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Chapter 10: Alkenes

¢ General facts about alkenes

Alkenes contain a carbon—carbon double bond consisting of a stronger o bond and a weaker it bond.
Each carbon is sp® hybridized and trigonal planar (10.1).
Alkenes are named using the suffix -ene (10.3).

Alkenes with different groups on each end of the double bond exist as a pair of diastereomers,
identified by the prefixes £ and Z (10.3B).

Two higher priority groups on Two higher priority groups on
opposite sides the same side
»CHS /CH3 »CHS /CH20H3 ~—

c=cC c=cC
/ \ / \
H CH,CH3 e H CHs
E isomer Zisomer
(2E)-3-methyl-2-pentene (22)-3-methyl-2-pentene

Alkenes have weak intermolecular forces, giving them low mp’s and bp’s, and making them water

insoluble. A cis alkene is more polar than a trans alkene, giving it a slightly higher boiling point
(10.4).

cis-2-butene trans-2-butene
more polar isomer — ‘C:C/ \‘C:C/ ~— less polar isomer
/ \ / \
H H H \CHs
a small net dipole no net dipole
higher bp lower bp

Since a & bond is electron rich and much weaker than a o bond, alkenes undergo addition reactions
with electrophiles (10.8).

¢ Stereochemistry of alkene addition reactions (10.8)

A reagent XY adds to a double bond in one of three different ways:
* Syn addition—X and Y add from the same side.
H—-BH, H  BH:

i B . .. : .
_c=cl — \\)C C‘,l Syn addition occurs in hydroboration.

* Anti addition—X and Y add from opposite sides.

X ; ) .. ) )
CLo—Cn Xz c_c” * Anti addition occurs in halogenation and
TN or \ . .

Xy, HoO 4 XoH) halohydrin formation.

* Both syn and anti addition occur when carbocations are intermediates.

_ H  X(OH) Ho o * Syn and anti addition occur in
"C=C H—X c—C d C_c/ .
TN and .~ mR hydrohalogenation and
or { DN ) .
H,0, H* hydration.
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¢ Addition reactions of alkenes

[1] Hydrohalogenation—Addition of HX (X = CI, Br, I) (10.9-10.11)

RCH=CH, + H-X — [ R—CH-CH, * The mechanism has two steps.
X H e Carbocations are formed as intermediates.
alkyl halide ¢ Carbocation rearrangements are possible.
* Markovnikov’s rule is followed. H bonds
to the less substituted C to form the more
stable carbocation.
* Syn and anti addition occur.

[2] Hydration and related reactions—Addition of H,O or ROH (10.12)

RCH=CH, + H—OH ———=[ R—CH-CH, For both reactions:
2o OH H * The mechanism has three steps.
alcohol e (Carbocations are formed as intermediates.

* (Carbocation rearrangements are possible.
* Markovnikov’s rule is followed. H bonds

RCH=CH, + H-OR R—CH-CH, to the less substituted C to form the more
H2S04 OR H stable carbocation.
ether * Syn and anti addition occur.

[3] Halogenation—Addition of X, (X = Cl or Br) (10.13-10.14)

* The mechanism has two steps.

* Bridged halonium ions are formed as
intermediates.

* No rearrangements occur.

* Anti addition occurs.

RCH=CH, + X—X

vicinal dihalide

[4] Halohydrin formation—Addition of OH and X (X = CI, Br) (10.15)

* The mechanism has three steps.

* Bridged halonium ions are formed as
intermediates.

* No rearrangements occur.

* X bonds to the less substituted C.

* Anti addition occurs.

* NBS in DMSO and H,O adds Br and OH
in the same fashion.

RCH=CH, + X—X R—CH-CH;
| |
OH X

halohydrin

H.O

[5] Hydroboration—oxidation—Addition of H,O (10.16)
RCH=GH, (1] BH3 or 9-BBN R—CH-CH, * Hydroboration has a one-step mechanism.
[2] HyO,, HO™ b OH * No rearrangements occur.
* OH bonds to the less substituted C.
* Syn addition of H,O results.

alcohol
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Chapter 10: Answers to Problems

10.1
Six alkenes of molecular formula CgH1(:

AR

trans cis
diastereomers

10.2 To determine the number of degrees of unsaturation:
[1] Calculate the maximum number of H’s (2n + 2).
[2] Subtract the actual number of H’s from the maximum number.

[3] Divide by two.

a. CoHy
[1] maximum numberof H's =2n+2=2(2) +2=6
[2] subtract actual from maximum=6-2=4
[3] divide by two = 4/2 = 2 degrees of unsaturation

b. CgHg
[1] maximum number of H's =2n+2=2(6) + 2 =14
[2] subtract actual from maximum =14-6=8
[3] divide by two = 8/2 = 4 degrees of unsaturation

C. CgH18
[11 maximum numberof H's=2n+2=2(8) +2 =18
[2] subtract actual from maximum =18-18=0
[3] divide by two = 0/2 = 0 degrees of unsaturation

10.3

d. C;HgO

Ignore the O.

[11 maximum numberof H's=2n+2=2(7) +2=16

[2] subtract actual from maximum =16-8=8

[3] divide by two = 8/2 = 4 degrees of unsaturation
e. C7H11Br

Because of Br, add one more H (11 + 1 H=12 H's).

[1] maximum numberof H's =2n+2=2(7) +2=16

[2] subtract actual from maximum =16 —-12=4

[3] divide by two = 4/2 = 2 degrees of unsaturation
f. CsHgN

Because of N, subtractone H (9 — 1 H=8 H's).

[1] maximum number of H's =2n+2=2(5) + 2=12

[2] subtract actual from maximum =12-8=4

[3] divide by two = 4/2 = 2 degrees of unsaturation

One possibility for CgH1:

PN

b. a compound that has 1 ring and 1 = bond

a. a compound that has 2 & bonds

g

10.4 To name an alkene:

[ D—

d. a compound with 1 triple bond \%\

c. a compound with 2 rings

[1] Find the longest chain that contains the double bond. Change the ending from -ane to -ene.
[2] Number the chain to give the double bond the lower number. The alkene is named by the first

number.
[3] Apply all other rules of nomenclature.

To name a cycloalkene:

[1] When a double bond is located in a ring, it is always located between C1 and C2. Omit the “1”
in the name. Change the ending from -ane to -ene.

[2] Number the ring clockwise or counterclockwise to give the first substituent the lower number.

[3] Apply all other rules of nomenclature.
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a. [1] CHy=CHCH(CH3)CH,CHz

5 C chain with double bond
pentene

b. [1] (CH3CH,),C=CHCH,CH,CH,

7 C chain with double bond
heptene

=

5 C chain with double bond
pentene

[1] ):?

5 C ring with a double bond
cyclopentene

gy

6 C ring with a double bond
cyclohexene

3-methyl
1 |
CHg
[2] CH25 CHCHCHZCHS

1-pentene

3
CHaCH, |
2] _C=CHCH,CH,CHj
CHyCH,
! 3-heptene
3-ethyl

2-ethﬂ
[2] )/i/h— 4-methyl
1—

1-pentene

—1
2] Q
4—>
A3

3,4-dimethyl

1-methyl

5- tert—bu>ty$©/

[3] 3-methyl-1-pentene

[3] 3-ethyl-3-heptene

[3] 2-ethyl-4-methyl-1-pentene

[3] 3,4-dimethylcyclopentene

[3] 5-tert-butyl-1-methylcyclohexene

10.5 Use the rules from Answer 10.4 to name the compounds. Enols are named to give the OH the lower
number. Compounds with two C=C’s are named with the suffix -adiene.

a. /\i\/\OH

6 C chain with double bond
hexene

] OH

X

8 C chain with double bond
octene

7 C chain with two double bonds
heptadiene

[2] P

1
2] |

5-ethyl T 6-methyl

~—0
N

A
va

(2]

T 2-methyl
6-methyl

[3] 4-ethyl-3-hexen-1-ol

[3] 5-ethyl-6-methyl-7-octen-4-ol

[3] 2,6-dimethyl-2,5-heptadiene
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10.6 To label an alkene as E or Z:
[1] Assign priorities to the two substituents on each end using the rules for R,S nomenclature.
[2] Assign E or Z depending on the location of the two higher priority groups.
* The E prefix is used when the two higher priority groups are on opposite sides.
* The Z prefix is used when the two higher priority groups are on the same side of the double
bond.

a. C
H/ \Br ~— higher priority
Two higher priority groups are
on opposite sides: E isomer.

higher priority— CH; /CI
cC higher priority — oo,

c. ~—higher priority

higher priority — C¢Hs 9]
H higher priority
i jority — CH;CH CH,CH;~——higher priorit
bhlgher priority 3 %C C/ 2CHg gher p y kavain
H/ \CH3 In both double bonds, the two higher priority groups are on opposite

Two higher priority groups are sides: E isomers.

on the same side: Zisomer.

10.7 To name an alkene: First follow the rules from Answer 10.4. Then, when necessary, assign an £
or Z prefix based on priority, as in 10.6.

2-hexene
CH, /CHQCHZCHs higher priority —~CH, /CHQCH2CH3
a. [1] /\C:C\ 2] /\C=C\ [3] (2E)-3-bromo-2-hexene
H Br Ealkene H I?h— higher priority
6 C chain with double bond
hexene 3-bromo
3-decene

C|:H3<— 9,9-dimethyl
CH3CH, CH,CH,CH,CH,C(CHg); higher priority —CH,CH, /CHZCHchZCHZCCHS ~— higher priority
\ \ |
b. [1] /C:C\ 2] c=C CHz~—9,9-dimethyl

/ \
H  CH,CH
H CHzCH, Z alkene pre

10 G chain with double bond d-ethyl  [3] (32)-4-ethyl-9,9-dimethyl-3-decene
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10.8 To work backwards from a name to a structure:
[1] Find the parent name and functional group and draw, remembering that the double bond is
between C1 and C2 for cycloalkenes.
[2] Add the substituents to the appropriate carbons.
(12)-2-bromo-1-iodo-1-hexene The double bond is

a. (32)-4-ethyl-3-heptene The higher priority groups are c. -2-
T on the same side = Z. between C1 and C2.
T ‘ Br
_ ~— 4-ethyl
The double bond is The higher priority groups are
on the same side =

between C3 and C4.

b. (2E)-3,5,6-trimethyl-2-octene The double bond is
between 02 and C3.

8 carbons
| W |

The higher priority groups |
are on opposite sides = E. \3 5,6-trimethyl

10.9 Draw all of the stereoisomers and then use the rules from Answer 10.6 to name each diene

E Z
(2E,42)-2,4-hexadiene

—\

N

E E

(2E,4E)-2,4-hexadiene (2Z,42)-2,4-hexadiene

10.10 To rank the isomers by increasing boiling point:
Look for polarity differences: small net dipoles make an alkene more polar, giving it a higher

boiling point than an alkene with no net dipole. Cis isomers have a higher boiling point than

their trans isomers.

CHgq  CHs CHyCHp  H CHaCHgy s CHzCH,
/9:%\ /C:C\ /C:C\
Hy  “CHg H ‘CHZCHS H H

All dipoles cancel. Two dipoles cancel. Two dipoles reinforce.

smallest surface area no net dipole net dipole
no net dipole trans isomer cis isomer
lowest bp intermediate bp highest bp

10.11 Recall from Section 5.13B that the odor of a molecule is determined more by shape than by
functional groups. That is why the R and S isomers of limonene smell so differently.

N

(R)-limonene (S)-limonene
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10.12 Increasing number of double bonds = decreasing melting point.

)
o) /\/\/\/\/\/\d/\/\)J\OH
stearic aci
= Z
OH no double bonds
X X highest melting point
stearidonic acid 0
4 double bonds
lowest melting point > Z OH

X
linolenic acid

3 double bonds
intermediate melting point

10.13

Br
a. E>< H2804 Qi + O: b. M NaOCHQCHs CH2=CHCH2CHZCH2CH3
OH +

CHSCH:CHCHonQCHS

10.14 To draw the products of an addition reaction:
[1] Locate the two bonds that will be broken in the reaction. Always break the 7 bond.
[2] Draw the product by forming two new o bonds.

H l H
HCI RS CH
a. @ — two new o bonds c. Oi — . 3 two new o bonds

ClT CH3 CH3
Cl
HCI |T| lﬂ
b. CH3CH,CH,CH=CHCH,CH,CH; ——, CHSCHQCHQ_(l;_(l;_C|.|2C|.|2C|.|3
H ClI

two new o bonds

10.15 Addition reactions of HX occur in two steps:
[1] The double bond attacks the H atom of HX to form a carbocation.
[2] X attacks the carbocation to form a C-X bond.

transition state transition state
step [1]: + step [2]:

H H .
H H -H---Cl:
(7 g 2] CL @ i O .
Y e o ~ G

H H 5

t
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10.16 Addition to alkenes follows Markovnikov’s rule: When HX adds to an unsymmetrical alkene, the
H bonds to the C that has more H’s to begin with.

no H's 2H's
Cl adds here. H adds here
l CHs CHg
a. HCI Cl /\/\]/ /\/\,7
H
T H H no H's
one H Cl adds here.
H adds here.
no H's
Cl adds here
cs HCl PHs
b. ;C:CHZ Cl— C CH2
CH3 T CH3 H
2H's
H adds here.

10.17 To determine which alkene will react faster, draw the carbocation that forms in the rate-
determining step. The more stable, more substituted carbocation, the lower the E, to form it and
the faster the reaction.

CHy  H CHs CH;  H N
c=¢ *C ChHp c=C CH4CHCH,
H / \ [
H H H N H
H- X 3° carbocation H=X 2° carbocation
faster reaction slower reaction

10.18 Look for rearrangements of a carbocation intermediate to explain these results.

(N,

CHs ‘
Cl H
Q/ +‘H/+\-C'|T "2 1,2-H shift_ Q
qH - Q H . /\ ol
CHs CH? ch + CI CH5 Cl
1-chloro-3- 2° carbocation 2° carbocation 3° carbocation 1-chloro-1-
methylcyclohexane 4 methylcyclohexane

Rearrangement would not further
stabilize this carbocation.
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10.19 Addition of HX to alkenes involves formation of carbocation intermediates. Rearrangement of
the carbocation will occur if it forms a more stable carbocation.

H CH3 H CH3 H CH3
/
a. c=@ —  H- C C CH,CHs H— c c CH,CHs
H CH,CHs H H Br

3° carbocation
no rearrangement

b. “a A o o i o
" C=C —= CHy— c- c CH,CHy *  CHz—C—C—CH,CHj CHg—C—C—CH,CH3 + CH3—C—C—CH,CH,
/ | + 1 | | | |
H CH,CHg H H H Br Br H
(cis or trans) 2° carbocation 2° carbocation
Rearrangement would not further
stabilize either carbocation.
no rearrangement
CHj H H H H CH, . H  GH3 CHg
c. ©=C — CHy=C—C—CH(CHy, + CHg- c c CH(CHy), 12-Hshift — oy c C C CHsy
H  CH(CHy), T H H H
(cis or trans) 2° carbocation 2° carbocation 3° carbocation
Rearrangement would not further rearrangement more stable

stabilize the carbocation.

" o t GHagh
CHy=C—C—CH(CHy), CHy~C—C—C—CHy
Br H H H Br

10.20 To draw the products, remember that addition of HX proceeds via a carbocation intermediate.

Addition of H* (from HBr)
frc?m abpve and below gives . Addition of Br- from
an achiral, trigonal planar carbocation. above

a CH, l CHs H and below. CH3 CH3
CHj CH3 . H /, ,Br Br

CHj CHs3 CHy
enantlomers

Addition of H* (from HCI) from above and

below by Markovnikov's rule forms CI~ attacks
an achiral 3° carbocation. from above
and below

- .CH

. CH CH l ~CHs S

> 3@ ° CHa + M CHS»@@ v O cl
nH _
achiral, trigonal planar diastereomers

3° carbocation
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10.21 The product of syn addition will have H and CI both up or down (both on wedges or both
dashes), while the product of anti addition will have one up and one down (one wedge, one

dash).
CHj CHj CHs CHs;
"oH H —H ~=H
ccl ~Cl .+ Cl —Cl
CH, CH4 CH,4 CH,
A B C D
syn addition anti addition anti addition syn addition
10.22
CH3 CHQCHchS CH3
\
a. CHg~C-CH,CH,CHy =— CH=C or [C=CHCH,CHy
OH CH CH
H* would add rIere to forr% ® H* would add here to form
a 3° carbocation. a 3° carbocation.
CHs

OH CH3 CH2
b. fr— O/ or Cﬁ 1
T H* would add here to form

H* would add here to form a 3° carbocation.

a 3° carbocation.
. /Y e /\/T or CH3;CH=CHCHj;
OH H* would add here to form (cis or trans)
a 2° carbocation.

10.23
H, OH HO, H
H,0O
/\/\ 2 )\/\ + )\/\
H2S0, enantiomers

1-pentene

10.24 The two steps in the mechanism for the halogenation of an alkene are:
[1] Addition of X" to the alkene to form a bridged halonium ion

[2] Nucleophilic attack by X~
transition state [1]:  transition state [2]:

:.).(:
[ + [T
X X: + . D do X
\C( Y Stepll] Cx: steppz] | X AN ~d o
= _C-C—. —— —C-C— .
/7 \ 2% ¢ C|> / \ TN
D X :.)$: _
i X: ” Y
10.25 Halogenation of an alkene adds two elements of X in an anti fashion.
CH3 \\CH3

Br, B B Cly fiCl =l
2 [ -0 3 U
cl ‘Cl
Br Br
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10.26 To draw the products of halogenation of an alkene, remember that the halogen adds to both ends
of the double bond but only anti addition occurs.

Br.
C. CH3>C> —2> CH3>Q + CH3>§:>

cl <l
CI2 *
& <j\ C( o O;-m
CH,4 CH,4
enantiomers

H Br2
b. ' _
-C Br
Cc sH
| ‘70_0
H
Br

Br

achiral meso compound

10.27 The two steps in the mechanism for the halogenation of an alkene are:
[1] Addition of X" to the alkene to form a bridged halonium ion

[2] Nucleophilic attack by X~

CHj,,

trans-2-butene H”

Cc=Cy,

Addition of Br* can occur

. .o H
H :Br—Br: Br\ <4CHg

YCHy  overall ¢,y 8¢
H

Br Br Br
diastereomers

from above or below: ‘Br-Br:
above below
+ CHs,, c—cC H
:Br: C—C.
CHa., / \owH <—— enantiomers —=H7 )/, CHq
H” ~CH; t
Attack of Br~ can occur | . .
from the left or right: left right left \rlght -
+ :Br: :Br:
+ + .o .o
‘Br: :Br?
CHa, &% H Chy., /0 H CH H CH H
H” O CH 7O O eH GO .
3 3 v \ / v v \ / ~ H
o B + +
+ :Br: l + :ér: l
CH?: /Br :i?}r\ H :]E:ir\ H HCH§ /I;:{ri
\/’c—c\u,“,H . \YC—C\‘CHS o \\)c—o‘\‘CHB \/’c—c‘.,,,,H
:Br CHs Hay| Br: %4 Br: :Br CHg

All four compounds are identical—an achiral meso compound.



Chapter 10-12

10.28 Halohydrin formation adds the elements of X and OH across the double bond in an anti fashion.
The reaction is regioselective so X ends up on the carbon that had more H’s to begin with.
CHs

Br,, HO CH CHs
a @ NBS N o 8 /..OH “=OH
DMSO, H,0 R . + )
HO Br cl “Cl
Cl bonds to the carbon
with more H's to begin with.

Cly
H,0

10.29
B Jﬂ /CHS 7'}' CI:H2CH3 |T| 9H2CH2CH2CH3
a. (CHj),S: H—F_l’a—S\:+ b. (CH3CHo)3N:: H_l?_w‘ICHzCHa C. (CH3CH,CH,CH,)4P - H_?’_FI)ICHonzCHzCHa
H CHs H CH,CHj H CH,CH,CH,CHs

10.30 In hydroboration the boron atom is the electrophile and becomes bonded to the carbon atom that
had more H’s to begin with.

CH% BH gHS
a. L=CH =2~ CHy-C—CH, c. CH, —2Hs. CH,BH,
| |
CHg H BH, !
C with more H's. C with more H's.
B will add here. B will add here.
BH
b. /\/\/T 3 WBHZ
C with more H's. H

B will add here.

10.31 The hydroboration—oxidation reaction occurs in two steps:

[1] Syn addition of BH3, with the boron on the less substituted carbon atom
[2] OH replaces the BH, with retention of configuration.

a. CHyCH,CH=CH, B2 _ CH,CH,CH-CH, H0z OH CH4CH,CH—CH,
H  BH, H OH
CH,CH, CH,CHj CH,CHy . CH,CHj CHoCHj
o (O —— e e O O
"“BH, BH, "“OH OH
C. CH3—<:>7CH3 BH3 CH3 “\CHs CH3—<:>,’,'CH3
H + / 'H
BH, BH,
H,0,, “OH
CH, +CHg CHS_O{CHs
H + / 'H
OH OH
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10.32 Remember that hydroboration results in addition of OH on the less substituted C.
OH
HO

, s A

OH (E or Zisomer can be used.)
10.33
OH Hydration places the OH
CH, H SO4 CHs on the more substituted carbon.

[1BHs Q*CHzOH Hydroboration—oxidation places the OH
[2] HyOp, HO ™ on the less substituted carbon.

OH
Hydration places the OH
SO on the more substituted carbon.
2 4
[1BHs OH Hydroboration—oxidation places the OH
[2] H,0, 21 H.0.. HO on the less substituted carbon.

>OO\ Hydration places the OH
on the more substituted carbon.
st04

[]BH;
[2] H,O,, HO ™

§

Hydroboration—oxidation places the OH
on the less substituted carbon.

10.34 There are always two steps in this kind of question:
[1] Identify the functional group and decide what types of reactions it undergoes (for
example, substitution, elimination, or addition).
[2] Look at the reagent and determine if it is an electrophile, nucleophile, acid, or base.

. acid:
acid catalyzes loss of H,0
HBr CH20H20H3 H,SO
<:>:CH2 — <:><CH3 c. <:>< = CHCH,CH; + CH,CH,CHs
Br OH
_alkene: alcohol:
addition reactions substitution and elimination
nucleophile and base
cl l OCHs
b. /\)\ M /\)\ N X
2° alkyl halide: * CH3CHyCH=CHCH;

substitution and elimination (cis and trans)
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10.35 To devise a synthesis:

[1] Look at the starting material and decide what reactions it can undergo.
[2] Look at the product and decide what reactions could make it.

By

—_— Cl

OH

halohydrin:
Can form from an

alkyl halide
Can undergo
substitution and elimination.

K* 7OC(CH3)3 /\/ C|2 Cl

H,O (?H
OH is added to

/\/\BI’

the more substituted C.

alkene with Cl, and H,0.

CHg
. O - O
OH
alcohol alcohol

Can undergo
substitution and elimination.

Can be formed by
substitution and addition.

O»OH H,S0, CHs [1]BH, (ICHS
[2] H,O5, HO™ OH
(major 7
product) OH is added to

the less substituted C.

10.36 Use the directions from Answer 10.2 to calculate degrees of unsaturation.

a. CsH,

[1] maximum number of H's =2n+2=2(3) +2= 8
[2] subtract actual from maximum=8-4=4

[3] divide by 2 = 4/2 = 2 degrees of unsaturation

[1] maximum number of H's =2n+2=2(6) + 2 = 14
[2] subtract actual from maximum =14 -8 =6
[3] divide by 2 = 6/2 = 3 degrees of unsaturation

- CyoHsg
[1] maximum number of H's =2n+ 2 =2(40) + 2= 82
[2] subtract actual from maximum = 82 — 56 = 26
[3] divide by 2 = 26/2 = 13 degrees of unsaturation

. CgHgO
Ignore the O.
[1] maximum number of H's =2n+2=2(8) + 2= 18
[2] subtract actual from maximum =18 -8 =10
[3] divide by 2 = 10/2 = 5 degrees of unsaturation

- CyoH1602
Ignore both O's.
[1] maximum number of H's =2n+2=2(10) + 2= 22
[2] subtract actual from maximum =22 -16 =6
[3] divide by 2 = 6/2 = 3 degrees of unsaturation

f. CgHgBr
Because of Br,addone H (9 + 1 =10 H's).
[1] maximum number of H's =2n+2=2(8) +2= 18
[2] subtract actual from maximum =18 -10=8
[3] divide by 2 = 8/2 = 4 degrees of unsaturation

g. CSHQCIO
Ignore the O; count Cl as one more H (9 + 1 = 10 H's).
[1] maximum number of H's =2n+2=2(8) + 2= 18
[2] subtract actual from maximum =18 -10=8
[3] divide by 2 = 8/2 = 4 degrees of unsaturation

h. C;HgBr
Because of Br, add one H (9 + 1 =10 H's).
[1] maximum number of H's =2n+2=2(7) +2= 16
[2] subtract actual from maximum =16 -10=6
[3] divide by 2 = 6/2 = 3 degrees of unsaturation

i. C;H{4N
Because of N, subtract one H (11 —1 =10 H's).
[1] maximum number of H's =2n+2=2(7) + 2= 16
[2] subtract actual from maximum =16 —-10=6
[3] divide by 2 = 6/2 = 3 degrees of unsaturation

j. C4HgBrN
Because of Br, add one H, but subtract one for N
(8+1—1=8H').
[1] maximum number of H's =2n+2=2(4) +2= 10
[2] subtract actual from maximum=10-8=2
[3] divide by 2 = 2/2 = 1 degree of unsaturation
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10.37 First determine the number of degrees of unsaturation in the compound. Then decide which

combinations of rings and it bonds could exist.

CyoH14

[1] maximum number of H's =2n+ 2 =2(10) + 2 =22
[2] subtract actual from maximum =22 — 14 =8

[3] divide by two = 8/2 = 4 degrees of unsaturation

10.38

possibilities:
4 7t bonds
3 bonds + 1 ring
2 bonds + 2 rings
1 x bond + 3 rings
4 rings

The statement is incorrect because in naming isomers with more than two groups on a double

bond, one must use an E/Z label, rather than a cis/trans label.

o highfer
h:%f:‘ﬁr o=~ priority
P higher higher
~ priority

o~ N(CHCHy),

enclomiphene
E isomer

| < priority
O O O/\/N(CHQCH3)2

zuclomiphene

Zisomer

10.39 Name the alkenes using the rules in Answers 10.4 and 10.6.

CH,
|

a.  CHp=CHCH,CH(CH3)CH,CH3 CH2:1CHCH20HCH20H3

6 C chain wﬁl;fegzuble bond = 1-hexene 4-methyl

2-methyl . Srethyl
b X N
2-octene
8 C chain with a double bond =
octene
2-isopropyl

c.

il

5 C chain with a double bond =

-~—1-pentene

4-methyl-1-hexene

5-ethyl-2-methyl-2-octene

2-isopropyl-4-methyl-1-pentene

4-methyl
pentene
— 3 higher _ 2E)-3,5-dimethyl-2-hexene
d. CH3\ CHs CHs\ _CHs 3-methyl priority CHj, _CHg (2E)-3,5-di yl X
c=c €70 GHs=—5-methyl c=c _
H CH,CHCHy), v 1 Nercrc, W GH,GH(GHy = higher
2-hexene : . priority
Higher priority groups
6 C chain with a double bond = are on opposite sides =
hexene E alkene.
W/O\/ &1_9,('1"' 1-ethyl-5-isopropylcyclohexene
5-isopropyl

6 C ring with a double bond =
cyclohexene
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f.M

5 C ring with a double bond =
cyclopentene

2-methyl —

1-sec-butyl-2-methylcyclopentene

~—1-sec-butyl

E double bond (higher priority groups on

OH

7 C chain with a double bond =
heptene

h.
OH

6 C ring with a double bond =
cyclohexene

N
3-ol o T
4-

5-sec-butyl

10.40 Use the directions from Answer 10.8.

a
3

Higher priority groups on
opposite sides = E.

a. (3E)-4-ethy|-3-hTeptene

7 carbons

b. 3,3-dimethylcyclopentene ~—3,3-dimethyl
5 carbon ring 1
C. cis-4-octene _
8 carbons 4 /
Higher priority groups on
the same side = cis.
2 4
d. 4-vinylcyclopentene
. 4—
5 carbon ring
N\
10.41
a. -
/\*/\/\ /\/_\/\/\
(2E,4S)-4-methyl-2-nonene  (2E,4R)-4-methyl-2-nonene

A B
b. A and B are enantiomers. C and D are enantiomers.

4-isopropyl — /opposite sides with bold bonds)

(4E)-4-isopropyl-4-hepten-3-ol

heptene

<~ 1-ol

~—2-cyclohexene 5-sec-butyl-2-cyclohexenol
T OH

|
e. (22)-3-isopropyl-2-heptene o
! ~— 3-isopropyl
7 carbons .
Higher priority groups on

the same side = Z.

. . 1
f. cis-3,4-dimethylcyclopentene

or ¢ 7
“7@\}3

3,4-dimethyl

/T\/\/\
o Higher priority groups on

opposite sides = trans.

4-propf/I

5 carbon ring

g. trans-2-heptene

7 carbons

1-isopropyl
h. 1-isopropyl-4-propylcyclohexene

6 carbon ring

SN

(2Z,4S)-4-methyl-2-nonene
C

(2Z,4R)-4-methyl-2-nonene
D

c. Pairs of diastereomers: A and C, A and D, B and C, B and D.
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10.42

CHj CHj
H

a. ""'CHg c. (1Z,45)-1,4-dimethylcyclodecene
diastereomer
(1E,4R)-1,4-dimethylcyclodecene

CHj CHj
CHs
b. 'H (1Z,4R)-1,4-dimethylcyclodecene
diastereomer

(1E,4S)-1,4-dimethylcyclodecene
enantiomer

10.43 Name the alkene from which the epoxide can be derived and add the word oxide.

-ethyl
H 0 H
derived
o 3 -=on o o A
from H from H
6 celtrbhon ring 7 carbon chain
cyclohexene . heptene
1-ethylcyclohexene (3E)- 3-he|g:ene oxide (3E)- 3':-’heptene
1-ethylcyclohexene oxide . : or
trans-3-heptene oxide trans-3-heptene
2-methyl

derived
derived_ | a. o )—ceHy, S [ )—ccmo:
rom
%\/\ from >jA 5 carbon ring
6 carbon chain cyclopentene
hexene 4-tert-butylcyclopentene oxide 4-tert-butylcyclopentene
2-methyl-2-hexene

2-methyl-2-hexene oxide

10.44

a. 2-butyl-3-methyl-1-pentene < <—2-sec-butyl

A
As written, this is the parent chain,
but there is another longer chain
containing the double bond.

b. (2)-2-methyl-2-hexene
)\/\/ new name:
~ 2-methyl-2-hexene

Two groups on one end of the C=C
are the same (2 CHy's), so no E and Zisomers are possible.

new name:
2-sec-butyl-1-hexene
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1

c. (E)-1-isopropyl-1-butene

new name:

As written, this is the parent chain, (36)-2-methyl-3-hexene

but there is another longer chain
containing the double bond.

d. 5-methylcyclohexene /@ ~—1
4 — -

As written the methyl new name:
is at C5. Re-number 4-methylcyclohexene
to put it at C4.

e. 4-isobutyl-2-methylcylohexene

1

A
As written this methyl
is at C2. Re-number

; new name:
toputitat C1. 5-isobutyl-1-methylcyclohexene

f. 1-sec-butyl-2-cyclopentene 3 1
1— 2 3—

This has the double bond between new name:
C2 and C3. Cycloalkenes must 3-sec-butylcyclopentene
have the double bond between
C1 and C2. Re-number.

OH OH
g. 1-cyclohexen-4-ol 3—
\1

The numbering is incorrect. When a compound

contains both a double bond and an OH group,

number the C skeleton to give the OH group the
lower number.

3-cyclohexenol (The "1" can be omitted.)

OH 6 OH
h. 3-ethyl-3-octen-5-ol N > N T
The numbering is incorrect. When a compound T 4
contains both a double bond and an OH group, 5
number the C skeleton to give the OH group the 6-ethyl-5-octen-4-ol

lower number.

10.45
a.and b. COOH
COOH CH3 H c. Since there are 7 double bonds
G PN — and 2 tetrahedral stereogenic
Z/ ' ] centers, 2° = 512 possible stereoisomers.
HOOC E S E E 4 R z

bongkrekic acid
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10.46

doo e A

2-methyl-1-pentene (2E)-4-methyl-2-pentene  4-methyl-1-pentene  (2E)-3-methyl-2-pentene  (3R)-3-methyl-1-pentene

P s

2-methyl-2-pentene  (22)-4-methyl-2-pentene 2-ethyl-1-butene (22)-3-methyl-2-pentene  (3S)-3-methyl-1-pentene

;
\\i

i
-

10.47
0}

stearic acid /W\/W\/MOH highest melting point

no double bonds

o

elaidic acid WOH intermediate melting point

one E double bond

(0]
. . / OH I - -
oleic acid owest melting point
one Z double bond
10.48
(o]
0 a. /\/\/\/\/\/\/\/\)J\OH
OH all trans double bonds
higher melting point
(6]
eleostearic acid b. OH

all cis double bonds
lower melting point
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10.49
j)k/\/\/\/\/\/\/\/\ i

a. O 0 AN

o o)

) Om OMW
0 o)
(0] x 0 X
A B

A has one tetrahedral stereogenic center,
labeled with an asterisk [*].
o] (0]
OM\/VWV\ OM\/\/\/\/\/\/\
O 2

(0) X
10.50
transition state [1]:
&
r :Br:
[1] ; i
:Br: 6%
. = [2] Ho. ' _H
Br, HS A B L==C
CHp=CH, Z2°C_C-H —~H-C-C-H B L H H
H ) H Br: H 2 A transition state [2]:
:B.F:A w [ §+ ¥
’ :Br:
CH,=CH H et
2 BICH,CHBr | W W
+ Brp L :Br:
2

Reaction coordinate

10.51 The more negative the AH°, the larger the K, assuming entropy changes are comparable.

Calculate the AH® for each reaction and compare.

CH,=CH, + HI CH3CH— 1
[1] Bonds broken [2] Bonds formed [3] Overall AH® =
sum in Step [1]
AHP (kJ/mol) AHP (kd/mol) +
C—C n bond + 267 CH,ICH,—H -410 sum in Step [2]
H—I + 297 Cc—1 - 222 + 564 kJ/mol
-632 kJ/mol
Total + 564 kJ/mol Total - 632 kJ/mol
- 68 kdJ/mol
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CH2=CH2 + HCI CH3CH2_C|

[1] Bonds broken [2] Bonds formed [3] Overall AH® =
sum in Step [1
AHP (kJ/mol) AHP (kJ/mol) Hm i ='ep (]
C—C nt bond + 267 CH,CICH,—H - 410 sum in Step [2]
H—ClI + 431 C—Cl - 339 + 698 kJ/mol
-749 kJ/mol

Total +698 kJ/mol Total - 749 kJ/mol

- 51 kJd/mol

Compare the AH®:
Addition of HI: —68 kJ/mol more negative AH®, larger Kqq.
Addition of HCI: =51 kJ/mol

10.52

HBr Bry, HyO

NBS

g X
O —— 0
e (J —=
g
g

aqueous DMSO

g O
H | @ [1] BHs (IH
S X

[2] H,0,, HO™

[1] 9-BBN
[2] H20,, HO™

CH3CH,OH EIH i.

H,SO,

Cl, Cl WCl
T
el cl

10.53
CH% HB ?HS CH% CHj
a.  C=CH, . CHyC-CH . C=cH, _ B MO CHy~C—CH,Br
CHj Br CHj OH
CH CH
b ?C—CH HI CHy—G—cH CHs FHa
CH/ 2 3 i 3 g. C=CH, NBS CHg—?—CHZBr
8 CHs3 aqueous DMSO OH
CHs H,0 CHy oH
c C=CH, . CHy—C—CHy n ?C oy 1B GHs
2 4 . = —C—
CH3 OH / 2 [2] H202, HO- CH3 ? CHon
CH3 CH CHS H
CH5CH,0OH 7 CH
‘ = CH CHy=G—CHs X [1] 9-BBN e
CH H2S0,4 OCH,CH . C=CH, =" . CHy—C—CH,OH
° Zrs / [2] Hy05, HO™ '
CH CHs 202, H
3
C=CH Cl T
e ;R CHz—C—CH,Cl
CHs '
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10.54
Br
0 2N L, Br\)v Halogenation
Br OH
b P avd 2 Br\)v Halohydrin formation: Br adds to the C
' H,0 that had more H's to begin with.
Br2 OCH3 . .
P e Br Same as halohydrin formation, except
c. CHZOH CH3OH in place of H,O.
10.55
O — O i
a. Br d. /\)\‘/ CH3CHZCHQCH=CHCH3
cl Br
-— CH
b. Oi O e. O< 3 -— [QZC;H2 or ®70H3
Cl Cl
?HS CH3 CH3CH2
\
c. Q(I;_CHS C=CH, f.  (CH3CHy)3CBr ;C:CHCHs
Br CH3CH,

10.56 Hydroboration—oxidation results in addition of an OH group on the less substituted carbon,
whereas acid-catalyzed addition of H,O results in the addition of an OH group on the more

substituted carbon.

o Do) s D= e [

hydroboration—oxidation id- iti
Y/ acid-catalyzed addition Both methods would give

or

and .
acid-catalyzed addition & product mixtures.
OH OH
- A~ - DD

. _ hydroboration—oxidation
hydroboration—oxidation
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10.57

Cl
8. (CH4CHy),C=CHCH,CH _ O Cl, @
CH,CH H CHCH
ey HCl VM2 H C

|
| |
C:C CH30H2_C_C_H
/ \ | |
CH4CH, CH,CH,4 Cl  CH,CHj4 CH, Br, E><CHZBr
t HO OH
Br adds here

H adds here
to less substituted C.

o

(0]

to less substituted C.

b. (CH30H2)20=CH2

CH,CH, . CH4CH, ERUEL:Y o
2 > ! - 2 2] HyO,, HO- 2
C:CH2 CH3CH2_?_CH3 T 22y

H,SO,
CH3CH, OH OH adds here

H adds here to less substituted C.
to less substituted C.

H BH : NBS
2 —
(1] BH3 I
C. (CHg)pC=CHCHy ————————  (CHj),C—CHCH, T DMSO, H,0 OH Br

Br adds here
to less substituted C.

I?l ?H . Br2
(CH3),C—CHCHj4 .
Br Br

—h

«Q

BH; adds here [2] Ho0,, HO™
to less substituted C.

>

10.58
CH30H2 /H CH20H20H3 CH3 Cl
|
;C:C\ or  CHiCH=C| or ;C=CHCH20H3 CHyCH, ~C—CH,CH,CH,
CHiCH,CHy,  H CHs CHSCH, CHa
10.59

CHy  CHs CHs, ~ CHs ¢ HO CHy 5 cl
b. c=C - c=C JH CH3CHaul /
/ \ 7 ‘H H20 ‘\\C_C + — G,
CHsCH, H  CHsCH; CHs"'/ \ / \ 'CH;
CHgCH, Cl HO H
CH3CH,  CH; CH,CH CH4CH Br HO CH
2 e S, \‘\CHS NBS Cﬁs\g‘, N \ \:,HS
c. c=c = c=Cy —C,., c—
cH, . CHj H DMSO, H,0 HO/ \HCH3 CH3CH," \

CHs Br

10.60

HZO \‘CH3 CH3
a. (CHg)C CH (CH)c—O\ + (CHg)sC %
(Chs 4<:>: ?  H,S0, . OH - ‘OH

b. NN L./\/Y+/\/y
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Cl Cl

Cl, - uCH, . .CHj3 .
4 only anti addition
CH3 CH3
(1] BH3
[2] H,O,, HO- "H only syn addition

o

H

Br, CHQCHs Br pH20H3
S

o]

—

Cl OH
C|2 S . .
|j| N D/ only anti addition
Hzo //
OH i
g Br/Y\/ + Br/\(\/
DMSO, H20 g S

HO CH, HO CH,

h.  CH3CH=CHCH,CHj

204 /k/\ /Q/\ /Y\

10.61
CHs B, H. \ CH3 :Cl: CI™ acts as the nucleophile.
CHo=C CH,~C—CHj
{ ] CHz  NaCl H \ /DCH3 :Br: CH,
:'E;rEI.?;r: + ¥
IR + :|_3r: Br acts as the electrophile and is therefore added to

the C with more H's to begin with.

10.62 Draw each reaction. (a) The cis isomer of 4-octene gives two enantiomers on addition of Br,.
(b) The trans isomer gives a meso compound.

Br H\\_/

+
H=
— Br
cis-4-octene (4R,5R)-4,5-dibromooctane (45,5S5)-4,5-dibromooctane
A )

enantiomers

H Br, Br H\\_/

H H

Br

trans-4-octene (4R,55)-4,5-dibromooctane
meso compound
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10.63
CHsCH,  CH,CHg CHCH, H
\ / \ /
C=C Cc=C
/ \ / \
H \ H w CH,CH,
ile | Hed
CHsCHz — GHZCH, CH30H2\ H By protonation of the alkene, the cis and
+C—C—H *C=C—H  trans isomers produce identical
H ,l, H CH,CH, carbocation intermediates.
‘ CI- ‘ CI-
CH4CH, CH4CH, CH4CH, CH4CH,
| | | |
.C + .C C + c
H "~ CH,CH,CH, C'Hl "CH,CH,CH Hd “CH,CH,CHs o' ~CHaCH.CHg
H

Both cis- and trans-3-hexene give the same
racemic mixture of products, so the
reaction is not stereospecific.

10.64 The alkene that forms the more stable carbocation reacts faster, according to the Hammond

postulate.
Qo) OrprodD) = Orpold

H v H I +
Cr oD

+
(\
CH—CH — CH—CH -
H H H

This 2° carbocation is resonance stabilized, making it more
stable, so the starting alkene reacts faster with HBr.

H—/?Eir

CH3-CH=CH—CHj CHg-CH—CH—CH;
e W
H=—Br

2° carbocation
no resonance stabilization

CHs Markovnikov
b CH2=C\ Clesz(CHs)Z faster

CHs addition H
H—/?Br 3° carbocation

/CH3 Markovnik CH,3 This carbocation is still 3°, but the nearby

CHp=C_ arkovaivov- oh,—c'+ electronegative O atom withdraws electron density
CH,OCH " [ Ny from the carbocation, destabilizing it. Thus, the
\ 2 ®  addition H CHa_(.)CHS reaction to form this carbocation occurs more slowly.

H-Br 3° carbocation
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10.65
N Cl
H-C H
/‘ | +/.ﬁ“7 H
H oGl H
H H e
H’///T;h o
and - 0 7
> e
H__ o 07d -,
CRY N H CHs H CHs
h HO™ “CH, H H + HCI
H H H

:Bre
HA H o 1,2-H shift Kr Br
Qi + Qi
CHj CH3

2° carbocation

5 C \ [r

3° carbocation

+ Br-
10.66
CH CH
1,2-shif o 3 CH Hso4 5
O/\ H2504
HL OSOSH . +HSO,
2° carbocation 30 carbocatlon + HpSO,

/WH—/(})SOaH
b. >0 N \\t/»\\//\\v/éH ., H,SO
(.).H H2804 h . . * 2 4
\_/ éﬁ CHs 07 CH,

~0SO4H
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10.67

+
H—OH H H
/ \} 2 + H3O+
:L/\ .

H,0:

\ Céi 1,2-shift
H

I LY

10.68 The isomerization reaction occurs by protonation and deprotonation.

‘FHS

\
OSO3H /C\ /CHS i"/ H 3 —_— C:C
CHy~ ~C—H HSO," \
& Hy CH, CH, CH,
2,3-dimethyl-1- butene 2,3-dimethyl-2-butene
10.69
H f e H
L +  :Br
C=C M _ _ CHeCr M _ cpohecHon, CHyCH=CH-CH,Br
H c=C c c \_/
/ \
T e
o .
Since two resonance structures can be drawn
for the intermediate carbocation, two different
Br products result from attack by Br.

|
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10.70
Br COO HBr Br
. HBr .. 5 C00CH,
A /\(/\QCHS /\)\QCH;; C ( /K/COOCHQ,
.. /3 D
l H_/‘Br TB(:.B,r: \ H Br \\
/\X‘q M* + i /HK/”
OCH3 LOCH:; C\ /CHS C\ /CHS
I A% /\( 0 et 0
This carbocation is resonance H This carbocation is destabilized
stabilized by the O atom, and ] by the &* on the adjacent C,
therefore preferentially forms and This carbocation is formed so it does not form.
results in B. preferentially and results in product
D. Itis not destabilized by an
adjacent electron-withdrawing
COOCHj3 group.
10.71
A N H g
°reb ~ ;
(\ OH Br/ C&/_R - é_/
/\/\/ I)\/\/OH o h
(_7_/ . + HBr
+:Br
+ BF
10.72
K*~OC(CHj3) o
PBry - 3)3 H,O + H,SO
N N_-OH NP 2 29Uy
a | _ /\T/\ M
H to more substitut .
POCI3, pyridine OH aads substituted C
Br _ B
| K*~OC(CHg) Br. r
b. CHy—C—CH; 2 CHy—CH=CH, 2 CHy—G—CH,Br
H H
" ,s0 [1]BH NaH CHsl
29Uy 3 a (on 3 OCH
C. )\ /\ _ /\/OH N SN 3
[2] H20,, HO +Hy
s
.
d. CHs—CH-CHyl KT7OCCHYs_ (chg,c=CH, —HCI CHz~C—Cl
CHsg CHs
Cl Br
(O e (- (X
H0 OH
Br. El;r Br
|
f.  CHsCH=CH, CHyCH—CH, N2 oy c=ch

(2 equiv)
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10.73
re
cl Cl ot b ..
- O o OO C— O
H20 OH 07
+H2
Br CN
b. @ HBr O NaCN
Br OH o (o]
. O NaOH O NaH O CHaCH,CHl g P
(from b.)
. o [nsH OH
2] H,0 , + enantiomer
‘SH
(from a.)
[1]"C=CH OH
e. 0 + enantiomer
[2] H,O O
(from a.) CH
10.74
Br K+_OC(CH3)3 AN d Br NaNH2
ﬁ/\/ W/\ ) gr _ NeNHy c=CH
(2 equiv)
Br
B
\(\ 2 \H\/Br (from b.)
OH
B NaH 0
(from a.) e. ro—
OH
o2 Br (from c.)
Y\ HZO .
(from a.)
10.75
OH
POCI, _ O)\
pyridine O/\
A major product
H,SO,

OH
o6 [ To
Br
C
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10.76

- - + TsOH

+ TsO~ isocomene

10.77
Na*HCO3~
P\ (\O O 70 0] 70 (0] Jz
Nie 1 Al 7\

o i~
OCHs @\/OCHS \ OCH; "N OCHj
5 HO
r c

224

HO
+ Nat + H2003

10.78
X X
A;\ H |
N + L o—
| R
nerol
— — + TsOH
/\
7OTs OH
a-terpineol
H ~0S0,Cl
X
. +  HSO4CI
| OH OH
H OSO Cl +
a-cyclogeraniol
nerol
+ 0S0,Cl
10.79

+ HSO,~ HSO H + HyS0,
4



