHZB[
NaOCzHS
QO CH, 3 O CH,
| PBr, ]
19.27 (a) CH,&:'—&—CH3 4—?}— CH33:—&—CH2}3r «— CH3é—é—CH20H
H, ' H, H,
I b
(1) LiAIH, ‘N HOCH,CH,OH A
2 o— o
0" CH,—C*% cI CO,C,H; oA CH,C C| CO,C,H;
CH, CH,
O
(i CH(‘ZI CH—CO,C,H 4——- CH&CH OC,H
KOC(CH,), 3 -I LCHs NaOEt ,COC,H;

CH,
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378 SYNTHESIS AND REACTIONS OF 3-DICARBONYL COMPOUNDS

0 0
l | I 1) OH', H,0, heat
(b) CH,(ECHZCH2CH2CH3 <teat CH3(I:—C|IH—COH & :

-CO, () H,0"
H
CH,
9 il (1) NaOC,H 3 1
- s CH,CCH,COC,H
CH3& FH-COCH, <5 CH,CH,CHBr > 2 23
¢H,
CH,
CH,

0] 0] 0] 0]
] ] heat ] | ‘Ll) OH’, H,0, heat
(c) CH,CCH,CH,CCH, <% CH3<':—(I:H—50H “orho

)
=0
CH,

(1) NaOC,Hj

(6] o) o)
CH (l:I CH &OC H CH &ICH EOC H
- - (—_.___
o 25 T (2)CH,COCHBr ~ 3~ 2 278

T,
0
CH,
(|)H NaBH, OI 1
(d) CH,CHCH,CH,CO,H < cp e cn,Con <%
T 0 1)OH;, H,0, h T 0
o, d-cn-ton «ROLBO bt oy U e -loc,
| (2) H,0 |
CH, CH,
COH (OC;H,
0 0
(1) NaOC,H, I
PLoti e -
O BCHLCOCH, cr,den,doc
oH (1) LiAlH 9 90 ()N
1 4 aOC2H5
(e) CH,CHCHCH,OH ‘—6)—5130_)' CH3éCHéOC2H5 2)CH,CH,Br
2H5 2H5
i
CH,CCH,COC,H,
OH OH

' ' NaB T
) CH3CHCH2CHC6H5<—~E4— CH,CCH,CCH, < Sombare

Problem 19.13
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heat CHiCH, (  COH < OH. HO, heat

19.28 CH,CH,CHCO,H <€~
(a) 3CHY 2 €O, /C\ DY X
H, CH; "COH
H.CH CO,C,H CO,C.H
CH;C N HCoHs  ()KOC(CHy), COCoHs
CH, CO,C,H; CO,C,H;
CO,C,H
(1) NaOC,H, HC/ s
()CH,CH;Br 27\
CO,C,H;
(1)LiAlH,
(b) CH3C|HCH2CI-12CHZOH W CH,({HCHZCH2C02H
‘ CH, CH,
[from Problem 19.16(c)]
(1) LiAlH, /CO2C2HS
(c) CH3CH2C|HCH20H 4'——(2)“30 CH3CH2—Q-I
CH,OH CO,C,Hs
[from (a) above]
1) LiAlH
(d) HOCH,CH,CH,CH,0H %iﬂ—’ﬁ—‘ HO,CCH,CH,CO,H 4%%‘
HOZC\ el C2H502C\
/CHCI-12C02H <« CHCH,CO,C,Hj
HO,C C,H0,C
CHOLC
<« CH, + NaOC,H; + BrCH,CO,C,Hj
GH0,C
19.29 The following reaction took place:
g
o) C=0
Jop 8 NaOG,H; /
CH,CCH,COC,H; + BrCH,CH,CHBr ———» BrCH,CH,CH,CH
\
ﬁOCzHS
0]
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CH;, CH;
\c—o— 0 \c—o
NaOC,H, 7 Yo Il 7 \
——235 3 C,H.0,C—C CH,~Br —>» C,H.0C—C CH
(FHOCHY ™ "5 Ny oy, o Nen,—chi,
2 iy ) 2 iy
Perkin’s ester
T
(1) OH, H,0, heat //C O\
» , N€al
DO Hozc—c\ /CH2
CHZ-—CH2
Perkin's acid
COCH,
19.30 (a) BrCH,CH,Br + CH + NaOCLH. —>
2 2 2 2005
O2C2HS
CO,CH CO,C.H
BrCH,CH HZC2 " | LCHICOK gy oh A
—3 :
2 (—(CH;);COH) L
CO,C,H; CO,C,H;

H,C CO,C.H -
2 \C Vatt e (1) OH ;HZO,heat > COZH
N (2) H;,O

H, CO,C,Hy (3) heat,-CO, .

(b) 2NaCH(CO,C,Hy), + BICH,CH,CHBr —»

C2H502C\ CO,C,H;
C,H,0,C A CO,C,H;
o [CHOC cocH ]
_a_grq_5> H-CCH,CH,CH,C =Bt NaOGHs o,
2
C,H,0,C CO,CH

0,C,H;

0,C,H
3 (1)OH,HO
——
\ O+
CO,C,H; @8
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SYNTHESIS AND REACTIONS OF g-DICARBONYL COMPOUNDS 381

@ HO,C é HO,C  COH

D
Racemic form Meso compound
CO,C,H,
NaCH(COC,Hs)
(c) BrCH,CH,CH,CH,Br oCH: BrCH,CH,CH,CH,CH
CO,C,H;

OZCZHS
KOC(CH,), (1) OH', H,0 QCOZH
CO,CH, (@HO ~

(3) heat,-CO,
19.31 (a) CH,(CO,C,H), + "OCH »  iCH(CO,C.H + C.H,OH
1(COCHy), 2tls (CO,C,Hy), 25

D

CH,CH =CH~ éoc Hy +_CH(CO,CHy), = CJHCHCH —éoc JH,
CHCO,C,HY),

1]
i C4H,CHCH, COC/H,

CH(CO,C,Hy),
(b) CH + CH=CH- éocn = CH—N—C —CH= OCH -
3
H
Q CH,=CH—COCH,
—_—
CH,N -CH~CH;~COCH,  S——————>  CH;N(CH,CH,CO,CH),
H
CO,CH
ca—cH } Dieckmann CO.CH,
base. /2 = O—CH; condensatio
4L N _ —
< CH; N\ /%0 (several steps) CH—N,

CH;—CH,
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382  SYNTHESIS AND REACTIONS OF B-DICARBONYL COMPOUNDS

CH, CH, /7 O
(c) CH—é—CH2 éoczﬁs + TOCH, «=x= CH;——&E——CH—(IJOCZH
CH(CO ,C,Hy), CH(CO,C,Hy),
+ CH,OH
CH, [0} CH,
CH —éI—CH éoc H, <= CH3—é—CH éoczn5 + 1CH(CO,C,H,),
CH(CO,C,Hy),

The Michael reaction is reversible, and the reaction just given is an example of a reverse
Michael reaction.

19.32 Two reactions take place. The first is a normal Knoevenagel condensation,

I
CCH,

R—C=0 + CH,(COCHy), —f‘;%» R—C=C
R’ | R CCH,

Then the a, B-unsaturated diketone reacts with a second mole of the active methylene
compound in a Michael addition.

(0]
I
CCH R CH(COCH,)
/3 32
—c=c( + CH(COCH,, -2y >c<
R (CH, K' CH(COCH,),
0]
0
0] [
I HCOGH; i
19.33  CH,CH,COC,H, ———>»  CH,CHCOC,H;
NaOGH; &
|:o
H
r - 7
o CHO) O
C<..CH
H,N—C-NH HNT ¢
Z——1» I —> thymine
NaOG;Hs ,é CH
O/ \N/
i
L H _
't H,C.__OH CH,
19.34 (1) CH Mgl H* (1) 04
(2QNH,* hoat (2) Zn, HOAc

© 2000, Modulo Editeur inc. / © 2000 John Wiley & Sons Inc.



SYNTHESIS AND REACTIONS OF 3-DICARBONYL COMPOUNDS 383

o)
I CH,(COH), (l:I _
CH,C(CH,)CHO — = CH,C(CH,);CH=CHCO,H

C Queen substance

0 |
| 1

%—» cn,b(cH,),coH 22—;1}2%*‘*0—“> HO,C(CH,),CO,H

' 3

D E

19.35 CHZ:CI—CH=CH2 + HBr —>» CH3C|3=CHCH2Br
CH, F CH;
I (1) dil. NaOH él)
il. Nal - _
CH,C=CHCH,CHCCH, @0, () heat CH,C=CHCH,CH,CCH,
H, 0,C,H; H,
G H

OH
MLICCH oy ¢ —CHCH,CH,CC=CH —2—» linalool
|

(2) H,0' Lindlar's

H, I CH, catalyst

19.36 O (li}r

[ (ll)
CH;0C /\H;c\ CHOC  CH,

<+

HCINa® + CH, —> cl cH
yati Yt s
CH;0C HC CHOC” B
0 Br o Br |

(CygHyBrO,)

[
C,H,0C CH, CH,0H
NaOC,H; \C/ \CH (1) LiAlH, HBr
/N /7t @QHO
CH,OH

CzH50<|f cH,

(CoH 0y (CeH1202)
CH,B
27 CH,COCHY), CO,C;Hy
2 NaOGH,
CH2BI' C02C2H5

(C6Hl OB T 2) (Cl 3H2()O4)
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384 SYNTHESIS AND REACTIONS OF 3-DICARBONYL COMPOUNDS

(1)OH, H20 COH heat
CO,H
) H,o+
COH + CO,
(C,H,,0,) (C sH[20,)

19.37 (a) CICH,CO,CH, + CHO 2 CI-CHCO,CH; + C,H,OH

R' R' Cls
—é‘/\ éHco CH, == R—(lz—éHcozczﬂs
OJ S,
R
R—C—CHCO,C,H,
\ 7/
0

(b) Decarboxylation of the epoxy acid gives an enol anion which, on protonation, gives
an aldehyde.

R
R—é\——@ﬁ—'&ﬂ@ £, R—é—CH — R—éH—gH
d o

Y

C,HNH
) XN CICH,CO,C,H; A 0,C;H;
— T,
(c NaOGH,
B-Tonone
(1) OH, H,0 A COH C4H,N, heat
(2) H,0" -CG,

AN N ’z
C|}_I + CSHSI\fH —>
0
H CH CHZC// CH
I TN CHJCH,COK >
19.38 (a) @-c:o + 0 —— @—cnzc—cozn
CH,CH,C .
CH,CH,CO,H
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0
i
i L\ ccox
(b) c1~©—c=o + Q0 —— Cl—@—CH‘—“CHCOzH
CH,C
\O +
CH,COH
CH
19.39 (a) CHFé—COZCH3 (b) KMnO,, OH , then H,0"
(¢c) CH,OH,H' (d) CH,ONa, then H
CO,CH, CO,CH,
CO,CH,
(e) and () and
A\ N\
0 CH,0,C 0

(8) OH,H,0, then H,0"
(i) CH,OH,H"
CO,CH,

N
CHCO,CH,
(m) CH,ONa, then H'
CH,

I
19.40 @’ﬁ_CHz + HCHO +
O

(h) heat (-CO,)
()) BrCH,CO,CH,, Zn, then H,0"

(1) H, Pt

(n) 2NaNH, + 2 CH,l

Mannich reaction

HN(CH,), 0,
)

Tt
N C (1) CGHscHzMgBI'
ﬁ CH-CHyN(CHy), s

CH,

(CH,CH,C0),0 |
—> CH,—~C~CH—CH;N(CH,),

O—C—CH;CH,
I

Darvon o)

19.41 In a polar solvent, such as water, the keto form is stabilized by solvation. When the in-
teraction with the solvent becomes minimal, the enol form achieves stability by internal

hydrogen bonding.

Gt
> @CH;? —CH-CH;-N(CH,),
OH
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386 SYNTHESIS AND REACTIONS OF 3-DICARBONYL COMPOUNDS

19.42 Intramolecular cyclization (which would give a product of formula C¢HgO;) is not
favored because of ring strain. The formula of the product actually obtained suggests a
1:1 intermolecular reaction:

OCH; Q
é—o COC2H
C,H,0C

éaz

|
O
Naqu5 COOC,Hy
C,H,00C

19.43 A gamma hydrogen is abstracted by base (as is an alpha hydrogen in the usual Claisen)
to give a resonance-stabilized species:

il i NaOGH
scaotencnloc, 2%y pc”

/\

/; (o} plos
*CH;-CH=CH-C_ <«—>» CHFECH-CH=C_
OC2H5 OCZHS

Ethyl crotonate differs from ethyl acetate by — CH=CH —, a vinyl group. The transmis-
sion of the stabilizing effect of the —COOC,H; group is an example of the principle of
vinylogy.

19.44 The synthesis actually involves two sequential Claisen condensations, with ethyl acetate
serving as the source of the carbanionic species.

0 0

T} 1

C\OC2H C\c COOC,H
@[ * 4 CHCO0CH, —» H,CO0GH,

c AOC,H; C/OC2H5

I

(0] B not isolated
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O O OH
¥19.45 i_N C(IK N
——) i{-:-’

—~

H
~
e %(O\—H (o o
%)* ﬁ%ﬁ E ]f ) [ Jf )
A
*19.46 Br Br
HO COOH HO COOH
Mannich
reaction
Br CH, CH, Br
Ny
OH IT OH
B CH, C
HO COOH

Hydrogenolysis
»

CH;
OH
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SPECIAL TOPIC
Thiols, Sulfur Ylides, and Disulfides

SOLUTIONS TO PROBLEMS

O_ H
C1 (a <:>:o + CH=S(CH), —>» OQ< + CH,SCH,
H

C.2

C3

C4

CH3 N\ CH3 N\ /O\
(b) /C =0 + CHFS(CH3)2 —> /C—CH2 + CH3SCH3
cH; CH;
o N
NH,

() @CH;S—S-CH;@ (d) @CHZ—S‘ Na'
(e) @CHZ—S—CHZ—@

NH, (1)CH,CH,OH

/
CH=CHCHBr + S=C o o > CHECHCHSH

H
5o, CH=CHCH;-S—-S—CH,CH=CH,

Br, NaSH
CH=CHCH,0H —» CH,BICHBICH,OH —» CH,~CH~CH,0H

SH SH

391
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392  SPECIAL TOPIC C

(0]
I
C5 (a) CICH,CH,C(CH,),CO,C,H, (This step is the Friedel-Crafts alkylation of an alkene)

(b) SOCIL,
(¢) 2C4H,CH,SH and KOH

(d) H,0
H,C

(e) HC'  CH(CH,),COH
AN /
15

H H

/\« 0
C_CHZ

2

C6 HS :/»r\H:c——CH2 —> HS-CH,CH,OH —>

HOCH,CH,SCH,CH,0H 'ﬁ’ CICH,CH,SCH,CH,CI

(C,H,,S0,) Mustard gas
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SPECIAL TOPIC
Thiol Esters and Lipid Biosynthesis

SOLUTIONS TO PROBLEM
D.1 NS
A
P
|| OH
Farnesol
™
<>
AP~
H
My

Bisabolene

393
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AMINES

PREPARATION AND REACTIONS OF AMINES

A. Preparation
1. Preparation via nucleophilic substitution reactions.

NaN;, ethanol Na/ethanol
—————>

RCH-N; ————> RCH,NH,
or LiAlH,
NH,NH. ‘
RCHZBI__> )é@ e ¢©+RCHZNH2
NH,

» RCH,NH, + (RCHy),NH + (RCH2)3N (poor method)

2. Preparation through reduction of nitro compounds.

NO.
_HNO; 2 Pe ; NH,
sto4 HCl

3. Preparation via reductive amination.
R’

|
___3_> —_ —
o /C =0 H] R—CH—NH,

Aldehyde or ketone

R ll"
R’
“c=0 —Mb—> R—CH—NHR"
7 [H]
R
R II"
C O _I.{m» R CH—NR"R”'
R’/ [H]

4. Preparation of amines through reduction of amides, oximes, and nitriles.
rcHBr Ny RC B,
,Br —>» RCH,CN —N—i—) RCH,CH,NH,

394
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AMINES
R\ NH,OH R\
/CZO 200y /C:NOH Na/ethanol R _(EHNHZ
R' R’ R'
0] .
I Il (1)LiAlH,
R—NH, + R'CC1 —>» R—NHCR' W RNHCH,R'
| i
RNHR' + R'CCI —>» R’'—CNRR’ %‘—» R'CH,NRR’
2
5. Preparation through the Hofmann rearangement of amides.
0] 0] 0
SOCL f] NH | Br,/NaOH A
rboH —> RCCl —>> RéNH2 RNH, + 00,
(NaOBr)
B. Reaction of Amines
1. As a base or a nucleophile
As a base
N\, 7 |
N+ H—e;)—H P -ITLH + HO
il :
As a nucleophile in alkylation
s, | -
;N: + RCHng —> —I\IIt—CHZR + X
As a nucleophile in acylation
\ I > i
—,N: + R—C—Cl (-HC[) —N"C—R
H
2. With nitrous acid
N alkenes,
RN TS RNTX T g > ol

1° aliphatic (unstable)

395
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396 AMINES

CuCl

—= % ACI + N,
CuBr » ABr + N,
CuCN i AI‘CN + N,
A-NH, — 20 3 AN'X ——2> Ad + N,
HX (0-5°C) ArF
I'!BF4 - A +
1° aromatic — > AIN,'BF, —»< N, +
Cu,0 BF,
—»Cub, ) ArOH + N,
| PO, o vl + N,
Orr,
— > Ar—N:N—<<:>>—NR2
RNH 229 pN-N=0
2° aliphatic
=0
AINHR 2NO,  AN-R
2° aromatic
RN 2N% ) RNH'X + RN-N=O X~
HX
3° aliphatic
HONO
o0 == s O
3° aromatic

3. With sulfonyl chlorides

OH, _
R—NH, + ArSO,Cl —m’ RNHSO,Ar 4?’ [RNSO,Arl” + H,O

1°amine

R.NH + ArSO,Cl W R,NSO,Ar
2°amine

4. The Hofmann elimination

H
_ v /.
HO + _él—lé— heat o C=C "+ CH)N + HO
N(CH,),
A
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AMINES 397

SOLUTIONS TO PROBLEMS

© 2000, Modulo Editeur inc./ © 2000 John Wiley & Sons Inc.

20.1 Dissolve both compounds in diethyl ether and extract with aqueous HCI. This procedure
gives an ether layer that contains cyclohexane and an aqueous layer that contains
hexylaminium chloride. Cyclohexane may then be recovered from the ether layer by
distillation. Hexylamine may be recovered from the aqueous layer by adding aqueous
NaOH (to convert hexylaminium chloride to the hexylamine) and then by ether extraction
and distillation.

CH,, + CH;NH,
(in diethyl ether)

H,0"Cl /H,0
ether layer aqueous layer
CH + ~ __(_)_I_'I___)
612 C(H;NH," Cl C¢H,,NH,
(evaporate ether (extract into ether
and distill) and distill)

20.2 Webegin by dissolving the mixture in a water-iramiscible organic solvent such as CH,Cl,
or diethyl ether. Then, extractions with aqueous acids and bases allow us to separate the
components. [We separate 4-methylphenol (p-cresol) from benzoic acid by taking ad-
vantage of benzoic acid’s solubility in the more weakly basic aqueous NaHCO,, whereas
p-cresol requires the more strongly basic, aqueous NaOH.]

CH,CO,H, p-CH,C{H,OH, C(H;NH,, CHq

(in CH,Cl,)
NaHCOyH,0
aqueous layer CH,Cl, layer
CH,CO, Na* p-CH,C(H,OH, CH,NH,, C;H,
H,0" NaOH, H,0
aqueous layer CH,C, layer
CH,CO,H
Separate fmd p-CH3C6H4O. Na* C4H,NH,, C(H
recrystallize o
H,0' H,0'CI'/H,0
aqueous layer CH,(C], layer
p-CH,CH,OH
Extract into . .
CH,CL, and distin ~ CefsNHs C CeH
OH Isolate by
distillation
CeH;NH,
Extract into
CH,Cl, and distill



398 AMINES

20.3

(a) Neglecting Kekulé forms of the ring, we can write the following resonance struc-
tures for the phthalimide anion.

C
\ - \
<> @[ >N=
C
I Il
0]
(b) Phthalimide is more acidic than benzamide because its anion is stabilized by reso-

nance to a greater extent than the anion of benzamide. (Benzamide has only one carbonyl
group attached to the nitrogen atom, and thus fewer resonance contributors are possible.)

® )

/NHZNHZ 9 N 3 A,
QU+ = QU= QU
¢ ¢ ’

0 0 O

i
C—NHNH, 3
— @ . —= + NH,NH,
R i
0 H,NNH, 0 H
+
Then,
? i
C—NHNH, ‘g
<= |, <=
Gy P
© n "0 NHR
o
I H Il H
C\N/ C\N/
@( ) — @ & + RNH,
C’ \H C’ \H
O/Q\+ I
NH,R
; ;
\ KOH NE C¢HsCH,Br
204 @[C/NH —> C}N-K KB1)
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? i
C___H
S NH,NH, "N
N—CH,CH, ———» CHCHNH, + I
/ ethanol . _N
ﬁ reflux Benzylamine ﬁ “H
0 o)

H
205 (a) CHyCH),CHO + NH, > CH,(CH,),CH,NH,
® CHCHCCH, + NH, —> CHsCH,CHCH,
NH,

LiBH,CN
(c) CHi(CH,),CHO + C¢H,NH, é—H;OH—> CH,(CH,),CH,NHCH,

LiBH,CN

20.6 The reaction of a secondary halide with ammonia would inevitably be accompanied by
considerable elimination, thus decreasing the yield.

R'
substitution
N _substiwtion o, e,
RCH-X + NH, —
(excess) climination} alkene
50Cl, CH,CH,NH,
207 (a) CHCOH —>2y cHcocl SHCHN
C¢H,CONHCH,CH, ZAMd ¢y CH NHCH,CH,
NaCN
(b) CH,CH,CH,CH,CH,Br ~“—% CH,CH,CH,CH,CH,CN

LiAlH,
———» CH,CH,CH,CH,CH,CH,NH,

1
(c) CH,cH,co 2%y chcp,coct CHCHHCHLN

LiAIH
CH,CH,CON(CH,CH,CH;), ——» N(CH,CH,CH,),

0 NOH NH,
| NH,OH |
@ culoncn, ¥y culon,cn, Neetaol o oy dhon,cn,
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208

20.9

HNO, Fe
@ ao(0) 52r 0O o ano O

CH,COC! q NH, H,
(b) CH3O© —Al_Cl;-—) CI'I3O‘<©>‘CCH3 'TP
CH:,O‘<©>—$HCH3

NH,

Cl CH.)-N
(¢) @Cﬂs > @CH2C1 CHN @cm&(cm)acr

(excess)

1 g SOCI
(d) ON «@cm %f;@_%_‘?ﬁ_, ON @cozn =5
|c? NHg 9 Bl‘2
ON C-Cl —» ON CNH, =% ON NH,

\ (1) LiAIH,, Et,0
—)
CHCN G5 CH,CH,NH,

An amine acting as a base.
FN
CH,CHNH, + g,0* <= CHCHNH; + HO
An amine acting as a nucleophile in an alkylation reaction.
T RS —> VPR
(CH,CH,);N ¥ + CH;—1 (CH,CH,),NCH, 1

An amine acting as a nucleophile in an acylation reaction.
T (/;8) i +
(CH;),NH + CH3C\ —> (CH;),NCCH; + (CH;),NH, CI™
(excess) Cl

An amino group acting as an activating group and as an ortho-para director in electrophilic
aromatic substitution. '

NH, NH,
Br,, H,0 Br Br
room temp.

Br
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20.10 (a,b) -o—N=0O + Hso+ <= HO-N=0 + H,0

HO-N=0 + H,0' &= H(Ij—N:o + HO

H
HO-N=0 <= O + k=0
H
+
:N(CH,), &N(CH,), :N(CH,),
+ k=0 —>» i
z
H NO NO

() The 1¢IO ion is a weak electrophile. For it to react with an aromatic ring, the ring
‘must have a powerful activating group such as -OH or -NR,,.

NO, NO,
2011 (a) fuming HNO, H,S
. R a—— e ——
H,SO,, heat o NH;, C;H;OH
2
HC]/NaN02 CuCl
H,0 (0- 5°C)

[as in (a)]

(1) Fe, HCI, heat
(2) OH ~

Cl
NH,

NO, NO,
(c) _Bo (1) Fe, HCL, heat
FCBI':; . (2) OH
r

(by nitration
of benzene)
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402 AMINES

NO, NH, NHCOCH,
) (1) Fe, HCI, heat; (CH,CO)0 concd.
(2) O H,80,
[as in (c)]
NHCOCH, NHCOCH, NH,
' HNO, 0, N NO,
i eat i
57% H,S0,
SO,H SO,H
NHCOCH, NHCOCH, NH,
HNO, H
(e) sto} Hzo)
[from part(d)] NO,
(plus a trace
of ortho)
H, H, H,
Br, H,SO,,NaNO,
20.12 —> —_—>
H,0 H,0 (0-5°C)
Br r Br r
NH, NH, N,
p-Toluidine H,
—->H3P02 + N,

2S0s (4 o-nitrotoluene) (2) O

CH,C0),0
20.13 (a) Toluene—%-) p-Nitrotoluene M @ (__.&»
NH,

H, H, H,
HNO, H > HONO
H,S0, H,0 (o 5°C),’

NHCOCH, NHCOCH3 NH2
H3 HS H3
1) Fe, HC1
Q= Q #=
NO, NO, NH,
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H, H, (c)
HONO >

NH, N @

(e)

AMINES 403

_cuCl @
Cl

CH,
CuBr }
Br
CH,
BN

| CuCN @ o @
CN

+

20.14
_H;SO,/NaNO, Cubr
FeBr, (0- 5°C)
Br
Br Br , Br sto,,/NaNo2
Pt (0- 5°C)
NO,
H3P02
H,S0,/NaNO
20.15 HO3S—©-NH2 2(0‘;?2) 2 Ho3s@N2+

Qo

NaOH

N=N —@sqm
QO™

pH 8-10

Orange II
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NO, NH, N,

2
20.16 _HNO, Fe | H,S0,/NaNO,
H;S0, HCI (0_5°C)_’

©VN(C35)2
LE e W W

@,G'I
H,SO,/NaNoO. :
2017 CH CHZO@ ety (ofjo ) CH,CH,0 @N2+ —>

NaOH
SnClz
cmcmo-@ —N—@OCH CH,

O
CH,(),0
2 CH,CH,0 NH, (cro0, 2 CH,CH O@—NHCCH3

C Phenacetin

20.18 (1) That A reacts with benzenesulfonyl chloride in aqueous KOH to give a clear solution,
which on acidification yields a precipitate, shows that A is a primary amine.

(2) That diazotization of A followed by treatment with 2-naphthol gives an intensely colored
precipitate shows that A is a primary aromatic amine; that is, A is a substituted aniline.

(3) Consideration of the molecular formula of A leads us to conclude that A is a methylani-
line (i.e., a toluidine).

CHN
-CHN = @Nﬂz

CH,

But is A 2-methylaniline, 3-methylaniline, or 4-methylaniline?

(4) This question is answered by the IR data. A single absorption peak in the 680-840 cm ~!
region at 815 cm~! is indicative of a para substituted benzene. Thus, A is 4-methylaniline
(p-toluidine).

H,
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20.19 First convert the sulfonamide to its anion, then alkylate the anion with an alkyl halide,
then remove the -SO,C¢H; group by hydrolysis. For example,

H )
| '
R-N—SO,CH; —2» R-N—SO,CH, —~— X,

CH,R' HO' CH R’
R-N—SOCH; ——»> OH, p-H + CHSO,"

NH, OCH, NHCOCH,

HC
20.20 (a) (CHSCO)ZO @ Hosoa o

Aniline SO,Cl
NHCOCH,

HN
2 I—éj @ (1) dil. HC, heat _
SO,NH A(NJ @R SO,NH @

Sulfathiazole
QO NHCOCH,CH,CO,H
0
(0]
(b) —>
sozNH~(N
@)
Succinylsulfathiazole
CH,
20.21 (a) CH,CH,NHCH, (b) (CH éH)3N
CH,

_CH,
©) @N\ (d)
CH,CH,

)
H CH,CH,
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Q) @)

(m) H,NCH,CH,CH,0H

(0)[ )

1
H

(9) CH30<©>—NH2
NH,

(s)
CO,H

20.22 (a) Propylamine
(b) N-Methylaniline

COH
» O
G NHCCH,
N

M

G

H

() (CH,CH,CH,),N* CI

/CHB
(P) CH; N
CH,

) (CH,)N*OH
NHCH,

(t)

(h) Benzylaminium chloride

(i) N,N-Dipropylaniline

(c) Isopropyltrimethylammonium iodide (j) Benzenesulfonamide

(d) 2-Methylaniline (o-toluidine)

(k) Methylaminium acetate

(e) 2-Methoxyaniline (or o-methoxyaniline) (I) 3-Amino-1-propanol

(f) Pyrazole
(g) 2-Aminopyrimidine

(m) Purine

(n) N-Methylpyrrole

o OHO
20.23 (@ @CEN + LiAH, —» @'CH2N1-12
f @H,0
(b) C-NH, + LiAlH, ——» H,NH
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(c) @CH Br + NH, —>» CH,NH,
(excess)
CHzBr + @::3« @ H-—N;‘:©
JH
NHZNHZ
@’CHZNPQ + |
“H
o]
(d @CHZOTS + NH, —> CH,NH,
(excess)

(e) @cno + NH, %) @—C}QNHZ
) <C__>>CHQNO2 +3H, T @'CHQNHz

ﬂ Br, i
(2) <@>‘CH2CNH2 o> CH,NH, + CO;
NH,
HNO; (1) Fe, HCI, heat
2024 @ @ H,SO, @ (2 oH > @

MgBr

(1) CO, SOCI
® Et20 © (2 H,0" O @ (excess)
O O

Hofmann rearrangement

CONH,

NH,
Br,
(©) ——>OH
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O

PB (0]
2025 (@) CH,CH,),CH,OH —» CH,CH),CHBr ——»
0
NH,NH

CH,(CH,),CH, ——-> CH,(CH,),CH,NH,

o) H
+ )
“H
0

NaCN (1)LiAlIH,, Et,0
—___-)
() CHy(CH),CH,Br — % CHy(CH,);CN 75="—"" CHy(CH,);CH,NH,

[from part(a)]

1)KM
(c) CH,(CH,),CH,0H EzzT“—oﬂ» CH,CH,CH,CO,H

(1) SOCl, Br,
(—Z)W') CH,CH,CH,CONH, W CH,CH,CH,NH,

PCC CH.NH,
(d) CHy(CH),CH,0H ¥ CHCHCHCHO

CH,Cl,
CH,CH,CH,CH,NHCH,
NH, NHCOCH,
. CH,C0),0
20.26 (a) @( CO%0
NH, 0
v Q - Op = OO
-0 0
NHCOCH, NHCOCH, NH,
HNO, (1) H*,H,0
© sto,,’ (2) OH ) @
[from part(a)] NO, NO, ’
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NHCOCH, NHCOCH, NH,
HOSOCl (1)NH,
d
@ —_—> (2)H,0"heat
[from part(a)] $O,Cl1 SO,NH,

NH, ' X ,' BF, F
® @ HONO > HBF, > hcat’
(0-5°C)

[from part()]
N'X Br
(h) @ CuBr,, @
[from part(f)]
N, X I
) X, @
[from part(f)]

CN

N X
0 Q = Q

[from part(f)}
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COH

MHHO
(k) @ ) oor >

[from part(j)]

N2+
Cu20
C 1¢ Hzo

[from part(f)]

O

[from part(f)]

N, X OH
OH _
0O - Q @ OO

[from part(f)] [from part(l)]

N(CH,),

H,0"
0O - O 25 OO

{from part(f)] [from part(e)]

HONG N
20.27 (a) CH,CH,CHNH, W [CH,CH,CH,N,"'] —»
hydride
_ [CH,CH,CH,"] hift > [CH,CHCH,] §
-H* H* Cl
cl Hzol N w lHZO
CH,CH =CH,
CH,CH,CH,0H CH,CHCH,
OH
CH,CH,CH,CI CH,CHCH,

Ci

HONO _
(6) (CHCHCH)NH Lo (CHCH,CH,),N —N=0
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H HONO N=0
(©) N, NaNOZIHCli @N\
CH,CH,CH, CH,CH,CH,
CH,CH,CH, HONO ~ CH,CH,CH,
(d) N\ W O=N N\
CH,CH,CH, o/mct CH,CH,CH,
HONO, 0-5°C B
(e) cmw;n;@wm Navogzar > CH3CH2CH24©>‘N2* a

KOH -
2028 (2) CHCHCHNH, + CHSO,Cl - % CHCH,CHNSO,CJH,
2 +

Clear solution

H,0*
——» CH,CH,CH,NHSO,CH;

Precipitate
KOH

(b) (CHCHCH),NH + CHgSOCl "y 5»  (CH;CH,CH,),NSO,CeHy

Precipitate

H,0'  No reaction
(precipitate remains)

H KOH S0,CHy
(c) N, + CHSO.Cl Fo» N,
CH,CH,CH, 2 CH,CH,CH,
Precipitate

H,0' No reaction
(precipitate remains)

CH,CH,CH,

(d) + KOH’ No reaction
I\I\CI-I,L,CI-Izcﬂ3 CeHSOC H,0 (3° amine is insoluble)

H30+ +
- @NH(CHZCHZCH3)2

3° Amine dissolves
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(e) QH;@*NHQ + C4HSO,CI ‘%» qm—@—ﬁsozcéﬂs
K+

Clear solution

HOy
NHSO,C H

Precipitate
< > __HONO < : _
20.29 (a) N-H NaNO 'HCl -N=0
(b) N-H + CHso,c X, N—SO,C.H
6 "5 2 HZO 265

20.30 () 2CH;CH,NH, + C¢H,COCI —> CH;CH,NHCOCH; +
CH,;CH,NH,;* CI™

0
I [ + I
(b) 2CH;NH, + (CH;C),0 —> CH,NHCCH; + CH,NH, CH,CO"

0
1l |
H2C/C\ HZC /C_NHCH3
) | /o + 2CH,NH, —> |
H,C H,C
—q *Co” CHNH;'
0 0

(d) [product of (c)] M) 4 N——CH + H,0 + CH,NH,
H,

o’
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o ()Y + «HCco,o —>» [ 5 + CH,COH
|

H
o7 \CH3

| 0 0
1 I
(2) 2 @NHZ + CHCHLC —> @—NHCCHZCHs +
@—NH; cr

CH,CH,
(h) CH3CH2—-ITI’—CH2CH3 oy~ -heaty, CH~=CH, + (CH,CH)),N + H,0
CH,CH,
No, NO,
. NH3
W * S Caon
O2
CH, : CH,
H,0
) + Br, =
(excess) Br Br
NH, NH,
CH
20.31 (a) _HNO,
1-12504
Separated
CH, CH; CH,
(1) Fe, HC1 _HONO HBF, heat
e 2 — i
(2)OH™ @ 0-5°C @
NO, NH, N, "X~ F
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CH,

(DFe, HCl NH, HONO
€,
——
(b) @oH- > 0-5°C

[from part (a)]
H;

N, *X~
CH, H,
& (1) Fe, HCI, heat_ (1) H,SO/NaNO,
(2) OH g (2) Cu,0, Cu*, HZO
NO,

NH,
Cl
CuCl i @
* X Cl1

[from part (a)]

@\Nﬂj _ HCUNaNO, |

[by reduction of m-dinitrobenzene,
cf. Problem 20.11(a)]

2+x

CN

N, X
&) @ CuCN
N X CN

[from part (d)]

NO, NH,
6} HZSO,,/NaNOZ (1) Fe, HCY, heat
(2) KI : (2) OH'

[from Problem 20.11(a)]
(1) HONO
(2)Cu,0, Cu*, H,0 i

NO, NO, NH,
(1) HBr/NaNO, - (1) Fe, HCl, heat‘
(2) @L (2) CuBr - ©\ @) OH ” @
NH, Br Br
[from Problem 20.11(a)] CN

(1)H,S0/NaNO,
(2) CuCN

Br
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2 2 2
b Br, HISOJNaNOZ H3P02
LY FeBr
Br Br
NH, NHz
[from Problem 20.11(e)]
NO, NH,
. (1) Fe, HCI, heat
O 2) OH
Br r
[from part (h)]
NO, .
G) (1) HBr/NaNO, (1) Fe, HCI, heat
———) —— P
J (2) CuBr (2) OH
Br r
NH, Br
[from part (h)] NH, oH
(1) H,SO,/NaNO, > '
2)Cu,0, Cu?*, H,0
Br Br @0, Cu z Br Br
Br Br
NH,
® (1)H,SO,/NaNO,
2 N
Br (2) CuC
(from part (j)]
NO,
M (1)H,SO/NaNO, H,0' H,
(2) CuCN heat Pt
r Br Br Br
COH
[from part (h)] NH,
(1)H,S0/NaNO, _
Br g (DHPO Br Br

COH CO,H
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NO, NO,
(m) (1)H,SO,/NaNO, (1) Fe, HCI, heat
(2) KI (2) O
Br Br Br Br
NH, I
[from part (h)] NH,
(1)H,S0,/NaNO,
T eE—
(2)H;PO, . Br r
1
CH,
(n) fummgHNO3 H,S,NH,
st04 (cf. Section 20.5B)
CH,
0,
%)) HZSO4/NaN02
(2) CuBr
NH, Br
CH,
0, )
(0) (1) H2SO4/N8N02
(2) Cu,0, Cu*, H20
NH,
[from part (n)]
CH,
0,
) (VH,SO/NaNO, (1) Fe, HCI, heat
(2) CuBr (2) OH
NH,
[from part (n)]
CH, CH,
CN
(1)H,SO,/NaNO,
(2) CuCN
Br Br
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@ Hac@mz HSO/NaNO, H3C@N; X
[from part (c)] l@—OH pH 8-10

00
H3
(r) Hﬁ‘@‘N* {from part ©) @ =N
2 pH8 10

X
[from part (q)]

20.32 (a) Benzylamine dissolves in dilute HCI at room temperature,

- 25°C -
CH,CH,NH, + H;0* + CIT —> C6H5CH2NH3 cl

benzamide does not dissolve:

- 25°C
CH,CONH, + H, 0" + CI” ——>» No reaction

(b) Allylamine reacts with (and decolorizes) bromine in carbon tetrachloride instantly,

CH=CHCH,NH, + B, —“tj CH,CHCH,NH,
Br Br

propylamine does not:

CH,CH,CH,NH, + Br, 21_4_) No reaction if the mixture
is not heated or irradiated

(c¢) The Hinsberg test:

K X
H3C~©-Nﬂz + CHSOC TXy H3C—©>~I\3802C6H5 50,
2

Soluble

3C~©-NHSOZC6H5

Precipitate
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KOH H,0'  Precipitate
NHCH, + CH P
@ s * CHSOLCL o> <<:>>-1\|1502CGH5 —= eebt

CH,
Precipitate

(d) The Hinsberg test:

K+
- H ¥
QNHz + CHSO,Cl %) QN802C6H5 LN
Soluble
<:>-NHSOZC6H5

Precipitate
KOH H;,0'  Precipitate
-H + CHSO,Cl —>» N-SO,CH, —>»
< :N H 67572 H,0 < > 2760s remains

Precipitate

(e) Pyridine dissolves in dilute HCI,

@N + HO' taq —> @ﬁ‘H clr

benzene does not:

@ + 1-13(')+ + ¢ —» No reaction

(f) Aniline reacts with nitrous acid at 0-5°C to give a stable diazonium salt that couples
with 2-naphthol, yielding an intensely colored azo compound.

HO

O 25 O s Qrenl)

Cyclohexylamine reacts with nitrous acid at 0-5°C to yield a highly unstable diazonium
salt—one that decomposes so rapidly that the addition of 2-naphthol gives no azo com-

pound.
H,S04/NaNO, -N,
O 5 [ O | 2O |-

2-naphthol

© 2000, Modulo Editeur inc. / © 2000 John Wiley & Sons Inc.
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(g) The Hinsberg test:

HO"
CH)N + CHSOCI %» No reaction ——3 (C,Hy),NH
Soluble
CH),NH + CHSOLCl “By CHyNsOCH, 205 Precipitate
H,0 . remains

Precipitate

(h) Tripropylaminium chloride reacts with équeous NaOH to give a water insoluble ter-

tiary amine.
-~ NaOH
(CHCH,CH)NH" €I o> (CHCHCH),N
Water soluble Water insoluble

Tetrapropylammonium chloride does not react with aqueous NaOH (at room tempera-
ture), and the tetrapropylammonium ion remains in solution. .

- NaOH - _
(CH3CH2CH'2)4N" Cl H0 > (CH3CH2CH2)4N+ {Cl orOH ]
Water soluble Water soluble

(i) Tetrapropylammonium chloride dissolves in water to give a neutral solution.
Tetrapropylammonium hydroxide dissolves in water to give a strongly basic solution.

20.33 Follow the procedure outlined in the answer to Problem 20.2. Toluene will show the same
. solubility behavior as benzene.

7
HC N -
20.34 cl O + NHy > HNCCH,CH,COH
H, \C/
W
0 Br,, OH H* +
Ty, - -
__’.éojz- H,NCH,CH,CO, —» H,NCH,CH,CO,
2PBr; 2(CH;);N

20.35 (a) HOCH,(CH,),CH,OH ——3 BICH,(CH)CHBr ———>

+ + -
(CH,),;NCH,(CH,);CH,N(CH,), 2 Br

H+
(b) HO,CCH,CH,COH +2 BCH,CH,OH 5 p,5,”
2(CH,;;N
BrCH,CH,0,CCH,CH,CO,CH,CH,Br

+ + -
(CH,),NCH,CH,0,CCH,CH,CO,CH,CH,N(CHj), 2 Br
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20.36 O —CH Br Q
/C—CH2Br
N ‘“
:[\} Hco3
(—HBr) (—HBr)

COH

b
Q O M s .
CH2—Br + H2N -@—-CQNH(I:H _..r._) fOI‘lc

acid
CO,H

H2N

20.37 The results of the Hinsberg test indicate that compound W is a tertiary amine. The 'H
NMR provides evidence for the following:

(1) Two different C;Hs—groups (one absorbing at 6 7.2 and one at § 6.7).
(2) A CH,CH,-group (the quartet at & 3.5 and the triplet at § 1.2).
(3) Anunsplit -CH,~group (the singlet at & 4.5).

There is only one reasonable way to pull all of this together.

Q=0
GH,
CH,

Thus W is N-benzyl-N-ethylaniline.

20.38 Compound X is benzyl bromide, C¢H;CH,Br. This is the only structure consistent with
the 'H NMR and IR data. (The monosubstituted benzene ring is strongly indicated by the
(5H), 6 7.3 TH NMR absorption and is confirmed by the peaks at 690 and 770 cm~! in
the IR spectrum.)
Compound Y, therefore, must be phenylacetonitrile, (C;H;CH,CN) and Z must
be 2-phenylethylamine, C,;H,CH,CH,NH,,.

. LiAIH
@-CHZBr NaCN @CH CN ——» <@>—cr12cr121~1112

X
C,H,Br C8H7N CH, N
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Interpretations of the IR and !H NMR spectra of Z are as follows.
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Z,CH, N
( 2 (©
(d) c
(C) (b (a
(3H] HZCHZNHZ [2H]
(7]
[(2H]
(@
[2H]
) TMS
1 | | | 1. l‘ | { 1
8 7 6 5 4 3 2 1 0
5H(Pl!“) ‘
d)
—

@ (c) (b) (a)
CH,-CH,-NH,

(a) singlet61.0
(b) triplet 62.7

(¢) triplet 62.9

(d) multiplet §7.25

[OGIE:
—Z»
Pd

—
(several steps)
|

"H
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O
I Z OH 72
|

CH, HC™*'CH, H,C™* "CH,
R s
CHJI Ag : i

m i ‘/j ~£» CH;/=CHCH,CH,CH,N(CH,), OH
IT\CHS (CHy);N \4

CH,

T U

h

%y CH=CHCH,CH=CH, + - HO + (CHYN

W

20.41 That A contains nitrogen and is soluble in dilute HCI suggests that A is an amine. The two »

IR absorption bands in the 3300-3500-cm ~! region suggest that A is a primary amine.
The 13C spectrum shows only two signals in the upfield aliphatic region. There are four
signals downfield in the aromatic region. The information from the DEPT spectra sug-
gests an ethyl group or two equivalent ethyl groups. Assuming the latter, and assuming
that A is a primary amine, we can conclude from the molecular formula that A is 2,6-di-
ethylaniline. The assignments are

(a) (b) NH, (a) 129
CH,CH, CH,CH, (b) 5242
(e) (c) §118.1

(d) . (d) 81259

(c) (e) 6127.4

(f) 51415

(An equally plausible answer would be that A is 3,5-diethylaniline.)

20.42 That B dissolves in dilute HCI suggests that B is an amine. That the IR spectrum of B
lacks bands in the 3300~3500-cm~! région suggests that B is a tertiary amine. The up-
field signals in the 13C spectrum and the DEPT information suggest two equivalent ethyl
groups (as was also true of A in the preceding problem). The DEPT information for the
downfield peaks (in the aromatic region) is consistent with a monosubstituted benzene
ring. Putting all of these observations together with the molecular formula leads us to con-
clude that B is N,N-diethylaniline. The assignments are

(b) (af .
N(CH,CH,), (a) 512.5
(b) 5442
(c) (c) §112.0
(e) (d) 51155
(d) (e) &128.1

(f) 5147.8
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20.43 That C gives a positive Tollens’ test indicates the presence of an aldehyde group; the

solubility of C in aqueous HCI suggests that C is also an amine. The absence of bands in
the 3300-3500-cm ~ ! region of the IR spectrum of C suggests that C is a tertiary amine. The
signal at 8 189.7 in the !3C spectrum can be assigned to the aldehyde group. The signal at
8 39.7 is the only one in the aliphatic region and is consistent with a methyl group or with
two equivalent methyl groups. The remaining signals are in the aromatic region. If we
assume that C ?l)

has a benzene ring containing a -CH group and a -N(CH,), group, then the aromatic sig-
nals and their DEPT spectra are consistent with C being p-(N,N-dimethylamino)ben-
zaldehyde. The assignments are

(a)
N(CH), (a) §39.7
b (e (b) 61108
(b) (c) 51249
(d) (d) 8131.6
<) (e) 8154.1
(h ¢=0 () 5189.7
H
?H3 CH,COCI
20.44 CH,),NH + _ _ 3
(CHy), N,/ —> H,C—N-CH;-CH;-OH =~ -
CH, o} CH,
] I CHyl I n
H,C—N-CH;-CHj-0—C—CH, — > H,C—N—CH;~CH;-0-C—CH,
CH,
Acetylcholine iodide
0,
N N\
f E HOCH,CH,NH, ——>» (HOCH,CH,),NH
(o} 0
CHCH,COCL I CH,COH I
20.46 CCH,CH, ——>» CCHCH,
AlCl, Br, l
Br
O CH

CH,CH,),NH T
(CCHNE @C—CH—N(C2H5)2

Diethylpropion
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20.47 Carry out the Hofmann reaction using a mixture of SN labeled benzamide,
C¢H,;CO*NH,, and p-chlorobenzamide. If the process is intramolecular, only labeled ani-
line, CiHs*NH,, and p-chloroaniline, will be produced.

If the process is one in which the migrating moiety truly separates from the remain-
der of the molecule, then, in addition to the two products mentioned above, there should be
produced both the unlabeled aniline and labeled p-chloroaniline, p-CICsH,*NH,.

Note: When this experiment is actually carried out, analysis of the reaction mixture by
mass spectrometry shows that the process is intramolecular.

a ci NH, 1
2048  CH,CH,COH —l—;z—> CH,CHCCl ———> CH3CH%NH~©
0

*20.49 (a) C6H51'T'I—CH3

H
I
- + l’\ fIiI.)
b I (during C6H5—ITI CH, m/z 107
electron H
impact
mass -H-
spectrometry)
+
H m/z 106
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N

()\'OSOL,-<@>—CH3 - @ (B, Diphenylcarbodiimide)

N%

:a—-Z+

R +
N
] N
0 o
— | + HO
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*20,52 An abbreviated version of one of several possible routes:

= »\f )1 )l

repeated sequence

:NH

C
“triacetoneamine”
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SPECIAL TOPIC
Reactions and Synthesis of Heterocyclic Amines

SOLUTIONS TO PROBLEMS
i
E.l (a) Q (b) @ (c) C— <j
' i i :C—OH
= CH, . _
éHa 0 \
(d) { \ (e CH2=CHCH2CH21T—-CH3
i CH
1 3
H,C”* CH, :

E.2 (a) The cyclopentadienyl anion.

(b) The pyrrole anion is a resonance hybrid of the following structures:

(B> L QO )

The imidazole anion is a hybrid of these:

e GGG

E.3 A mechanism involving a "pyridyne" intermediate would involve a net loss (of 50%) of
the deuterium label.

@}\m 7 @D’“ Ny, ©| b
2-Pyridyne

429
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Since in the actual experiment there was no loss of deuterium, this mechanism was dis-
allowed.

The mechanism given in Section E.4 would not be expected to result in a loss of
deuterium; thus, it is consistent with the labeling experiment.

D D D
N N H N NH,

E.4  When pyridine undergoes nucleophilic substitution, the leaving group is a hydride ion—

' an ion that is a strong base and, consequently, a poor leaving group. With 2-halopyridines,
on the other hand, the leaving groups are halide ions—ions that are weak bases and thus
good leaving groups.

E.5 If we write the reactants in the following way, we can better see how the reaction occurs.

0
CH CH 1
3 /COEt 3 COEt
i o,
addition | —-H,0
- AcCitoh H
Etoc/ce'/“(":)CH3 Et0C” C\N A
[ N O / OH
(9) H* O H
0
co, [ c, [
_ é . {ICOEt . 6_ Cl c {ICOEt
T ) < AN
~
eoc” N \CH3 EtO([f/ \III/ \CH3
O H
i
CH, COEt CH, COFEt
+
HO H H,0 H _HO
H < H —Ht
Etolc N7 CHj EtO("J NZ CH
o}
| i
CH, COEt CH,  COEt
/ H tautomerism M
—_—
P
EtO(”: N7 CH; EtO("J ITI CH;
H
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SPECIAL TOPIC E
(I)I 0
N N |
CH,CCHNH,* cI * oH —>» CHséCHzNHz
o s ™ mo s OH"
=(f + O,/C\CH > O—(F (|:H3 _—IT)
CH, 3 CH, C\
NH, N’ CH,
B o4 b
20 4+—~iCH 0—C—=CH, +1y, HO—C—-—CH,
—(CF & HZC/ \C “H g d c
" P N SN
H,0 o s
) — tautomerism
— /"
al B
i N\~ CH,  CH,
N |
H
$H3 C
£=0 H,
CH, 100°C =
E6 (2) [ % + (NH),CO, —> N-H + 2H0 + NH,HCO,
C{IZ S
C;I—’O A CH,
3
CH, CH,
C NH,
(b) I base =
Y N-H + 2H,0
CHy, 0 =
CI B CH,
CH,
CH(OCH), lsz - N
© cf, + NH  —> | N+ 4CH,0H
CH(OCH,), CH, N

\
c CH;

431

© 2000, Modulo Editeur inc. / © 2000 John Wiley & Sons Inc.



432  SPECIAL TOPIC E
CH,
¢
A
o) N
(d) HZ? + Hz|
HQC\? O BN
CH,

/CH2—C\H2
(IZH /CH
o QT =
N CH,
OJ X
N CH,
G Nicotine

(1) KMnO,, OH"
2 H

@COZH

N

H Nicotinic acid
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SPECIAL TOPIC
Alkaloids

SOLUTIONS TO PROBLEMS

F1 (a) The first step is similar to a crossed Claisen condensation (see Section 19.2A):

0

0
1] 1l
COCH,CH, 1;Z:j_i:> C.H.ON C ‘
| NON

N CH, !
CH,

(b) This step involves hydrolysis of an amide (lactam) and can be carried out with
either acid or base. Here we use acid.

0]

0
1] i
o C—CHCH,CH,NHCH, C—CH,CH,CH,NHCH,
Ho” @/ COH heaty, ©/
2
N N

(c) This step is the decarboxylation of a substituted malonic acid; it requires only the
application of heat and takes place during the acid hydrolysis of step (b).

(d) This is the reduction of a ketone to a secondary alcohol. A variety of reducing agents
can be used, sodium borohydride, for example.

OH
CHCH,CH,CH,NHCH,
NaBH,

(e) Here we convert the secondary alcohol to an alkyl bromide with hydrogen bromide;
this reagent also gives a hydrobromide salt of the aliphatic amine.

oo
CHCH,CH,CH,N “CH, Br
B
heat

N

433
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F.2

F3

(f) Treating the salt with base produces the secondary amine; it then acts as a nucleo-
phile and attacks the carbon atom bearing the bromine. This reaction leads to the forma-

tion of a five-membered ring and () nicotine.
Br

| |
base O \_/ base N
> T—
~HBr THBr O |
N N

CH,

(a) The stereocenter adjacent to the ester carbonyl group is racemized by base (probably
through the formation of an anion that can undergo inversion of configuration; cf.

Section 17.3).

o
N

(b)

N/CH:,
(@)
CH,CHCO,H
H H H,0H
Tropine (£) Tropic acid

\(b) Tropine is a meso compound; it has a plane of symmetry that passes through the
JCHOH group, the :NCH3 group, and between the two —CH, — groups of the five-

membered ring.

HZC/CH_C
......... NCH;-->CHOH --- plane of symmetry

H,C~Ch—CH,
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£H,
N
©)
OH
y-Tropine
3C\N/CH -
HO_ CH;I (1) Ag,OH () AgOH,0
(2) heat
Tropme CgH,;N CoH, (NI
H,C
°N ((:}13)3
CHal (l)AgZO/HZO
(2) heat
H;sN C,oH;NI
F5 One possible sequence of steps is the following:
CHO CHO )
Kol HO +H g~
(J: + CH,NH, —
HCL HO, B HC
CHO CH=NHCH
\’ 3
H
CO.H CO.H Mannich
H2C< ’ lizati HC/ 2 reaction (See
enolization o i
C=0 = to, \C fo\ Section 19.10)
/ / - H
H,C H,C__
COH CO,H J
CHO
i Nodl -
-] +] lizati
Hz(! NHCH3 3 \ﬁ__CH enolization .
\?}f o +HO, H 3
Il I
(EH—C—CHZCOZH H—C—CH,CO,H
COH COH

435
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CO,H
S—cH, - 200,
(CH Mannich
CH reaction (See
HOZC/ \$// \COZH Section 19.10) CO,H
CoH
CH,
O -
| \
0]
Tropinone
k6 CHsom CH,0
j@ N
CH;0 N CH,0 Oy g
OH POy
+ —_—> CH,O
ocl ? heat (-H,0)
CH,0
CH,0
CH,0 Cyot,sNOs
CH,0 CH,O
/ @@
CH,0 Pd CH,0
CH,0 heat (-H,) CH,0
CH,0 : CH,0 :
Dihydropapaverine Papaverine

F.7 A Diels-Alder reaction was carried out using 1,3-butadiene as the diene component.

O,
o

CH,0 CH,0
@ h
CH,0 0 ety o
N=C—C
N=C—CH, 0
| +
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F.8 Acetic anhydride acetylates both ~OH groups.

F9 (a) A Mannich reaction (see Section 19.10).

-HO, +H"
(b) CH,0 + HN(CH), =———2 CH~N(CH,),

H
CH,N(CH,)
Q™™ = Qg
\A>
) Y
H H

Gramine
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PHENOLS AND ARYL HALIDES:
NUCLEOPHILIC AROMATIC
SUBSTITUTION

SOLUTIONS TO PROBLEMS

211

21.2

438

An electron-releasing group (i.e., -CH;) changes the charge distribution in the molecule
so as to make the hydroxyl oxygen less positive, causing the proton to be held more
strongly; it also destabilizes the phenoxide anion by intensifying its negative charge.
These effects make the substituted phenol less acidic than phenol itself. ’

H i
+ HO < @ + H,0

+

CH,®

CH,
Electron-releasing ~CH, destabilizes
the anion more than the acid— pKa is
larger than for phenol.

An electron-withdrawing group such as chlorine changes the charge distribution in the
molecule so as to make the hydroxyl oxygen more positive, causing the proton to be held
less strongly; it also can stabilize the phenoxide ion by dispersing its negative charge.
These effects make the substituted phenol more acidic than phenol itself.

OH
+ HO <& + HO0'

Cl a’d-
Electron-withdrawing chlorine stabilizes
the anion by dispersing the negative
charge. pK, is smaller than for phenol.
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PHENOLS AND ARYL HALIDES: NUCLEOPHILIC AROMATIC SUBSTITUTION 439

Nitro groups are very powerful electron-withdrawing groups by their inductive and reso-
nance effects. Resonance structures (B-D) below place a positive charge on the hydroxyl
oxygen. This effect makes the hydroxyl oxygen dramatically more positive, causing the
proton to be held much less strongly. These contributions explain why 2,4,6-trinitrophe-
nol (picric acid) is so exceptionally acidic.

H A H )
0: by O i i O
IR S i X
o N@ > e 0r <
.
oN o ol
A B
H _H
o 4 T A
- )7 \O- —> 0/ ~0-
. N . . N
o £ 0- o7 6,
C D

Dissolve the mixture in a solvent such as CH,Cl, (one that is immiscible with water). Us-
ing a separatory funnel, extract this solution with an aqueous solution of sodium bicar-
bonate. This extraction will remove the benzoic acid from the CH,Cl, solution and trans-
fer it (as a sodium benzoate) to the aqueous bicarbonate solution. Acidification of this
aqueous extract will cause benzoic acid to precipitate; it can then be separated by filtra-
tion and purified by recrystallization.

The CH,Cl, solution can now be extracted with an aqueous solution of sodium hy-
droxide. This will remove the 4-methylphenol (as its sodium salt). Acidification of the
aqueous extract will cause the formation of 4-methylphenol as a water-insoluble layer.
The 4-methylphenol can then be extracted into ether, the ether removed, and the 4-
methylphenol purified by distillation.

The CH,Cl, solution will now contain only toluene (and CH,Cl,). These can be
separated easily by fractional distillation.

(a) The para-sulfonated phenol, because it is the major product at the higher tempera-
ture—when the reaction is under equilibrium control.

(b) For ortho sulfonation, because it is the major reaction pathway at the lower temper-
ature—when the reaction is under rate control.
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440 PHENOLS AND ARYL HALIDES: NUCLEOPHILIC AROMATIC SUBSTITUTION

21.5 If the mechanism involved dissociation into an allyl cation and a phenoxide ion, then re-
combination would lead to two products: one in which the labeled carbon atom is bonded
to the ring and one in which an unlabeled carbon atom is bonded to the ring.

O—CH~CH=CH,
dlssocmtlon @ + CH2 — .CH.—-CH2
l(recombination)
, OH y
CH;—CH=CH, CH;~CH=CH,

The fact that all of the product has the labeled carbon atom bonded to the ring eliminates
this mechanism from consideration.

NaOH Na® CH,=CHCH,SBr
(SN2)
OCH;—~CH=CH,
@ + NaBr

0 0 0
we Oy o OO @@L
0 o o}
0 0 0
( Oﬂ? g Oibj
21.8 + — —>
0 o}
OH
2 NaBH, Oi\(()
OH
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OCH,CH, NH, NHCH SCH,CH,
NO, NO, NO, . NO,
219 (a) (b) (c) (d)

NO, NO, NO, NO,

21.10  That o-chlorotoluene leads to the formation of two products (o-cresol and m-cresol)
when submitted to the conditions used in the Dow process suggests that an elimination-
addition mechanism takes place.

CH, CH,
O @,OH ©/OH
CH, CH, —> H_—)
1 ‘ S e

CH,

CH
[ OH 3
H .,./\HQ« ,
ot hooH
OH OH

Inasmuch as chlorobenzene and o-chlorotoluene should have similar reactivities under
. these conditions, it is reasonable to assume that chlorobenzene reacts by an elimination-
addition mechanism in the Dow process.

21.11  2-Bromo-1,3-dimethylbenzene, because it has no a-hydrogen, cannot undergo an elim-
ination. Its lack of reactivity toward sodium amide in liquid ammonia suggests that those
compounds (e.g., bromobenzene) that do react do so by a mechanism that begins with
an elimination.

2112 (a) @om + CH,CH,0H  (b) @ONa + H0

CO,Na
(c) @0}1 + NaCl (d) @0}{
OH OH OH
21.13 (a) (b) SO,H
+
Br SO,H

(major) (major)
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21.14

OH OH
(c) SO,H (d) H,CH 0803 CH,

+
SOH
(major)
OH Q
(e) Br Br (f) ©:COC6H5
COH
Br (')'
OH Icl)
(g) Br Br (h) <C:>>-O—C—C6H5
CH,

(i) Same as (h) ) @'ONEI (k) <<:>>*OCH3
(1) Same as (k) (m) <@>’OCH1C6H5

(a) 4-Chlorophenol will dissolve in aqueous NaOH; 4-chloro-1-methylbenzene will
not.

(b) 4-Methylbenzoic acid will dissolve in aqueous NaHCO;; 4-methylphenol will not.

(c) Phenyl vinyl ether will react with bromine in carbon tetrachloride by addition (thus
decolorizing the solution); ethyl phenyl ether will not.

(d) 2,4,6-Trinitrophenol, because it is so exceptionally acidic (pK, = 0.38), will dissolve
in aqueous NaHCO;; 4-methylphenol (pK, = 10.17) will not.

(e) 4-Ethylphenol will dissolve in aqueous NaOH; ethyl phenyl ether will not.

21.15 Both o- and m-toluidine are formed in the following way:

CH,

CH3
NH,” NH, NH,
CH, CH, —> HTNH—-)
)H V\_'NHZ RO
1 S0 | — CH, ~ CH,
0% NH; @;‘:&m @
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Both m- and p-toluidine are formed from another benzyne-type intermediate.

CH, CH,
NH,”
H-—-NH
CH, CH, S A
8 NH, NH,
A 350°C ]
2R 7z CH,
- NH,”
NN — > ——>
HgNHz

(a) 4-Fluorophenol because a fluorine substituent is more electron withdrawing than a
methyl group.

(b) 4-Nitrophenol because a nitro group is more electron withdrawing than a methyl
group.

(c) 4-Nitrophenol because the nitro group can exert an electron-withdrawing effect
through a resonance effect.

g-v

Whereas in 3-nitrophenol this resonance effect is not possible.
(d) 4-Methylphenol because it is a phenol, not an alcohol.

(e) 4-Fluorophenol because fluorine is more electronegative than bromine.

(a) @—QQ(}-IC\-Q—R —> @—o + H—O0—R

(b) Because the phenolic radical is highly stabilized by resonance (see the following
structures), it is relatively unreactive.
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ﬂ ’\ ] '/\O/j
21.18 “HT 0/\5 1
o,y _4a,
—H —H —H

d o
e 00,20

@{Wz]@ 7% .

o

0)

Dibenzo-18-crown-6

21.19 X s a phenol because it dissolves in aqueous NaOH but notin aqueous NaHCO,. It gives
a dibromo derivative and must therefore be substituted in the ortho or para position. The
broad IR peak at 3250 cm~! also suggests a phenol. The peak at 830 cm ~ ! indicates para
substitution. The 'H NMR singlet at 8 1.3 (9H) suggests nine equivalent methyl hydro-
gen atoms, which must be a terz-butyl group. The structure of X is

OH

CH3—(|3—CH3
CH,
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OH OH OH
CH, - C(CH,),
21.20 (3 + CHT—:é—CH3 —> + ©
C(CH,),

OCH, OCH, OCH,

OH OH
CH, o (CH, C(CH,),

(b) + 2CH= é—CH —>
CH, CH,
BHT

Notice that both reactions are Friedel-Crafts alkylations.

2121 150, SO3H 20 SO,H HSO,
25°C
(steam)
O_ Na*
NaOH cl
+ Cl-= Na —)>»
ClCHzCOZH (i) CH,CO,Na
Cl

OCH,CO,Na OCH,CO,H
cl cl
H,0"
Cl Cl
24D

21.22 The broad IR peak at 3200-3600 cm~! suggests a hydroxyl group. The two 'H NMR
peaks at 6 1.67 and & 1.74 are not a doublet because their separation is not equal to other
splittings; therefore, these peaks are singlets. Reaction with Br,/CCl, suggests an alkene.
If we put these bits of information together, we conclude that Z is 3-methyl-2-buten-1-ol.

(a) CH, H(c) (a) and (b) singlets 8 1.67 and & 1.74
\C —C (c) multiplet 6 5.40
/ N\ (d) (e) (d) doublet §4.10
(b) CH, CH,0H (e) singlet 2.3
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21.23 @OmC—CH—CH a —» @—O—CHZ—FH—CHZCI
G0 OH
H,C

H,C Epichlorohydrin
-
@—o—cn —CH—CH, LA,

H3
O—CHy CH—CH;-N—CH—CH,

H
H,C
Toliprolol

21.24 The proximity of the two -OH groups results in the two naphthalene nuclei being non-
coplanar. As a result, the two enantiomeric forms are nonequivalent and can be separated
by a resolution technique.

00" " "0

21.25 One can draw a resonance structure for the 2,6-di-tert-butylphenoxide ion which shows
the carbon para to the oxygen as a nucleophilic center; that is, the species is an ambident
nucleophile.

C(CH,),

-

C(CH,),

Given the steric hindrance about the oxygen, the nucleophilic character of the para
carbon is dominant and an SyAr reaction occurs at that position to produce this biphenyl
derivative:

C(CH,),

Wexe®

C(CH,),
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21.26 The phenoxide ion has nucleophilic character both at the oxygen and at the carbon para
to it; it is ambident.

O O

The benzyne produced by the elimination phase of the reaction can undergo addition then
by attack by either nucleophilic center, reaction at oxygen producing 1 and reaction at car-
bon producing 2.

21.27 H- is expected to be a very poor leaving group because of the strong basicity of the hy-

dride ion. In this case the reaction is favored not only by the activating nitro groups but
also by the oxidant ferricyanide ion, which converts H™, as it forms, to H,.

o
—S

O

I

2128 1 N —p 03 N ——»
12 S N\ NaBH, H-—S AN C6H5coc1
C—S
w X Y
/ Raney Ni
>_ /
N
\
Z
#2129 O i;r Q
HO H
H+ (or BH,)
HO @H
H—*o\<> H
H(or BH;")
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ANSWERS TO
SECOND REVIEW PROBLEM SET

The problems review concepts from Chapters 13-21.

1. [ Increasing acidity J>
0]

0
| I |
@ cnlcH, < cHCHOH < cn,0cn,LocH, < cn,dou

i ‘?
() (CHQ@@COH < @con < (CH),N ~©~

(d) CH,CH, COH < CH3CHCléOH < CH,CCly COH

() @Nﬂz < @gm < [C)::NH
|
0

2. | Increasing basicity >

(a) CHONH, < NH, < CHCHNH,

(®) @Nm < Hsc@Nﬂz < Qm
(©) 02N<(:)>NH2 < <€__)>NH2 < H;C*@NHZ

(d) CH,CH,CH, < CHOCH, < CH;NHCH,

450
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(a)

(b)

(<)
(d)

(e)
()
€9
(h)
(1)

@

ANSWERS TO SE

COND REVIEW PROBLEM SET 451

PB
CH,(CH,),CH,0H ————> CH,(CH,),CH,Br

(or HBr)

O

O=0

/
CH,(CH,),CH,Br —> CH,(CH,),CH;—N :@

(from part(a)] G
0
H,NNH, H‘N
“hear > CH(CH),CHNH, + |
H

CH,(CH,),CH,Br Ny CH,(CH,),CH,

[from part(a)]

(1)KMnO,, OH, heat
(2) H;0"

CH,(CH,),CH,0H

H,0'.H,0

LiAH
CN —% CH,(CH,),CH,NH,

0
|
—> CH3(CH2)2éOH

CH,(CH,),CH,CN m—) CH,(CH,),CH,CO,H + NH:

[from part(c)]

O| SOCl, (;d)
CH,(CH),COH ——> CH,(CH,),CCl

[from part(d)]

0 0"
NH |
CH3(CH2)28C1 —> CH3(CH2)2éNH2
(from part(f))

CH,(CH,),CH,0H _

0 0
|
cu(cHy.tal > CH,(CH,),COCH,(CH,),CH,

base

[from part(f)]

(1)Br,,OH'

0
CH3(CH2)zélNHz ——2"—3» CHCCHCHNH, + CO;

(2)H,0*
[from part(g)]

0
|

Zn(Hg)

o ©
| |
CH,CH),CCl > @—C(CHZ)ZCHB 5 N\

[from part(f)]

@CHZ(CHZ)ZCH3
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452  ANSWERS TO SECOND REVIEW PROBLEM SET

0
1]
CH,(CH,),CONa |
(k) CH,(CHp),CCl ——=——p [CH,(CH,),C},0
[from part(f)]
CO,Et
Na* cn
‘e EOZE‘ (1)OH’, H,0, heat
(1) CH,(CH,),CH,Br B N CH,(CH,),CH,C} 2 BO
[from part(a)] COzEt

O e

CHy(CH),CH,CH  Z55»  CH,(CH,),CH,CH,COH

-C
- 0,

co,
4 _Bo H,C Br —23 Qg MgB
- @ HC FeBr, I Eo” gor

(separate from
ortho isomer)

(I)HZC—CHZ H gH
or0 > H,CH,0H —*CH o> HC X

(aldol _©>_CH2CH = ¢

condensation)

CH,

CH,=CHCH, THs
—_—l _
(b) o ?H cCL, (hv) (I: Br
CH,
base _ (1)THF: BH,
= (O)r¢=m Gnoon” @HC%OH
CH, CH,

(1) NaHl HCH,OCH,CH

—p

(2) CH,CH,Br (f 20CH,CH,
CH,

|
NHCCH,

’ i Q
(CH3E)20 Clz, FeCl3 1
(c) —_—> ————> (I NHCCH,
(separate tfrom

ortho isomer)
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ANSWERS TO SECOND REVIEW PROBLEM SET 453

Br Br
(1) HONO
heat - s
(d) CH MQL_) CH NO (1) KMnO,, OH™ heat
3 (separate from 3 2 @)H,0"

ortho isomer)

(0] .
1 soqy ] LAoCCH)),
ON OH » ON Cl diethyl ether

0]
CHCCH o
NaG=CH _

OH
@—CHz(fCH3 o> @—CHZ(‘JCH3
COH

COH

0]

H.C Etog H H.C gOEt
3 2 \C/ Tl 3
+ H Diels: {\lderi
~ reaction W,

H” COEt ({0t

2-Methyl-1,3-butadiene A SR

. enantiomer
Diethyl fumarate

. H,C CH,0H H,C CH,Br
B
’ "ICH,0H "ICH,Br
+

B + . C .
enantiomer enantiomer

H3CUCH3
"ICH,
D +
enantiomer
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ANSWERS TO SECOND REVIEW PROBLEM SET

CH,
6. (@ Ais CHZ—CHJIC—CH Cis BrMgOCH,CH =&C_=_CMgBr
OH

() A is an allylic alcohol and thus forms a carbocation readily. B is a conjugated enyne
and is therefore more stable than A.

3 CH3
—CH—Cc=CH —> CH=CH—C-C=CH <>
CHFCH—C~C=CH 55> CH=CH—C-C=CH
, o
CH, o CH,
C}g—cn_&—c_cn — HOCH,-CH=C—C=CH
B

CH,
CH L
[+ BrMgOCH,CH=CC=CMgBr ———»
0 (2)H;0
g
Z “CH—C=C—C=CHCH,0H = 5,
OH i,B (P-2)
D
CH, 0o
Z —{=CHCH,0H (cBOO
?H—CH‘—’CH H, 0
OH
SRR |
CH—CH=CH—C=CHCH,0CCH; 1,0
oH >

Vitamin A acetate
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ANSWERS TO SECOND REVIEW PROBLEM SET 455

Orou

0 CH, CH,
8. CH33CH3 + H <<= HO:(:J «—> Ho--éI+ e

CH, CH,
CH, + - CH, CH,
HO—{i—@—on L, Ho-él@-on H, H-—E|)—¢—@OH
cuH CH, H CH,

2o, JE}E@-OH ©_-——a—{> H&-@—EIE@'OH ar,
| i
CH, CH,
CH,
O L0
CH,

Bisphenol A
0
I

(1) KMnO,, OH", heat SOCl,
9. O,N CH » O,N COH —»
2 3 (2) H30+ 2

A
0 0
il HOCH,CH,N(CH) I
OZN-@CCI = 2» ON -@COCHZCHzN(CZHs)z
B c
H i
2
—> HQN‘@COCHZCHZN(CZHS)Z
Procaine
o ) I
HC=C_OH 0 HC=C_ 0—C—Cl
1) HC=CN ciCCl
10. DL ij —> ij
@) NH,
A B
it
HC=C_ O0-C-NH,
NH3 ’
—Ly

Ethinamate
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456 ANSWERS TO SECOND REVIEW PROBLEM SET

| 1 MgB PB:
1. @ CHCH %gfﬁi» CHCHOH  —=> C/H,CHBr
3
A Gl B Clls
CHy);NCH,CH,0H
( H’)ZHB > C4H;CHOCH,CH;N(CH),
-nbr
C6H5
Diphenhydramine

(b) The last step probably takes place by an Syy1 mechanism. Diphenylmethyl bromide,
B, ionizes readily because it forms the resonance-stabilized benzylic carbocation,

+
CGHSC]H
C6H5

12. (a) For this synthesis we need to prepare the benzylic halide, Br—@—(liHBr, and then
allow it to react with (CH,),NCH,CH,OH as in Problem 11. CsHs

This benzylic halide can be made as follows:
R o GHmgr
5
B“@“CH @no’ @ oon Sl @

(b) For this synthesis we can prepare the requisite benzylic halide in two ways:

q CH,
¢8 QHsMng
HOH -—-—) HB
@' @80 @? @9 i
CeHs CH,
o o @>C_H3 CH, CH,
cadh & ey HOH —=2» HB
e
6 @ H,0° G GHBr
CeHs CeHs
We shall then allow the benzylic halide to react with (CH,),NCH,CH,0H as in
Problem 11.
C,H,0,C N CH,
CH,(CO,C,Hy),, EtO cfi CH,=CHCN, Et0"
13. CH3CIHC02C2H5 >

I\ H (Michael addition)
r

7\
CHO,C” "CO,CH,
A
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ANSWERS TO SECOND REVIEW PROBLEM SET 457

CH,0,C CH, R C,H;0,C CH,
V4 C,H;OH, H \
ch = > cf
(]: (converts -C=N to
— -COC,H C—
Y N 1 COGHs OGH CHO C/CHZ\C 71 COCH;
A~ CH, (o,CH, Hs0; H, Co,CH,
N" B o
0]
CHOC /U\ CH,
EO" CH ({H (1)OH’, Hzo, heat
(Dieckmann (l:H? é/COzCsz () H;0"
i ~
condensation) C02C2H5
D
0 0O
HO,C CH,
2 \CH/u\dﬂ (3) heat CH,
é,cozn ~2C0,
~
CO,H CO,H
] ]
4 ﬁ HCl EHZ‘ g CH,;CCH,COEt, base
14. CH,(CH, (acid-catalyzed CH,C=CHCCH, (Michael addition)
aldol condensation) A
L e i
C21.1502C \ ﬁ - 03 base C2H502C
(intramolecular
H,C ~ ’A\ aldol condensation) H,C
He CH; “CH HyC CH,
) B ) c
0
H*,H,0, heat
(hydrolysis and decarboxylation > H,C + €O,
of B-keto ester) H,C CH,
D
0O _ OH
H EtO | H,
15. CH + CH,CHOH —— CH?HCHZOH —>
| (aldol-typd cat.
NO, reaction) NO,

A
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458 ANSWERS TO SECOND REVIEW PROBLEM SET

H

0
?H c12cr18c1 ? (CH,C0),0
CHCHCH,0H ———> CHCHCH,OH  —2cee™>

NHCOCHCI

0

1] (I-])
OCCH, @ HNO, OCCH, O
CHCHCHOCCH; oo ON CHCHCH,OCCH,
D

NHCOCHCI, g NHCOCHCI,

OH, K0 S OH
(ester groups hydrolyze more ON CH?HCHZOH

readily than amide groups) NHCOCHCI,
‘ Chloramphenicol

0 9 CHoH
I HCH, OH I HCH, OH
16. CH,CH,CH,CHCH — CH,;CH,CH,CCHO -
| (aldol addition) | (Cannizzaro
CH, A CH, reaction)

CH, 7 O CH, O O CH, O

I ciccl I | I NH, I
HOCHz(IICHZOH — CICOCH2(|2CH20CC1 —> HZNCOCH2(|2CH20CNH2

CIH2 C|H2 (IJH2

iy = il

B CH; C CH; CH,
Meprobamate

0
C//
17. H,C™ '\ CH,CH,CH,0H [ I soc
? 0 —~—2*——>» CH,CH,CH,0CCH,CH,COH —%»
H2C\C/ A

\
o

o] o]
I Il (cH,CH),NH I [
CH,;CH,CH,0CCH,CH,CCl SEL S ALIN CH,;CH,CH,0CCH,CH,CN(CH,CH;),
C

C6H5 \C/H C6HS H
18. @ + g —_— —21y
(Diels-Alder Pt

H” \N02 reaction)

© 2000, Modulo Editeur inc. / © 2000 John Wiley & Sons Inc.



ANSWERS TO SECOND REVIEW PROBLEM SET 459

CeHs ,c,) CeH; CeHs
CH3CH H2
— ~
1
B NH, c NH=CHCH, NHCH,CH,
Fencamfamine
CH, CH
(1) 0OsO, 3o,
19. —_—p —_—
O/ (2) NaHSO, (:EOH CH,COH
OH
A
CH, Infrared band in 3200-3550-cm™! regi
(IOH - In and in -3550-cm™! region
6] Infrared band in 1650-1730-cm! region
B A g

Notice that the second step involves the oxidation of a secondary alcohol in the presence
of a tertiary alcohol. This selectivity is possible because tertiary alcohols do not undergo
oxidation readily (Section 11.8)

20. Working backward, we notice that methyl trans-4-isopropylcyclohexanecarboxylate has
both large groups equatorial and is, therefore, more stable than the corresponding cis
isomer. This stability of the trans isomer means that, if we were to synthesize the cis
isomer or a mixture of both the cis and trans isomers, we could obtain the desired trans
isomer by a base-catalyzed isomerization (epimerization):

CO,CH, 0,CH,
(_
CH(CH,), CH(CH,),
(more stable (cis isomer or mixture
trans isomer) of cis and trans isomers)

We could synthesize a mixture of the desired isomers from phenol in the following way:

0,CH, O,H MgBr
CH,OH,H* , (1) CO, Mg
2) H,0* Et,0
CH(CH,), CH(CH,), CH(CH,),
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ANSWERS TO SECOND REVIEW PROBLEM SET

21.

22,

23.

r H H H
PB[3 HZ P CH2 :CHCH3, HF
‘ ot "~ (Friedel-Crafts
alkylation)

CH(CH,) CH(CH,) CH(CH,)
32 32 3)2

That Y gives a green opaque solution when treated with CrO, in aqueous H,SO, indicates
that Y is a primary or secondary alcohol. That Y gives a negative iodoform test indicates
that Y does not contain the grouping —CIHCH3. The !3C spectrum of Y contains

OH
only four signals indicating that some of the carbons in Y are equivalent. The information
from DEPT spectra helps us conclude that Y is 2-ethyl-1-butanol.

(@) (b) (c)(d) (a) 511.1
(CH,CH,),CHCH,OH (b) §23.0
(c) 843.6
(d) 864.6

Notice that the most downfield signal is a CH, group. This indicates that this carbon atom
bears the ~OH group and that Y is a primary alcohol. The most upfield signals indicate
the presence of the ethyl groups.

That Z decolorizes bromine in CCl, indicates that Z is an alkene. We are told that Z is the
more stable isomer of a pair of stereoisomers. This fact suggests that Z is a trans alkene.
That the 13C spectrum contains only three signals, even though Z contains eight carbon
atoms, indicates that Z is highly symmetric. The information from DEPT spectra indi-
cates that the upfield signals of the alkyl groups arise from equivalent isopropyl groups.
We conclude, therefore, that Z is trans-2,5-dimethyl-3-hexene.

((é)H )(lc’:)H (a) §22.8
a .
TNeL (b) 3310
/7 (c) 81345
H CH(CH,),
[ 0_,)' ' CH,0H

OH OH 0

1) +H*

—> <
(2)-H
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SPECIAL TOPIC
Electrocyclic and Cycloaddition Reactions

SOLUTIONS TO PROBLEMS

G.1  According to the Woodward-Hoffmann rule for electrocyclic reactions of 4n m-electron
systems (Section G.2A), the photochemical cyclization of cis, trans-2,4-hexadiene should
proceed with disrotatory motion. Thus, it should yield trans-3,4-dimethylcyclobutene:

(A ‘-\ hv .
4 ﬂc}la dismtatory CH, + enantiomer

CH, H
d L» CH, H
cis, trans-2,4-Hexadiene trans-3,4-Dimethylcyclobutene

Y, of a hexadiene
(Section G.2A)

(b) This is a thermal electrocyclic reaction of a 4n 7r-electron system; it should, and does,
proceed with conrotatory motion.

/ \ hv H H heat )
G.3 H3C£—&CH3 disrotatory ) conrotatory

H H
CH, CH,
trans, trans-2,4-Hexadiene cis-3,4-Dimethylcyclobutene
HMC}g
CH, H

cis, trans-2,4-Hexadiene

Here we find that two consecutive electrocyclic reactions (the first photochemical, the
second thermal), provide a stereospecific synthesis of cis,trans-2,4-hexadiene from trans,

trans-2,4-hexadiene.

461
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SPECIAL TOPIC G

G4

G5

(a) This is a photochemical electrocyclic reaction of an eight 7r-electron system—a 4n
ar-electron system where n = 2. It should, therefore, proceed with disrotatory motion.

7 N CH h CH,
H 3 Vv my lH
H (disrotatory) sl

N NCH,

cis-7, 8-Dimethyl-1, 3, 5-cyclooctatriene

(b) This is a thermal electrocyclic reaction of the eight m-electron system. It should
proceed with conrotatory motion.

7 H\ CH, heat ) ""'E{HB
CH3 (conrotatory) i
N 71 CH,

cis-7, 8-Dimethyl-1, 3, 5-cyclooctatriene

(a) This is conrotatory motion, and since this is a 4n m-electron system (where n = 1) it
should occur under the influence of heat.

H,CO,C CO,CH, heat q 4 AN CO.CH
} (conrotatory) 2773
& tH CO,CH, H

H

(b) This is conrotatory motion, and since this is also a 4n m-electron system (where
n = 2) it should occur under the influence of heat.

- S
heat
—>
H3C |<\H H l‘QHS (conrotatory) .
> >

CH, H
+ enantiomer

(c) This is disrotatory motion. This, too, is a 4n 7r-electron system (where n = 1); thus
it should occur under the influence of light.

() mm
(disrotatory)
Q)
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SPECIAL TOPICG 463

(a) Thisis a (4n + 2) m-electron system (where n = 1); a thermal reaction should take
place with disrotatory motion:

heat
ci o D <&
isrotatory)
H,C H H H,
H H

(b) This is also a (4n + 2) m-electron system; a photochemical reaction should take
place with conrotatory motion.

hy
_.__—.__)
D ——
(conrotatory) | |
H CH, H CH
An Ax

3

Here we need a conrotatory ring opening of trans-5,6-dimethyl-1,3-cyclohexadiene (to
produce trans,cis,trans-2,4,6-octatriene); then we need a disrotatory cyclization to pro-
duce cis-5,6-dimethyl-1,3-cyclohexadiene.

hcat
(conrolatory) (» ﬂ (disrotatory)

nt ot ot <JH

trans-5,6-Dimethyl-1,3- trans, cis, trans-2,4,6-
cyclohexadiene Octatriene @

H H
cis-5,6-Dimethyl-1,3-
cyclohexadiene

Since both reactions involve (4n + 2) m-electron systems, we apply light to accomplish
the first step and heat to accomplish the second. It would also be possible to use heat to
produce trans,cis,cis-2,4,6-octatriene and then use light to produce the desired product.
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464  SPECIAL TOPIC G

G.8  The first electrocyclic reaction is a thermal, conrotatory ring opening of a 4n m-electron
system. The second electrocyclic reaction is a thermal, disrotatory ring closure of a (4n +
2) r-electron system.

All three
trans double
. ' H heat bonds are
cs H (conrotatory) involved in
— ] H the second
cis cis cis reaction
This double bond he_at
is not involved in (disrotatory)
the first reaction.
A H

g H

G.9 (a) There are two possible products that can result from a concerted cycloaddition. They
are formed when cis-2-butene molecules come together in the following ways:

H,C CH, CH,

H,C o
S
H H
CH, H
H,C CH,
H CH,
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(b) There are two possible products that can be obtained from trans-2-butene as well.

CH, CH,
H H
H, CH,
CH, H
H
CH,
H, H

G.10 This is an intramolecular [2 + 2] cycloaddition.

N N
G.11
H H
N N
H CH,
+
Enantiomer
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SPECIAL TOPIC
Organic Halides and
Organometallic Compounds in the Environment

SOLUTIONS TO PROBLEMS

C ?H OH
H1 CL,C—CH + HS0, =2 |CLC—CH <> C13C—éH + HsO,
+

c1,c—CH cL,c-CH
actn + Ql,— H@ O
Cl cl

OH

c,e—CH CLC— é cL,C—¢H

O, wo = @ Q.
cl

+ HSO, + HO

H
D 4O — (PO
Cl Ccl, { ca,
c1©—g@c1
ca,

H.2 An elimination reaction.

1
H3 (2 1
t of <=

! !
. OH OH
€« Cl «—> andsoon
cl cl
Cl cl

Cl

466
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SPECIAL TOPIC H

1 1 1
S Orfi OH o
@ o = + HO
Cl Cl Cl
Cl Cl

Cl

467

Cl Cer 0 Cl Cl 0 Cl
" O IO0 = SOax
Cl o Cl Ct Cl ’ Cl

%1
cl o cl
= ) @8
Cl Cl
H.4 An Sy2 reaction:
1 ! 0
-7\ n
0 CH;CI O-CH,C—0
! > ta
Cl O// ~ - Cl
Cl 0 Cl
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SPECIAL TOPIC

Transition Metal Organometallic Compounds

SOLUTIONS TO PROBLEMS
11 @
\i: ‘ /"
oc”l o
Cco
Cyclobutadiene iron
tricarbonyl

Total number of
dn = valence electrons -
(both s and d electrons)
of elemental iron

d"=8—-0=8

Total number

of valence electrons =
of iron in the

complex

Cyclopentadienylmanganese
tricarbonyl

d=7—-1=6

Total number of
valence electrons
of Mn in complex

468

oxidation state
of the metal
in the complex

electrons
dr + donated by
ligands

8 + 3(CO) + cyclobutadiene
8+32)+4=18

6 + 3(CO) + Cp

6+3(2)+6=18

© 2000, Modulo Editeur inc./ © 2000 John Wiley & Sons Inc.



\ f
T
Ay o)
AT
\\\\ 11/
IWY X
\\~’u

Cr
oc”} >co
Co

Benzene chromium
tricarbonyl

d"=6—-0=6

Total number of
valence electrons
of Cr in complex

n

SPECIAL TOPIC |

6 + 3(CO) + benzene

6+3(2) +6=18

469

I2 A syn addition of D, to the trans alkene would produce the following racemic form.
CO,Et CO,Et
H CO,Et Hy 2 D D_ £ 4H
\ .0"" 2 \ > / A /
c Rh (Ph,P);Cl ¢ ¢
| + D —> + |
s e /C..,'
EtO,C H H" A ™D D” A "H
CO,Et CO,Et
. ligand .
L3 (Ph;P);RhCl  + CH,Li W (Ph,P),RhCH, + LiCl
(16 electrons) (16 electrons)
Rh! Rhl
Oxidative
T addition
H, (Ph,P),Rh(CH)I
reductive
+ (Ph3P)3RhI elimination

(16 electrons)
Rh!

(18 electrons)
RhIH
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(a)
1.4 (Ph,P),Rh(CO)C1 + CH,Li I (Ph,P),Rh(CO)(CH,;) + LiCl
1 2
(16 electrons) (16 electrons)
Rhl RhI
1
(b) | cH(CCL
él (c)
(Ph,P),Rh(CO)C1 + CH,CCH, <—— (Ph,P),Rh(CO)(COC¢H4)(CH,)CI
3
(16 electrons) (18 electrons)
Rhl Rhll

(a) Is a ligand exchange
(b) Is an oxidative addition

(c) Is a reductive elimination

-Ph,P
L5 1. (Ph,P),Rh(CO)H ——> (Ph,P),Rh(CO)H Ligand

dissociation

(18 electrons, Rhl) (16 electrons, Rhl)

I ﬁ PPh CO2CH3

CH,;00C=CCOC 0G, | ™ .
2. (Ph,P),RR(CO)H —> By '/'Rh Ligand
association

16 electrons, Rh!) PhP
(16e ’ co CH,

(18 electrons, Rhl)

CO,CH,
oG, | PPh, é 0oC KPh
php /’Rh «— |l —> AR, CO,CH, Insertion
Ph,P
CO,CH, ﬁ
(18 electrons, Rh) N
H  "CO,CH,

(16 electrons, Rhl)
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CH,
oc_ pPh, _ oc_| (PPhS
4, >RQ\ CO,CH, —> /18 COCH;  Oxidative
Ph,P ﬁ’ Ph,p” | I addition
| L
A\ A
H CO,CH, H  CO,CH,
(16 electrons, Rhl) (18 electrons, Rhllh
CH,
l e, CH,, ,CO,CH,
s. \R CO,CH, —> RhICO)PPhy), + | Reductive
Ph, P/ | N’ { AN elimination
ﬁ (16 electrons, Rh') H COZCHs
/C\
H CO,CH,

(18 electrons, Rh!l)

1.6 (CH,),CuLi @

-~ |
— O

Li*t Oxidative

addition
+ CH,Cu  Reductive
. elimination
+ Lil
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CARBOHYDRATES

SUMMARY OF SOME REACTIONS OF MONOSACCHARIDES

COH
B
——H%——-> (CHOH),,  Aldonic acid
: CH,OH
C‘OZH
NG, (CHOH),,  Aldaric acid
CO,H
(QEH =NNHCH,
CH,NHNH =

0 2y NNHCGH; Osazone
ot (CHOH),,_
|

CN CHO
o HN ( IHOH) Cyanohydrin SS¥2l, ( IHOH)
Open-chain (Kiliani-Fischer ? n+l y steps ? n+l
form of aldose synthesis) CH,O0H CH,O0H

(I:Hon Aldose with

= (CHOH),,  Alditol one more

| carbon

CH,OH

CHO

(1) Br,/H,0

|
L3 ((IIHOH) n—1 Aldose with one

(2)H,0,/Fe*
(Ruff degradation) CHzOH fewer carbon atom

CH,0H CH,OH

)
Ho’m CH,OH Ho/m (CH,),S0,
HO SCHOH 1 > 1o O CHOCH, — OF )

0)

Cyclic form of D-glucose Methyl glucoside

472
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H OCH

HO
CH,0 H20
CH,0 o CHOCH3
SOLUTICNS TO PROBLEMS
22.1 (@ Two, CHO
*?HOH
*?HOH
CH,OH

H2OCH
CH,0
CH,0

CARBOHYDRATES 473

I
CH
“= m—|-ocH,

0 CHOH CH,0——H

H——OCH,
H——OH
CH,0CH,

(b) Two, CH,OH

x|

*®

=0

(FHOH

HOH

CH,0H

(c) There would be four sterecisomers (two sets of enantiomers) with each general

structure; 22 =4,

222 CHO CHO CHO CHO
Hu G OH HOum ¢ H HOm. G aH Hu ¢ OH
| | |
H™S ~0H HO™ < ~H H™ ~OH HO™ S ~H
CH,OH CH,OH CH,OH CH,0H
D L D L
CH,OH CH,OH CH,0H CH,OH
Huw ¢ 4OH HOm. & aH HO\CF‘H ;Cl _.OH
H™ 1 ~“OH HO’é‘H H™ ~oH HO™ S~
CH,OH CH,0H CH,OH CH,OH
D L D L
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22.3 (a) HOCH, CH,OH
o a4 H
HO an
HO OH OH
D-(+)-Glucose 2-Hydroxybenzyl alcohol

Salicin
CH,0H
HO HOCH
- 2 Gt H—E)—H HOCH,
—» HO [ ——> HO .
HO OH HO on " OH,
HOCH,
>  HO
<
HO oH WOH
22.4 Dissolve D-glucose in ethanol and then bubble in gaseous HCI.
HOCH, 5 HOCH, ’}
N e NG
HO CAOH S
HOCH, o Ok HOCH, 5 H H—§—Et
HO O ——> HO \ v P mam—
HOCH, o HOCH,
HO OH HO OH
O—Et
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22.5 Since glycosides are acetals, they undergo hydrolysis in aqueous acid to form cyclic hemi-
acetals that then undergo mutarotation.

22.6 a-D-Glucopyranose will give a positive test with Benedict’s or Tollens’ solution because
it is a cyclic hemiacetal. Methyl a-D-glucopyranoside, because it is a cyclic acetal, will

not.
22.7 (a) Yes (b) CO,H (c) Yes (d) COH
HO——H H—+—OH
HO——H H——OH
H——OH COH
H——OH
CO,H
D-Mannaric acid
(e) No (f) CHO CO,H
HO——H HNO, HO——H
H OH H——OH
CH,OH CO,H
D-Threose D-Tartaric acid

(g) The aldaric acid obtained from D-erythrose is meso-tartaric acid; the aldaric acid
obtained from D-threose is D-tartaric acid.

22.8 0 0

HO—{—H
H——J 5 H—1—OH
H——OH H——OH

C—OH —

|| |
0] 0

22.9 One way of predicting the products from a periodate oxidation is to place an —OH group
on each carbon atom at the point where C—C bond cleavage has occurred:

{-oH 10/ {—on
d-on > u

OH
+
OH

~—-oH
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Then if we recall (Section 16.7A) that gem-diols are usually unstable and lose water to
produce carbonyl compounds, we get the following results:

Lo\

i —» {=0 + HO

Qg > G0 BO

Let us apply this procedure to several examples here while we remember that for every
C-C bond that is broken 1 mol of HIO, is consumed.

- CH, 3
H, H-¢ O H
H—C—OH Con L 1H0 )
(a) -e--- + ....... + HIO, —_— < + A 2CH3&—H
H~C—OH (_?Hn
. CH3 J
r 3\
H
u—é o abeo
H cOH
(b) H—(J;—OH +
----------- -3H0 |
H—C—OH + 2HIO, —» < H—é—o—H v Ty H-C—OH
----- feeees Con
+
H—(IZ—OH +
H H—-C=0
CH, Y ]
H—(I‘,—O—H CH,
L CH, J
r 3N H
H H-¢—on H—t=0
(c) H—C—OH
----- Joeeees + 2H0 *
H-C—OH + HIO, —> §  OH r—> i
H—C—OCH, H—C—OH H=¢
OCH, H—C—OCH, H—Céc—oat
L OCH3 J H,
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s H A
H—(J:—OH III
H oH H—C=0
(d) H-—-(J;-—OH + OH +
""""" - -2H,0 il
H—-C—OH + 2HIO, —» < H—é—OH >—Hz—> H—C—OH
""""" - H
C=0 N o
| OH I
CH, i CH,COH
=0
L CH, J
( CH, 3
?Hs H O‘
(e) C=0 +
_____ +______ OH 21-120 2 CH3&OH
H-C—OH + 2HIO, — < H-é—OH e S
----- ¢ o (J)H I
[~ + HCOH
&, oH
(|3=O
L CH, )
H
i l—OH
®  BO~Lon Be—{-oH,
OH —2HO
L S + HIO, —» HC o
>12C/CI_OH H,C—(
—C—OH ] I
H | HéCHZCH2CH2CH
C _Ié{ ~ H
H I—OH H—t—0
H—C—OH OH “2H,0
(8) oot + HIO, —» { + > ——>
H,C-C—OH OH _
y H,C—C—OH A==
CH, =7 CH,
\ CH3 J
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' 0 N
1l
H-C—OH
i v od
W {-I—i """"" H—E_OH 3 (|210H
H
H—C—OH H -3H0
----- fro # 3HIO, —» <t g >+
H—C—OH —é {l
..... +------. H : —OH HCH
H—C—OH OH
Il{ ¥ OH
D-Erythr
rythrose H—é!—OH
. H J

22.10 Oxidation of an aldohexose and a ketohexose would each require 5 mol of HIO, but would
give different results.

HO HCOH
N +
CHOH HCOH
S S +
HOH HCO,H
I + SHIO, —» (5 HCO,H + HCHO)
CHOH HCO,H
+
fHOH HCOH
CH,0H *
HCHO
Aldohexose
H,OH HCHO
I S +
=0 Co,
-‘|> ....... +
HOH HCOH
i + SHIO, —» (3 HCO,H + 2 HCHO + CO,)
CHOH HCO,H
+
GHOH HCO,H
CH,0H *
HCHO
Ketohexose
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22.11 (a) Yes, D-glucitol would be optically active; only those alditols whose molecules pos-
sess a plane of symmetry would be optically inactive.

(b) CHO CH,0H
H-——OH H——OH
H——OH NaBH, H— OH Pl ¢
u——on H T "or ane of symmetry
H——OH H——OH
CH,OH CH,OH
Optically inactive
CHO CH,OH
H-——OH H——OH
HO——H NaBH, HO——H
P oo 1
Ho—n o Plane of symmetry
H——OH H——OH
CH,0OH CH,OH
Optically inactive
22.12 (a) CH,OH CH=NNHC¢H,
=0 “=NNHC(H,
HO——H C¢H;NHNH, i HO——H
H——OH H——OCH
H——OH H——OH
CH,OH CH,OH

(b)  This experiment shows that D-glucose and D-fructose have the same configurations

at C3, C4, and C5.

22.13 (a) CHO
HO——H
HO——H

CH,OH

L-Erythrose

(b) L-Glyceraldehyde

CH,OH
L-Threose
HO

H H
CH,OH
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22.14 (a) CHO
H——OH
H——OH
CH,OH

D-(-)-Erythrose

HCN
CN CN
H-—+——OH Epimeric HO——H
H——OH cyanohydrins H——O0H
H——OH (separated) H——OH
CH,OH CH,OH
(1) Ba(OH), (1) Ba(OH,)
(2) 5,0 (2) H,0*
v
9 9
C—OH Epimeric C—OH
H——OH aldonic acids HO ——H
H——OH H——OH
H——OH H——OH
CH,OH CH,OH
o lT solf
HOCH, HOCH,
Epimeric o
H yv-aldonolactones HO
H H
OH OH OH H
Na-Hg, H,0 Na-Hg, H,0
pH 3-5 pH 3-5
v
2 2
C—-H C—~H
H——O0OH HO——H
H——O0OH H——OH
H——COH H—+—OH
CH,OH CH,CH
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(b)

CH,O0H
D-(-)-Ribose

CH,0H
D-(-)-Arabinose

CARBOHYDRATES 481

HNO,

ﬁ—OH
o)
Optically inactive

i
C—OH

HO——H

C—OH
d

Optically active

22.15 A Kiliani-Fischer synthesis starting with D-(—)-threose would yield I and II.

CH,OH
I
D-(+)-Xylose

I must be D-(+)-xylose because, when oxidized by nitric acid, it yields an optically inac-

tive aldaric acid:

HNO,

I — >

CHO
HO——H
HO——H

H——OH

CH,0H

II

D-(-)-Lyxose

CO,H
H——OH
HO——H
H——OH
COH
Optically inactive
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II must be D-(—)-lyxose because, when oxidized by nitric acid, it yields an optically ac-
tive aldaric acid:

COH
HNO, HO——H
0 —> HO——H
H——OH
CO,H
Optically active
22.16 CHO CHO CHO CHO
HO——H H-——OH HO——H H-——OH
HO——H HO——H H——OH H——OH
HO——H HO——H HO——H HO——H
CH,OH CH,0H CH,0H CH,0H
L-(+)-Ribose L-(+)-Arabinose L-(-)-Xylose L-(+)-Lyxose

22.17 Since D-(+)-galactose yields an optically inactive aldaric acid, it must have either struc-
ture III or structure IV.

CHO CO,H CHO CO,H
H-—1—0H H——OH H——OH H——OH
H——OH HNO, H——OH HO——H HNO, HOj-H B
H——OH ‘H——OH  HO—H HO——H
H——OH H——OH H——OH H——OH

CH,OH CO,H CH,0H COH

I Optically inactive IV Optically inactive

A Ruff degradation beginning with III would yield b-(—)-ribose

CHO
H-——0H
Br, H,0,
m —» —r H——OH
H,0 Fe,(80,);
H-——0H
CH,OH
D-(-)-Ribose
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A Ruff degradation beginning with IV would yield D-(—)-lyxose: thus, D-(+)-galactose

must have structure IV.

CHO
HO~—1—H
Brz HzOz
v o F (SO)) HO——H
<
2 2 473 H__OH
CH,OH
D-(-)-Lyxose
22.18 D-(+)-glucose, as shown here.
i i i
C—OH C—OH C CHO
H——O0H NaH H——OH H——OH Na-Hg H——OH
H ——F» HO—H > HO—H ¢ H3s’ HO—H
0 H——OH H——OH H H——OH
H——OH H——OH H——OH H—1—OH
l; CH,OH CH,OH CH,OH
O D-(+)-Glucose
The other y-lactone
of D-glucaric acid
2219 HO CH,0H 0
0 CH,-C-CH, KMnO,
H,SO, OH”
HO 294
OH (-2H,0)
D-Galactose

2220 (@ CHO (b) CH,0H
CHOH =0

CHOH CHOH

CHOH CHOH

CH,OH CHOH

CH,OH

i
+ 2CH~C—CH,

HO

O on

D-Galacturonic acid

(¢) CHO CH,OH
(éHOH)n C=0
HO\EAH or (CHOH),,
(IIHZOH HOm. ¢ H
(]ZHZOH

© 2000, Modulo Editeur inc. / © 2000 John Wiley & Sons Inc.



484

CARBOHYDRATES

(d) (IZHOR (e) CO,H (f)y CO,H
(C'IH% ( |HOH),, ( : HOH),,
(I:H CH,0H CO,H
CH,0H
3 o
(8) ﬁl_—i) (h) CH—— CH,OH
(?HC&J (IJHOH / H—O
CH CHOH O or HOH CHOH
] | /
CH,0H (|3H0H CHOH —CHOH
gi—
CH,OH
(l)H
(i) CH— CleoH
CHOH CHOH
(:ZHOH 0 or 'H/O\/CHQH
(|3H“—' CHOH —CHOH
(IIHOH
CH,OH

() Any sugar that has a free aldehyde or ketone group or one that exists as a cyclic
hemiacetal. The following are examples:

OH CH,OH ?Hzgg
CHO CH =0 =
(&|H0H),, <> ((|:HOH),,1) or (¢H0H),, <> (CHOH),
(HOH CH ((HOH gH—l
CH,OH CH,OH CH,OH CH,OH
CH,OH CH,OH
&) CH—O (1) CHOH
HOH _CHOR o ~CHOR
CHOH —CHOH CHOH—CHOH
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(m) Any two aldoses that differ only in configuration at C2. (See also Section 22.8 for
a broader definition.) D-Erythrose and D-threose are examples.

CHO CHO
H——OH HO——H
H——OH H——OH

CH,OH CH,0H
D-Erythrose D-Threose

(n) Cyclic sugars that differ only in the configuration of C1. The following are
examples:

HOCH, HOCH,
HO% and HO/%‘
HO o H HO -
OH
(o) CH=NNHC(H, (p) Maltose is an example:
=NNHCH, HOCH,
(CHOH),, HO
CH,OH HO o\ HOCH,
0
HO o VO

(@) Amylose is an example:

HOCH, HOCH, HOCH,
OH OH OH OH
HO 0 0
OH OoH I, OH

(r) Any sugar in which all potential carbonyl groups are present as acetals (i.e., as gly-
cosides). Sucrose (Section 22.12A) is an example of a nonreducing disaccharide; the
methyl D-glucopyranosides (Section 22.4) are examples of nonreducing monosaccha-
rides.

OH (b) OH
e, 0 cH, 0
HO HO
CH,
OH OH
OH OH OH
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OCH

3
b,
CH,
OCH,
OCH,
(@ HOCH, H i H
H H and H H
H OH H OH
OH OH

(c

)
CH,0

O OH
(b) HOCH, HOCH,
. + HO, —>
H CH, HCH  HE OCH,
OH « OH 0 0
H
/" O H 0
| + 2HIO, —> HC H >| + wlon
L/ ocn, o e’ OCH,
OH' OH J

A methyl ribofuranoside would consume only 1 mol of HIO,; a methyl ribopyranoside
would consume 2 mol of HIO, and would also produce 1 mol of formic acid.

25
One anomer of D-mannose is dextrorotatory ([a] D= +29.3°); the other is levorotatory
2
([a] D= —17.0°).

22.24 The microorganism selectively oxidizes the -CHOH group of D-glucitol that corresponds
to C5 of D-glucose.

'CHO CH,O0H CH,0H CH,OH
H-—2-0OH H——OH H——OH =0
HO—*+H H HO——H o HO——H HO——H

2 h =

H—+-O0H "y » H——OH Acetobacter H——OH H——OH
H—*-0OH H——OH  suboxydans C=0 HO——H

CH,0H CH,0H H,0H CH,OH

D-Glucose D-Glucitol L-Sorbose
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22.25 L-Gulose and L-idose would yield the same phenylosazone as L-sorbose.
CH=NNHCH; CH,OH CHO CHO
J::NNHC6H5 ~=0 HO——H H——OH
HO——H HO——H HO——H HO——H
CH;NHNH,
H——OH <€— H——OH H——OH H——OH
HO—+—H HO——H HO——H HO——H
CH,0H CH,OH CH,OH CH,OH
Same L-Sorbose L-Gulose L-Idose
phenylosazone
22.26 ('1}120H CH=NNHCH, CHO
C=0 “=NNHCH; H OH
H——OH CgH H——OH C —
sHsNHNH, } sHsNHNH, H OH
H——OH H——CH H——OH
H—+—OH H——OH H——OH
CH,0H CH,OH CH,CH
D-Psicose D-Allose
CH,0H CH=NNHCH, CHO
=0 “=NNHCH; H——OH
HO——H CH — C.H —
sHsNHNH, } HO——H e sNHNH,  HO H
HO——H HO——H HO——H
H——OH H-——O0OH H——OH
CH,OH CH,OH CH,OH
D-Tagatose D-Galactose
22.27 A is D-altrose, B is D-talose, C is D-galactose.
CHO CH,OH CH,0H CHO
HO——H HO—-+-H HO—+—H HO——H
H——OH H, H OH __ HO H H, HO—H
H——OH N H——OH HO——H N HO——H
H——OH H——OH H——OH H-——OH
CH,OH CH,OH CH,OH CH,OH
D-Altrose Y g D-Talose
A Same alditol B
lc6H5me}12 C¢H;NHNH, l
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CH=NNHCH, CH=NNHCH,
(IZ——-NNHCGH5 <Different phenylosazon% "=NNHCH;
H——OH HO—H
H——OH HO——H
H——OH H——O0H
CH,0H CH,OH
CHO CH=NNHCH, CHO
H——OH C=NNHCH, HO—+—H
HO——H C¢H;NHNH, i HO——H ¢ CH;NHNH, HO——H
HO——H HO ——H HO——H
H—+—OH H——OH H——O0H
CH,OH CH,OH CH,OH
D-Galactose Same phenylosazone D-Talose
C B
H,, Ni H,, N il
v
CH,O0H CH,O0H
H—1—OH HO——H
HO—|—H HO—|{—H
HO——H HO——H
H——OH H——OH
CH,0H CH,0H

(Note: If we had designated D-talose as A, and D-altrose as B, then C is D-allose).

22.28

CH,OH
D-Xylitol
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22.29 CHO CO,H COH
H—r—OH H——OH HO—+—H
HO——H Br, HO——H pyridine HO——H
H—+—OH -HZ_O) H-—+—OH (epimerization) H——OH
H——OH H——OH H——OH
CH,OH CH,OH CH,OH
D-Glucose
(I?
C— CHO
HO——H HO——H
>  Ho—u ] e Ho—|H
H H-——OH
H——OH H——OH
CH,OH CH,OH
D-Mannose

22.30 The conformation of D-idopyranose with four equatorial —-OH groups and an axial
~CH,OH group is more stable than the one with four axial -OH groups and an equatorial

—CH,0H group.
OH
<«
HO OH —->
OH HO OH
More stable Less stable
4 Equatorial —OH groups 4 Axial -OH groups
1 Axial -CH,OH group 1 Equatorial -CH,OH group

22.31 (a) The anhydro sugar is formed when the axial -CH,OH group reacts with C1 to form
a cyclic acetal.

CH,OH H
HO% R M 0
H OH
H HO OH CH;
B-D-Altropyranose 0O ol
HO OH
Anhydro sugar
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Because the anhydro sugar is an acetal (i.e., an internal glycoside), it is a nonreducing
sugar.

Methylation followed by acid hydrolysis converts the anhydro sugar to 2,3,4-tri-
O-methyl-D-altrose:

CHO
CH——— CH——— H H
: (CH),0, i 10 CHo
0O oH —OH_——') 0O oCH » H OCH,
OH OCH, ? H——OCH;
HO CH,0 H——0H
Anhydro-B-D- .
altropyranose CH,OH
2,3,4-Tri-O-

methyl-D-altrose

(b) Formation of an anhydro sugar requires that the monosaccharide adopt a chair con-
formation with the -CH,OH group axial. With 8-D-altropyranose this requires that two
—OH groups be axial as well. With 8-D-glucopyranose, however, it requires that all four
—OH groups become axial and thus that the molecule adopt a very unstable conformation:

Highly unstable

conformation
f——)%
CH,OH H
HOCH, OH -
<« ™ (-H,0
KRS\ oy = 0 :
OH
N HO OH
—~ “ CH;
B-D-Glucopyranose OiO
HO OH

Anhydro-B-D-glucopyranose

22.32 1. The molecular formula and the results of acid hydrolysis show that lactose is a disac-
charide composed of D-glucose and D-galactose. The fact that lactose is hydrolyzed by a
B-galactosidase indicates that galactose is present as a glycoside and that the glycosidic
linkage is beta to the galactose ring.

2. That lactose is a reducing sugar, forms a phenylosazone, and undergoes mutarotation
indicates that one ring (presumably that of D-glucose) is present as a hemiacetal and thus
is capable of existing to a limited extent as an aldehyde.

3. This experiment confirms that the D-glucose unit is present as a cyclic hemiacetal and
that the D-galactose unit is present as a cyclic glycoside.
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4. That 2,3,4,6-tetra-O-methyl-D-galactose is obtained in this experiment indicates (by
virtue of the free —OH at C5) that the galactose ring of lactose is present as a pyranoside.
That the methylated gluconic acid obtained from this experiment has a free ~OH group at
C4 indicates that the C4 oxygen atom of the glucose unit is connected in a glycosidic link-
age to the galactose unit.

Now only the size of the glucose ring remains in question, and the answer to this
is provided by experiment 5.

5. That methylation of lactose and subsequent hydrolysis gives 2,3,6-tri-O-methyl-D-
glucose—that it gives a methylated glucose derivative with a free ~OH at C4 and C5—
demonstrates that the glucose ring is present as a pyranose. (We know already that the
oxygen at C4 is connected in a glycosidic linkage to the galactose unit; thus, a free -OH
at C5 indicates that the C5 oxygen atom is a part of the hemiacetal group of the glucose
unit and that the ring is six membered.)

HOCH,
HO cH oH
HO (! H H, 0
OH H or
H O0—CH, HO OH
H oH H 19 O—CH,
H 0
o uy WOH HO
HO HO

H OH
6-0-(0-D-Galactopyranosyl)-D-glucopyranose

We arrive at this conclusion from the data given:

L. That melibiose is a reducing sugar and that it undergoes mutarotation and forms a
phenylosazone indicate that one monosaccharide is present as a cyclic hemiacetal.

2. That acid hydrolysis gives D-galatose and D-glucose indicates that melibiose is a di-
saccharide composed of one D-galactose unit and one D-glucose unit. That melibiose is
hydrolyzed by an a-galactosidase suggests that melibiose is an a-D-galactosyl-D-glucose.

3. Oxidation of melibiose to melibionic acid and subsequent hydrolysis to give D-galac-
tose and D-gluconic acid confirms that the glucose unit is present as a cyclic hemiacetal
and that the galactose unit is present as a glycoside. (Had the reverse been true, this ex-
periment would have yielded D-glucose and D-galactonic acid.)

Methylation and hydrolysis of melibionic acid produces 2,3,4,6-tetra-O-methyl-
D-galactose and 2,3,4,5-tetra-O-methyl-D-gluconic acid. Formation of the first product—
a galactose derivative with a free -OH at C5—demonstrates that the galactose ring is six
membered; formation of the second product—a gluconic acid derivative with a free -OH
at C6—demonstrates that the oxygen at C6 of the glucose unit is joined in a glycosidic
linkage to the galactose unit.

4. That methylation and hydrolysis of melibiose gives a glucose derivative (2,3,4-tri-O-
methyl-D-glucose) with free ~OH groups at C5 and C6 shows that the glucose ring is also
six membered. Melibiose is, therefore, 6-O-(a-D-galactopyranosyl-D-glucopyranose.

OH "OH
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22.34

22.35

Trehalose has the following structure:
HOCH, H OH
H H H
H OH H or
H HOC
H 0 H o OH
OH
o-D-Glucopyranosyl-a-D-glucopyranoside
CH,0H OH
O,
HO HO OH
HO OH H,OH

)

We arrive at this structure in the following way:

1. Acid hydrolysis shows that trehalose is a disaccharide consisting only of D-glucose
units.

2. Hydrolysis by a-glucosidases and not by B-glucosidases shows that the glycosidic
linkages are alpha.

3. That trehalose is a nonreducing sugar, that it does not form a phenylosazone, and that
it does not react with bromine water indicate that no hemiacetal groups are present. This
means that C1 of one glucose unit and C1 of the other must be joined in a glycosidic link-
age. Fact 2 (just cited) indicates that this linkage is alpha to each ring.

4. That methylation of trehalose followed by hydrolysis yields only 2,3,4,6-tetra-O-
methyl-D-glucose demonstrates that both rings are six membered.
(a) Tollens’ reagent or Benedict’s reagent will give a positive test with D-glucose but

will give no reaction with D-glucitol.

(b) D-Glucaric acid will give an acidic aqueous solution that can be detected with blue
litmus paper. D-Glucitol will give a neutral aqueous solution.

(c) D-Glucose will be oxidized by bromine water and the red brown color of bromine
will disappear. D-Fructose will not be oxidized by bromine water since it does not con-
tain an aldehyde group.

(d) Nitric acid oxidation will produce an optically active aldaric acid from D-glucose
but an optically inactive aldaric acid will result from D-galactose.

(e) Maltose is a reducing sugar and will give a positive test with Tollens’ or Benedict’s
solution. Sucrose is a nonreducing sugar and will not react.

(f) Maltose will give a positive Tollens’ or Benedict’s test; maltonic acid will not.

(g) 2,3,4,6-Tetra-O-methyl-B-D-glucopyranose will give a positive test with Tollens’ or
Benedict’s solution; methyl 8-D-glucopyranoside will not.

(h) Periodic acid will react with methyl a-D-ribofuranoside because it has hydroxyl
groups on adjacent carbons. Methyl 2-deoxy-a-D-ribofuranoside will not react.
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That the Schardinger dextrins are nonreducing shows that they have no free aldehyde or
hemiacetal groups. This lack of reaction strongly suggests the presence of a cyclic struc-
ture. That methylation and subsequent hydrolysis yields only 2,3,6-tri-O-methyl-D-glu-
cose indicates that the glycosidic linkages all involve C1 of one glucose unit and C4 of
the next. That a-glucosidases cause hydrolysis of the glycosidic linkages indicates that
they are a-glycosidic linkages. Thus, we are led to the following general structure.

HOCH,
O
OH HO
HOCH;
CH,OH
H HO
CH, OH
n=3,4,0r5

Note: Schardinger dextrins are extremely interesting compounds. They are able to form
complexes with a wide variety of compounds by incorporating these compounds in the
cavity in the middle of the cyclic dextrin structure. Complex formation takes place, how-
ever, only when the cyclic dextrin and the guest molecule are the right size. Anthracene
molecules, for example, will fit into the cavity of a cyclic dextrin with eight glucose
units but will not fit into one with seven. For more information about these fascinating
compounds, see Bergeron, R. J., “Cycloamyloses,” J. Chem. Educ., 1977, 54, 204-207.

Isomaltose has the following structure:

HOCH,
H H or HOCH, 0
O B HO
0—CH, HO of
o)
H oH L% u ~CH, ,
OH H HO -
H HO >
H OH

6-0-(a-D-Glucopyranosyl)-D-glucopyranose
(1) The acid and enzymic hydrolysis experiments tell us that isomaltose has two glu-
cose units linked by an «a linkage.

(2) That isomaltose is a reducing sugar indicates that one glucose unit is present as a
cyclic hemiacetal.
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(3) Methylation of isomaltonic acid followed by hydrolysis gives us information about
the size of the nonreducing pyranoside ring and about its point of attachment to the re-
ducing ring. The formation of the first product (2,3,4,6-tetra-O-methyl-D-glucose)—a
compound with an —OH at C5—tells us that the nonreducing ring is present as a pyra-

noside. The

formation of 2,3,4,5-tetra-O-methyl-D-gluconic acid—a compound with an

—OH at C6—shows that the nonreducing ring is linked to C6 of the reducing ring.

(4) Methy
methyl-D-g!

lation of maltose itself tells the size of the reducing ring. That 2,3,4-tri-O-
ucose is formed shows that the reducing ring is also six membered; we know

this because of the free ~OH at C5.

22.38 Stachyose has the following structure:

Raffinose h

Melibiose{

Hydrolysis here by an a-galactosidase yields
D-galactose and raffinose

Hydrolysis here by an o-galactosidase
yields sucrose

H HOCH,
OH H o H H
CH,O0H
OH OH
Raffinose D-Glucose D-Fructose
Y
Sucrose
R

as the following structure:

(
Hydrolysis here by an a-galactosidase
yields D-galactose and sucrose

f----Hydrolysis here by an invertase
yields melibiose and fructose

CH,OH
H Hi
CH,OH
H OH OH H
D-Glucose D-Fructose
L Y
Sucrose
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The enzymic hydrolyses (as just indicated) give the basic structure of stachyose and raf-
finose. The only remaining question is the ring size of the first galactose unit of stachyose.
That methylation of stachyose and subsequent hydrolysis yields 2,3,4,6-tetra-O-methyl-
D-galactose establishes that this ring is a pyranoside.

22.39 Arbutin has the following structure:
HOCH,

HOCH,
or HO%O—@OH
HO OH

p-Hydroxyphenyl-B-D-glucopyranoside

Compounds X, Y, and Z are hydroquinone, p-methoxyphenol, and p-dimethoxybenzene,

respectively.

OH (a)
(b) (a) Singlet § 7.9 [2H]
(b) Singlet 8 6.8 [4H]

OH (a)

Hydroqumone
OH (a)

(a) Singlet 8 4.8 [1H]
(b) (b) Multiplet § 6.8 [4H]
(c) Singlet 8 3.9 [3H]

OCH (c)

p-Methoxyphenol

OCH, (a)
(b) (a) Singlet  3.75 [6H]
(b) Singlet § 6.8 [4H]

OCH (a)

p-Dlmethoxybenzene
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The reactions that take place are the following:

HOCH, HOCH,

0 —@on RN
H H',H,0 or H + HO—@OH
HO B-glucosidase > HO
OH OH X
D-Glucose Hydroquinone
CH,0CH,
0, @OCH
CH,),SO 3
Abutin 20809 CH £y
OH 3 H,0
CH,0
OCH,
CH,0CH,
O, OH
OCH, + HO‘<C:—>>*OCH3
CH,0 '
OCH, Y
2,3,4,6-Tetra-O-methyl-D-glucose p-Methoxyphenol

(CH,),80,
p-Methoxyphenol —OH_—-) CH,0 OCH,

Z
p-Dimethoxybenzene

22.40 Aldotetrose B must be D-threose because the alditol derived from it (D-threitol) is opti-

22.41

cally active (the alditol from D-erythrose, the other possible D-aldotetrose, would be
meso). Due to rotational symmetry, however, the alditol from B (D-threitol) would pro-
duce only two '3C NMR signals. Compounds A-F are thus in the family of aldoses stem-
ming from D-threose. Since reduction of aldopentose A produces an optically inactive
alditol, A must be D-xylose. The two diastereomeric aldohexoses C and D produced from
A by a Kiliani-Fischer synthesis must therefore be D-idose and D-gulose, respectively. E
and F are the alditols derived from C and D, respectively. Alditol E would produce only
three 13C NMR signals due to rotational symmetry while F would produce six signals.

There are four closely spaced upfield alkyl signals in the 13C NMR spectrum (826.5,
825.6, 824.9, 524.2), corresponding to the four methyls of the two acetonide protecting
groups. (The compound is, therefore, the 1,2,5,6-bis-acetonide of mannofuranose, below.)

X ook

HO
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22.42 The final product is the acetonide of glyceraldehyde (below); two molar equivalents are
formed from each molar equivalent of the 1,2,5,6-bis-acetonide of mannitol.

i

H—C\[:><

*22.43 The B-anomer can hydrogen bond intramolecularly, as in:

SN
/ H,
¢ oL’

. CH;

H, 0

H OH
N
H—C=0 ﬁ
H——H CH
H——od —> y——oyg +HCOH
H——OH H——oH
CH,OH CH,0H
v
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*22.45 (a) The proton at Cl. (b) Because of the singlé neighboring hydrogen (at C2).
(c and d).
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SOLUTIONS TO PROBLEMS

23.1 (a) There are two sets of enantiomers, giving a total of four stereoisomers:

COH COH COH COH
(éH2)7 (éH2)7 (éH2)7 (éH2)7
H\éABr B sl Hw #Br B¢ sl
+
H ‘Br x’é ~~H BI’A s 'é‘Br
(CH2)5 (CH2)5 (CH2)5 (CH2)5
H, H, (]JH \J:H
erythro threo
(a Br
(b) CHyCH);. ,(CH),COH CH,(CH,);., | ' ﬁl:)po H
/C——-C\ + Br, —>» (C\—/C\
H H Br
(a) (b)

v

Bf\ NCH,),COH CH3(CH,)s,, /Br
CH,(CH,)mC—CH HelC—C; 1(CH,COH

H 1 Br Br "

COH COH

(‘~13H2)7 (éH2)7

Hw & #Br Br (- sl
| 'A

(CH2)S (C‘Hz)s

H, CH,
- J
v

($)-threo-9,10-Dibromohexadecanoic acids

502
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Formation of a bromonium ion at the other face of palmitoleic acid gives a result sueh that
the threo enantiomers are the only products formed (obtained as a racemic modification).

The designations erythro and threo come from the names of the sugars called erythrose
and threose (Section 22.9A).

232
L/
e St F--d
Zingiberene B-Selinene Caryophyllene
(a sesquiterpene) (a sesquiterpene) (a sesquiterpene)
Squalene
(a triterpene)
Hﬁl{
o
+
0
233 (a) | 2% I
(2) Zn, HOAc C
AU
I H,C CH
nt_ O 9 I
2N + C
M
yreene (":H HCH + H3C/ \CH3
0
CH
PN
C
(b) 09 "7 o g
(2) Zn, HOAc H,C CH
2
| T~cH?
¢
Limonene HCH + o” \CH3
F (DO H : H H" H,CH " H
(¢) a-Farnesene 2) Zn, HOAG CH,;CCH; + HCCH,CH,CCH;

(see Section 23.3) " (") (") ﬁ (")
+ HCCH,CH + HC—CCH; + HCH
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. (1) O, l | Il
(d g:;asrggtlm yyz (@70 HOR: CH,CCH; + HCCH,CH,CCH;
I
+ HCCH,OH
(@)
(e) Squalene (1) O 2CH (HICH + H(HZCH CH (HIH
(see Section 23.3) (P 2™ HOAc T e
|
+ 4 CH,CCH,CH,CH
0
23.4 (a) (b)
+ CO,

(+ further oxidation
products)

Cl
(c) (d)

OH OH
Cl

(+ rearranged products)

23.5 Br,in CCl, or KMnO, in H,O at room temperature. Either reagent would give a positive
result with geraniol and a negative result with menthol.

23.6 (ﬁ) (¢) CH,
[l 2\

H

H
(e) H He) (€ (a)

H
o @ @
So-Series
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23.7 (a) (b)

3o-Hydroxy-5a-androstan-17-one  17a-Ethynyl-17B-hydroxy-5(10)-estren-3-one

(androsterone) (norethynodrel)
CH,
i ¢
23.8 CH,u, Y _CH,CH,CH,CH
Cx \
H,GC JH CH,

Absolute configuration of cholesterol
(5-cholesten-3B-ol)

23.9 Estrone and estradiol are phenols and thus are soluble in aqueous sodium hydroxide.

Extraction with aqueous sodium hydroxide separates the estrogens from the androgens.

23.10 (a)

Cholesterol 50,6B-Dibromocholestan-33-ol
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(b)

(d)

HO &
50,60-Epoxycholestan-3[3-ol
(prepared by epoxidation

of cholesterol; cf. Section 23.4G)

Sa—Cholestan-3[3-ol
(prepared by hydrogenation
of cholesterol; cf. Section 23.4G)

THF: BH,
(cf. Sect. 23.4G)

Cholesterol l|=3—
H

CH,CO,D
ik

HO N
HE

w)

et

6a-Deuterio-5a-cholestan-33-ol

Sa,60-Epoxycholestan-3p-ol

6B-Bromocholestan-3f,5a-diol
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CHOH O 0
2311 @ CHOH + RCOH + RUOH + HPO, + HOCH,CHN(CH,), X
H,OH

CH,0H
(b) CHOH
H,OH

0 0
|
RCoH + RCOH + HPO, + HOCH,CHNH,

+

CH,0H
(<) C|HOH
CH,OH

0
i1 ]
CH,(CH,),CH,CH + RCOH + HpO,

+

+ -
* HOCH,CH,N(CH,); X
_Hy
23.12 (a) CH,(CH,),CO,H + CHOH X CHyCH),[COCH; + HO

socl, C,H.OH
CH,(CH,),(CO,H ———% CH,(CH,),(COCI ———> CH,(CH,),(CO,C;H;

CH;,);COH
() CH,CHy cocl My cy(cHy),(CO,CCHy),

NH
(¢) CH,(CH,),(COCI —» CH;(CH,),(CONH,

(CHy),NH
(d) CH,(CH,),,COCI ——2—3 CH,(CH,),CON(CH,),

LiAlH
(¢) CH,(CH,),,CONH, ——% CH,(CH,),(CH,NH,

Br
(f) CH,(CH,),,CONH, 6?2{’ CH,(CH,),;CH,NH,

LiAIH[OC(CH3)sl;

(8) CH,(CH,),,COCI CH,(CH,),,CHO

H
(h) CH,(CH,),(CO,C;H; —*» CHy(CH,),CH,0H
CH,(CH,),,COCl
CHs(CH2)16C02CH2(CH2)16CH3

1) LiAIH
(i) CH,(CH,),;CO,H E—ZZH—O—“—» CH,(CH,),(CH,0H
2

H.
CH,(CH,),(CO,C;H; % CH,(CH)),(CH,0H

(i) CH,(CH,),COCI + (CHp,CuLi — CH,(CH,),(COCH,
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PB
(k) CH,(CH,),.CH,0H —% CH,(CH,),CH,Br

(1) CH,(CH,),(CH,Br

(1) NaCN

(2)H', H,0, heat

» CH,(CH,),CH,CO,H

Br,, P
2313 (a) CH,(CHp,CH,COH —2—» CH,(CH,),CHCO,H

Br
(1) OH, heat
(b) CH3(CH2)“CiHC02H W——) CH,(CH,),,CHCO,H
3
Br H
(1) NaCN
(c) CHy(CHy),,CHCOH ~5==—> CHy(CH,),,CHCO,H

Br

(d) CH,(CH,),,CHCO,H

Br

N
(1) NH; (excess)

O CH,(CH,),,CHCO,H

NH,

Of  CH,(CH,),,GHCO,
NH,"

Br.
2314 (2) CH,(CH,),CH=CH(CH,),CO,H — CH,(CH,),CHBCHBr(CH,),CO,H

H
(b) CHy(CH,),CH =CH(CH,),CO,H —» CHy(CH,),,CO,H
() CH,(CH,),CH =CH(CH,),CO,H 1% ,,
CH,(CH,),CHOHCHOH(CH,),CO,H

HCl
(d) CH,(CH,),CH =CH(CH,),CO,H —% CH,(CH,);CH,CHCI(CH,),CO.H
+

CH,(CH,)CHCICH,(CH,),CO,H
23.15 Elaidic acid is trans-9-octadecenoic acid:

CHy(CHy); H
C=C
/ \
H (CH,),CO,H

It is formed by the isomerization of oleic acid.
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2316 @ CHyCH)y,  (CH),COH  CH(CH), ~ H

cC=C and S==0
/ \ / \
H H H (CH,),CO,H

(b) Infrared spectroscopy

(c) A peak in the 675-730-cm~! region would indicate that the double bond is cis; a
peak in the 960-975-cm~! region would indicate that it is trans.

23.17 A reverse Diels-Alder reaction takes place.

heat

\
\>+_
N\ 7/

23.18 CH, CH,

o-Phellandrene f3-Phellandrene

Note: On permanganate oxidation, the =CH, group of B-phellandrene is converted to
CO, and thus is not detected in the reaction.

liq. NH
2319 CH,(CH),C=CH + NaNH, —> CH,(CH,);C=CNa
A

ICH,(CH ,),CH,Cl N
O > CH,(CH,),C=CCH,(CH,),CH,Cl =y
B

CH,(CH,),C =CCH,(CH,),CH,CN %) CH,(CH,){C =CCH,(CH,),CH,CO,K
C : D

H,0* H
—» CH,(CH,),C =CCH,(CH,),CH,CO,H ———>
E Pd-BaSO,

CHfCH)s, ,CH,(CH),CH,COH

/C=C\

H H
Vaccenic acid
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23.20

23.21

23.22

FCH,(CH,),CH,Br + HC=CNa —> FCH,(CH,),CH,C=CH

F
(1) NaNH, _ NaCN
) [(CHy)Cl FCH,(CH,),CH,C =C(CH,),Cl —»

G
(1) KOH
FCH,(CH,)CH,C =C(CH,),CN =2 FCH,(CH,),CH,C =C(CH,),CO,H
H I
u FCH,(CH,),CH, \ /(CH2)7C02H
2 3
Ni,B (P-2) /C:C\
H

Here we find that epoxidation takes place at the less hindered « face (cf. Section 23.4G).
Ring opening by HBr takes place in an anti fashion to give a product with diaxial
substituents.

(a) CH=CH—CH=CH,

(b) OH (Removal of the o hydrogen atom allows isomerization to the more stable
compound with a trans ring junction.)

(c) LiAlH,

) H3O+ and heat. (Hydrolysis of the enol ether is followed by dehydration of one
alcohol group.)

(e) HCO,C,H,, C,H,ONa
() 0OsO,, then NaHSO,

[l
(8) CH,CCH,, H'
(h) H,, Pd catalyst
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(i) H,0',H,0
() HIO,
(k) Base and heat. (This reaction is an aldol condensation.)

(1) and (m) Na,CrO,, CH;CO,H to oxidize the aldehyde to an acid, followed by
esterification.

(n) H, and Pt. (Hydrogen addition takes place from the less hindered o face of the
molecule.)

(0), (p), and (q) NaBH, to reduce the keto group; OH , H,0 to hydrolyze the ester;
and acetic anhydride to esterify the OH at the 3-position.

(r) and (s) SOCIl, to make the acid chloride, followed by treatment with (CH,),Cd.
G
(t) CH,CHCH,CH,CH,MgBr, followed by H,0".

(u), (v), and (w) Acetic acid and heat to dehydrate the tertiary alcohol; followed by
acetic anhydride to acetylate the secondary alcohol; followed by H,, Pt to hydrogen-

ate the double bond.

Q
2323 (a) CH,CH),CH () C,H,Li () jABr
=

23.24

NC(CH,)¢
(d) I (e) Michael addition using a basic catalyst.
H™ °'NO,

First: an elimination takes place,
i |
R31<TCH2CH2CCH2CH3 + NH, —» CHZ::CH&CHzCH3 + RN + NH,

Then a conjugate addition occurs, followed by an aldol addition:

CH,-CHCCHZCHJ R
(+H) g
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CH,
then
$H2 NH," dehydration
1dol
7N .0 2 0}
0 CH, OH
CH,

o N
*23.25 CHy(CH,),,CHO —> CH,(CH,),,CHCH,COEt —» CH,(CH,),,CHCH,COH
A B C

0
I II
OCCH, OCCH,

—> CHy(CH,),CHCH,COOH —» CH,(CH,),,CHCH,COCI
D E

i
OCCH,

+
—> CH3(CH2)12CHCH2ﬁOCH2CH2N(CH3)3 c1-

O
Pahutoxin

*23.26 The reaction is an intramolecular transesterification.

+
—0. —O:
H -Q/\(\OH — " |-/Y\OH + ~OCIO,

/O R 0
CHs(CHz)M"(IT‘ O—H
O
1) -H*
H—VOCIO3 2) +H*
CH3(CH2)14J\ o OH ~HOCIO;, /I_(\:O{

F R@j’
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23.5 The following compound is a:

’z
(a) Monoterpene (b) Sesquiterpene
(d) Triterpene (e) Tetraterpene

23.6 Mark off the isoprene units in the previous compound.

LIPIDS

(¢c) Diterpene

23.7 Which is a systematic name for the steroid shown here?
(a) Sa-Androstan-3o-ol
(b) 5B-Androstan-3(-ol
(c) So-Pregnan-3a-ol
(d) 5B-Pregnan-3f-ol
(e) Sa-Estran-3o-ol

515
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SOLUTIONS TO PROBLEMS

241 (a) HOZCCHZCHZ?HCOZH (b) 'OZCCHZCH2(|3HC02‘
NH;" NH,
(c) HOZCCHZCHz('ZHCOZ_ predominates at the isoelectric point rather than
NH,"

~O,CCH,CH,CHCO,H because of the acid-strengthening inductive effect of the
f N a-aminium group.
NH;

(d) Since glutamic acid is a dicarboxylic acid, acid must be added (i.e., the pH must be
made lower) to suppress the ionization of the second carboxyl group and thus achieve the
isoelectric point. Glutamine, with only one carboxyl group, is similar to glycine or phenyl-
alanine and has its isoelectric point at a higher pH.

24.2 The conjugate acid is highly stabilized by resonance.

o + e
Il H II\IIH2 e +
R—NH~-C-NH, —» R-NH-C-NH, <«—>» R-—NH—é:NHZ .
I‘IIHz
<> R—NH=C-NH,
o] 0
24.3 (a)
NK + BrCH(CO,C,Hy), —>» N-CH(CO,C,H,),
0 0
CHCH,ONa N (FC_)ZCC;IHéH Cpi. NeOH
(CH,),CHCHBr ¢ CHCHCHy), =
CO,C,H;
0, HCl
@ co, “heat’, (CHp,CHCH,GHCO, + CO,

1
/(/: —NHg—(_:H2CH(CH3)2 ' NH,* CO,H
0) Co, DL-Leucine + @:[
CO,H

516
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0
CH,CH,ONa ZCZH NaOH
(b) N-CH(CO,C,Hy), ——"—>» ’ 2 v
ca
co
0O 2C2 5
o, . CO,H
@[ CO heat CquHCOz_ +COo, + @
—NH?—CH NH,' CO,H
¢ Co, DL-Alanine
7 0,CH
CH,CH,0ONa ﬁ: Gl
() ~CH(CO,CH), ——"» ~C~CHCJH,
CeHsCH,Br
CO,C,H;
0
co,
NaOH 2 3 HCI N
heat @I C,Oz heat C5H5CH2C'HC+O2 + C02
C—NHC—CH,CgH, NH,
O  co, DL-Phenylalanine

COH
- QX
CO,H
. NH H,0" -
244 (@ CHCHCH —o» CHCH,CHC=N —— C¢H,CH,CHCO,

NH,*

Phenylacetaldehyde NH, )
DL-Phenylalanine

|| b I
(b) CH;SH + CH,=~CH—CH ——3 CH,SCH,CH,CH —>

H,0%
CH,SCH,CH,CHC=N — CH3SCH2CH2C‘3HC02‘

NH, NH 3 +
DL-Methionine

245 Because of the presence of an electron-withdrawing 2,4-dinitrophenyl group, the labeled
amino acid is relatively nonbasic and is, therefore, insoluble in dilute aqueous acid. The
other amino acids (those that are not labeled) dissolve in dilute aqueous acid.

© 2000, Modulo Editeur inc. / © 2000 John Wiley & Sons Inc.



518 AMINO ACIDS AND PROTEINS

NO,
e
246 (a Hﬁc'HCONHqHCONHCHzco{ oo, >
CHCH, CH,
CH, ValeAla*Gly

ON NHCHCONHCHCONHCH,CO; ~»
(HCH,  CH, e
2 CH,
ON - + -
2 NHCHCOH  + cy,GHCO, * H,NCH,CO,
+
No, GHCH, NH,
CH, Alanine Glycine

Labeled valine
(separate and identify)

(b) ON NH(T‘HC02H + ON @NHCHZCHZCHZCHZ(;HCP;
NH
No, GHCH: NO, 3
CH,
a-Labeled valine g-Labeled lysine
+ -
* H,NCH,CO,
Glycine
247 5+ nk - O
. N=C=S + HN-CHCO-NHCHCO— NHCHCO, —>
&HZ HCH, (H
Phenyl isothiocyanate (IIHZ H, (IEHZ
| l
3 CH, CH,
CH, INH
-
Met-Ile-Arg NH,
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s
i
@—NH—C—NH—CHCO—NHCHCO——NHCHCO{ H,

H, éHCH3 i?Hz
b
CH, ?Hz
CH, NH
=
NH,
N
g /C\NH + H;NCHCO—NHCHCO;
E / GHCH,  (H,
L —CH GH, CH,
0" CH,CH,SCH, CH, CH,
Phenylthiohydantoin l\lIH
derived from methionine ?:NH
NH3+
i
@ (O)n=c=s.0n @_N AN H,N—CH—CO;
@ H > \. / * ,éHz
L—CH CH,
O CHCH,CH, CH,
H, NH
Phenylthiohydantoin é:NH

derived from isoleucine I
NH,*
3

(a) Two structures are possible with the sequence GlusCyseGly. Glutamic acid may be
linked to cysteine through its a-carboxyl group,

H02CCH2CH2CIHCO -—NH(':HCO—NHCHZCO;
NH,' CH,SH

or through its y-carboxyl group,

H;l‘vcl:HCHZCHZCO ~NHCHCO-NHCH,CO;
COZ‘ CH,SH

(b) This result shows that the second structure is correct, that in glutathione the y-car-
boxyl group is linked to cysteine.
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24.9 We look for points of overlap to determine the amino acid sequence in each case.

(a) Ser ¢ Thr
Thr o Hyp
Pro * Ser

Pro ¢ Ser * Thr ¢ Hyp

(b) Ala ¢ Cys
Cys * Arg
Arg * Val

Leu ¢ Ala
Leu » Ala ¢ Cys ¢ Arg * Val

24.10 Sodium in liquid ammonia brings about reductive cleavage of the disulfide linkage of
oxytocin to two thiol groups; then air oxidizes the two thiol groups back to a disulfide

linkage:
R R R
| i é
o o
S SH S
\ Na 0, \
S SH —>» S
] NH; ] |
Gt Gt G
R R R
0]
+ | OH™
2411 H;NCH,CO,~ + (CH3);COCOC(CH;); —>»
Glycine Di-tert-butyl
carbonate
I(l) 1) (C,Hq);N
(CH,),C—OCNHCH,CO,H (L),
(2) CICO,C,H;
Boc-Gly
H31¢19HC02‘
?HCH3
CH,
Valine

1 0o
(CH,);COCNHCH,COCOC,H, ~C0,, —C,H,OH
Mixed anhydride

0
@ CH,ONHCHCOH o ctth
(CH,);COCNHCH, 1 2 (2) CICO,C,H;
GHCH,
Boc-Gly+Val CH,
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H,NCHCOy”
T Y | i
(CH3)3coéNHCH2éNHCIHéOéOQH5 i
HCH,
Mixed anhydride CH,
(gl gl glN CF,CO,H
(CH,);COCNHCH,CNHCHCNHCHCO,H ————>
| I CH,CO,H
GHCH, CH, 25°C
Boc-GlyeValeAla CH,
w9
+ -
(CH,),C=CH, + CO, * H,NCH,CNHCHCNHCHCO,
GHCH, CH,
CH,
GlyeValeAla
0

Il OH~
2412 (@) 2CHCH,0CCH + HNCH,CHCHCHCHCO,” o>

25°C
Benzyl chloro- .
o Lysne N,
i
C6H5CH20CNHCH2CH2CH2CH2?HC02H
ITIH
C4H;CH,0C=0
CH3CH2(IZH—CHC02'
CH; NH;*

(1)(C,Hy),N
(2)CICO,C,H

I Il Il
C6H5CHZOCNHCHZCHZCHZCHZCIHC--0—C—OC2H5
NH
C¢H,CH,0C=0

~CO,, —C,H,0H

o
c6HSCH2oc':INHCHZCHZC}gCHZ(ngNHgHCO{ ﬁg’
I}IH CHCH3 cold
CH,CH,0C=0 CH,
H3

. Il
2CeHsCH,Br + 2CO, + H3NCHZCHZCHZCHZCITHCNHCHCoz_

NH, $HCH3
e
Lyselle  CHj
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NH
I I OH"
(b) 3 C4H,CH,0CCl + H2NCNHCH2CH2CH2(I3HC02‘ W
NH,
0O NH
C.H.CH OgNH(IlINCH CH,CH,CHCO,H (D) (CHy)N
675 2 | 2 2 2 | 2 ) C]COZCZHS ”
C=0 ITIH
C(H;CH,0 C=0
C4H;CH,0
CH,;CHCO,~
C.H.CH,0CNHCNCH,CH,CH CH(IJJOgOC H NH, »
675 2 I 2 2 2| 2575 —COZ, —CZHSOH ’
CI=0 IIIH
C¢H;CH,0 C=0
C4H;CH,0
O NH
[l I HBr
C¢H;CH,0CNHCNCH,CH,CH,CHCNHCHCO,H ————>
| [ [ CH;CO,H
Cc=0 ITIH CH, cold
Ce¢H,CH,0 (l:=0
C4H;CH,0
lﬁIH
3CH,CHBr + 3CO, + H;NCNHCH,CH,CH,CHCONHCHCO,~
+ | |
NH, CH,
ArgeAla

24.13 The weakness of the benzyl-oxygen bond allows these groups to be removed by catalytic
hydrogenolysis.

24.14 (a) An electrophilic substitution reaction:

H, H

CH ,CH
BF
@ + CH,0CH,Cl —>» + CH,OH
n
CH,CI |,

(b) The linkage between the resin and the polypeptide is a benzylic ester. It is cleaved
by HBr in CF;CO,H at room temperature because the carbocation that is formed initially
is the relatively stable, benzylic cation.
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0 0
| |
24.15 Q—CH2C1 + HO&CHNH&OC(CHQS 1. Add Boc-Ala,

CH,
lbase

0 0]
| | . .
Q—CHzoéCHNHéOC(CH,)3 2. Purify by washing,
H,
lCF3C02H, CH,Cl, 3. Remove protecting group.
0
CH,0CCHNH, 4. Purify by washing.
H,
(.
HOCCHNHCOC(CH,); 5. Add Boc-Phe.
and

dicyclohexylcarbodiimide

0]
It il i . .
\D—CHZOCCEHNHCC'I-INHCOC(CH3)3 6. Purify by washing.

CH, ?Hz
C.H
lCF3COZH, CH,Cl, 7. Remove protecting group.
|l (I)
\)—cnzoccmsméclHNH2 8. Purify by washing.
H, ?H2
CeHs

HOE'CHCHZCH2CH2CH2NH80C(CH3)3
o
O=COC(CH,),
and
dicyclohexylcarbodiimide

9. Add protected Lys.

v
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I I ] I
\}—CH2OCCHNHCCIHNHCC|HNHCOC(CH3)3

H H H
3 ? 2 ? 2 10. Purify by washing.

CeH, ?Hz
H,
H
NH|(EOC(CH3)3
0]
lCF3C02H, CH,Cl, 11. Remove protecting groups.

(0]
1 1 1]
Q—CH20CCIHNHC('ZHNHCCIHNH2 12. Purify by washing.
CH, ?Hz SZH2

CeHs ?Hz
it
i
NH,
lHBr, CF,CO,H 13. Detach tripeptide .

Q—CHZBr + -OE(EHNHECIHNHEC'HNHz 14. Isolate product.
CH, (IIH2 |CH2
CeHs ?Hz
¢H,
i
LysePhesAla  +NH,

24.16 (a) Isoleucine, threonine, hydroxyproline, and cystine.

®)  co, . €O,

H,N—r—H and H,N—H
CH;——H H——CH,

¢H, GH,

CH, CH,

. Co, . €O,

H,N——H and H,N——H

H——OH HO——H

CH, CH,
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H,{ ‘Tiﬂ Hﬂ—i—n
&, u CoH amd g H CH
SV N
T T
OH H

(With cystine, both stereocenters are a-carbon atoms; thus, according to the problem, both
must have the L-configuration, and no isomers of this type can be written.)

(c) Diastereomers

24.17 (a) Alanine
CH3(;HC02' + HONO —>» CH,CHCO,H + N,
+

NH, H
(b) Proline and hydroxyproline. All of the other amino acids have at least one primary
amino group.
Br
(c) H CHZ(;HCOZ" (d) <C-;‘>>-CH2C|IHC02C2H5
+
Br NH; NH,"
(¢) CH,CHCO,
b
=0
CeHs
24.18 (a " CO,CH CO,CH
(a) . CO, HCL . 2= pCl, . 213 .
H,N H —C_l-_I—OIT’ H,N H ¢ —>» HN H
CH,OH ' CH,OH CH,CI
(-)-Serine A B
(C,H,,CINO;) (C,H,CI,NO,)
R co, co,
(1)H,07, H,0, heat 2 - 2
Sor > HN—H ————>d:aHH§+ HA—H
CH,Cl 7 CH,
C L-(+)-Alanine

(C,H,CINO,)
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CO,CH, CO,CH,
OH" NaSH
(b) B —>» HN +H —=Z» HN—H
CH,CI CH,SH
D E
(C,H CINO,) (C,H,NO,S)

(1) HyO", H,0, heat _ . ¢O,

(2) OH > HN —1~H

CH,SH
L-(+)-Cysteine

co, , co, co
NH )
(¢) MR~ NaOBr.OH y,  m,N FH o« nN—1n

Hofmann
CHZFINH2 rearrangement CH2NH2 CH 2C1

o F C
L-(-)-Asparagine (C;H;N,0,) [from part (a)]

0
| NaOGH
24.19 (a) CH3([JNHCH(C02C2H5)2 + CH=CH—C=N ‘_CTH%HS >
5

(95% yield)

ﬁ gozcsz |
_ concd. HC -
CH,CNH CH,CH,C=N reflux 6 h H02CCH2CH2C|1HCO2
0,C,H; (66% yield) NH,"

G . .
DL-Glutamic acid

+CH,CO,H + 2C,HOH + NH/ + CO,

(l)I CO,C,H, . 0 (lfoz(:zH5
= 2 ! — —
(b) CH,CNH —?—-CHZCHzc =N 68°C, 1000 psi CH,CNH -C-CH,CH,CH,NH,
CO,C,H; (90% yield) CO,C,H;

H.0,C CH,CH
-C,H;OH GHs0; \C/ LN H concd. HCI + -
/7N /72 T eflux 4h ) H3NC_:H2CHZCH2C;HCO2
CH,(NH  C—NH (97% yield) cl NH,"
0]

0
DL-Ornithine hydrochloride

H
+ CH,CO,H + CHOH + CO,
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We look for points of overlap:

Phe e Ser
Pro e« Gly < Phe
Pro = Pro Ser ¢ Pro ¢ Phe
Arge Pro Phe ¢ Arg
Arge Pro e Pro ¢ Gly ¢ Phe * Ser * Pro ¢ Phe -« Arg
- J
'
Bradykinin

1. This experiment shows that valine is the N-terminal amino acid and that valine is at-
tached to leucine. (Lysine labeled at the e-amino group is to be expected if lysine is not
the N-terminal amino acid and if it is linked in the polypeptide through its a-amino
group.)

2. This experiment shows that alanine is the C-terminal amino acid and that it is linked
to glutamic acid.

At this point, then, we have the following information about the structure of the
heptapeptide.

Val ¢ Leu (Ala, Lys, Phe) Glu * Ala

[ U S

Ao

The sequence here is
unknown.

3. (a) This experiment shows that the dipeptide, A, is
LeuseLys

(b) The carboxypeptidase reaction shows that the C-terminal amino acid of the
tripeptide, B, is glutamic acid; the DNP labeling experiment shows that the N-termi-
nal amino acid is phenylalanine. Thus, the tripeptide B is

Phe ¢ Ala * Glu

Putting these pieces together in the only way possible, we arrive at the following amino
acid sequence for the heptapeptide.

Val ¢ Leu
Leu * Lys
Phe ¢ Ala < Glu
Glu e« Ala

Val ¢ Leu ¢ Lys * Phe ¢ Ala » Glu « Ala

At pH 2-3 the y-carboxyl groups of polyglutamic acid are uncharged. (They are present
as —CO,H groups.) At pH 5 the y-carboxyl groups ionize and become negatively charged.
(They become y-CO,~ groups.) The repulsive forces between these negatively charged
groups cause an unwinding of the « helix and the formation of a random coil.
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24.23

*24.24

The observation that the 'H NMR spectrum taken at room temperature shows two differ-
ent signals for the methyl groups suggests that they are in different environments. This
would be true if rotation about the carbon-nitrogen bond was not taking place.

58.05 H\ /CH3 5295

//C _N\
0 CH, 52.80

We assign the 8 2.80 signal to the methyl group that is on the same side as the elec-
tronegative oxygen atom.

The fact that the methyl signals appear as doublets (and that the formyl proton sig-
nal is a multiplet) indicates that long-range coupling is taking place between the methyl
protons and the formyl proton.

That the two doublets are not simply the result of spin-spin coupling is indicated
by the observation that the distance that separates one doublet from the other changes
when the applied magnetic field strength is lowered. [Remember! The magnitude of a
chemical shift is proportional to the strength of the applied magnetic field, while the mag-
nitude of a coupling constant is not.]

That raising the temperature (to 111°C) causes the doublets to coalesce into a sin-
gle signal indicates that at higher temperatures the molecules have enough energy to sur-
mount the energy barrier of the carbon-nitrogen bond. Above 111°C, rotation is taking
place so rapidly that the spectrometer is unable to discriminate between the two methyl
groups.

0 0
[ Il
(a) HO—C—CH(CH,),—S—etc. ————>» HO—C—CH(CH,),—S—etc.
| I e
H,N: HNY
+ [0=C=N- A0
N i
H

? i
}\ CH(CH,),—S—etc. +HY, HO_C_(I:H(CHZ),,—S—etc.
H—N | <7
)/N\ ~H,0, and _NH
~H _
0 H H,N—C S
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(By pyridine displacement of the sulfonyloxy

SO;~
group of the initially formed ethyl ester.)
*24.25 0>-_(—/ @
H—NYN—H
0]

I\II+
Et

*24.26 (a) A large difference in the solubilities of the (S,5) and (S,R) diastereomers.

(b) Le Chatelier’s Principle, which says that an equilibrium system will try to produce
more of any species that is removed (here by crystallization).

(¢) Hydrogenolysis of benzyl groups, in both instances (one is preceded by simple hy-
drogenation of the ketone carbonyl group).
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SOLUTIONS TO PROBLEMS

25.1 Adenine:

NH, NH NH
</Nf\\N — <,N\/(lj\N,H_’ <Nf\N > g
WA = S )

NN
H H §
Guanine:
0 OH : OH
N N’H N AN N < N
<’ | J\NH:—’ <’ ] '/lj\m:__) <’ | /&N:I__* and so on
NN N NN
H H H H
Cytosine:

NH NH
NI_I2 /H /H
| i <= | i <= | )\ <= andsoon
1\|I 0] I\'I 0 N~ OH
H H
Thymine (R=CH,) or Uracil (R=H):

O H OH OH
R ’ R R
~ ~ N
\[U\V/L <= m <= m <= andsoon
1\|1 &) I\II 0 N~ OH _
H H .

25.2 (a) The nucleosides have an N-glycosidic linkage that (like an O-glycosidic linkage) is
rapidly hydrolyzed by aqueous acid but is one that is stable in aqueous base.

531
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| H
(b) HOH,C HOH,C = \Ng
i 7 P
-I-F
OH
Nucleoside
HOH,C 6
x—H N
* |
H
H Heterocyclic
base

-HO0 Tl +H,0
HOH,C H, . HOH,C H HOH,C H Pll
— Cc=0
+H
OH OH

Deoxyribose

25.3 The reaction appears to take place through an Sy2 mechanism. Attack occurs preferen-
tially at the primary 5’-carbon atom rather than at the secondary 3’-carbon atom.

254 CH C02P12C

H Michael
é_o addition
C¢Hy COO0 OOCC H; C,H, 0
(0] (0]
[l H
L N/
HzC amide
C H 0 —CH f"é /z) formation /‘K
(-C,H;OH) C,H,0 6]
o o %
0]
H
/
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255 (a) The isopropylidene group is part of a cyclic acetal and is thus susceptible to hydrol-
ysis by mild acid.

(b) Itcan be installed by treating the nucleoside with acetone and a trace of acid and by
simultaneously removing the water that is produced.

HOH,C base HOH,C base
| 0 q
+ i —>
A< H0
OH OH HC™  "CH, 0

0]
X

H,C

25.6 (a) Cordycepin is HOCH, o Ad

u H H (3'-Deoxyadenosine)
H OH
(b) HOCH, O Ad
socl,
H SEt H gy —— >
H OH

1|‘3t ~S0,, —HCl
—=2 5
H\Cst /H
H H H
o
/.. H
H
o
o
H

HO H HO H

2'-Deoxyadenosine
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-10
257 (a) 6 X 10°base pairs X 4R 10 0m
10 base pairs A

() 6 X 1002 —E— x 3 x 10°0va=18x 10-2g
ovum

N OH--=-- 0. CH,
258 () F {
N—’ “Ni----H-N
7/ _
N‘J\! N
e
H
Lactim form Thymine
of guanine

(b) Thymine would pair with adenine and thus adenine would be introduced into the
complementary strand where guanine should occur.

259 (a) A diazonium salt and a heterocyclic analog of a phenol.

NH,
<,N | h ) HONO
N, - >

}q N Hypoxanthine
R nucleotide

(b) ¢ ﬂo' A
N/ —H----- -:N \
/ N_}" )

Hypoxanthine Cytosine
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25.11

25.12

25.13

(c) Original double strand

First replication

NUCLEIC ACIDS AND PROTEIN SYNTHESIS 535

H
Qsm=nmes H-N N7
7 Ne—H-mennenn NN N
N \=N
/o
Uracil Adenine
(in mRNA) (in DNA)
(@ UGG | GGG !UUU ' UAC ! AGC
(b) Tyr © Gly | Phe | Tyr | Ser
(© ACC | CCC ! AAA |AUG | UCG
Arg ¢« Ile ¢« Cys ¢ Tyr s Val
(@ AGA | AUA ! UGC | UGG ! GUA
(b) TCT | TAT | ACG | ACC | CAT
() UCU | UAU | ACG ! ACC | CAU

. No errors in
C daughter strands

mRNA
Amino acids
Anticodons
Amino acids
mRNA
DNA

Anticodons

A change from C-T-T to C-A-T or a change from C-T-C to C-A-C.
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APPENDIX
Empirical and Molecular Formulas

EXAMPLE A

536

In Section 1.2B, we discussed briefly the pioneering work of Berzelius, Dumas, Liebig,
and Cannizzaro in devising methods for determining the formulas of organic compounds.
Although the experimental procedures for these analyses have been refined, the basic
methods for determining the elemental composition of an organic compound today are
not substantially different from those used in the nineteenth century. A carefully weighed
quantity of the compound to be analyzed is oxidized completely to carbon dioxide and
water. The weights of carbon dioxide and water are carefully measured and used to find
the percentages of carbon and hydrogen in the compound. The percentage of nitrogen is
usually determined by measuring the volume of nitrogen (N,) produced in a separate pro-
cedure.

Special techniques for determining the percentage composition of other elements
typically found in organic compounds have also been developed, but the direct determi-
nation of the percentage of oxygen is difficult. However, if the percentage composition
of all the other elements is known, then the percentage of oxygen can be determined by
difference. The following examples will illustrate how these calculations can be carried
out.

A new organic compound is found to have the following elemental analysis.

Carbon 67.95%
Hydrogen 5.69
Nitrogen 26.20
Total: 99.84%

Since the total of these percentages is very close to 100% (within experimental error), we
can assume that no other element is present. For the purpose of our calculation it is con-
venient to assume that we have a 100-g sample. If we did, it would contain the following:

67.95 g of carbon
5.69 g of hydrogen
26.20 g of nitrogen
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