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Table 3.1 Structures of Some Common Functional Groups

Name Structure* Name ending Example
Alkene N\ / -ene H,C=CH,
(double bond) C=C Ethene
/N
Alkyne —C=C— -yne HC=CH
(triple bond) Ethyne
Arene None
(aromatic ring)
Benzene
Halide ~ X None CH3ClI
/C\ Chloromethane
(X = F, Cl, Br,I)
Alcohol \C/OH -ol CH30H

/ Methanol
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Problem 3.1
Identify the functional groups in each of the following molecules:
(a) Methionine, an amino acid: (b) Ibuprofen, a pain reliever:
?I) CO,H
CH3SCH,CH,CHCOH
| CHj
NH»

(c) Capsaicin, the pungent substance in chili peppers:
0

0 CH
HaC” N = 3

CH
HO 3
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Alkene Alkyne

B2 R #¥2  Arene

(aromatic ring)
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C=0
RENE
Acetone —a typical carbonyl compound
i3 0 B O B O [} 0
[ [ [ I \/
\/Q/C\H \/ /C/ o \/Q/C\OH \/Q/C\O/C\
Aldehyde Ketone Carboxylic acid Ester
& @) = @) @)
TS g \C/ 3% g =) g
\/Q/ T i \/Q/ \IT/ \/Q/ ~c|

Thioester Amide Acid chloride
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Problem 3.2

Propose structures for simple molecules that contain the following functional groups:
(@) Alcohol (b) Aromatic ring (c) Carboxylic acid

(d) Amine (e) Both ketone and amine (f) Two double bonds

Problem 3.3

Identify the functional groups in the following model of arecoline, a veterinary drug used to
control worms in animals. Convert the drawing into a line-bond structure and a molecular
formula (red = O, blue = N).
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H H H H H H H HHH

H—(|3—H H—Clt—Cll—H H—(l.‘,—Cli—(!‘,—H H—(ll—(li—cll—cli—H ...and soon
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Methane Ethane Propane Butane
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- IERRIRH EYIRAFRAYESR (Aliphatic)

(@)
|[18 1

CH,0CCH,CH,CH,CH,CHoCH,CHoCHoCHoCH,CHoCH,CH,CHoCHoCH,CH3
i
CHOCCH,CH,CH,CH,CH,CH,CH,CH,CH,CH,CHoCHoCH,CHoCH,CH,CH3
i
CH,0CCH,CH5CH,CH,CHoCH,CH,CHoCH,CH,CHoCH,CH,CHoCH,CHoCH3

A typical animal fat
WEfEER H B =288

MERERR, BD+/\BR. TEISERINENEERIEEMD, BARIERIRISEES.
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CHgy CH3CH3 CH3CH,CH3
Methane, CHy Ethane, CoHg Propane, C3Hg
;- 3
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CH3CH,CHoCH3 CH3CHCH3
Butane, C4Hqo Isobutane, C4H1o
(2-methylpropane)
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CH3CH,CH,CH,CH3

Pentane, CgH12

CH3CHoCHCH3

2-Methylbutane, C5Hq2

CH3$CH3
CHs

2,2-Dimethylpropane, CgH12

Table 3.2 Number of Alkane

Isomers
Number
Formula of isomers
CeH1a 5
CsH16 9
CgH1g 18
CgHag 35
CqoH22 75
Cq5H32 4,347
CooHa2 366,319

CaoHe2

4,111,846,763
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Different carbon
skeletons
C4H1g

Different functional
groups
C,HgO

Different position of
functional groups
C3HgN

i
CH3CHCH3

2-Methylpropane
(isobutane)

CH3CH,0OH
Ethanol
NH,

|
CH3CHCH5

Isopropylamine

and

and

and

CH3CH,CH,CHj

Butane

CH30CH5

Dimethyl ether

CH3CH,CH,NH,

Propylamine
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Table 3.3 Names of Straight-Chain Alkanes

Number of Formula Number of Formula
carbons(n) Name (C,H2p+2) carbons(n) Name (ChH2p+2)
1 Methane CHg 9 Nonane CgHoo
2 Ethane CoHg 10 Decane C1oH22
3 Propane CsHg 11 Undecane C11H24
4 Butane CaH10 12 Dodecane C12H26
5 Pentane CsHq2 13 Tridecane Cq3H»g
6 Hexane CeH14 20 [cosane CooHa2
7 Heptane CsH16 30 Triacontane  CsgHg2

8 Octane CgHi1s
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Problem 3.4
Draw structures of the five isomers of CgHia.

Problem 3.5

Propose structures that meet the following descriptions:
(a) Two isomeric esters with the formula CsHqgO>

(b) Two isomeric nitriles with the formula C4H7N

(c) Two isomeric disulfides with the formula C4Hq0S>

Problem 3.6

How many isomers are there with the following descriptions?
(a) Alcohols with the formula C3HgO

(b) Bromoalkanes with the formula C4HgBr

(c) Thioesters with the formula C4HgOS
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H H H H
H—(::—H H—c::—ﬁ— H—(:I—O—H H—(:i—lTI—H
H H H H H
Methane A methyl group Methyl alcohol Methylamine
(methanol)
Table 3.4 Some Straight-Chain Alkyl Groups
Alkane Name Alkyl group Name (abbreviation)
CHy Methane —CHs Methyl (Me)
CH3CH3 Ethane —CH,CH3 Ethyl (Et)
CH3CH3CH3 Propane —CH2CH5CH3 Propyl (Pr)
CH3CH2CH,CH3 Butane —CH,CH,CH,CH3 Butyl (Bu)
CH3CH5CH,CH,CH3 Pentane —CH5CHCH,CH,CH3 Pentyl, or amyl
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; Figure 3.3 Alkyl groups generated
N from straight-chain alkanes.
& " ) . < --
g 9 > e } Jt > A ‘

C3
CH3CH,CH3 CH3CH,CH % CH3CHCH3
Propane Propyl Isopropyl
‘s ‘){ ‘s .Zf ¥
39 49 g 9 9 > g -
CH3CH2CHCH3 CH3CH2CH2CH2§— CH3CH,CHCH3
Butane Butyl sec-Butyl
Cq
J a
! R :
v } i«
CH3
Ha CH3 CH3—(I:—$-
CH3CHCH3 CH3CHCH, % CH3

Isobutane Isobutyl tert-Butyl
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R\C/H
/\
H H

Primary carbon (1°)
is bonded to one
other carbon.

R P
/\

H H

Secondary carbon (2°)
is bonded to two
other carbons.

Cl)H
R—(E—R
R

General class of tertiary

alcohols, R3COH

R R R R
/\ /\
R H R R
Tertiary carbon (3°) Quaternary carbon (4°)

is bonded to three
other carbons.

?H
H02CCH2——?——CH2C02H
CO,H

Citric acid —a specific
tertiary alcohol

is bonded to four

other carbons.
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Problem 3.10

Draw structures of alkanes that meet the following descriptions:
(a) Analkane with two tertiary carbons

(b) An alkane that contains an isopropyl group

(c) An alkane that has one quaternary and one secondary carbon
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A chemical name typically has four parts in the IUPAC system of nomen-
clature: prefix, parent, locant, and suffix. The prefix identifies the various
substituent groups in the molecule, the parent selects a main part of the mole-
cule and tells how many carbon atoms are in that part, the locants give the
positions of the functional groups and substituents, and the suffix identifies the
primary functional group.

Locant— Prefix —Parent — Suffix
/ / N\ \

Where are the substituents What are the How many What is the primary
and functional groups? substituents? carbons? functional group?
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STEP 1

Find the parent hydrocarbon.

(a) Find the longest continuous chain of carbon atoms in the molecule,
and use the name of that chain as the parent name. The longest chain

may not always be apparent from the manner of writing; you may have
to “turn corners.”

CH5CH3
CH3CH2CH2(|3H—CH3 Named as a substituted hexane
CH3
hy

I
CH3—CH(|3H—CH2CH3 Named as a substituted heptane
CHoCHoCH3

(b) If two different chains of equal length are present, choose the one with
the larger number of branch points as the parent.

CHs3 CH3
CH3CHCHCH,CH,CH34 CH3CH—CHCH3,CH,CH4
éH2CH3 éHzCHg

Named as a hexane with NOT as a hexane with

two substituents one substituent
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STEP 2

Number the atoms in the longest chain.

(a) Beginning at the end nearer the first branch point, number each carbon
atom in the parent chain.

2 1 B 7
Cl:H2CH3 (|:H2CH3
CH3—CHC|:H—CH2CH3 NOT CH3—CHCIH—CH2CH3
3 |4 5 |4
CH,CH,CH3 CH,CHoCH3
5 6 ./ 3 2 1

The first branch occurs at C3 in the proper system of numbering, not at C4.

(b) If there is branching an equal distance away from both ends of the
parent chain, begin numbering at the end nearer the second branch
point.

8. 9 2
?HZCHg c|:H3 C|IH2CH3 C|2H2CH3 cl:Hg (IIHZCHg

CH3—CHCH»CH,CH—CHCH,CH3 NOT CH3—CHCH,CH,CH—CHCH,CH3
7 6 b 4 3 2 1 34 5 b L8 9
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STEP 3
Identify and number the substituents.
(a) Assign a number, or locant, to each substituent to locate its point of

attachment to the parent chain.

9 8
CH3C|:H2 H3c| (|3H2CH3

CH3—CHCH,CHCHCHCH,CH3 Named as a nonane
7.6 "5 4 3 2
Substituents: On C3, CHoCH3  (3-ethyl)
On C4, CH3 (4-methyl)
On C7, CH3 (7-methyl)

(b) If there are two substituents on the same carbon, give both the same
number. There must be as many numbers in the name as there are

substituents.
g
4
CH3CH,CCH,CHCH3 Named as a hexane
6 5 |3 “2 1
CH,CH3
Substituents:  On C2, CH3 (2-methyl)
On C4, CH3 (4-methyl)

On C4, CH2CH3 (4—ethy|)
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STEP 4

Write the name as a single word.

Use hyphens to separate the different prefixes, and use commas to separate
numbers. If two or more different substituents are present, cite them in
alphabetical order. If two or more identical substituents are present on the
parent chain, use one of the multiplier prefixes di-, tri-, tetra-, and so forth,
but don’t use these prefixes for alphabetizing. Full names for some of the
examples we have been using follow.

2 1 8 9
(|3H2CH3 C|2H2CH3 (|3H3 (|)H2CH3 C|)H3
CH3CH>CHoCH—CH CH3—CHCH,CH,CH—CHCH,CH CH CHCHCH»CH»CH
6352423 3 3762524 322‘13 32 |342523
CH,CHg
3-Methylhexane 3-Ethyl-4,7-dimethylnonane 3-Ethyl-2-methylhexane
2 1
CH,CH3 CH3 CHj
CH3%H4(|IHCH2CH3 CH30H2(|3%H2CHCH3
CH,CH»CH CH»CH
5 26 27 3 2-M3

4-Ethyl-3-methylheptane 4-Ethyl-2,4-dimethylhexane
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STEP 5

Name a complex substituent as though it were itself a compound.

In some particularly complex cases, a fifth step is necessary. It occasionally
happens that a substituent on the main chain has sub-branching. In the
following case, for instance, the substituent at C6 is a three-carbon chain
with a methyl sub-branch. To name the compound fully, the complex
substituent must first be named.

CH3 CH3 CH3
120 34 5 6 | I
CH3CHC|)HCH2CH2CH—CH2CHCH3 %—CHQCHCH3
1T 2 3
CHsj CH,CH,CH,CH3
7 8 9 10
Named as a 2,3,6- A 2-methylpropyl group

trisubstituted decane
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Number of Formula
carbons(n) Name (ChH2,+2)
1 Methane CHyg
Problem 3.11 Z Hiaas CaHe
Give IUPAC names for the following compounds: 3 Propane CsHg
4 Butane CaqH10
(a) The three isomers of CgHq5 (b) CHs3 5 Pentane CsH1a
|
CgH
CH3CH,CHCHCH3 6 Hexane 614
| 7 Heptane CsH16
CH3 8 Octane CgH1g
(C) ?Hg (d) ?Hg 9 Nonane C9H20
(CH3)2CHCH,CHCH3 (CH3)3CCHZCH,CH 10 Do Crokzz
| 11 Undecane C11H2a
CHj3
12 Dodecane C12H26
13 Tridecane Cq3Hog
20 Icosane CooHa2

w
S

Triacontane  C3gHg2
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Number of Formula
Problem 3.12 ) _ carbons(n) Name (C,Hap+2)
Draw structures corresponding to the following IUPAC names:
(a) 3,4-Dimethylnonane (b) 3-Ethyl-4,4-dimethylheptane 1 Methane CHy
(c) 2,2-Dimethyl-4-propyloctane (d) 2,2,4-Trimethylpentane 2 Fthane C,He
Problem 3.13 3 Propane C3Hg
Name the eight 5-carbon alkyl groups you drew in Problem 3.7. 4 Butane CaH1o
P(oblem 3.14 . o 5 Pentane CsHis
Give the IUPAC name for the following hydrocarbon, and convert the drawing into a
skeletal structure. 6 Hexane CeH1a
7 Heptane CsH16
8 Octane CgH1sg
9 Nonane CgHog
10 Decane C1oH22
11 Undecane C11Ha4
12 Dodecane C12H26
13 Tridecane Cq3Hog
20 Icosane CooHa2
30 Triacontane  C3zgHg2
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300 — Figure 3.4 Aplot of melting and
.~ Melting point ~ boiling points versus number of carbon
Boiling point atoms for the C;-Cyy straight-chain
200 —  alkanes. There is a regular increase with
_ _ molecularsize.
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Number of carbons
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CHy + 20, — CO, + 2H,O + 890 kJ/mol (213 kcal/mol)

CHs, + Cl, -, CH,Cl + HCl

Cl
e, | CH,Cl, + HCI
| ci,
CHCl; + HCI
| ¢l
CCl; + HCI
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Back carbon

L /HH H
/™y ® @ H

H
Front carbon

Sawhorse Gy Newman ZHEH;
representation projection
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4.0 kJ/mol
S
H HH
H i Rotate rear
carbon 60° H H
H 4.0 kJ/mE\ ﬁﬁ) kJ/mol

Ethane—staggered Ethane—eclipsed
conformation conformation

Eclipsed conformations

12 kd/mol

Energy

H H H H H H H
H H H H
W HHHHHHH HHHHHHH HHHHHHH Tl
I | I | I I
0° 60° 120° 180° 240° 300° 360°
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6.0 kJ/mol
I
CH3 CI}::3
H H
Rotate rear
H H carbon 60° \H\I_-i w
H 4.0 kJ/mol 4.0 kJ/mol
Staggered propane Eclipsed propane
\ 6.0 kd/mol
—
y CHj H CH3
H H Rotate 60°
T (M j /)
H H
6.0 kJ/moI\ CHy M/ 4.0kJ/mol
CHj
Butane —anti Butane—eclipsed
conformation conformation
(0 kJ/mol) (16 kJ/mol)
Steric strain
3.8 kd/mol
H CH3 //C;'l:g
Rotate 60° H3C H
H
CHa H H H H
H
Butane—eclipsed Butane —gauche
conformation conformation

(16 kJ/mol) (3.8 kd/mol)
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19 kJ/mol
16 kJ/mol
>
=
)
=
w
1
3.8 kd/mol
CHs CHs CHa CHa CHs CHa CHa
H CHj H
H H ;; CHs H 2; HgCHg /g H H
. CH3H Hh, wH ; H . H Y T ; H ; Ho ™ e . CH3H
|
Arllti Gauche Gauche Anti
L | I | | I l
180° 120° 60° 0° 60° 120° 180°

Dihedral angle between methyl groups

Figure 3.9 Aplot of potential energy versus rotation for the C2—C3 bond in butane. The energy maximum
occurs when the two methyl groups eclipse each other, and the energy minimum occurs when the two methyl

groups are 180° apart (anti).
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