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; i th because each carbon-
. - en bonds in the carbonate ion should be the same leng ¢
Solutions to Problems & ‘:i;iti%aégg?si?gesented in one resonance contributor with a double bond and in two resonance
k-4
. . . . i ith single bonds.
1. a. 1. If stereoisomers are not included, 3 different monosubstituted compounds can be formeq, contributors with sing
— O—
BrIC=CC=CCH,CH; HC=CC=CCHCH; HC=CC=CCH,CH,Br i 1 l
1131‘ _O/C\O_ O¢ \O_ —-O/ \O
If stereoisomers are included, 4 different monosubstituted compounds can be formed because g h
second listed compound has an asymmetric center. : b. Because the two negative charges are shared equally by three oxygens, each oxygen should have two
. . . . ) thirds of a negative charge.
2. If stereoisomers are not included, 2 different monosubstituted compounds can be formed,
= — a. 2,4, and7
BrCH:CHC:CCH=CH2 Csz(lZC:CCH‘:CHz
+ + — (=
Br 2 CH;CH=CH— CH:@— CH, - CH3CH— CH=CH—CH==CH,
If stereoisomers are included, 3 different monosubstituted compounds can be formed becauss thy \ /
first compound has a double bond that can have cis~trans isomers. Sung SN+
CH;CHZ=CH— CH—CH==CH,
b. 1. 5 2. 5 e. 1.7 2. 10

2.

Ladenburg benzene is a better proposal. It would form 1 monosubstituted com
compounds, and would not add Bry,

of benzene.

H Br Br Br H Br H Br :
H H H H
H H H H H Br H H
H H H Br
Dewar benzene is not in accordance with what early chemists knew about the structure of benzene,
because it would form 2 monosubstituted compounds, 6 disubstituted compounds, and it would add Bry.

pound, 3 disubstituted
all in accordance with what early chemists knew about the struc
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The resonance contributor that makes the greatest contribu.tion to the hybrid is lgbel;lzd A}.} -
“B” contributes less to the hybrid than “A”, and “C” contributes less to the hybrid than .

a. Solved in the text.

O_ .
I I o (ﬁ N |+ A is more stable than B because, unlike B, A does
? B B b. CH;—C—0CH; CH;—C=0CHj; not have separated charges.
r r r A B
_P A is more stable than B because thp negative
Bl‘ Br ¢ (0] o charge in A is on an O, while that is B isonaless
“ electronegative C.
Br - -
) i ; Y, B is more stable than C because the
* 8 ~ o- electronegative oxygen atom is closer to the
Br ° =0 postive charge in C.
C is so unstable that it can be neglected.
Br

:
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*OH OH
N N [

e ci— D imen A A is more stable than B because th‘
3 CH;—C=NHCH; Positive charge in A is on a less -

B .
A electronegative atom.

£ TN
f.  CH,CH-CH=CHcH, CH;CH=CH— CHCH,
equally stable
&8s 54
6. a. CHg(I:mCH=CHCH3 c e ¥ 01
s
CH3 CH3 -—C ::NHCH:;
5 ? a
b, CHy—Ceng e °
CH;—C===0CH, d. . CH3CH:CH=+HCH3
CH, ¢n,

N .
CH3CH2C o CH2 —~——— CH3CH2C — CH2

.
CHyCH,CHZ cR CHy ~— CH3CH,CH— CH=CH,

more stable because the positive charge is shared by a primary and a secondary carbon
O o
S s ,
. CH3C-*CH= CH; =~ CH;C=CH— CH,
0 (On
ol | :
3C~~CH== CHCH3 —— CH;C==CH— CHCH;
more stable because the positive charge is on a secondary carbon
(,)_
€. CH3CH—CH= CH,
Qﬁ? o]
e’ [
CH;C=CHCH; =~ CH3C—CHCH;

more stable because only in this compound is the negative charge delocalized
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ond species has the greatest delocalization energy; it has three resonance contributors and none of
have separated charges. (See the answer to Problem 3.)

first species has two resonance contributors and none of them have separated charges.

third species has two resonance contributors, one of which has separated charges.

maller the heat of hydrogenation (the absolute value of AH®), the more stable the compound.
ofore, the relative stabilities of the dienes are:
conjugated diene > isolated diene > cumulated diene

N
CHCH,CH=CH; < CH3CH==CHCH~CH, < CH3CH==CHCH==CHCHj, < CH;3C==CHCH=CCH;,4
4-pentadiene 1,3-pentadiene 2,4-hexadiene 2,5-dimethyl-2,4-hexadiene

ompound with delocalized electrons is more stable than the compound in which all the electrons
Jlocalized.

+ +
CHCH; CHCH, CHCH,

' electrons are delocalized electrons are localized
Because nitrogen is less electronegative than oxygen, it is better able to share the positive charge.

e + o + -+
CH;0-CH, ~—— CH;O=CH, CHNH™CH, ~— CH,NH=CH,

more stable

In order for electron delocalization to occur, the atoms that share the electrons must be in the same
plane. The two fert-butyl groups prevent the positively charged carbon and the benzene ring from
being in the same plane. Therefore, the carbocation cannot be stabilized by electron delocalization.

O~ CH

more stable

e I{I3 molecular orbital of 1,3-butadiene has 3 nodes (two vertical and one horizontal).
The v, molecular orbital of 1,3-butadiene has 4 nodes (three vertical and one horizontal).

Vy.and y, are bonding molecular orbitals, and Y3 and Y are antibonding molecular orbitals.

¥y and y are symmetric molecular orbitals, and ¥, and Yy are antisymmetric molecular orbitals.
_ Vs is the HOMO and sy is the LUMO in the ground state.

Y3 is the HOMO and Yy is the LUMO in the excited state.

If the HOMO is symmetric, the LUMO is antisymmetric and vice versa.
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Solved in the text.

14. a. ¥}, ¥, and Y, are bonding molecular orbitals, and y, ws, and Vs are antibonding molecular

| i i i se it will make the conjugate base weaker).
orbitals. . . . . Electron withdrawal will make it a stronger acid (becagt e e seomaet
b. ¥, y;, and Y5 are symmetric molecular orbitals, and W2, Wy, and g are antisymmetric molecy F oetton donation will make it a weaker acid (because i
orbitals.

€.y is the HOMO and ¥y is the LUMO in the ground state.

K. values show that the methoxy substituted acid is a weaker acid (it has a larger pKj, value).
d. g is the HOMO and ys is the LUMO in the excited state. The pKa

(118) Wi kll()W llat esonance electro d()lla .0 i (0] i i Ctive electro:
‘ f e € t Ies: e 1 11 fion 1S a more lmportant effect than lﬂdu l T
T ]

Th
e. If the HOMO is symmetric, the LUMO is antisymmetric and vice versa. withdrawal. | 2-hydride
. y o . 5 oo shif CHCH,CH,
15. a. The y; molecular orbital of 1,3-butadiene has 3 bonding interactions and the ¥, molecular orb CH,CH=CH, CH,CHCH;
2 bonding interactions.
b. The y; molecular orbital of 1,3,5,7-octatetraene has 7 bonding interactions and the W5 molecy] Br~
orbital has 6 bonding interactions. ‘
Notice that the yy molecular orbital has one bonding interaction between each of the overlappin CHCH,CH;
orbitals. Notice also that as the energy of the molecular orbital increases, the number of bonding |
interactions decreases. Br

16. In each case, the compound shown is the stronger acid because the negative charge that results whe
loses a proton can be delocalized. Electron delocalization is not possible for the other compound in e;
pair.

a. Solved in the text.
; b. The contributing resonance structures show that there are two sites that could be protonated.
A CHCH=CHOH — H" + CH;CH=CHO™ - . CH;CHCH=0

site of protonation

Il | f
b CHRCTOR =" + CHETOT CHe=0 site of protonation

== + = T e——— C = CHj; . .
¢ CH3CH==CHOH — H* + CH,;CH=CHO CH;CHCH=0 The more reactive double bond is the one that forms a tertiary
* = + a. CH== CHCHZCH2CH2C13CH3 carbocation.
d. CH;CH=CHNH; —» H* + CH;CH=CHNH, -« CH,CHCH=NH, ' B
17, a. Ethylamine is a stronger base because when the lone pair on the nitrogen in aniline is protonated, i a CH,Cl
can no longer be delocalized into the benzene ring. ~ b. CHy |

: +
b. Ethoxide ion is a stronger base because a negatively charged oxygen is a stronger base than a neutr: Gy H' /C \CHZCHZCECH
HC=CCHCHy ™ N a

nitrogen. C bond i e reactive than
S . . R he double bond is mor
¢. Ethoxide ion is a stronger base because when the phenolate ion is protonated, the pair of electrons S ;1;1 eetriple bond. The reaction forms a
that is protonated can no longer be delocalized into the benzene ring. or pew asymmetric center so a pair of
. ~ = iomers is formed.
18. The carboxylic acid is the most acidic because its conjugate base has greater resonance stabilization than CH,CH,C=CH CHyCH,CH=C enantiom
does the conjugate base of phenol. The alcohol is the least stable because, unlike the negative change o H
. . . ; ‘ H cl + Cl
the conjugate base of phenol, the negative change on its oxygen atom cannot be delocalized.
CH,(Cl
0 CH,CI i 2
Il s
C—OH > OH > CH,0H
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CH;

| CH;CH; CH,CH,
. Cl The mi i i %
ore reactive double bond is the one that forms a tertiary carboca BrH 5/
arboc Br
CIZHCHZCH_o,
24, The indicated double b i ive i
clectrophie ek glnd is the most reactive in an electrophilic addition reaction because add; i
ouble bond forms the most stable carbocation (a tertiary allylic carbocatis ) produet R
on
U CH, CH3 CHs
| J a . Br Br H—Br H—=—Bc  Br——H
“ product (iIHz $H2 ?Hz
’ CH, CH, CH,
25 a. CH3;CH=CH e T S
. 5 3 = —CH==
CHCH; CH; CHs et

1 Cly

R
Cl) Cl
CH;CH—CH~*~CH==CHCH; = CH,;CH— CH= CH—CHCH,

lcr lc}-

Ci Cl

CH,=CH—CH=CH— CH=CH, CH3—?H—‘ CH=CH—CH=CH,

Br
CH3—CH=CH— CI:H_ CH==CH,
Br

Cl1C

CH3CHCHCH==CHCH, + CH;—CH=CH— CH:CH—(iZHz

j t
CH3;CHCH==CHCHCH,
Br
1,2- addition product 1,4- addition product

a. The proton adds so that the positive charge in the carbocation is shared by a tertiary and a
secondary carbon.

Br

Br

|
b. CH3CH2(]3~—(,Z~:CHCH3 + CH3CH2?:CCIZHCH3
I

CH, CH, CH;CH=CH—C=CH, -2, CH3CH=—((§‘—~E=CH3 ~—— CH,CH—CH=C—CHj
CH3 CH3 Cl:H?, ([:HS (I:H3
1, 2-addition product 1, 4-addition product Br Br
Br Br
“ + CH;CH= CH—é—CH3 CH;CH— CH==C—CHj
Br Br Br CllH3 Blr (13H3

1, 2-addition product
1, 4-addition product
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b. The proton adds so that the positive charge in the carbocation is shared by a tertiary and 4 Solved in the text.
secondary carbon,

CH CH, CH,
HBr @/ +
+

Cl

HCI !
b. CH;CH=CH—C=CH, —- CH3CH=CH*—(]2—CH3 + CH;CH—CH=C—CH,
|

CH; CH; Cl CH;
Br- Br- kinetic product thermodynamic product
CH; CHj CH; Ci CH;
Br HCI @CHg - Q/
kinetic product
Br Cl

¢. The proton adds so that the positive charge in the carbocation is shared by a tertiary and a thermodynamic product

secondary carbon.

Ty HB N+ + =
CH;CH==CH CIZ——CHCH3 _HBr CH3CH——CH—’C~—CH2CH3 ~— CHyCH—CH=C— (g CH==CHCH, CH=CHCH; CH‘“([:HCH3
CH; CH; CH, = “ * “
Br™ Br~ L
. kinetic product thermodynamic product
T

Notice that the 1,2-product is always the kinetic product.
The thermodynamic product is the product with the most substituted double bond

l
CH;CH= CH*(IZ—CHZCH3 CH3(,2H-— CH=C—CH
f

CH,

29 Additi ) ) ‘ In order for a Diels-Alder reaction to occer, the overlapping orbitals of the reactants must have the same

. a. 1téon a;l C'l. forms the more stable carbocation, becal}s_e the positive charge is shared by two color (the same symmetry). In other words, they must both be symmetric or both be antisymmetric. In a
secondary allylic carbons. If it had added to C-4, the positive charge would have been shared by [2+2] cycloaddition reaction at room temperature (in the ground state electronic configuration), the

HOMO of one of the reactants will be symmetric and the LUMO of the other will be antisymmetric (see

Figure 7.11 on p. 328 of the text). Thus, they will not have the same s etry and the reaction will not

b. DCI was used to cause the 1,2- and 1,4-products to be different. If HCI had been used the 1,2-an oc%x. ’ ) ’ e

products would have been the same.

In contrast, a [2+2] cycloaddition reaction does occur under photochemical conditions. Under

30. a. The rate-determining step is f . . photochemical conditions one of the alkenes will be in an excited state. Therefore, its HOMO will be
. Tung step 1s formation of the carbocation antisymmetric and will be able to overlap with the antisymmetric LUMO of the other alkene.

b. The product-determining step is reaction of the carbocation with the nucleophile.
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33.

34.

3s.

36.

37.

38.

Chapter 7
0}
o
a. CCH; ¢ HiC
ﬁCH3 H;C
0
b. d. H3C CH3 O
C/éN
H3C CH3 (o]

First draw the resonance contributors to determine where the ch
product is obtained by joining the negatively charged carbon of th

carbon of the dienophile.

< - }
CH3® p CHBQ .
‘—*——'-d.
iene
AN N
CH30
+
l\ dienophile K
I CH
d T
* b.
CH; N N
c? cZ
+
H;C

a and d will not react, because they are both locked in an s-trans conformation.
¢ and e will react, because they are both locked in an s-cis conformation.
b and f will react, because they can rotate into an s-cis conformation.

Solved in the text.

a. Itis not optically active because it is a meso compound.
(It has 2 asymmetric centers and a plane of symmetry.)
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Cl

Cl

p. Itis not optically active because it is a rapemic mn?tm;je.
: (Identical amounts of the enantiomers will be obtained.)

cl cl
+
ey a
I i
N
H c? %OCH} ~ Ao
~N C
= C c + C €. + H
arges are on the reactants. The majo N ~ H CH
e diene with the positively charge H H COCH, (”)
I
O
O
7 EOH
H H\ e
Because the reaction = c o @ . [+ ﬁ
asymmetric cénter, th b. - O + l(]:l ) S * S C
; e N
%‘H will be a racemic. mix H Hoﬁ H
o) O
a, b, d, e i, mn
N a. and b.
P N + T { =N
c? H,C 1. CH,—N=N: CHy==N==N:

More stable, because the
negative charge is on nitrogen
rather than on carbon.

R +
IN=N=0:

+ e
2. ‘:—':N——Q:
More stable, because the

negative charge is on oxygen
rather than on nitrogen.

3. T0—N=0: :0=N—
Both are equally stable.

ies,
Additional resonance structures could be drawn for éach of lthese t{l;tee speci
but they are relatively unstable because each has an incomplete octet.
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CH=CH,
42, a. Br
CH,
43,

Chapter 7 217
different compounds d. resonance contributors
b, different compounds e. different compounds
.’ ‘resonance contributors
Notice that in the structures that are
Ui locations. In contrast, in structures t
+ = \
+ \ a.
b + \ \
A\
+ \
O — MO
& *
+

different compounds, both atoms and electrons have changed their
There are six linear dienes with molecular formula CgHyg .
p. Two are conjugated dienes.

hat are resonance contributors, only the electrons have moved.

44,

CH,==CHCH==CHCH,CHj
CH;CH=CHCH==CHCHj,4
¢. Two are isolated dienes. CH, ==CHCH,CH=CHCH,
E CH,==CHCH,CH,CH=CH,
— \ : ‘ There are also two cumulated dienes CH,=C=CHCH,CH,CHj,3
CH;CH=C==CHCH,CH;
[0 A
1. CH3CH=CH—%CH3
* \ major
C. m * W
e /\1/\/
- +
d. N
AN

- +
C1

minor
©/ CHzNH2 ©/ CHQNH2
Cl
OH

HO

Ci

| | &
Cl
Cl

T il
C X C
(j CH, U ~cH,
al
“OH
HO

the two resonance contributors have the same stability

major
HO"™"

C,b b 0
c i “
CH; ) CH,
+ +
minor minor
+ //O +/ 0
: 4. CH3 —N R CH3 —N
‘ AN
: O-
CI Cl
OH O

minor
AN

0]

CHj
the two resonance contributors have the same stability

O\\“"
fast
w

major

minor

o

- + //O 0
CH;CH—N «~—= CHj

N

_ +
CH—N

4

minor

o
6]

+

+/
<~ CH;CH=N
AN
minor

major o
+
—— CH,CHCH =CH,

major
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O-0-0-0-0

The five contributors are equally stable

o) o

Il
8. CH;CH,C—OCH,CH; CH3CH2é=(+)CH2CH3

major minor

. +
9. CH;CH=CHCH=CHCH,  CHyCHCH=CHCH=CH,

minor j
major
+ / a.
CH;CH==CHCH=CH,
minor (isolated double bonds)
o
10. TH Cll !
. b OCH2CH3 e CH2=COCH2CH3
minor major }
11. CH;CHC=N +—+ CH,;CH=C=N-
minor major
OCH; ~ (+)CH 5 5
) b.
m . . )
ajor minor minor minor majo
r
| 7
13. HCNHCH; ~— HC=FIHCH3
major minor
? O (o
14. HCCH=CHC I l )
. CH; =— HCCHCH=CH, ~— HC=CHCH==CH.
minor minor major i
o} 0} o o

| 1
“—> CH3C—CH= CCH,
major

I Il
15. CH3C—' CH“CCH:;

| [
minor CH,C=CH—CCHj

major
b. 2,4and7
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. Both compounds form the same product when they are hydrogenated, so the difference in heats of

hydrogenation will depend only on
has cumulated double bonds and 1,4-pentadiene has isolated double bonds, 1,2-pentadiene is less stable

and, therefore, will have a greater heat of hydrogenation (a more negative AH®).

the difference in the stabilities of the reactants.Because 1,2-pentadiene

H

CH,= C=CHCH,CH; —_-»P;C CH,CH,CH,CH,CH;
1,2-pentadiene
H
CH,=CHCH,CH==CH, 2, CH,CH,CH,CH,CH
e 3CHyCHoCHL U,
1,4-pentadiene
+ CH, on This makes the greater
CH,;CHCH=CH, b. |, This makes the greater contribution because the

negative charge is on an
oxygen.

contribution because the
positive charge is on
a tertiary carbon.

This makes the greater
contribution because the
positive charge is on a
secondary carbon.

The resonance contributors show that the carbonyl oxygen has the greater electron density.

carbonyl
oxygen
(6: 167
[ .
The compound on the right has the greater electron density on its nitrogen because the compound on
the left has a resonance contributor with a positive charge on the nitrogen.

3= .

N
H

The compound with the cyclohexane ring has the greater electron density on its oxygen because the
lone pair on the nitrogen can be delocalized onto the oxygen.

There is less delocalization onto oxygen by the lone pair in the compound with the benzene ring
because the lone pair can also be delocalized away from the oxygen into the benzene ring.

o
s
e NH==CCHj3
(0] (0] o
s |l | s
—NHCCH; ~— NHCCH; =— NH=CCH;

I
NHCCH;
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51. The methyl group on benzene can lose a proton easier than the methyl group on cyclohexane b
electrons left behind on the carbon in the former can be delocalized into the benzene ring
In contrast, the electrons left behind in the other compound are localized on the carbon I
HCCH,0~
e -
CH, CH,
I I
. . . CH- CCHCH2CCH3
52. The carbocation is stable because the positive charge is shared by 10 carbon atoms (the central car, Y e
3 carbons of each of the 3 benzene rings). .
. O
53 0 of _
: L o .. CH,CHCH,CCH,
CH;CH,0—C=CH—C=N: CH;CH,0—C—CH=C=}+
0O
#1 most stable because the #2 because the negative charge
negative charge js on oxygen is on nitrogen
N-
u i
CHCH0—C—CH—Cc=N: CH3CH2(§=C-QH-CEN:
#3 }_yecause the negative charge #4 the least stable because the negative charge
1s on carbon is on carbon and it has Separated charges
54, T i

N

first compound can be delocalized H

nd compound can be delocalized
compound cannot be delocalized.

onto two other carbons: the
onto one other carbon; the

¢}

55. a. CH;CO- the negative charge is shared by 2 oxygens

o)

1
b.  cHyCencen,

the negative charge is shared by a carbon and 2 oxygens P9

ol
 CHyCCH,CCH; >
0

n !
C. CH3CH2(;HCCH3

the negative charge is shared by a carbon and an oxygen

H

+

/\ D @ ‘"*_’""_;/ \g:'“’ \6\

I
CH;CCH,CH,CCH; >
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The stronger base is the less stable base of each pair in Problem 55.

Less stable because the negative charge cannot be delocalized.

Less stable because the negative charge can be delocalized onto only one
carbonyl oxygen.

Less stable because the negative charge cannot be delocalized.

Less stable because the negative charge can be delocalized onto only one
carbonyl oxygen.

The resonance contributors of pyrrole are more stable because the positive charge is on nitro.g‘en. In furan,
the positive charge is on oxygen which, being more electronegative, is less stable with a positive charge.

|

|

A is the most acidic because the electrons left behind when the proton is removed can be deloc;lized onto
two oxygen atoms. B is the next most acidic because the electrons left behind when the proton is removed

_ can be delocalized onto one oxygen atom. C is the least acidic because the electrons left behind when the
proton is removed cannot be delocalized.

(I) i I
| CH;CCH,CH,CH,CCH,

B C

¥, ¥, ¥, and Yy are bonding molecular orbitals; s, i, iy, and Yy are antibonding molecular

¥1> ¥3, ¥5 and 5 are symmetric molecular orbitals: Y2, Wa, W, and g are antisymmetric molecular

0O It has 8 molecular orbitals.
orbitals.
d. N~ the negative charge is shared by a nitrogen and 2 oxygens
orbitals.
0]

¥4 is the HOMO and s is the LUMO in the ground state.
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60.

61.

Chapter 7
Chapter 7
0 O
e. s is the HOMO and g is the LUMO in the excited state.
f. The HOMO is symmetric, the LUMO is antisymmetric and vice versa. d. + _—
g. It has 7 nodes between the nuclei. It also has one node that passes through the nuclei.
The reaction of 1,3-cyclohexadiene with Bry forms 3,4-dibromocyclohexene as the 1,2-addition produ 0 ©
and 3,6-dibromocyclohexene as the 1,4-addition product. (Recall that in naming the compounds, the' OH
double bond is at the 1,2-position.) The reaction of 1,3-cyclobexadiene with HBr forms 3-
bromocyclohexene as both the 1,2-addition product and the 1,4-addition product. - 1o
a. L + BI‘2 2
Br
Br Br
Br
Br, CHg3 Br CHj
ya ’
Br or
3,4-dibromocyclohexane 3,6-dibromocyclohexane 2. + HBr
1,2-addition product 1,4-addition product
CH2 Br CH3
1,3-cyclohexadiene
Br + HBr ———
. HBr ©/

3-bromocyclohexane

1,2-addition product 3 H,S04 or

1,4-addition product . +  HO — -

CH, HO CHj
O
a I | CH, CH;
~# + CHCCH; — CCHy
| H,S0,
N CH, + H,0 ————

CHs HO CH,

CHj HO_ CH,
b. 1. 2. 3.
HO
Br Br CH,

a. CH,=CHCH=CHCH=CH, —2'. CH3(]3HCH=CHCH=CH2 +

b CHCO,CH; CO,CH;
' + _—
CH,
CH,
“ ~ ” 1,3,5-hexatriene Br A
+ CHﬁCH3 —
\ O I

CH3;CH=—CHCHCH=CH,; + CH3;CH=CHCH==CHCH;Br
B g C

223
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64.
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. . . . . . . .. CH CH3 CH3
b. A will predominate if the reaction is under kinetic control because it is the 1,2-product and ther 3
will be the product formed most rapidly as a result of the proximity effect. In addition, A will b

l

+ +

CH,=C~—CH=CCH; -~ CHyCCH=CCH; ~—» CHsC==CHCCH;
1,2-product regardless of which end of the conjugate system reacts with the electrophile. ] | |

CH, CH;, ~ CH;

Cl CH;

¢.  C will predominate if the reaction is under thermodynamic control because it is the most stable ¢
(It is the most substituted conjugated diene.)

l I
The diene is the nucleophile, and the dienophile is the electrophile in a Diels-Alder reaction. CH3$CH* CCHy
CHs

This is the only product because
the carbocation is symmetrical.

a

.

An electron-donating substituent in the diene would increase the rate of the reaction, because glé .
donation would increase its nucleophilicity.

b. An electron-donating substituent in the dienophile would decrease the rate of the reaction, becat

electron donation would decrease its electrophilicity. and d.

¢. An electron-withdrawing substituent in the diene would decrease the rate of the reaction, becaus
electron withdrawal would decrease its nucleophilicity.

CH; CH; CHj; ~
| o + + OH O
CHZZCIJ‘-CZCHCH3 — CH3(II—~C=CHCH3 -~ CH3’C=C—CHCH3
CH; CHj CH;
lcr lcr i >
Progess of the reaction
Cl CH CH. . P
3 3 :OH +0H +OH :0H
CH3({Z*— C==CHCH; CH3(’Z= C— (’3HCH3
CH; CH; Cl . ] —
kinetic product thermodynamic product

b. Addition of an electrophile to C-1 forms a carbocation with two resonance contributors; both are
tertiary allylic carbocations, ,
Addition of an electrophile to C-4 forms a carbocation with two resonance contributors, a secol
allylic carbocation and a primary allylic carbocation.

Therefore, addition to C-1 results in formation of the more stable carbocation.
Only one product is formed, because the carbocation is symmetrical.

O: O: 0O

__ﬁ@ O

d. The resonance contributors in "¢" are more stable than the resonance contributors in "'b" because in
_ "b"a positive charge is on the most electronegative atom (the oxygen).
Therefore, the phenolate ion has greater resonance stabilization than phenol.
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Because the reaction creates an asymmetric center

Thus, as i ; .
, as shown in the energy diagram, the difference in energy between the phenolate

on

in the product, the product will be a racemic mixture

Cyclohe i i i ar i i y &
XOdee onis 24 eater than the dlffefence m energ between phenOI and C C].Ohex : 1
ano

e. Because of the greater resonanc ilizati
e stabil i
bre o ct;, cater reson tlization of the phenolate ion compared to phenol, phe; - \_/
f. Because it has a larger K (a lower pKy), phenol is a stronger acid. I
67. I
/

Because the reaction creates an
asymmetric center, the product
will be a racemic mixture

Even though both reacts are unsymmetrically
substituted, the reactants will be aligned primarily
_in one way, because of the relatively stable tertiary
penzylic cation and delocalization of the & electrons

Free Energy

NH;3
_ of the dieneophile onto the oxygen.

+

NH; _

p— _ A
Progess of the reaction
NH +
3 NH;
The products will be aligned primarily as shown Because the reaction creates an
asymmetric center, the product

Because in the diene, a tertiary allylic carbocation is
more stable than a secondary allylic carbocation. In
the dienophile, a primary carbanion is more stable
than a primary carbocation would be.

will be a racemic mixture

The first pair is the preferred set of reagents because it has the more nucleophilic diene and the more

:NH, H + .
2 NH, N
2 :NH,
c. = electrophilic dienophile.
" T I 0
e CCH H CCH
- Aniline has greater resonance stabilization th Tinium i . + C or +
difference in energy between aniline and lan fhe anilinium ion. Thus in the energy diagram, th Il C P
cyclohexylamine is greater than the difference in energy % H
s

between the anilinium ion and the cyclohexylammonium ion ;
_ ADiels-Alder reaction is a reaction between a nucleophilic diene and an electrophilic dienophile.

€. Because Of ﬂle reater resonance tab]]l ation ()1 1 {s] ] 0] u
g S zatr an hn Compar d t the anlhnlum on. the anﬂ
) 1y

. K . . 1 W 18 MOr clive
ion has a larger than the Cj'CtheX]'[ammOnlllm ion :The C( )]lll)ound Shown be 8) ore rea

increases the electrophilicity of the dienophile.
(): (o
I I

.
CH,SCH>-CH ~— CH,—CH=CH

f. Becausei
se it has a larger Kj (a lower pKj), the anilinium jon is a stronger acid than the

[ ycl()hexylalll“l()] 1um ion. I hE:I efOIe, C)yCthCX ylamlne iIsa Stronger base than alllhﬂe. (I he Sﬂonget
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. . CH,Br
b.  The compound shown below is more reactive, because electron delocalization increases the i

nucleophilicity of the diene.

N\ [P 27 =
CH,=CH—CH=CH-~0CH; <~ CH,=CH—CH=CH—OCH,

H
. Vi "
H —

m Sine of the compounds are shown below. Since each has one asymmetric center, each can have either the
" \c/ " c or the S configuration. Therefore, 18 different products can be obtained.
™ - I < (l: 1,3-Butadiene is The 3,4-bond of The 1,2-bond of .
i AN * Il the electrophile.  2-methyl-1,3-butadiene 2-methyl-1,3-butadiene
" ﬁCH3 c is the electrophile. is the electrophile.
0 & o
U —_
N CH=CH, C==CH, CH==CH,
; 1 3-Butadiene is CH,
Ci a o . the nucleophile.
b. \C/ d.
s I @ + o cy
N o
" " 0 HsC CH=CH, HC C==CH, H5C CH=CH,
| CH
2-Methyl-1,3-butadiene 3
Br Br is the nucleophile.
(the 1-position is on top)
73.  a. @/\ Br, AN " CH,Br
+ +
B CH;
! Br 2-Methyl-1,3-butadiene e
A B C is the nucleophile. CH=CH, C=CH, =CH,
(the 4-position is on top) cH,
b. A has two asymmetric centers but only two stereoisomers are obtained because addition of Br, ¢ :
occur only in an anti fashion, HC HsC CHg
Br Br The rate-limiting step of the reaction is the formation of the carbocation intermediate. 2-Me.thy.l-1,3-
pentadiene (with conjugated double bonds) is more stable than 2-meth.y1~1,4-pentad1ene (with isolated
+ \ double bonds). 2-Methyl-1,3-pentadiene forms a more stable carbocation than does 2-methyl-1,4-
Br “Br pentadiene. | N
Since the more stable reactant forms the more stable carbocation, the relative free energies of activation of

B has four stereoisomers because it has an asymmetric center and a double bond that can be in eithe

-limiti ions depend on whether the difference in the stabilities of the
the £ or Z configuration. the rate-limiting steps of the two reactions dep

reactants is greater or less than the difference in the stabilities of the transition states (which depend on
the difference in stabilities of the carbocations). Because the difference in the stabilities of t}.w reactants is
less than the difference in the stabilities of the transition states, the rate of reaction of HBr with 2-methyl-
1,3-pentadiene is the faster reaction. (If the difference in the stabilities of the reactants had been greater
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than the difference in the stabilities of the transition states, the rate of reaction of HBr with 2-methy:

pentadiene would have been the faster reaction.)

CH;, CH;, CH,

H+
CHy;==CCH=CHCH; — CH39CH=CHCH3
2-methyl-1,3-pentadiene

CHyC= CHgHCH3

Br~ Br~

CHs CH;

l
CH3(l:CH= CHCH; CH3C:CH(I:‘HCH3

Br Br
4-bromo-4-methyl-2-pentene 4-bromo-2-methyl-2-pentene

CH; CH, CHj,

H* | Br- |
CHy=CCH,CH== CH, — CH3§CH2CH= CH, — CH3(IZCH2CH= CH,
2-methyl-1,4-pentadiene Br
4-bromo-4-methyl-1-pentene

4-bromo-4 methyl-1-pentene
4-bromo-4-methyl-2-pentene

Free Energy

2-methyl-1,4-pentadiene

2-methyl-1,3-pentadiene

4-bromo-2-methyl-2-pentene

R
Progress of the Reaction

76.
cyclopentadiene in a Diels-Alder reaction.

6]
O
o endo
(0]

0
f/ Z ;/o
o)

€xo

His recrystallization was not successful. Because maleic anhydride is a dienophile, it reacts with
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High temperatures are required in order to break the bonds fo
The Diels-Alder product will not reform at high temperature,
cur;unless both of the reactants are in their ground states.

rmed by the overlapping in-phase orbitals.
s, because a [4+2] cycloaddition will not

We saw in Problem 76 that maleic anhydride reacts with cyclopentadiene. The function of maleic acid in

this reaction is to remove the cyclopentadiene, since removal of a product drives the equilibrium toward
roducts. (See Le Chételier's principle on page 144 of the text.)

The bridgehead carbon cannot have the 120°

bond angle required for the sp? hybridized carbon of a
double bond. With a 120° bond angle, the co

mpound would be too strained to exist.

. Unless the reaction is being carried out under kinetic
dependent on the rate at which the product is formed,
will not tell you which product was formed faster.

control, the amount of product obtained is not
50 the relative amounts of products obtained

In 2 thermodynamically controlled reaction
stabilites of the products since the
that is obtained does not reflect th
kinetically controlled.

, the product distribution depends on the realative
products come to equilibrium. Thus if the distribution of products
e relative stabilities of the products, the reaction must have been

HClI

CH;
3-chloro-3-methyleyclohexene

If he follows his friend”
will be 3-chloro-1-methylcyclohexene only if the

CH, CH,

AN
HCI

Cl

3-chloro-1-methylcyclohexene 3-chloro-3-methylcyclohexene




