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Chapter 6 — An Overview of Organic Reactions
Solutions to Problems

6.1 (a) CHsBr+ KOH ———  CHsOH + KBr substitution
(b) CHsCH2Br ———  H2C = CHz+ HBr elimination
(c) H2C=CHz+H2: ——  CHsCHsaddition

6.2 Keep in mind:

(1) Anelectrophile is electron-poor, either because it is positively charged, because it has a
functional group that is positively polarized, or because it has a vacant orbital.

(2) A nucleophile is electron-rich, either because it has a negative charge, because it has a
functional group containing a lone electron pair, or because it has a functional group that
is negatively polarized.

(3) Some molecules can act as both nucleophiles and electrophiles, depending on the
reaction conditions.
(@) The electron-poor carbon acts as an electrophile.

(b) CHsSis a nucleophile because of the sulfur lone-pair electrons and because it is
negatively charged.

(c) CaHsNz2 is a nucleophile because of the lone-pair electrons of nitrogen. (Only one of
the nitrogens is nucleophilic, for reasons that will be explained in a later chapter.)

(d) CHsCHO is both a nucleophile and an electrophile because of its polar C=0 bond.
(a) &+ L. 0- (b) §+ . 8-

Hac—:C:ll <— nucleophilic HSC—:S::
clch‘ophilic nucleophilic
© / : ?\l_/;\N —CHg (d) 5‘: (|)|: ~— nucleophilic
nucleophilic \=/ HaC /;{"H— electrophilic

6.3 BFsis likely to be an electrophile because the electrostatic potential map indicates that it is
electron-poor (blue). The electron-dot structure shows that BFs lacks a complete electron octet
and can accept an electron pair from a nucleophile.

tFiB:IF: vacant orbital
N =
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6.4 Reaction of cyclohexene with HCI or HBr is an electrophilic addition reaction in which
halogen acid adds to a double bond to produce a haloalkane.

Br

O + H—Br —_— Oi Bromocyclohexane
H
Cl

Ql + H—Cl — O: Chlorocyclohexane
H

6.5 The mechanism is pictured in Figure 6.4. The steps: (1) Attack of the z electrons of the
double bond on HBr, forming a carbocation; (2) Formation of a C—Br bond by electron pair
donation from Br~ to form the neutral addition product.

» H—Br IBri T

/ R

l' / H Br
HyC. \ H HsC. +¥ [ |
Hee™ 2 “~H & | HeemY SUh T"‘ HaC ¥ ~CHy

(1) (2)
L H HaC
carbocation 2-Bromo-2-methylpropane

6.6 For curved arrow problems, follow these steps:
(1) Locate the bonding changes. In (a), a bond from nitrogen to chlorine has formed, and
a ClI Cl bond has broken.

(2) ldentify the nucleophile and electrophile (in (a), the nucleophile is ammonia and the
electrophile is one Cl in the Cl2 molecule), and draw a curved arrow whose tail is near
the nucleophile and whose head is near the electrophile.

(3) Check to see that all bonding changes are accounted for. In (a), we must draw a
second arrow to show the unsymmetrical bond-breaking of Clz to form CI".

(@)

A ok

o e I -
HoN—H +:0—C:  ——=  H—N=H g

H \J ¥

(b)

H
o s | . -
HiC—Q: + H=G—Bri ———= HC—Q—CHy + :Br:
H

A bond has formed between oxygen and the carbon of bromomethane. The
bond between carbon and bromine has broken. CHsO™ is the nucleophile and
bromomethane is the electrophile.
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(©
ZANE
el 7 SN
nucleophilic —

A double bond has formed between oxygen and carbon, and a carbon—chlorine bond has
broken. Electrons move from oxygen to form the double bond and from carbon to chlorine.

6.7 This mechanism will be studied in a later chapter.

H
I
—:0
/ .e \H
HY - =
NG—CO, Hgo\’f :}302 -
/\\ S : ,C_C“ CHQCOQ + HEO
- YO - 0,c7 4\
0,C—CHy,  CO ; H
\\ I(-_* /H
\H—oO:
A\
H
6.8 C|2H3 fr‘Hs
CH3CHCHaCHCHCl  +  CHoCHaCHpCCHg  +
Cl
1-Chloro-2-methylpentane 2-Chloro-2-methylpentane
g s i
Cl
CH3CHoCH,CHCH, h—g- CHCHCHCHCH; + CHaCHCH,CHOH,
v
Cl Cl
2-Methylpentane 3-Chloro-2-methylpentane 2-Chloro-4-methylpentane
g
CICH,CH,CH,CHCH;

1-Chloro-4-methylpentane
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6.9 Even though this molecule is complex, concentrate on the bonds formed and the
bonds broken. The tails of the arrows show the location of the bond to be broken,
and the heads show where the electrons are moving. In radical reactions, the
arrow is a fishhook (half- headed).

The reaction is a radical addition to a double bond and is a rearrangement.

6.10 A negative value of AG® indicates that a reaction is favorable. Thus, a reaction with AG® =
—44 kJ/mol is more favorable than a reaction with AG® = +44 kJ/mol.

6.11 From the expression AG° = —RT In Keq, We can see that a large Keq is related to a large
negative AG° and a favorable reaction. Consequently, a reaction with Keq = 1000 is
more exergonic than a reaction with Keq = 0.001.

6.12 A reaction with AG* = 45 kJ/mol is faster than a reaction with AG* = 70 kJ/mol because
a larger value for AG* indicates a slower reaction.

6.13

Intermediate

Overall
AG*

Energy
i
l—————

/__/

Product

Reaction progress >

8/9/2023 4



OpenStax Organic Chemistry: A Tenth Edition Student Solutions Manual

Additional Problems

Visualizing Chemistry

6.14
CHaCHaCH,CH=CH, + HBr ——— B
or CHaCHzCHQCHCHB
CHaCH,CH=CHCH,y + HBr ——
6.15
/ \H t::!.r
CHE \ +
tBrIT N Br
[ j ¥ _CH, CHs
_ .
/ \*H Br

6.16 (a) The electrostatic potential map shows that the formaldehyde oxygen is electron-rich,
and the carbon—oxygen bond is polarized. The carbon atom is thus relatively electron-
poor and is likely to be electrophilic.

(b)  The sulfur atom is more electron-rich than the other atoms of methanethiol and is
likely to be nucleophilic.

6.17

Transition Transition
state 1 . a state 2

Products

AG® (positive)

Energy
1
I
i
]
1
I
-
|

Reactants

Y

Reaction progress

(@ AG°® is positive.
(b) There are two steps in the reaction.
(c) There are two transition states, as indicated on the diagram.
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6.18

Reaction progress -
(@ The reaction involves four steps, noted above.

(b) Step 1 is the most exergonic because the energy difference between reactant and
product (AG®) is greatest.

(c) Step 2 is slowest because it has the largest value of AG*.
Energy Diagrams and Reaction Mechanisms

6.19 A transition state represents a structure occurring at an energy maximum. An intermediate
occurs at an energy minimum between two transition states. Even though an intermediate
may be of such high energy that it cannot be isolated, it is still of lower energy than the
transition states surrounding it.

6.20

Transition state

Eneroy

Reactants

Reaction progress

AG® is positive because Keq < 1.
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6.21
Transition
state | — =
Il 1
['ransition
[mcnncduuc+ et BB
e

Reactants

[=

Encrgy

Products

Reaction progress -

AG® is negative because Keq > 1.

6.22 Problem 6.28 shows a reaction energy diagram of a two-step exergonic reaction. Step 2 is
faster than step 1 because AG*> < AG*.

6.23

Transition
state

Energy

Reactants Products

Reaction progress >

A reaction with Keq = 1 has AG® = 0.

6.24 (a) The reaction is exothermic because the sign of AH° is negative.
(b) AG°=AH°-TAS®

= —44 kJ/mol — (298 K) [-0.12 kJ/(K-mol)]
= —44 kJ/mol + 36 kJ/mol
= -8 kJ/mol

The reaction is favorable because the sign of AG® is negative.
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_ [Products]  0.70 53

6.25 (a = = =
@ “  [Reactants] 0.30

(b) Section 6.9 states that reactions that occur spontaneously have AG* of less than 80
kJ/mol at room temperature. Since this reaction proceeds slowly at room temperature,
AG? is probably close to 80 kJ/mol.

©)

Transition intermediate Transition

state 1 \ l o state 2

It is not possible to
determine the energy
of the intermediate.

f

AG*
= 80 kJ/mol

Energy — =

A product

6.26

CHg
H + H
CHg
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6.27
(8 Mechanism:
(b) Mechanism:
“ H\f/fﬁ #
(c) Mechanism: y QC'I: H o
r % (— ol
6.28
(@) Cl
Cl + /\/ > )\/
Mechanism: e Cl
CI. r\ ~ )\/
/\/
(b) Br
Bre + >

Mechanism: Br
e mO ] \O
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C
(© 0 O
Cle + { ] >
Cl
Mechanism: @) O
cl- A/ Cl
Polar Reactions
6.29
@) o+ 0O- (b) 8- © o~ —_
s : N tone ester
CH;CH,C=N & O 8+ ) 0
RO 21 TN
nitrile B CH3CCHoC —OCH;
ether o & O
(d) carbon—carbon (e) 5—|C|) ) 50O
double ’
. 0-0 S EC 6 6+ C =~ aldehyde
bonds ) — ///'4\/ ‘{\NHz Sy
amide
g carbon—carbon S
‘ double bond aromatic ring
0-0 ketone
6.30 (@) The reaction between bromoethane and sodium cyanide is a substitution because two

reagents exchange parts.

(b) This reaction is an elimination because two products (cyclohexene and H20) are

produced from one reactant

(c) Two reactants form one product in this addition reaction.

(d) This is a substitution reaction.

8/9/2023

10



OpenStax Organic Chemistry: A Tenth Edition Student Solutions Manual

6.31 e = electrophilic site n = nucleophilic site
@) (b) n
Py
l NHCHg

& n-< /
o | | H CHs

Amphetamine

Testosterone

6.32 Nucleophiles are the electron donors in carbon bond forming reactions while the electron
acceptors are the electrophiles.

@ © )
N3 + CHsCl E— CHs3Na + Cl
Nucleophile Electrophile
(b)
QIO
®
+ NO,
®
Nucleophile Electrophile
© o
0 H,C O
S)
+ CHs — =
Electrophile Nucleophile
6.33
(@) -

“Segl D
— (I-F H—CI
H
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(b) i 'ﬁ
G ~o OH
H—Cl: =—= L =
~~ L T
CH ' e CH
- xCl- .
6.34
(@) PRS—
*/ “\.OH
SN f
N — BT
—c¥ = C._+ H,0 + :OCH
HaC 7~ 0cH, HeC” “CHy =~ S
HaC
(b) - e
= 0 Tk
SO /_\\ I . ?
HO:  H/ X C == HyO Ho _C
= ‘\/C\/ *\CHS 2 \(I:’jv \CHS
H H H
(© ®
® _H H,0: :OH
A — )@
C
AN
(d)
:Br: HQCH
HsC CH4
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Radical Reactions

a b c b a
6.35 Pentane has three types of hydrogen atoms, CHs CH. CH. CH.CHs. Although
monochlorination produces CH3CH2CH2CH2CH_2Cl, it is not possible to avoid producing
CH3CH2CH2CH(CI)CHs and CH3CH2CH(CI)CH2CHs as well. Since neopentane has only
one type of hydrogen, monochlorination yields a single product.

6.36 The following compounds yield single monohalogenation products because each has only
one kind of hydrogen atom.

(@ CHs3CH3 (c) CH3C=CCH3, ()]

6.37 To solve these problems sequentially, replace one hydrogen on each carbon with a
chlorine. If the compound has a different name, it is a different product.

(@) There are two products.

//\/ C|2 - cl \/\\// )\/
Light
9 1-chlorobutane 2-chlorobutane

(b) There are four products.

)\/ —S— C'Q\/ )él/ )\/ )\Ad

Light

1-chloro-2-methylbutane  2-chloro-2-methylbutane 1- chloro-3-methylbutane

Cl
2- chloro-3-methylbutane

(c) There are four products.
e O O O O
Light

1-chloro-1-methycyclopentane  1-chloro-2-methycyclopentane  1-chloro-3-methycyclopentane  (Chloromethyl)cyclopentane

6.38 To answer this question sequentially, replace each hydrogen in the molecule with a
hydrogen and assign the configuration to any stereocenters. If the molecule has a different
name, it is a different product.

(@) There are three products.

P R N e //\/ /Q/

Light
. 1-chlorobutane (R)-2-chlorobutane (S)-2-chlorobutane
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(b) There are seven products.

» H H . Cl Cl,
Clp >, 5 s K3
— > Cl Cl
Light
(R)-1-chloro-2-methylbutane (S)-1-chloro-2-methylbutane 2-chloro-2-methylbutane 2-chloro-2-methylbutane

cl H ¢l H /K/\m

(R)-2-chloro-3-methylbutane (S)-2-chloro-3-methylbutane 1-chloro-3-methylbutane

(c) There are nine products.

( 7/ cl g
Gk GZ‘CI
\ Light

1-chloro-1-methycyclopentane

H CHs H CHs
& e rd i
5 Liay, = 5
T H ER : Cl Eile|
cl Cl H H

(1R,2R)-1-chloro-2-methycyclopentane  (1R,2S}-1-chloro-2-methycyclopentane  (1S,2R}-1-chloro-2-methycyclopentane  (15,2R)-1-chloro-2-methycyclopentane

¢ . ~ CHa NCHQ <

- - /
cr ) ! Clj ) ]
a

cl
(1R,2R)-1-chloro-3-methycyclopentane  (1R,2ZR}-1-chloro-3-methycyclopentane  (1R,2R)-1-chloro-3-methycyclopentane  (1R,2R}-1-chloro-3-methycyclopentane

CHs

6.39
@ H+

() -
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General Problems

6.40
CHg M 10 CHa H| 0 CHs + Ha0"
HC—C—Cl =—= |H3C—C+ =—= H3C—C—O\+ == HyC—C—O—H
CHy T.S.1 CHy T.S8.2 CHy H T:8::3 CHy + CI’
Intermediate | Intermediate 2

(@) AG* for the first step is approximately 80 kJ/mol because the reaction takes place
slowly at room temperature. AG* values for the second and third steps are smaller
- perhaps 60 kJ/mol for Step 2, and 40 kJ/mol for Step 3. AG® is approximately
zero because Keq is close to 1.

(b)
£
= reactants products
Reaction progress ———
6.41
H. g H
?Hs CfHa_ U ?Ha H ?Ha
" f im
HSC'—'CI:'_I.'Q“ —_—— HSC—+C|) _— H3C—L'|:—+O\“_'> _— Hsc—r|:~o—H
CHy~  CH, HaC /H CH,
+ g Lo + Hg0"
Pe)
H™* " H
6.42 AG° = AH®° — TAS®
= —75 kJ/mol — (298 K) (0.054 kJ/K-mol)
= -75 kJ/mol — 16 kJ/mol
=-91 kJ/mol
The reaction is exothermic because AH® is negative, and it is exergonic because AG® is
negative.
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6.43
CHS&)::?\,_I bond formed
gy
e /
bond formed "{/_\2¢ !H ’ H\ /H -
7 ctc” > CHgOH + C=C + :Br
bond broken” T4 b L=t B
TN DIORER H  (:Bri bond broken H H

3

6.44 Each arrow represents either the formation of a bond or the breaking of a bond. The
numbers over the arrows identify the bonds broken and formed.

Tl " n
2 'wo: /-__1___ ‘ QO: - ]
Il ¥~ ™S:iNHg Stepl | Step 2
= —C_+ —_—
Hyc” cl H3C™ " >N,
_ Fo g
Acetyl chloride )
1
0 Pl ¥ .
Il 2 H *NHg Step 3 I N
S5 — C.o s + NH, ™ CI™
i AN 4
HaC NHy HaC NHa
o !éj:li Acetamide

Bonds formed

Bonds broken

Step 1: C-N (1) C-0(2)
Step 2: C-O (1) C-Cl(2)
Step 3: N-H (1) N-H (2)
8/9/2023 16



OpenStax Organic Chemistry: A Tenth Edition Student Solutions Manual

6.45
CHg
/H
T A )
CHg isomeric H3C ﬁfH \
carbocation H %3 H
intermediate l s
CHs
HaC
Z N\ +
He on T FO
o-"Terpincol
Step 1:  Attack of the double bond 7 electrons on the carbocation to form the isomeric
carbocation.
Step 2:  Addition of water to the intermediate carbocation.
Step 3:  Deprotonation.
6.46
@ HaG H,C
+ HI - H.I
/NG o an '
H l _'/H__\ P! E— R + COE
o | Pl g /CHS
G a: C
£ : |
HO CHj OH
(b)
o
HaC | OPO42~ CHg
+ PO3T
\_) e H-C
.. + 002
0" 4 0O: oPP OPP
a
(©) 2 03POCH 2705POCH, CHg

-

= e Ty Cy

M -
H OH .
+ HBase
CHg
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ot s G
CHSC:CHE + HBr —— CHa(l:CHEBI" + CHS?CHS
H Br
2-Methylpropene [-Bromo-2-methylpropane  2-Bromo-2-methylpropane
(I3H3 (]“,H3 ?HB
CHC=CH, + HBr —> CH3(|3—(EH2 + CH3C —CHs,
+
H

The second carbocation is more stable because more alkyl substituents are bonded to the
positively charged carbon.
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