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Chapter 4: Alkanes

¢ General facts about alkanes (4.1-4.3)

 Alkanes are composed of tetrahedral, sp” hybridized C’s.

* There are two types of alkanes: acyclic alkanes having molecular formula C,H3, +2, and
cycloalkanes having molecular formula C,H;,.

* Alkanes have only nonpolar C-C and C-H bonds and no functional group so they undergo few
reactions.

¢ Alkanes are named with the suffix -ane.

¢ Classifying C’s and H’s (4.1A)

* Carbon atoms are classified by the number of C’s bonded to them; a 1° C is bonded to one other C,
and so forth.

c c c CHyCH,
C C C CC /CHSCHz—clz—cl:‘—%
c C
H\ CH
1°C T \ ° Saoc
1°C 2°C 3°C 4°C 20 3°C

* Hydrogen atoms are classified by the type of carbon atom to which they are bonded; a 1° H is
bonded to a 1° C, and so forth.

C C 1°H
CE3L CE s R
C CH3CH2_C|:_CH3
1°H 2°H 3°H zToH

¢ Names of alkyl groups (4.4A)

CH3_ = _§ CH3CH20H20H2_ = /\/\§
methyl butyl
CH3CH,— = /\§ CHgCHg?HCHB = /Y
ethyl e
y sec-butyl
CHSCT)Z"E);S;_ = /\/% (CH3),CHCH,— = /k/g
isobutyl

(CH3),CH— (CHg)3sC—
isopropyl tert-butyl

b
T
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4 Conformations in acyclic alkanes (4.9, 4.10)

* Alkane conformations can be classified as staggered, eclipsed, anti, or gauche depending on the
relative orientation of the groups on adjacent carbons.

eclipsed staggered anti gauche
o H X w*
H H H H H H
llj g i H > H H /\®i H H ﬁCHs
H CHs CHg
* Dihedral angle=0° | * Dihedral angle =60° | ®* Dihedral angle of | ®* Dihedral angle of 2
2 CHy’s = 180° CHj’s = 60°

* A staggered conformation is lower in energy than an eclipsed conformation.
* An anti conformation is lower in energy than a gauche conformation.

¢ Types of strain

* Torsional strain—an increase in energy due to eclipsing interactions (4.9).
* Steric strain—an increase in energy when atoms are forced too close to each other (4.10).
* Angle strain—an increase in energy when tetrahedral bond angles deviate from 109.5° (4.11).

¢ Two types of isomers

[1] Constitutional isomers—isomers that differ in the way the atoms are connected to each other
(4.1A).
[2] Stereoisomers—isomers that differ only in the way atoms are oriented in space (4.13B).
cis trans

e, Q Q

CH3 CHj4 CHz;  CHy

]_ constitutional J -
isomers stereoisomers

¢ Conformations in cyclohexane (4.12, 4.13)

* (Cyclohexane exists as two chair conformations in rapid equilibrium at room temperature.
* Each carbon atom on a cyclohexane ring has one axial and one equatorial hydrogen. Ring-flipping
converts axial to equatorial H’s, and vice versa.

An axial H flips equatorial.
f
Hax

Ring-flip.
%&Heq ﬂ WHGG‘

Hax
An equatorial H flips axial.}
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* In substituted cyclohexanes, groups larger than hydrogen are more stable in the more roomy
equatorial position.

| The larger CH; group is equatorial. |

MH\CL . m/H

CHz; — axial

[ Conformation 1 ]

[ Conformation 2 ]
more stable

95% 5%

* Disubstituted cyclohexanes with substituents on different atoms exist as two possible stereoisomers.
* The cis isomer has two groups on the same side of the ring, either both up or both down.
* The trans isomer has two groups on opposite sides of the ring, one up and one down.

CHs O\CHs CHs CHs
H H H "'H

trans isomer cis isomer

¢ Oxidation-reduction reactions (4.14)

e Oxidation results in an increase in the number of C-Z bonds or a decrease in the number of
C-H bonds.

Il
CH3CH,—OH C. A .
g2 CHy”~“OH Increase in C—O bonds = oxidation

ethanol acetic acid

¢ Reduction results in a decrease in the number of C-Z bonds or an increase in the number of
C-H bonds.

Wb i
:C:Ci H—C—-C—H Increase in C—H bonds = reduction
H H H oH

ethylene ethane
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Chapter 4: Answers to Problems

4.1 The general molecular formula for an acyclic alkane is C,H,, , ,.

Number of C atoms = n 2n+2 Number of H atoms
23 2(23)+2= 48
25 2(25)+2 = 52
27 2Q27)+2 = 56
4.2 Isopentane has 4 C’s in a row with a 1 C branch.
. s
a. [CHiCH,—C—CH,| b C. CH3CH,CH(CH), fC—CJ_EH @ f. CH5CH(CHs)CH,CH
- 3
CHa H re -draw CH3 CTH [CH, \ re-draw
isopentane isopentane isopentane
5C'sinarow
@ pentane A~
isopentane

isopentane

4.3 To classify a carbon atom as 1°, 2°, 3°, or 4° determine how many carbon atoms it is bonded to
(1° C =bonded to one other C, 2° C = bonded to two other C’s, 3° C = bonded to three other C’s,
4° C = bonded to four other C’s). Re-draw if necessary to see each carbon clearly.

To classify a hydrogen atom as 1°, 2°, or 3°, determine if it is bonded to a 1°,2°,0r 3° C(A1° H
is bonded to a 1° C; a 2° H is bonded to a 2° C; a 3° H is bonded to a 3° C). Re-draw if

necessary.
11 C 11’ C
a. [1] CH30H20H2CH3 [2] (CH3)SCH [3] [4] 06\40
| . e
2°C's 1°C's |~ CHy—C_H 4°C's All other C's are 2° C's.
CH;~3°C All other C's are 1° C's. 3° c
J re-draw ‘ re-draw
1°H's
1°H's 1°H's l HH
| CH, CHy CH HH C(';,E,/ 1°H's
b.  [1]1 CH3CHCHCH;  [2] CHz—C—H [B] cHy— C—C cHy 14 H CH v
3
I ot \30 H CH, CH H H
2°H's 1" H's HH \
1°H's All1° H's 3°H

All others are 2° H's.
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4.4 Use the definition of 1°, 2°, 3°, or 4° carbon atoms from Answer 4.3.

All other tetrahedral C's are 2° C's.

HO

3°C

4.5 Constitutional isomers differ in the way the atoms are connected to each other. To draw all the
constitutional isomers:

[1] Draw all of the C’s in a long chain.

[2] Take off one C and use it as a substituent. (Don’t add it to the end carbon: this re-makes the
long chain.)

[3] Take off two C’s and use these as substituents, etc.

Five constitutional isomers of molecular formula CgH14:

[1] long chain [2] with one C as a substituent

[3] using two C's as substituents
e s s oA
CH3CH,CH,CH,CHLCHg CHaCH,CH,~C—CHy  CHyCH,—C—CH,CHy CHaCH,—~C—CH;  CHy—C—C—CHy
H H CHs CH; CH,
4.6
Molecular formula CgH;g with one CH3 substituent:
OHa GHs GHa
CH3CH2CHQCHQCH2_(|:_CH3 CH3CHQCHQCH2_(|:_CH2CH3 CH3CH2CH2_C|:_CH2CH2CH3
H H H
4.7 Draw each alkane to satisfy the requirements.
></\ (FHS (l:HS
a. b. >~ C. _ -
I A T
4°C 1c 1o

1°H 2°H
All other C's are 2° C's.

4.8 Draw each compound as a skeletal structure to compare the compounds.

c2 c3
CH3(CHy)3CH(CHg), = CH3CH,CH(CH3)CH,CH,CHy = w
A B c
CHj bonded to C3

CH3 bonded to C2 CHj bonded to C3
identical to compound C identical to compound A
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4.9 Use the steps from Answer 4.5 to draw the constitutional isomers.

Five constitutional isomers of molecular formula C5H4y having one ring:

(2]
! Q q o ACHQ, ACHZCH3 &g:z

CH
CH, 8

4.10 Follow these steps to name an alkane:
[1] Name the parent chain by finding the longest C chain.
[2] Number the chain so that the first substituent gets the lower number. Then name and
number all substituents, giving like substituents a prefix (di, tri, etc.).
[3] Combine all parts, alphabetizing the substituents, ignoring all prefixes except iso.

4-tert-butyl
(1] CHj (2] \CHg [3] 4-tert-butyl-4-methyloctane
CHz-C-CHg CHa-G-CHg
a. [CHaCH,CH,-C-CH,CH,CH,CHg | [ CHZCH,CH,-C-CH,CH,CHLCH; |
CHg 1 2 3 ,/CHy 6 7 8
8 carbons = octane
4-methyl
H 5 H 6 di
N [1] H{CChg 2] Hf@ ; [3] 2,4-dimethylhexane
H+C-CH,-CHCH; HM
CH; CHg 4 CH; 2CH,
6 carbons = hexane
4-methyl 2-methyl
6-isopropyl
(1] H 2] 'ﬂ/s 2 1 [3] 6-isopropyl-3-methylnonane
CH;-C-CH CH,CH CH;-C-CH CH,CH
c. |CH30HZCH:—C:J—CHZ—CHQ—(:)JFCH: |CH30H20H27¢—CH32—CH2—¢\+CH33
H H 9 8 7 6H 5 4 Hj
9 carbons = nonane 3-methyl
(1] 2] 7 [3] 2,4-dimethylheptane
CH,CH,CHg 1 2 3 CH,CH,CHjg
d. [cHs—cHCH,—CfCH, [CH—CHCH,—CCHy
CH; H CH, H4
7 carbons = heptane T 4-methyl
2-methyl

4.11 Use the steps in Answer 4.10 to name each alkane.

a. CHscHch(CHs)CHch:;

(1] lre-draw (2] 1 2 3 45 [3] 3-methylpentane
| CHsCH,—CH—CH,CHj| | CH3CH, —CH-CH,CHs |
CHs CHz<— 3-methyl

5 carbons = pentane
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b. (CH3)3CCHoCH(CH,CHa),

[1] jre-draw [2] 2 [3] 4-ethyl-2,2-dimethylhexane

CHy 1 \CH; 4 5 6
|CHg~C~CH,~CH-CH,CHz | [CHg-C—CH,-CH-CH,CHj |

CH3 CHQCH3 CH3 CHQCH3<— 4-ethy|

6 carbons = hexane 2,2-dimethyl
¢. CHg(CH,)3CH(CH,CH,CHs3)CH(CH),
Jre-draw ]
(1] [2] 4-isopropyl [3] 4-isopropyloctane
CHs 8 7 6 5 4 CHs

|CH3CH2CH2CH2-9H+éH-CH3 [CHsCH,CH,CH,~CH} CH-CHs

CH,CH,CH| CH,CH,CHs

8 carbons = octane 3 2 1
2,2,4,4-tetramethyl

bbby
d. [1]|§¥®%| [2] Iﬁ&l [3] 2,2,4,4-tetramethylpentane

12 345
5 carbons = pentane

2-methyl

(1] [2] 1134567
or T T

3-ethyl 5-methyl

[3] 3-ethyl-2,5-dimethylheptane

longest chain = 7 carbons = heptane
Number so there are more substituents.
Pick the upper option.

2-methyl
. [1] 211 13 5 [3]5-sec-butyl-3-ethyl-2,7-dimethyldecane
| 1/ 5-sec-butyl
2
_ L 6, 8910
10 carbons = decane 3-ethyl T

7-methyl

4.12 To work backwards from a name to a structure:
[1] Find the parent name and draw that number of C’s. Use the suffix to identify the functional
group (-ane = alkane).
[2] Arbitrarily number the C’s in the chain. Add the substituents to the appropriate C’s.
[3] Re-draw with H’s to make C’s have four bonds.

a. 3-methylhexane

[1] 6 carbon alkane [2] [3]
CHz<——methyl on C3 CHj

| |
C—C—C—C—C—C c—C-C-C-C-C CHyCH,— CH—CH,CH,CH



Chapter 4-8

b. 3,3-dimethylpentane
methyl groups on C3

(11 5carbon alkane [2] [3]
ChHg CHa
c—C-C-C-C C—C—(lz—C—C CH3CH2—C|:—CH20H3
CHj CHj

c. 3,5,5-trimethyloctane

[1] & carbon aTIkane [2] methyl groups on C3 and C5 [3]

l CHs  GHg CHg CHg
c-c-c-c-c-Cc-Cc-C c-C— C c- C c-Cc-C CH30H2—CH—CH2—(|3—CHZCHZCH3
CHy=— CHs

d. 3-ethyl-4-methylhexane

. 6 carbon e[lkane @ ethyl group on C3 ? CH,CHs

CH,CH, CHaCH,—CH—CH—CH,CHg
C—C-C-C-C-C Cc-C-C-C-C-C CHa
CHz <—— methyl group on C4

e. 3-ethyl-5-isobutylnonane

(1] [2]  isobutyl group on C5 [3]

9 carbon alkane l (l;H3 cI;HS
QHZ—CH—CHs QHZ—CH—CHs
c-c-c-c-c-c-c-Cc-C C—C—?—C—C—C—C—C—C CHSCHZ—QH—CHZ—CH-CHZCHZCHZCHs
CH,CH3 CH,CHj,

ethyl group on C3
4.13 Use the steps in Answer 4.10 to name each alkane.

(] HHHHHH 2] [3] hexane
H+c—é—é—é—o—o+H
HHHHHH

6 carbons = hexane

no substituents, skip [2]

2-methyl

(1] H H 'Tl CH3H [2] H H H CH H 1 [3] 2-methylpentane
H+cccc C-I-H H—I-,CCCC cﬂrH

HHHH H 5 HHHH H

5 carbons = pentane

3-methyl

[1] H H CHgH H 2] H H CH3H H -1 (3] 3-methylpentane
HECCC—C-CfH  HfC-C-C—C—CTH

HHH HH 5 HHH HH

5 carbons = pentane
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2,2-dimethyl

[11 H H CHzH [2] H H CHizH 1 [3] 2,2-dimethylbutane
H-C—C—C—C—H H-C—-C-C—C~H
H H CHzH 4~ H H CHzH

4 carbons = butane

Ml HH H H 2] HH H H A [3] 2,3-dimethylbutane
H-C—C—C—C-+H Hi,C—C—C—C~H

H CHsCHy H 4" H CHzCHzH

4 carbons = butane T T

2,3-dimethyl
4.14 Follow these steps to name a cycloalkane:

[1] Name the parent cycloalkane by counting the C’s in the ring and adding cyclo-.
[2] Numbering:

[2a] Number around the ring beginning at a substituent and giving the second

substituent the lower number.

[2b] Number to assign the lower number to the substituents alphabetically.

[2c] Name and number all substituents, giving like substituents a prefix (di, tri, etc.).
[3] Combine all parts, alphabetizing the substituents, ignoring all prefixes except iso.

(Remember: If a carbon chain has more C’s than the ring, the chain is the parent, and
the ring is a substituent.)
1

2

CH 1,1-dimethyl )
[1] [2] 3?/0\9/_ 074;7 [3] 1,1-dimethylcyclohexane
5
6 carbons in ring = Number so the
cyclohexane substituents are at C1.
1,2,3-trimethyl
3¢
[1] 2] “c.2 cH / [3] 1,2,3-trimethylcyclopentane
b 4C C—¥'
. \ /
5C—C\
CHj
5 carbons in ring =
cyclopentane 1 i .
Number so the first substituent
is at C1, second at C2.
1
2 |
3 __C I~
[ﬂ)ij/\/\ 2] ¢ °C [3] 1-butyl-4-methylcyclohexane
C. /C\ _C
CHy4>Cc”" 6
} 1-butyl
6 carbons inring=  4-methyl
cyclohexane Number so the earlier alphabetical

substituent is at C1, butyl before methyl.
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6 l /1-seo-butyl
[1] 2] 5,..Ce )\/ [3] 1-sec-butyl-2-isopropylcyclohexane
a & L
\%/ T\‘/
! LN
6 carbons in ring =
cyclohexane

2-isopropyl

Number so the earlier alphabetical
substituent is at C1, butyl before isopropyl.

1

3 5
1 2 3] 1-cyclopropylpentane
. [1] @ (2] D/C\S/C\%/C [3] 1-cyclopropylp

longest chain = 1-cyclopropyl

5 cartions = Number so the
pentane cyclopropyl is at C1.
4 /1,1-d|methyl
[1] [2] 3 A [3] 3-butyl-1,1-dimethylcyclohexane
f.
f
6 carbons in ring = 3-butyl  \ymber so the two
cyclohexane methyls are at C1.

4.15 To draw the structures, use the steps in Answer 4.12.

a. 1,2-dimethylcyclobutane

[1] 4 carbon cycloalkane [2] CHg 1 [3] CHs
c—-C methyl groups Cf_cf 4
Lo on C1 and C2 c-C3
c—C CH3/2 CH3
b. 1,1,2-trimethylcyclopropane
CHs | CH
[1] 3 carbon cycloalkane [2] 26 3 CHg's (3] 3
/_\ /CH3
/\ 3C 1C\ CH3
c-C CHs CHj

c. 4-ethyl-1,2-dimethylcyclohexane

3
(1] 6 carbon cycloalkane (2] CHscHz\g/C\é/CHs [81' cH,CH, CHs
/C\ T | |
C C SC\ /C\
L] C”1 CH, CH,
6

2 CH3IS
d. 1-sec-butyl-3-isopropylcyclopentane CHs. . . _CHjy
1 C|H ~— isopropyl
[1] 5 carbon cycloalkane [2] i3 (3]
_C. 4c” "c 2
C C LA
\ 5C—C1
c-C CH-CHs

CHy-CH,  —sec-butyl
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e. 1,1,2,3,4-pentamethylcycloheptane

[1]1 7 carbon cycloalkane [2] 5CHg4's CHs (3] o CHs
| 3
_C. CH 4
o0 $$Ocs
oo CH
- c—-C
CHy 1 7 ® CHs
CH,
4.16 To name the cycloalkanes, use the steps from Answer 4.14.
(1] Q __ 5carbonsin ring =
cyclopentane
(1] (2] (f_(f [3] methylcyclobutane
c-C,
T CHs /CH3
4 carbons in ring = methyl

cyclobutane

(1] A (2] C [3] 1,2-dimethylcyclopropane
c-C
CH CH <
5 T 3 CH 7CHs
3 carbons in ring = 1,2-dimethyl

cyclopropane

(1] [2] C [3] ethylcyclopropane
A "o ylcyclop

T CH,CH,4 CH,CH,4

3 carbons in ring = ethyl

cyclopropane

(1] A<CH3 [2] A_CH [3] 1,1-dimethylcyclopropane
T CHg TCHS

3 carbons in ring = 1,1-dimethyl
cyclopropane

4.17 Compare the number of C’s and surface area to determine relative boiling points. Rules:
[1] Increasing number of C’s = increasing boiling point.
[2] Increasing surface area = increasing boiling point (branching decreases surface area).

CHa(CHg)sCHg CHa(CH,)sCHg CH3CH,CH,CH,CH(CHg),  (CH3)3CCH(CHg),

U VU )

8C's 7C's 7C's
linear linear one branch
largest number of C's 7C's
no branching ‘ three branches ‘
highest bp

increasing branching
decreasing surface area
decreasing bp

Increasing boiling point: (CHg)3CCH(CHg)y < CHaCHoCHoCH,CH(CHa), < CH3(CH,)sCH3 < CH3(CHo)6CH3
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4.18 To draw a Newman projection, visualize the carbons as one in front and one in back of each
other. The C-C bond is not drawn. There is only one staggered and one eclipsed conformation.

rotation here Br y
B
H [H ; : 60° '
| | -
—Clc— N
AN W v
Cinfront 7~ H H \c behind H H
1 2
staggered eclipsed
4.19 Staggered conformations are more stable than eclipsed conformations.
eclipsed

o e g
H H
H CHs A \

energy maximum

H
rotation here
>
H|H S
-toocn, 2
Lo 8 w H H CHj,
H H H H Ho Lo w H H
( l j staggered
HmCHa CHﬁH H™ “H energy minimum
H H H
| | | | | | |
I I I I | I |
0° 60° 120° 180°  240°  300°  360°=0°
Dihedral angle
4.20
4.0 kJ/m({\
A _H-CH,
To calculate H,CH3 destabilization:
H,H eclipsing Hl"\ 14 kJ/mol (total) - o ) )
4.0 kJ/mol of destabilization 4.0 kJ/mol 8.0 kJ/mol for 2 H,H eclipsing interactions
’ = 6 kd/mol for one H,CHs; eclipsing interaction
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To determine the energy of conformations keep two things in mind:

[1] Staggered conformations are more stable than eclipsed conformations.

[2] Minimize steric interactions: keep large groups away from each other.

The highest energy conformation is the eclipsed conformation in which the two largest
groups are eclipsed. The lowest energy conformation is the staggered conformation in
which the two largest groups are anti.

4.21

rotation here

| ! : i
| CH3 CH3 3 CH CH
CHg~C~CHyCHg ®/ 60° H 60° s 5
CH e ~
3 H CH, CH, CHy >+ H
H H H
1 2 3
staggered eclipsed staggered
most stable most stable
] 60° 60°
CH
H CHsy ® CHs __ cH
CHs CHy  goo CHG,)$/CH3 600 CHa >
~
H H H
H HH H
6 5 4
eclipsed staggered eclipsed
least stable least stable

4.22 To determine the most and least stable conformations, use the rules from Answer 4.21.

cl
1,2-dichloroethane | H

CICH, - CH,CI

I

rotation here

e @M o @

staggered, anti ecllpsed staggered gauche
‘600 60°
cl
H }H H i H
H
cl
6
eclipsed staggered gauche ecllpsed
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highest energy
Cl groups eclipsed
least stable

4

Eclipsed forms are
= higherin energy.

Staggered forms
are lower in energy.

Energy

1

most stable most stable
Cl groups anti

60° 120° 180°

| |
1 1
180° 120° 60° O°
Dihedral angle between 2 Cl's

[

4.23 Add the energy increase for each eclipsing interaction to determine the destabilization

CH
H H HCH3 Ha\ HCH3
a. b.
HCH, HCH3
4.0 kd/mol 3 H,CHj; interactions
(3 x 6.0 kd/mol) =18 kd/mol

1 H,H interaction =
2 H,CHj; interactions
(2 x 6.0 kd/mol) = 12.0 kd/mol
Total destabilization
16 kd/mol

Total destabilization =

4.24 Two points:
* Axial bonds point up or down, while equatorial bonds point out.
* An up carbon has an axial up bond, and a down carbon has an axial down bond.

equatorial
CH; Br

Br

axial up . cH ‘
3
o H v H-—axial up
I-Il_io HH HO
Cl

yd C| H|~—axial down
H 1 OH OH
Up carbons are dark circles.
Down carbons are clear circles.

equatorial
equatorial
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4.25 Draw the second chair conformation by flipping the ring.
*  The up carbons become down carbons, and the axial bonds become equatorial bonds.
*  Axial bonds become equatorial, but up bonds stay up; i.e., an axial up bond becomes an
equatorial up bond.
*  The conformation with larger groups equatorial is the more stable conformation and is
present in higher concentration at equilibrium.

axial
Iil €q ,
Draw in the H | Draw second conformation.
/ <7 ~Br /) 7 ~Br -
a ‘ Up carbons switch Q/H eq
and label the C to down carbons. ~—
more stable | asupordown. Axial bond is up = '?r Axial bond is d =
Br is equatorial. ub carbon ) xial bond is down =
p axial  down carbon
axial
! o
Cl . Cl Draw second conformation.
Draw in the H
o. /17 =7 . N
and label the C H Up carbons switch ial — H
as up or down. éq to down carbons. axia Axial bond is down =
Axial bond is up = down carbon
up carbon more stable
Cl is equatorial.
Axial bond is up = e
up carbon d
H
. - Draw second conformation. H
C. "\ CH.CH; Draw in the H CH,CHs [T
. |
and label the C €q lthgarbons ‘:’)WItCh CHoCHs,
more stable as up or down. © down carbons. Axial bond is down =
CH,CHjs is equatorial. down carbon

4.26 Larger axial substituents create unfavorable diaxial interactions, whereas equatorial groups have
more room and are favored.

H H H

[ H
R —H ﬁCHchs’ EE— M
H H |
_larger substituent _ equatorial CH,CHs H ,CHHCHs
more important to be equatorial H \H The H's and CHj of the sp® hybridized
C have severe 1,3-diaxial interactions
H with the two other axial H's.

o oo WH

more compact substituent . —
less important to be equatorial  equatorial C=CH H <|:H The sp hybridized C's are linear and
G« point down. The 1,3-diaxial
I interactions with the two other axial
The axial conformation containing the C=CH group is not as H H's are less severe.
unstable as the axial conformation containing the CH,CHg, so it

is present in higher concentration at equilibrium.
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4.27 Wedges represent “up” groups in front of the page, and dashes are “down” groups in back of the
page. Cis groups are on the same side of the ring, and trans groups are on opposite sides of the
ring.

a. cis-1,2-dimethylcyclopropane

A or \A,
CH

. , or
3 CHs CHy' ‘CHy
CH3CH, CHj

b. trans-1-ethyl-2-methylcyclopentane

CHsCH,  'CHs
cis = same side of the ring trans = opposite sides of the ring
both groups on wedges or one group on a wedge,
both on dashes

one group on a dash

4.28 Cis and trans isomers are stereoisomers.

cis-1,3-diethylcyclobutane a. trans-1,3-diethylcyclobutane b. cis-1,2-diethylcyclobutane

s Rl

Yy

cis = same side of the ring trans = opposite sides of the ring constitutional isomer
both groups on wedges or one group on a wedge, different arrangement of atoms
both on dashes one group on a dash

4.29 To classify a compound as a cis or trans isomer, classify each non-hydrogen group as up or
down. Groups on the same side = cis isomer, groups on opposite sides = trans isomer.

down bond (Up)

H (u down bond up bond
(equatorial) (“P (equatorlal) (axial) (up)
\HO % cl —Br H H
a. OH H C. Hﬁ Br — B
b d (down) 4 ' B
down bond up ton ) downbond '
(equatorial) (down) (equatorial) (equatorial)
both groups down = one group up, one down = one group up, one down =
cis isomer trans isomer trans isomer
4.30
CHj trans: CHs H
(j: O/ c. %H — CHs
‘CHg CHgl
groups on same S|de groups on opposite sides CHg T
cis isomer trans isomer
] (one possibility) both groups equatorial

cis: CH CHs more stable

H — two chair conformations for the trans isomer
s H d. The trans isomer is more stable because
H H it can have both methyl groups in the more roomy
two chair conformations for the cis isomer equatorial position.

Same stability since they both have
one equatorial, one axial CH3 group.



Alkanes 4-17

4.31
CH,CHz «——axial CH,CH3 up — CH4CH, H
CHs H CHz;=— down
& T (equatorial)

1,1-disubstituted
trans-1,3-disubstituted

CH3z «——up (axial)
H

H
b. %HzCHS <—up
! d. up —— CH:CH, CHz =——down
(equatorial)

cis-1,2-disubstituted H
trans-1,4-disubstituted

4.32 Oxidation results in an increase in the number of C-Z bonds, or a decrease in the number of C-H

bonds.
Reduction results in a decrease in the number of C-Z bonds, or an increase in the number of C-H
bonds.
9 ? O HO OH
a. C. C. c c <
CH;” H CHz~ ~OH " CHy  “CHg CHs~  "CHs
Decrease in the number of C—H bonds. :
Increase in the number of C—O bonds. No chargel_;nbthe dnun;lbgrhof c-0
Oxidation or U— onds. either
2
C. CH,yCH,CH
b. CH3/ CHj e d. <:>:O QOH
Decrease in the number of G-O bonds. Decrease in the number of C-O bonds.
Increase in the number of C—H bonds. Increase in the number of C—H bonds.

Reduction Reduction

4.33 The products of a combustion reaction of a hydrocarbon are always the same: CO; and H,O.

flame
3002 + 4H20 + heat

a. CH3CH2CH3 + 5 02

b. O + 90, flame 6CO, + 6H,O + heat
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4.34 Lipids contain many nonpolar C—C and C—H bonds and few polar functional groups.
NH,

H
HOOC\/J\]/N
a. CHjz(CH,);,CH=CH(CH,);COOH b. o) I\Q
. . CH3;0” "0
oleic acid
aspartame
only one polar functional group manv polar functi
y polar functional groups
18 carbons only 14 carbons
alipid not a lipid

“Like dissolves like.” Beeswax is a lipid, and therefore, it will be more soluble in nonpolar
solvents. H,O is very polar, ethanol is slightly less polar, and chloroform is least polar. Beeswax

is most soluble in the least polar solvent.

4.35

Increasing polarity

H,0 CH4CH,OH CHCl,

Increasing solubility of beeswax



4.36 Use the rules from Answer 4.3.
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T 7 fo -~ CHs CH
o = 3 CH
S WKy e
a. 1] / t 21 . b. 11 ey oA oH, 2] |7 T~ch,
3o CH,  cH
40 o B CHs oH
20 All CHg's have 1° H's. C|)H2
1 All CHy's have 2° H's. N ohe
1 All CH's have 3° H's. |
CHj
4.37
One possibility:
Hs
a. CHy—C—CHj, b. O C. CHCH,CH, d. (CHg)3CH

4.38 Use the rules from Answer 4.3.

(@] l (0] 4
0 o] }2"
- 7 OH
o) SOH —3°
o~ 0 T C(CHa)s
2° 2°T T
4°1°

4.39

a. Five constitutional isomers of molecular formula C4Hg:

= = C\
D . /A CHsCH=CHCH;  CH,=CHCH,CHs oy O e,

3
b. Nine constitutional isomers of molecular formula C;H4g:

H H
| |
CH3CH20HQCHQCH20HZCH3 CH3_9_CH20HQCHZCH3 CHSCHZ_CE_CHZCHZCHS
CH3 CH3
s e wn T
CHy—C—CH,CH,CHy  CHyCH;—C—CH,CHy  CHg=C—C—CH,CH;  CHy—C—CH,~C—CHg
CHj CHj CH3CHy CHs CHs
H H  CHq

| |
CH3CH2_|C_CH2CH3 CHS_(I:_CI:_CHS
CH,CH, CH3CHs
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c. Twelve constitutional isomers of molecular formula CgH4, containing one ring:

4.40 Use the steps in Answers 4.10 and 4.14 to name the alkanes.

1 2 34 56 7 8
[2] |CHsCHzCHCH20HCH20HZCH3 |
CH3 CHQCHs

a. | CHyCH,CHCH,CHCH,CH,CH |

(1] T CHy CH,CH, [3] 5-ethyl-3-methyloctane

8 carbons = octane
3-methyl  5-ethyl

CH,CHj CH,3 7 7-methyl
|CH3CH2CCHZCHZCHCHCHZCH20H3 | [2] 1 2 3CH,CH; \CHs [3] 3,3,6-triethyl-7-methyldecane
[1] SHaCHy GHLCH, |CH3CH2CCH20H20HCHCH20HZCH3 |
10 carbons = decane Ct|2\CH3 CH,CH
3,3,6-triethyl
¢. CHgCH,CH,C(CHg)oC(CH3)2CHoCH;
(1l re-draw [2] CH3CH3 3 [3] 3,3,4,4-tetramethylheptane
CH, CHy | CHyCH,CH, —,0—C“CH,CHg
|CH3CH20H2—(:3—(:3—CH20H3| 4/ CHsCH2 1
CHs CHs 3,3,4,4-tetramethyl

7 carbons = heptane

d. CH3CH,C(CH,CHz),CH(CH3)CH(CH,CH,CHa)s
3,3-diethyl

J re-draw 4 5
[1] CH3CH2H ’ 2] CH3CH2H H [3]3,3-diethyl-4-methyl-5-propyloctane
[ CHyCH,—C o= c c CHoCH,CHy| | CHaCHp —C—C— G CH,CH,CH |
1 CH30H2CH3CH2CH2CH3

1 CH30H20H3 CH2CH20H3

8 carbons = octane 4-methyl 5-propyl

e. (CHgCH,)3CCH(CH3)CH,CH,CH; 3,3-diethyl
4
1 2 CH4CH, H 3] 3,3-diethyl-4-
[1] \re-draw [2] CHe [3] 3,3-diethyl-4-methylheptane
HzCH,—C—C-CH,CH,CH
Cl G
H4CH
|CH30H2_6_6‘CH2CH2CH3| C SC ZCH3
— 4-methyl

CH3CH2 CH3

7 carbons = heptane



Alkanes 4-21

f. CH3CH,CH(CH3)CH(CH3)CH(CH,CH,CH3)(CH,)3CH4
3 4 5

[1] J re-draw [2] H/H/H [3] 3,4-dimethyl-5-propylnonane
| CH3CH,—C™—C—C™=CH,CH,CH,CHs |
HoH H 1 2 CHgCHg CHaCH,CHg
| CHaCH,—C—C—C—CH,CH,CH,CH; |
CHS éHB CHQCH2CH3 3,4-d|methyl 5-propyl
9 carbons = nonane
g. (CH3CH20H2)4C
J re-draw 4 4,4-dipropyl
[1] CH,CH,CHy [2] CH,CH,CH,4 [3] 4,4-dipropylheptane
| GHaGH,GH,—C —GH,CH,CH | | GHaGH,CH, —C —CH,CH,GCHs |
CH,CH,CH, 1 2 3  CHyCH,CHs

7 carbons = heptane
> \1

" [”ﬁ/\/\/\ a [T

| 7 61 | [38] 6-isopropyl-3-methyldecane

eI
<— 6-isopropyl

10 carbons = decane 3-methyl

L[ ] J\ [21|/\8

10 carbons = decane

4 |~— 4-isopropyl

[3] 8-ethyl-4-isopropyl-2,6-dimethyldecane

6
D
|

8-ethyl ’
2,6-(ﬁ/me;hyl

4-isopropyl
2] 1

[1] J\
T 15 1=

8 carbons = octane

[3] 4-isopropyloctane

2,2, 5-trimethyl

k. X 2,2,5-trimethylheptane
1
1
2
3
l. Q’CH(CHQCHs)z = 4  3-cyclobutylpentane
5
3-cyclobutyl
5
4
m. 1-sec-butyl

1-sec-butyl-2-isopropylcyclopentane

2-isopropyl
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5
6 4
n 1 3
T 2
T-isobutyl 4 4 opropyl
4.41

CH3=— 2,2-dimethyl
|CH3_4¢_CH20H20H20H20H3|

1-isobutyl-3-isopropylcyclohexane

CHz — 3,3-dimethyl CHz— 4,4-dimethyl

| CH3CH,CH, -G —CH,CH,CH;

| CH3CH2 7¢_CH2CH2CH2CH3 |
1 t

1 20H3 3 CH, 1 P CH,
2,2-dimethylheptane 3,3-dimethylheptane 4,4-dimethylheptane
H H H H 2. H H/3
[ CHg~C—CH,—£—CH,CH,CHy| | CHg—C—CH;CH,~C-CH,CH | | CHS}(:;_(:;LCHzCHzCHZCHs
1 2/CH3 4/ CHa 1 5 CHg g CHa 1 CHyCH,
2 4-dimethyl 2,5-dimethyl 2,3‘-\ciimethvl
2,4-dimethylheptane 2,5-dimethylheptane 2,3-dimethylheptane
H H H H x x
| CHa—C—CH;CHoCH—C—CHJ | CHyCH,~,C—C~GH,CH,GH; | | CHCH,—C—CH,~ C—CH,CHy
12 CHg 6/ CHs 1 5 CH; CH3 . 1 3 CHj £ CHj
2,6-dimethyl 3,4-dimethyl 3,5-dimethyl

2,6-dimethylheptane

3,4-dimethylheptane 3,5-dimethylheptane

4.42 Use the steps in Answer 4.12 to draw the structures.

a. 3-ethyl-2-methylhexane
[1] 6 C chain L
c-C-Cc-Cc-Cc-C

b. sec-butylcyclopentane
[1] 5Cring

O

c. 4-isopropyl-2,4,5-trimethylheptane
1] 7 C chain

Cc-C-C-C-C—-C-C

d. cyclobutylcycloheptane
[1] 7 C cycloalkane

O/

c-C—C-C-C-C

H H
| | | |
2] CH3(T7H20H3 [3] CHg—C—C—CH,CH,CHj
methyl ethyl on C3 Chs CH,CH,
on C2
[2]
isopropyl on C4
CHg{ -CH

C—CE—C—CE—CE—C—C

|
CHa—CH-CH,~C—CHCH,CHjg
CHs CHyCHs l [

CHs CHj CH,
methyls on C2, C4, and C5



e. 3-ethyl-1,1-dimethylcyclohexane
(1]

6 C cycloalkane

/C\/
e
c___C
C
f. 4-butyl-1,1-diethylcyclooctane

1] 8 C cycloalkane

C/C—C\C /

g. 6-isopropyl-2,3-dimethylnonane
(1] 9 C alkane

h. 2,2,6,6,7-pentamethyloctane
[1] 8 C alkane

C C C C
i. cis-1-ethyl-3-methylcyclopentane
[] j 5 C ring

O

j- trans-1-tert-butyl-4-ethylcyclohexane

[1] ' 6 C ring

@

2 ethyl grouris
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[2]
CHSCHZ\C/C\ /CHS‘_ 2 methyl

C “CHy~— groups on /\©<

ethyl on C3 C\C,C

— C

c—c.§
[2] ~Cc-C_
¢ ¢
C C
c._C.__c-¢c
C C
i |
[2] melthyl |sor1ropy
CH
?HB S\QH’CHB

C Cll C C

CHz=—methyl
5 methyl groups
2] CH:\:, /CH3 CH? /CH3
C C C (IJ
CHj

CH20H3 -~ ethyl on C1 QH2CH3

.
or

CHg=—methyl on C3 bHs

C(CHs)3
@ oo T
CH4CH,™

O
SN
w
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4.43 Draw the compounds.

a. 2,2-dimethyl-4-ethylheptane  cH, CH,CH,
\ \
CH3_9_CH2 _Q_CH20H2CH3
CHs J H

4-ethyl-2,2-dimethylheptane

ﬁ\@g

2,5-dimethylheptane

H
CH4C 1 CHj
|
CHz—C—CH,CH,CH,CH,CHy |

CHj

alphabetized incorrectly
ethyl before methyl

b. 5-ethyl-2-methylhexane

Longest chain was not
chosen = heptane

c. 2-methyl-2-isopropylheptane

Longest chain was not
chosen = octane

E—

2,3,3-trimethyloctane

CHj

d. 1,5-dimethylcyclohexane

Numbered incorrectly. =
Re-number so methyls
are at C1 and C3.

1,3-dimethylcyclohexane

e. 1-ethyl-2,6-dimethylcycloheptane CH,CHs
CHs 2
2-ethyl-1,4-dimethylcycloheptane
— /%/\/
4

3,4,4-trimethyloctane

g. 3-butyl-2,2-dimethylhexane
&5

Numbered incorrectly.
Re-number so methyls
are at C1 and C4.

f. 5,5,6-trimethyloctane

Numbered incorrectly.
Re-number so methyls
are at C3 and C4.

Longest chain not — ><

chosen = octane J

4-tert-butyloctane

h. 1,3-dimethylbutane H
Longest_chaln not CHs-CCH,—CH,
chosen = pentane |

CHg CHj

2-methylpentane

4.44
CHg CHg CHg
a. H\ /CH2CH2CH3 b CH3\ /CH2CH3 c. CH30H2 ®0H2CH2CH3
CHs H H H CH43CH,CH, H
CH,CH,CHy CH,CHg CH,CHg
l re-draw l re-draw J re-draw
4 X
3 ng

4-isopropylheptane

3-ethyl-3-methylpentane

4,4-diethyl-5-methyloctane
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4.45 Use the rules from Answer 4.17.

a. CH3CH,CHj4
3C's
lowest boiling point

CH3CH,CH,CH3

CH3CH,CH,CH,CH4
4C's

5C's
highest boiling point

b. (CH3),CHCH(CH3),

most branching
lowest boiling point

CH30H2CH2CH(CH3)2 CH3(CH2)4CH3

least branching
highest boiling point

a1

(CH3)3CC(CH3)3
branching = lower surface area
lower boiling point
more spherical, better packing =
higher melting point

4.46 a.

P N N

CH3(CH,)gCH4
no branching = higher surface area
higher boiling point

b. There is a 159° difference in the melting points, but only a 20° difference in the boiling points
because the symmetry in (CH3);CC(CHs); allows it to pack more tightly in the solid, thus
requiring more energy to melt. In contrast, once the compounds are in the liquid state,

symmetry is no longer a factor, the compounds are isomeric alkanes, and the boiling points are

closer together.

4.47
CH3 H
a H ‘ CHS H | CH3
' or
N
H H H CH,
CH3 CH3

1 gauche CH3,CH3
= 3.8 kd/mol
of destabilization

higher energy
2 gauche CH3,CH4
3.8 kd/mol x 2 = 7.6 kd/mol
of destabilization
Energy difference =

7.6 kd/mol — 3.8 kd/mol = | 3.8 kd/mol

2 gauche CH3,CH4
3.8 kd/mol x 2 =
7.6 kd/mol
of destabilization

Energy difference =

CHj

H H
or ﬁ/cs

H
CHj

higher energy
3 eclipsed H,CHy
6 kd/mol x 3 = 18 kd/mol
of destabilization

18 kd/mol — 7.6 kd/mol = (10.4 kd/mol
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4.48 Use the rules from Answer 4.21 to determine the most and least stable conformations.

a. CH3$CH2CH2CH2CH3 b CH3CHQCH2_CHQCHQCH3
H H GH,CH,CH, CH,CH; CReCe o
H H 2vs
H @CHZCHZCH3 @
H H H H
H \lli-l CH2CH3 \ll_||
staggered eclipsed staggered ecli
. psed
most stable least stable ethyl groups anti ethyl groups eclipsed
All staggered conformations are equal in energy. most stable least stable

All eclipsed conformations are equal in energy.

4.49
0
C © ~ o
- 05 °° "8 | o9 c QN

Br Cl Cl
CI@H H@H H@CI
H H H H
H H Ch, H Ch,
4.50
CH,4 H H Cl c -
N .H \ / N
a. \\\C—C b. \\\C_C/,, C. ,
HY + \ Brd 4 M'H \
Br ] CHsy Cl T Br cl H
H
CHs cl CH,CHj
4o "
Br Br cl
H (:H3 Br Cl H CH20H3
4.51
CH4CH, H H H
H H CH,CH
o B
H H — T
1] CH4CH,—CH,CH,CH H CH,CH
[ ] 3 2 2 2 3 CH3 ICH3 CH3 2 3
1 Hy 3
600 600
CHLCH, # H H
? 2®H = "o I
‘ CH5CHy, H
HCH3 CH3 ‘CH3
6 5 CH,CH,4
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least stable
4
2 Eclipsed forms are
higher in energy.
>
(o))
> Staggered forms
(0 ] are lower in energy.
1
most stable most stable
| | | |
| | | 1 |
180° 120° 60° OQ° 60° 120° 180°
Dihedral angle between two alkyl groups
most stable
CH3CH, H H H
H H o H CH,CHs H H
60 600
[2] CH3CH2T_9HCH20H3 H CH3 CH3 CH20H3
CH3 CH3 CH3 CH3
1 CHs 3
2
600 600
H CH i ¥
H 3 CH3 H
CHaCH, “CHy  60° H H g0
CH3CH, H CHg
HCH3 CH,4 CH,CH,
5 least stable
6
4
least stable
4
Eclipsed forms are

higher in energy.

>
(=g
)
[
L Staggered forms
are lower in energy.
1 1
most stable most stable

| | | | | | |

I I I I I

180° 120° 60° O° 60° 120° 180°
Dihedral angle

(between CH3CH, in back and CHy in front)
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4.52 Two types of strain:
4.1 Torsional strain is due to eclipsed groups on adjacent carbon atoms.
4.2 Steric strain is due to overlapping electron clouds of large groups (ex: gauche interactions).

i o/
H | CHy H QS /H/CHS AN HH
a. - b. c.
H° i CH, r N 7

- CH,CH3
CHs N\ CHg CHaCHy
two sites eclipsed conformation = two bulky ethyl groups close =
three bulky methyl groups close = torsional strain steric strain
steric strain eclipsed conformation =

torsional strain

4.53 The barrier to rotation is equal to the difference in energy between the highest energy eclipsed and
lowest energy staggered conformations of the molecule.

a. CH3TCH(CH3)2 b. CHsTC(CHs)s
f|3H3 CHs ?H?’ CHg
H H H ~H-CHy H H H HCH,
H i “SCH, H CHy ™~ i SCH, Hy
H H H H
most stable least stable most stable least stable
Destabilization energy = Destabilization energy =

2 H,CHj3 eclipsing interactions
2(6.0 kd/mol) = 12.0 kd/mol
1 H,H eclipsing interaction = 4.0 kJ/mol

3 H,CH; eclipsing interactions
3(6.0 kd/mol) = 18.0 kJ/mol

Total destabilization = 16.0 kJ/mol Total destabilization = 18.0 kd/mol
| 16.0 kd/mol = rotation barrier | 18.0 kdJ/mol = rotation barrier
4.54

Cl

T oy H.cl o .
2 H,H eclipsing interactions = 2(4.0 kd/mol) = 8.0 kdJ/mol

HmH i Since the barrier to rotation is 15 kd/mol,

H H the difference between this value and the

destabilization due to H,H eclipsing is the

most stable least stable destabilization due to H,ClI eclipsing.

15.0 kd/mol - 8.0 kd/mol = 7.0 kd/mol
destabilization due to H,Cl eclipsing
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4.55 The gauche conformation can intramolecularly hydrogen bond, making it the more stable
conformation.

‘._ hydrogen bonding
rotation here
anti gauche

Hydrogen bonding can occur only
in the gauche conformation,
making it more stable.

4.56
axial L up
a. HOH axial b. OH Hozla_lx H eq
[1] goﬁj down HO@U eq HO?W o HO;Q
|
) H H HOH ax
e
q one up, one down = ax
trans
axial up
Br Br 5 ax
r
) "on > H ¢ eq BCHa
. o O P CH eq : H eq
H H CHj 3 :
axial both up = :x
cis
axial H OH ax
a. H b. c. K . : g)l(-'
OH
[3] OH eq HON\ .
é"é) up ! down HO eqHO OHeq qdH H eq
a)'(_%al one up, one down = H OH
trans ax
4.57
ax
ax H
H
(/L&) CHs
e - e
CHs q qH Heq
€a CHz CHg

ax ax

both groups equatorial
more stable
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4.58

Disubstituted cyclohexane

. 1,2-cis disubstituted

. 1,2-trans disubstituted

. 1,3-cis disubstituted

. 1,3-trans disubstituted

. 1,4-cis disubstituted
1,4-trans disubstituted

o o0 o

Conformation 1

Axial/equatorial
Axial/axial
Axial/axial
Axial/equatorial
Axial/equatorial
Axial/axial

Axial/equatorial substituent location

Conformation 2

Equatorial/axial
Equatorial/equatorial
Equatorial/equatorial
Equatorial/axial
Equatorial/axial
Equatorial/equatorial

4.59 A cis isomer has two groups on the same side of the ring. The two groups can be drawn both up
or both down. Only one possibility is drawn. A trans isomer has one group on one side of the
ring and one group on the other side. Either group can be drawn on either side. Only one

possibility is drawn.

(1]

trans

b. cis isomer

oy :—ﬁx

both groups equatorial
more stable

c. trans isomer

<m\f\: el

eq X \

larger group equatorial
more stable

S N

The cis isomer is more
stable than the trans
since one conformation has
both groups equatorial.

(2]

a.
cis trans
b. cis isomer
ax
ax

( :vq<_—. W

larger group equatorial
more stable

c. trans isomer

both groups equatorial
more stable

d. W

The trans isomer is more
stable than the cis
since one conformation has
both groups equatorial.

(3]

cis trans

b. cis isomer
ax
ax
eq
( -— €q
ﬁw\

larger group equatorial
more stable

c. trans isomer

ax o
( N Sm eq
ax 1

both groups equatorial
more stable

S G

The trans isomer is more
stable than the cis
since one conformation has
both groups equatorial.
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4.60 Compare the isomers by drawing them in chair conformations. Equatorial substituents are more
stable. See the definitions in Problem 4.59.

a. CH,CHj3 ax
cis

CH,CHsax
trans H

ax

CH,CHj, H eq
ciicH, eq ‘—WCHZCHQ, eq H — E@CHzCHs

H CH3CH

H H CHQCH3 eq 2H
ax
The trans isomer is more 'stable than the cis isomer pecause both groups equatorial
its more stable conformation has two groups equatorial. most stable of all conformations
trans isomer
b. 1-ethyl-3-isopropylcyclohexane

ax
ax H ax
(CHg)2CH CH,CH
cis CH,CHz  trans H CH.CH (CH3)ZCH/&Q2 °
(CHS)ZCH\WCHZCHs — H \% ? . ed Y
eq eq H (CHg)sCH  H
H 4 H o

t btotglgro?p?l equaftorial " The cis isomer is more stable than the trans isomer because
most sta ii°s iio:g: ormations s more stable conformation has two groups equatorial.

4.61

Only the more stable conformation is drawn.

CHg CHa CHs., CHs
or
CHs CHa

re-draw to see
l axial and equatorial J

CHs
CstCH3 Cst]CH3
CHs
more stable

substituents on C1, C3, C5 =
all equatorial

4.62

OH re-draw to see OH
l axial and equatorial

o7 {_
HO

all equatorial
menthol

o

HO
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4.63
OH o o HO HO—_’I or
HO 0 OH 0
a. HO OH HOHO b. HO OH | HO +'OH
HO og 3
most stable HO OH
All groups are equatorial.
4.64
OH
OH.OH oH OH OH
a. c.
HO&&/OH Ho. / 1O HO X~ OH
OH OH
more stable OH HO
More groups are equatorial. constitutional isomer
OH.OH OH OH.OH
HO O (0]
b. HO&&OH Ho\ﬁOH d. OH
OH HO OH OH
galactose glucose stereoisomer
All groups are equatorial.
more stable
4.65
CH,CHg CH.CH
a. P 2LHM3
= and D d. and O/
""CH,CH
same molecular formylg C4Hg CH,CHs 2UH3
different connectivity
constitutional isomers same molecular formula C+oHzg
different connectivity
constitutional isomers
b. O/ and (I e. @ and Q*CHS

different arrangement in three dimensions
stereoisomers

CH,
HWCHs
C. and -
H CH; H
CH,

1down,1up= 1 down, 1 up =
trans trans

same arrangement in three dimensions
identical

CHj
N
CH

3

molecular formula: C¢gH,, molecular formula: CgH,,

different molecular formulas
not isomers

CH,CHj4
T [T onn
CH5CHy'
CH3CH,
1 down, 1 up = both down =
trans cis

different arrangement in three dimensions
stereoisomers



CH3‘_ up CH2CH3
CH3CH2N\ and CHS%
both up = cis both up = cis

- O

same arrangement in three dimensions

identical
4.66
CHz__ . CH Hs
CH™™ 2 CHyCH,
H i H ~
a. ~ -
H CH,CH
éH 2o CH20H3
8 j re-draw
C|)H3 (|3H3 C|)H20H3
CH3_CH_C|;H_CH2_CH3 CH3_CH_CH_CH2CH3
CH,CH,

3-ethyl-2-methylpentane 3-ethyl-2-methylpentane

same molecular formula
same name
identical molecules

4.67

One possibility: constitutional isomer

o

o

R O

3,4-dimethylhexane

Alkanes 4-33

and

T

2,4-dimethylhexane

same molecular formula CgH1g
different IUPAC names
constitutional isomers

H
CH3\ H
and
CHj CHj
CH(CHj)
lre-draw

same molecular formula
different arrangement of atoms
constitutional isomers

stereoisomer

Cl

trans
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4.68
Three constitutional isomers of C;H4:
1,1-dimethylcyclopentane 1,2-dimethylcyclopentane 1,3-dimethylcyclopentane
e O O
| |
trans cis ' - I Gis
trans

4.69 Use the definitions from Answer 4.32 to classify the reactions.

(6]
I
a. CHCHO = C_ CHaCH0H  d.  CH,=CH, H—C=C—H
CHy” "H
Decrease in the number of C-O Decrease in the number of C—H
bonds. Reduction bonds. Oxidation
CH, CH,Br
> O — O 07—
Increase in the number of C-O Increase in the number of C—Z
bonds. Oxidation bonds. Oxidation
C. CH,=CH, HOCH,CH,OH f.  CH;CH,OH CH,=CH,
Two new C-O Loss of one C-O
bonds. Oxidation bond and one C-H

bond. Neither

4.70 Use the rule from Answer 4.33.

flame flame
a. CHCH,CH,CH,CH(CHg), 7CO, + 8Hy,O + heat b, 4CO, + 5Hy0 + heat
110, (13/2) O,
4.71
2 C-O bonds 1 CIO bond
H H
(1] S 2] 0
o) L
a. ~—2 C—H bonds <1 C-H bond
H
benzene an arene oxide phenol
[1]increase in C—O bonds [2] loss of 1 C-O bond,
oxidation reaction loss of 1 C—H bond
neither

b. Phenol is more water soluble than benzene because it is polar (contains an O—H group) and
can hydrogen bond with water, whereas benzene is nonpolar and cannot hydrogen bond.
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4.72 Lipids contain many nonpolar C—C and C—H bonds and few polar functional groups.

OH
) HO HO
% of° o
a. HO " "OH C. d. Ho 0
mevalonic acid estradiol o] OH
many polar functional groups HO HO OH SUCIOSE
not a lipid few polar functional groups
a lipid many polar functional groups
not a lipid
b.
AN X AN AN AN AN
squalene
no polar functional groups
a lipid
4.73
? ?
OH COH OH CNHCH,CH,SO5 Na*
This polar part of the molecule
interacts with water.
HO OH HO OH
cholic acid .
a bile acid a bile salt

This nonpolar part of the molecule
can interact with lipids to create
micelles that allow for transport
of lipids through aqueous environments.

4.74 The mineral oil can prevent the body’s absorption of important fat-soluble vitamins. The vitamins
dissolve in the mineral oil, and are thus not absorbed. Instead, they are expelled with the mineral
oil.

4.75 The amide in the four-membered ring has 90° bond angles giving it angle strain, and therefore

making it more reactive.
amide

\ H

N S__CH,

penicillin G S N¥<CH3
@)

\ COOH

strained amide
more reactive
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4.76
Cl I
Example: |H H Although I is a much bigger atom than CI, the C—I bond
is also much longer than the C—Cl bond. As a result the
H H eclipsing interaction of the H and I atoms is not very much
H HH H "HH  different in magnitude from the H,Cl eclipsing interaction.
H\ /CI H\ /- :
~C—C, ~C—C’, " |onger bon
W N e Aw longerbond
H H
4.77
H H
:H: :L:
decalin trans-decalin cis-decalin
H
H
H \/H
trans 1,3-diaxial interaction
cis
The trans isomer is more stable since ) . .
the carbon groups at the ring junction are This bond is axial, creating
both in the favorable equatorial position. unfavorable 1,3-diaxial interactions.

e T s

pentylcyclopentane  (1,1-dimethylpropyl)cyclopentane  (2-methylbutyl)cyclopentane (2,2-dimethylpropyl)cyclopentane

4

Poof ol ot

(1-methylbutyl)cyclopentane  (1-ethylpropyl)cyclopentane (1,2-dimethylpropyl)cyclopentane  (3-methylbutyl)cyclopentane



