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his book organizes organic chemistry according to how organic compounds

react. However, we must not forget that whenever an organic compound un-

dergoes a reaction, a new organic compound is syntl?emzcd. In othef words,
while we are learning how organic compounds react, we will also be learning how
to synthesize new compounds.

b — Z

Y is reacting Zis being synthesized

The main classes of compounds that are synthesized by the reactions we will
study in Chapters 3-11 are alkanes, alkyl halides, ethers, alcohols, and amines. As
we learn how to synthesize compounds, we will need to be able to refer to them by
name. So we will begin our study of organic chemistry by learning how to name
these five classes of compounds.

First we will learn how to name alkanes because they form the basis for the names
of almost all organic compounds. Alkanes are composed of only carbon atoms and
!1ydrogcn atoms and contain only single bonds. (A hydrocarbon is a compound that
1S composed of only carbon and hydrogen, so an alkane is a hydrocarbon that has only
single bonds.) Alkanes in which the carbons form g continuous chain with no branch-
es are 'cullcd straight-chain alkanes, The names of several straight-chain alkanes are
given in Table 2.1, It is important that you learn the names of :ﬁ least the first 10.

The family of alkanes shown in Table 2.1 is an example of a homologous series.

i}; "‘;'_"“I'IUL'.UIIS series (/Il.u‘r‘m.v is Greek for “the same as™) is a family of compounds
Which each member differs from the next by one methylene (CH,) group. The

' '] ) 4 S I Y . ] re ne CH 3C =

’ ‘lBg 'Iookmg at the relative numbers of carbon
StedinTable 2,1, you can conclude th
nHa, 49, where nis any inte

and hydrogen atoms in the alkanes
at the general molecular formula for an alka-
&er. So, if an alkane has one carbon atom, it must
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Introduction 61
¢ four hydrogen atoms; if it has two carbon atoms, it must h
hat :

.. pave seen that carbon forms four covalent bonds
“f-qlt‘m bond (Section 1.4). This means that there s
OV .

* alkane with molecular formula CH, (methane)
an . = 2 - ]
ie with molecular formula C,Hg (ethane). We iy

ave six hydrogens.
and hydrogen forms only one

only one possible structure for
and only one structure for an alka-
ave examined the structures of these

ompounds in Section 1.7. There is also only one structure for an alkane with mol-
L\.um formula C3Hg (propane).
[
name Kekulé structure condensed structure ball-and-stick model
Pll -
methane H"CI:—H CH,
H
B
ethane H_(I:—(I:—H CH;CH,
H H
1y
propane H_(f_(f_(l:—H CH}CHZCH:S 5? 3-D Molecules:
H H H w Propane;
V "~ Butane
BB
butane H—C—C—C—C—H CH,CH,CH,CHj4
H HHH

As the number of carbons in the alkane increases, the number of possible struc-
tures also increases. There are two possible structures for an alkane with molecular
formula C4H (. In addition to butane—a straight-chain alkane—there 1s a branched
butane called isobutane. Both of these structures fulfill the requirement that each
carbon bonds to four atoms and each hydrogen forms only one bond.

Compounds such as butane and isobutane that have the same moleculaf form.ula
but differ in the order in which the atoms are connected are called constitutl(‘mal iso-
mers (their molecules have different constitutions). In fact, isobutane got its name
because it is an “iso”mer of butane. The structural unit with two methyl groups anfi,
a hydrogen bonded to a carbon that occurs in isobutane has come to be called “iso.

Thus, the name isobutane telis you that it is a four-carbon alkane with an iso struc-
tural unit,

CH3CH2CH2CH3 CHB?HCHJ CH}CH -
butane CH, CH,
isobutane an “iso”

structural unit
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62 CHAPTER 2 An Introduction to Organic Compounds

Nomenclature and Physical Properties of Straight-Chain Alkanes

TABLE 2.1 s o
Nl-l:}ber Molecular Condensed P:’if" l;?(i:"‘)‘ Density,,
carbons formula Name structure O (&/mr,)

1 CH, methane CH, -167.7 3 : :;;

2 C,H, ethane CH,CH, —88.6 _ 37.7

3 C,H, propane CH,CH,CH, —42.1 B 133.3

4 CiHyp butane CH,CH,CH,CH; =05 B 1529-8 0557,
5 CsH,; pentane CH,(CH,),CH; 36.1 e —3 0-6603
6 CeHy4 hexane CH,(CH,),CH; 68.7 _90.6 0.6837
7 CH,q heptane CH,(CH,)sCH; 98.4 o Oy
8 CsHyq octane CH;(CH,),CH, 127.7 - : o.'m
9 CoHy nonane CH,(CH,),CH, 150.8 -53. 7177
10 CyoHy, decane CH,(CH,);CH, 174.0 -29.7 0.7299
11 C, H,, undecane CH,(CH,)sCH; 195.8 —25.6 0.7402
12 C;Hy dodecane - CH;(CH,),,CH; 216.3 -9.6 0.7487
13 CyaHag tridecane CH,(CH,),,CH, 235.4 ~-55 07546
20 CyH; eicosane CH,(CH,),sCH, 343.0 36.8 0.7886
21 C,H,, heneicosane CH,(CH,),,CH; 356.5 40.5 0.7917
30 CsoHs, triacontane CH;(CH,),sCH, 449.7 65.8 0.8097

“Density is temperature-dependent. The densities given are those determined at 20 °C (d2).

There are three alkanes with molecular formula CsHi,. Pentane is the straight-
chain alkane. Isopentane, as its name indicates, has an iso structural unit and five
carbon atoms. The third isomer is called neopentane. The structural unit with a car-
bon surrounded by four other carbons is called “neo.”

(IZH3 <I3H3
CH;CH,CH,CH,CH;  CH;CHCH,CH, CH;CCH; CH,CCH,—
pentane I ' !
) CH3 CH3 CH3
isopentane neopentane a “neo”
structural unit
There are five isomers with molecular formula C¢H, 4. We are now able to name
tthree otl'] therg f(_hexane 1sohexane, and neohexane), but we cannot name the other
WO without defining names for new structural units. (A ! )
it Sl (At this point, ignore the name
B
CH_;CHZCH CH,CH,CH
ctommon name: he:fane2 = CHJCI:HCHZCHz(:HJ CHS(IZCHZCHJ
systematic name: hexane CH, 'CH;j
isohexane nechexane [
2-methyipentane 2,2-dimethylbutane f
CH3CH,CHCH,CH, CH;CH—CHCH,
CH ' H
) ; 3 ~ CH3 CH;
3-methylpentane 2,3-dimethylbutane

|
{
i
| % |
)
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Section 2.1

re nine isomers with molecul;

There 2 W _ ular fo‘mmla C;H6. We can name only two of
nem (heptane and 1soheptane) without defining new structural units, Notice that neo-
heptane cannot be u:\cd as a name because three different heptanes have a carbon that
" ponded to four other carbons and @ name must be specific to only one compound

CH;CH,CH,CH »CH,CH,CH 3
heptane
heptane

common name:

CH;CIHCHZCHzCHzCH;
systematic name:

CH;

isoheptane
2-methylhexane

CH;CH2C1HCH2CH2CH3 CH3<13H—CIHCH2CH3 CH,CHCH,CHCH;
CH; CH; CH ' '
3-methylhexane v ; o O

2,3-dimethylpentane 2,4-dimethylpentane

(11H3 CH,
CH3(T“CH2CH2CH3 CH;CH:({CHZCH3 CH,CH,CHCH,CHj
l
CH, CH, CH,CH;

2.2-dimethylpentane 3.3-dimethylpentane 3-ethylpentane

CIH3 CH,
CH3(13—CHCH3

CH;,
2,2,3-trimethylbutane

The number of different structural units increases rapidly as the number of car-
bons in an alkane increases. For example, there are 75 alkanes with molecular for-
- mula CyH,, and 4347 alkanes with molecular formula C;sHj,. To avoid having to
memorize the names of many different structural units, chemists have devised rules
that name compounds on the basis of their structures. This way, only the rules have
to be learned. Because the name is based on the structure, these rules make it pos-
silbe to deduce the structure of a compound from its name.
This method of nomenclature is called systematic nomenclature. It is also called
[UPAC nomenclature because it was designed by a commission of the International
Union of Pure and Applied Chemistry (abbreviated JTUPAC and pronounced “Eye-
You-Pack™) at a meeting in Geneva, Switzerland, in 1892. The IUPAC rules have
been continually revised by the commission since then. Names such as isobutane
' and neopentane—nonsystematic names—are called common names and are shown
in red in this text. The systematic or [UPAC names are shown in blue for all of the
alkanes with six and seven carbon atoms. Before we can understand how an IUPAC
name for an alkane is constructed, we must learn how to name alkyl substituents.

Nomenclature of Alkyl Substituents

63

A compound can have more
than one name, but a name
must specify only one com-
pound.

Removal of a hydrogen from an alkane results in an alkyl substit.uent (or an alkyl
group). Alkyl substituents are named by replacing the “ane” ending of the alkane
with “y1.” The letter “R” is used to indicate any alkyl group.

CH,—
amethyl group

CH3CH2CH2CH2—
a butyl group

CH;CH;—
an ethyl group

CH}CHZCHZ_-
& propyl group

R__

any alkyl group

2.1
NOMENCLATURE
OF ALKYL
SUBSTITUENTS
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uild models of the two rep-
:sentations of isopropyl
woride and convince your-
:if that they represent the
ime compound.

Q _ 3D Molecules:

<3 Propyl chloride:
~o sopropyl choride

CHAPTER 2 An Introduction to Organic Compounds

ane is replaced by an OH, the compour}d becomes 4y, "
the compound becomes an amine; and if j i

d becomes an alkyl halide.

If a hydrogen of an alk
cohol; if it is replaced by an NH,
placed by a halogen, the compoun

e.

_h‘ll R x ! ! ¥

* p halide
an alcohol an amine an alkyl

" f the Comp()und ( 1
the name of the class o aleo,
An alkyl group name followed by g |
hol amincy c%c.) yiclds the common name ()f.the compound. T:;l:: t;\I mice':ﬁixt‘;]mpiffs
ﬂ;ho‘w how .ulkyl group names are used to build common narfnth.c. Mot Ofcd ere is
.:l space between the name of the alkyl group and the name 0 S8 Ompound

except in the case of amines.

CH,OH CH;CH,NH, CH,CH,CH,Br CH3CH2CH2(?H2C]
methyIAalcohol ethylamine propyl bromide butyl chloride
CH;l CH;CH,0H CH;CH,CH;NH, CH,;CH »CH,CH,0H
methyl iodide ethyl alcohol propylamine butyl alcohol

Two alkyl groups—a propyl and an isopropyl—contain three (?arbon atoms. A
propyl group is obtained when a hydrogen is removed from a primary carbon of
propane. A primary carbon is one that is bonded to only one other carbon. An iso-
propyl group is obtained when a hydrogen is removed from the secondary carbon cf
propane. A secondary carbon is one that is bonded to two other carbons. Notice
that an isopropyl group, as its name indicates, has three carbon atoms arranged as an
1so structural unit.

a primary carbon [iays,econdary carbon |
CH;3;CH,CH,— CH3CIIHCH3
a propyl group an isopropyl aroup

] two different ways to draw isopropyl chloride |
CH3CH2CH2CI CH3CHCH3
l

CH3(|3HC1

isopropyl chloride

arbonos. Butyl angd isobutyl groups
ary (1°) carbon, A sec-buty] group
bon (sec-, often abbreviated -
drogen removed from
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Section 2.1 Nomenclature of Alkyl Substituents | 65

..y (3°) carbon (tert-, sometimes abbreviated '

 tertiary ( : ] eviated t-, stands for tertiary). A tertia A pri i

carbon is one that is bonded to three other carbons. ? i mp;nr:g;z:‘bgns:cl;m:::
carbon is bonded to two car-

_ ' bons, and a tertiary carbon i
S primary carbon| |a primary cail\)on | |a secondary carbon] [a tertiary carbon| CH, bonded to three gfbms- 5
| Na S

CH}CHgCH2CH2_ CH3(|:HCI 1,— CH;CH,CH— CH,C—
CHs CH |
a butyl group an isobutyl group 3 CHy

a sec-butyl group a tert-butyl group

A straight'-cham alkyl group is sometimes called n-butyl (n for normal) to em-
phasize that its four carbon atoms are in an unbranched chain. However, if the name
does not have a prefix such as “n” or “is0,” it is assumed that the carbons are in an

unbranched chain.
CH;CH,CH,CH,Br CH;CH,CH,CH,CH,F
butyl bromide pentyi fluoride
or ‘ o
n-butyl bromide n-pentyl fluoride 3-D Molecules:

7 a6 N-Butyl alcohol;
w“;@ sec-Butyl alcohol;
The hydrogens in a molecule are also referred to as primary, secondary, and ter- @ tert-Butyl alcohol
tiary: Primary hydrogens are attached to primary carbons, secondary hydrogens
are attached to secondary carbons, and tertiary hydrogens are attached to tertiary

carbons.
[primary hydrogens | [tertiary hydrogen | sécond%hydrogen_sl CH,
~N\
CH3CH2CH2CH20H CH3(|:HCH20H CH3CH2C‘HOH
CH; CH;
primary hyd:ro_gens tertiary hydrogen ['secondary hydrogens

sec-butyl alcohol tert-butyl alcohol
butyl alcohol isobutyl alcohol e Y "

or
b ty?;lcohol s-butyl alcohol t-butyl alcohol
n-ou
Because a chemical name must apply to only one compoun:i, the only tirfledyt?cu
will see the prefix “sec” 1S in sec-butyl. The name «gec-pentyl” cannot be use dif—
cause pentane has two different secondary carbon atoms. Therefore, there‘ are Ewod‘1 -
ferent alkyl groups that result from the removal of a hydrogen from a secondary

carbon of pentane.

i i i hloride attached
Both alkyl halides have five carbon atoms withac _
E) a t:;coal:dgw carbon, so both compounds would be sec-pentyl chloride.

CH,CHCH,CH,CH CH3CH2(Y.HCH2CH3
él Cl
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CHAPTER 2 An Introduction to Organic Compounds

The prefix “rerr” is found in tert-butyl and tert-pentyl Eecausc cai;,h of these Sub.
stituent names describes only one alkyl group. The name re.rt-hexyl cannog be useq
because it describes two different alkyl groups. (In older literature, you might g |
amyl used instead of pentyl to designate five carbons.)

66

CH CH, CH,CHj CH,
, -‘ 2 k
Cllgcl‘—-llr Cllj(lf—-llr CH;CH,C—Br CH}CHzcnz(l——Br
CH, CH,CH, CH, | CH,
A tert-pentyl bromide Both alkyl bromides have six carbon atoms with 3

tert-butyl bromide |
’ bromine attached to a tertiary carbon, so both

compounds would be tert-hexyl bromide.

The prefix “iso” can be used regardless of the numb_cr of carbons in the alky
efix means that there is an iso structural unit (a carbon bonded to twq

prroup. This pr ‘
ﬁwth[;'l grougs and a hydrogen) at one end of the molecule, and any group replacing
a hydrogen is at the other end. (Notice that an iso group has a methyl group on the

next to the last carbon in the chain.)

CH_-;(,'.‘HCHZCHzOH CH3(|Z‘HCH2CH2CH2CI CH 3(|','HC H,CH,CH,CH,NH,
CH; CH, CH;
isopentyl alcohol isohexyl chloride isoheptylamine
isoamy?glcohol
CH3(|3HCHzBr CH3(FHCH2CH2CH2CH2CH20H CH3$ HBr
CH; CH; CH;,3

isobutyl bromide isooctyl alcohol isopropyl bromide

Notice that all isoalkyl compounds have the substituent (OH, Cl, NH,, etc.) on a pri-

mary carbon except for isopropyl, which has the substituent on a secondary carbon.

The isopropyl group could have been called a sec-propyl group. Either name would

° have been appropriate because the group has an iso structural unit and a hydrogen
P T:(toria': Common has been removed from a secondary carbon. Chemists decided to call it isopropyl,

%5 alkyl groups however, which means that “sec” is used only for sec-butyl.

Alkyl group names are used so frequently that you should learn them. Some of the

most common alkyl group names are compiled in Table 2.2 for your convenience.

TABLE 2.2 Names of Some Alkyl Groups
CH;

methyl CH;— sec-butyl CH3CH2(|ZH—~ neopentyl CH3(|3CH2—
ethyl CH;CH,— CH, (,3H3
propyl CH;CH,CH,— (’.‘H3 hexyl CH;CH,CH,CH,CH,CH,—
isopropyl CHJCIZH — tert-butyl CH3(|3-— isohexyl CH;CHCH,CH,CH,—
butyl  CH,CH,CH,CH,—
i CH3CHZ ,CH, pentyl  CH;CH,CH,CH,CH,—  heptyl CH;CH,CH,CH,CH,CH,CH,—
u H,— i i
3(|:H 2 isopentyl CH3(FHCH2CH2-— isoheptyl CH3(IIHCH2CH2CH2CH2"
: :
CH3 CH3 —
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section 2.2 Nomenclature of Alkanes \ 67

PROBLEM 1¢

Write a structure for each of the following compounds:

a. isopropyl alcohol c. sec-butyl iodide e. fert-butylamine

b. isopentyl fluoride d. ncopentyl chloride f. isooctyl bromide

The systematic name of an alkane is obtained using the following rules: 2.2
1. Determine the number of carbons in the longest continuous carbon chain. This NOMENCLATURE
OF ALKANES

chain is called the parent hydrocarbon. The alkane name indicating the number of
) ]: it .y g ) - LT3 " = .

carbe S the parent hy_'dr_omrbon becomes the alkane’s “last name. Notice thatthe o mine the number of car-

19ngcs( continuous chain is chosen regard.lcss of how the mo_lecule is written. Some-  pons in the longest continu-

times you have to “turn a corner” to obtain the longest continuous chain. ous chain.

3 7 ) 5 4 3 2 | 8 7 0 5 4
CHJCH2CH2CH2(|2HCH2CH2CH3 CH3CH2CH2CH2C|HCH3

CH, \ 7 CH,CH,CH;

I three different ways to draw 4-methy|octamﬂ

3 1

4 3 2
CH,CHCH,CH,CH;

CH,CH,CH,CH

5 2 G 2 7 2 5 3

2. The name of the alkyl substituent that hangs off the parent hydrocarbon s cited
before the name of the parent hydrocarbon with a number to designate the carbon to
which it is attached. The chain is numbered in the direction that gives the substituent
as low a number as possible. The substituent name and the name of the parent hy-  nimber the chain so that the
drocarbon are joined in one word, and there is a hyphen between the number and the  sybstituent gets the lowest

substituent name. possible number.

3::2

1 2 1.3 4 5 6 5 4 1
CH3C|IHCH2CH2CH3 CH,CH,CH,CHCH,CH;

CH; CH,CH;
2-methylpentane 3-ethylhexane

| 2 3 4 5 6 7 8
CH,CH,CH,CHCH,CH,CH,CHj3

CHCHj

CH,
4-isopropyloctane

Notice that only systematic names have numbers; common names never contain  Numbers are used only for

numbers. systematic names and never
for common names.
e
CH,;CHCH,CH,CHj;
common name: isohexane

systematic npame:  2-methylpentane

3. If more than one substituent is attached to the parent hydrocarbon, the chain is
numbered in the direction that will result in the lowest possible number in the name
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68 | CHAPTER2 Anintr

List substituents in alphabeti-
cal order.

A number and a word are
separated by a hyphen; num-
bers are separated by a
comma.

di, tri, tetra, se¢, and tert are
ignored in alphabetizing.

iso, neo, and cyclo are not
ignored in alphabetizing.

Only if the same set of num-
bers is obtained in both direc-
tions does the first cited
group get the lower number,

oduction to Organic Compounds

I. The substituents are listed in alphabetical order (not numericy)
nd. Subs : . J

th each substituent getting the appropriate number. In the following ey_
order), ‘lmc‘ncrlrcct 'numc (5-ethyl-3-methyloctane) contains a 3as its lowest Number,
alr!;Icl.':c"i:"mn_cc { name (4-C(hyl—()-methyloctane) contains a 4 as its lowest Number
wihle

of the compou

CH;CH,CHCH,CHCH,CH,CH;

CH; CH,CH;,

5-ethyl-3-methyloctane
not
4-ethyl-6-methyloctane
because 3 <4

If two or more substituents are the same, thf: prefixes di, .trl, anc; te}:]trf{ 31"8 :l_Se(ll with
the substituent names. The numbers indicating the lgcatlons of the i te{)lcl‘::al sub-
stituents are cited together, separated by commas. Notice that there must be as many

numbers in a name as there are substituents.

CH; CH;
CH3CH2(i_‘HCH2(IIHCH3 CH3CH2CH2(%—CCH2CH3
CH; CH; CHj3 CH3
2,4-dimethylhexane 3,3,4,4-tetramethylheptane

The prefixes di, tri, tetra, sec, and fert are ignored in alphabetizing substituent
groups, but the prefixes iso, neo, and cyclo are not ignored.

C1!H2CH3 (|3H3 CH;
CH3CH2CICH2CH2(|3HCHCH2CHZCH3 CH3CH2CH2(IZHCH2CH2CHCH3
CH,CH; CH,CH, CHCH,

3,3,6-triethyl-7-methyldecane
e y CH,

5-isopropyl-2-methyloctane

4. When both directions lead to the same lowest number for one of the sub-

stituents, the direction is chosen that gives the lowest possible number to one of the
remaining substituents.

CH,3 CH,CH,;
CH3(|ICH2(l3HCH3 CH3(|3HCHCH2CH2(|IHCH3
CH; CH, CH; CH,
2,2,4-trimethylpentane 3-ethyl-2,6-dimethy|heptane
not not
2,4,4-trimethylpentane 5-ethyl-2,6-di
hecaaeaon y imethylheptane

because 3<5

S. If the same substituent numbers are obt

. ained in both directions, the first cited
group receives the lower number.,

?l (|Z’H2CH3
CH3CH(|3HCH3 ' CH3CH2CHCH2(IZ‘HCH2CH3
Br CH
2-bromo—3-chlorobutane X

3-ethyl-5-
Not ethyl-5-methylheptane

! ‘ not
3 bromo-z-chlorobutane 5-ethyl-3-methy|heptane
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Section 2.2 Nomenclature of Alkanes \ 69

6. 1f a compound has two or more chains of the same length, the parent hydro-
carbon is the chain with the greatest number of substituents.

34 5 6 12 3 4 5 6
CH;CH,CHCH,CH,CH; CH;CH,;CHCH,CH,CH3
z(\:ch3 fT‘uCHJ
1ICH; C“3

3-ethyl-2-methylhexane (two substituents) no

t
3-isopropylhexane (one substituent)

Rule 6 is why 3-ethyl-2,6-dimethylheptane (one of the examples shown for Rule 4)
cannot be named 5-isopropyl-2-methylheptane.

7. Names such as isopropyl, sec-butyl, and tert-butyl are acceptable substituent names
in the TUPAC system of nomenclature, but systematic substituent names are preferable.
Systematic substituent names are obtained by numbering the substituent starting at the

carbon that is attached to the parent hydrocarbon. This means that the carbon that is at-

tached to the parent hydrocarbon is always the number 1 carbon of the substituent. In a

compound such as 4-(1 -methylethyl)octane, the substituent name is in parentheses; the
number inside the parentheses indicates a position on the substituent, whereas the num-
ber outside the parentheses indicates a position on the parent hydrocarbon.

CH3CH2CH2CH2(l3HCH2CH2CH3 CH3CH2CH2CHg(‘IHCHQCH2CH2CH2CH3
£y, v ) 3

lC|H6H3 (IZHZ(;ZHCHg
CH,4 CH;
4-isopropyloctane 5-isobutyldecane

or

or
4-(1-methylethyl)octane 5-(2-methylpropyl)decane

Some substituents have only a systematic name.

CH,CH,CH; CH, CH,
CH3CHZCHZCHZCHEHZSHCH2CH2CH3 CH3CHCHCH2CHc':H2(2:H(3:H3
CH3(l3H(‘JHCH3 CH, CH,CH,CH,CH;,
CH;

6-(1.Z-dimethylpropyl)-dwpropyldecane 2,3-dimethyl-5-(2-methylpropyl)nonane

r
5-isobutyl-2, 3-(:iimethylnonane

These rules will allow you to name thousands of alkanes, and eventually you will
Jearn the additional rules necessary to name many other kinds of compounds. These
rules are also important if you want to look up a compound in scientific literature be-
cause it ususally will be listed by its systematic name. Nevertheless, you must still
learn common names because they have been in existence for so long and are so en-
trenched in chemists’ vocabulary that they are widely us

and are often found in the literature.

Look at the systematic names shown for the isomeric hexanes and isomeric heptanes

at the beginning of this chapter to make sure you understand how they were constructed.

ed in scientific conversation

PROBLEM 2¢
Write the structure for each of the following compounds:

a. 2,3-dimethylhexane d. 2,2-dimethyl-4-propyloctane

b. 4-isopropyl-2,4,5-trimethylheptane

e. 4-isobutyl-2,5-dimethyloctane
¢. 4,4-diethyldecane

f. 4-(1,1 -dimethylethyl)octane

In the case of two hydrocar-
bon chains with the same
number of carbons, choose
the one with the most
substituents.

Tutorial: Nomenclature
of alkanes
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anic YT
TER2 A7 introductio” to OFF CH,CH
CHAP CH CH:CH;LHz
CH; CH; CH,CH,
' u-uimethylfydof’ema"e bethyl-z-methyl-;l‘ftropylcydohexane
' e 3-methyl-4- dohe
121-"‘”"“‘7'“"””"‘3"‘! B becauszr; ?;q xane
be(auye 1« 2 not i
not
1,1,5-trirrv€th)40/d°P'-'"“"° 5-ethyl-1-methyl-2-pf OPyskyclohexane
pecause 2 < 5 because 4 <
PROBL EM 5¢
Convert the following condensed structures into skeletal structures. (Remember that con-
densed structures show atoms but few, if any, bonds; skeletal structures show bonds but
few, if any, atoms.
g
a. CH;CH2CH2CH2CHZCH20H c. CH3CHCH2CH2(I?HCH3
Br
(|IH3 CH;
b. CH3CH2CHCH2CHCH2CH3 d. CH3CH2CH2CHZOCH3
PROBLEM 6¢
Give the systematic name for each of the following compounds:
a. CH,CH; €. CH3CHCHzCHzCH3
CHj
CH,CH3 CH,CH;
b. f
CHz?HCHg,
CH;
« HSC/CL g. NI\/\
HiC CH,CH;
d CH3;CH,CHCH;
’ h.
CH3;CHCH;
o Alkyl halid —————
alides are com ¥ .
|:u(l?l|z‘|lELN:|: LATURE OF by a halogen. Alkyl B has been replaced
ALIDES i i ths cafbon o which the ; ‘]Mlheq as primary, secondary, or tertiary depend-
alogen is attached. The halogen is bonded t0 2 pri-

mary carb :
. gndarryoza(;;, ((:)z:]rt()gn bonded to one other carbon) in a primary alkyl halide, t©© 3
carbon bonded to two other carbons) in a secondary alkyl
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Section 2.4 Nomenclature of Alkyl Halides \ 73

halide, and to a tertiary carbon (a carbon bonded to three other carbons) in a tertiary
alkyl halide. The nonbonding electrons on the halogens are generally not shown un-
fess they are needed to draw your attention to some chemical property of the atom.

[a secondary carbon | [a tertiary carbon |
\ v/

l
R—CH,—Br R_(I:H—R R—C—R
|
Br Br
a primary alkyl halide a secondary alkyl halide a tertiary alkyl halide CH,F

. methyl fluoride
The common names of alkyl halides are obtained by citing the name of the alkyl
group followed by the name of the halogen.

CH,Cl1 CH;CH,F CH,CHI CH;CH,CHBr
methyl chloride ethyl fluoride |
CH,3 CH,
isopropyl iodide sec-butyl bromide CH,Cl

) methyl chloride
In the IUPAC system, alkyl halides are named as substituted alkanes. The sub-

stituent prefix names for the halogens replace the “ine” ending in the name of the el-

ement with “0” (i.e., fluoro, chloro, bromo, iodo). Therefore, alkyl halides are often
called haloalkanes.

Hs G CH,Br
CH3CH2CHCH2CH2(|ZHCH3 CH3(]JCH2CH2CH2CH2C1 methyl bromide
Br CH3
2-bromo-5-methylheptane 1-chloro-5,5-dimethylhexane
Br
CH,l1
methyl iodide
Cl
CH3

4-bromo-2-chloro-1-methylcyclohexane

PROBLEM 7¢
Give two names for each of the following compounds and tell whether each alkyl halide

is primary, secondary, or tertiary.
a. CH;CH,CHCH3

| C. Br
; oy

b. CH3(‘:HCH2CH2CH2CH2C] d. CH3(|:HCH3
CH, F
PROBLEM 8¢ ' 3-D Molecules:

@ Methyl fluoride;

o Methyl choloride;

= Methyl bromide;
Methyl iodide

Draw a—-c by substituting a chlorine for a hydrogen of methylcyclohexane. Name each
of the alkyl halides.

a. primary alkyl halide c. atertiary alkyl halide
b. three different secondary alkyl halides

3
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pPROBLEM 104

a. What is the systematic (IUPAC) name for each of the following ethers?

1. CH,;0CH,CH, 4. CH,CH,CH,0CH,CH,CH,CH,
CH,
2. CH;CH,0CH,CH, 5. CH 3Cnoc'tncnzcnzcn3
iy

1 CH3CHZCHzCHzﬁfHCHZCHZC}h 6. CH,CHOCH,CH,;CHCHj
OCH, CH, CH,

b. Do all of these ethers have common names?

¢. What are their common names?

-

— =

Q Tutorial: Nomenclature
..M: of ethers
&0

Alcohols are compounds in which a hydrogen of an alkane has been replaced by an
OH group. Alcohols are classified as primary alcohols, secondary alcohols, or ter-
tiary alcohols depending on whether the OH group is bonded to a primary, sec-
ondary, or tertiary carbon. This is similar to the way alkyl halides are classified.

R
l
R—CH,—OH R—-(lJH—R R—(%—R
OH OH
a primary alcohol a secondary alcohol a tertiary alcohol

The common name of an alcohol is obtained by citing the name of the alkyl group
to which the OH group is attached, followed by the word “alcohol”

i
CH;CH,OH CH,CH,CH,OH CH3(I3HOH CH3CI2CH20H
ethyl alcohol propyl alcohol CH, CH,
isopropyl alcohol neopentyl alcohol

The functional group is the center of reactivity in a molecule. In an alcohol mol-
ecule, the OH is the functional group. The TUPAC system uses a suffix to denote
certain functional groups. The systematic name of an alcohol, for example, is obtained

by replacing the “e” at the end of the name of the parent hydrocarbon with the suf-
fix “ol?

CH,OH CH3CH20H
methanol ethanol

_ When necessary, the position of the functional group is indicated by a number
immediately preceding the name of the alcohol, or immediately preceding the suf-
fix. The most recently approved IUPAC names are those with the number immedi-
ately preceeding the suffix. However, names with the number preceding the name of

the alcohol have been in use for a long time, O those are the ones most likely to

2.6
NOMENCLATURE
OF ALCOHOLS

methyl alcohol

propyl alcohol
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76 CHAPTER 2 AN e, on reagent bottles,

and on standardized tests. Those will algq

arinthe litcrat-ur .
:gppgnr most often In this book.
CH;CH;clncnzcn,
OH
3-pentano|
or
Pentan-3-ol

Use the following rules when naming a €

1. The parent hydrocarbon is

tional group.

2. The parent hydrocarb
group suffix the lowest possible number.

1 2 3 4 5 4 3 2 |
CH,CHCH,CHj3 CH3CH2CH2(|3HCH20H
éH CH,CH3;
2-butanol 2-ethyl-1-pentanol
or or
butan-2-ol 2-ethylpentan-1-ol

|

ompound that has a functional group suffix-

the longest continuous chain containing the func.

on is numbered in the direction that gives the functional

3 2 |

CH;CH,CH;CH,OCH;CH,CH;0H

3-butoxy-1-propanol
or
3-butoxypropan-1-ol

|

The longest continuous chain
has six carbons, but the longest
continuous chain containing the
OH functional group has five

The longest continuous chain
has four carbons, but the longest
continuous chain containing the
OH functional group has three

When there is only a sub-
stituent, the substituent gets
the lowest number.

When there is only a func-
tional group suffix, the func-
tional group suffix gets the
lowest number.

When there is a functional
group suffix and a sub-
stituent, the functional group
suffix gets the lowest number.

carbons, so the compound is

carbons so the compound is
named as a propanol.

named as a pentanol.

3. If there is a functional group suffix and a substituent, the functional group suf-
fix gets the lowest possible number. Notice that a number is not needed to des-
ignate the position of a functional group suffix in a cyclic compound because
it is assumed to be at the 1-position.

1 2 3 4 5 4 3 2 |
HOCH,CH,CH,CH,CH,Br C]CH2CH3(I2HCH3
OH OH

5-bromo-1-pentanol 4-chloro-2-butanol 3-methylcyclohexanol

4. If the same number for the functional group suffix is obtained in both directions.

the chain is numbered in the directi i
et 6 irection that gives a substituent the lowest pos”

CH;CHCHCY
GHS 1,CHj, CH;CH,CH,CHCH,CHCH;
Cl OH (I)H (I:H

3
2-chloro-3-pentanol

not
4-Ch|0ro-3-pe ntanol

2-methyl-4-heptanol
not
6-methyl-4-heptanol
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: lL.“.cnrhon compound with one 7 bond and two rings

4 cigm-curbon compound with three 7 bonds and one i
- g S > ring

1a For a five-carl ,

uTION TO ) arbon hydrocarbon wi

éo};" = CsHjs a five-carbon hydrocarbon with (jr‘r \?ﬂ:- ;mjrzh(;m]q
I it . ’ .

+2
Jrogens because WO hydrogens are subtr
rogt™

colupol) n

and no rings,
as four fewer hy-

acted for cv

o cr : "

J. Therefore, its molecular formula is C5H Y 7 bond or ring present in the
s Csllg.

Determine (a + r)for the hydrocarbons with the following molecular formul
¢ ulas:

.. C Hl b. C‘vnll_\.] C. Cg”” d. CjpH
C . < i « “127120
”TION O 2a For a ten-carbon hY(’ITOCHIbUH with no 7 bonds and no I'lllfjg
. [t ,‘ Al

CHu2 = CoHz2- Thus, a ten-carbon compound with molecul:
sii fewer hydrogens. Therefore, (7 + r) = 3. nolecular formula C,oH 4 has

PROBLEM 3

Draw possible structures for compounds with the following molecular formulas:
a. C]Hé b. C3H4 C. C4H6'

J—

—

The systematic (IUPAC) name of an alkene is obtained by replacing the “ane” end- 3.2

ing of the a:kam‘ilz’-’ith “enel.’l’ For example, a two-carbon alkene is called etheneand NOMENCLATURE
2 three-carbon alkene is ca ed propene. Ethene is frequently referred to by its com-
mon name (ethylene). g OF ALKENES

H2C=CH2 CH3CH=CH2 @ @

systematic name: ethene propene cyclopentene cyclohexene
common name:  ethylene propylene

Most alkene names need a number to indicate the position of the double bond. (The
previous names do not because there is no ambiguity.) The same TUPAC rules we
learned in Chapter 2 are followed in naming alkenes.

1. The longest continuous chain containing the functional group (in this case, the
carbon—carbon double bond) is numbered in a direction that gives the functional
group suffix the lowest possible number. For example, 1-butene signifies tha_t th_e
double bond is between the first and second carbons of butene; 2-hexene signi-
fies that the double bond is between the second and third carbons of hexene.

| 2 i 4 S 6

CH,CH=CHCH,CH,CH;

2-hexene

4 3 2 1 I 2 3 4
CH;CH,CH=CH, CH,CH=CHCHj3
1-butene 2-butene

CH,CH,CH,CH,C i in has eight carbons
) lon est continuous chain has eight ca

CH3CH2CH2CH2CCH2CH2CH3 g:ﬁt theglongest continuous chain containing

“ six carbons, so the

the functional group has :
o t name of the compound is hexene

2-propyl-1-hexene paren

You might be tempt-

' ye a common name.
Notice that 1-butene does not ha o for propene, but

ed to call it “butylene;” which is analogous £ “propylen
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114 | CHAPTER 3 Reactions of Alkenes
an appropriate namc. A name must be unambiguous and “buty.

butylene is not
: fy cither I-butene or 2-butene.

lene” could signi ey
2. If the chain has substitucnts, it is still numbered in the direction that give

functional group suffix the lowest possible number.

2 |
CHj CH,CH;

[+ "4 5 6 7
CH3C=CHCHZCH2CHJ

) 2 304 5
CH;CII=CHCI ICH,4
y 3-methyl-3-heptene

4-methyl-2-pentene

4 3 2 I
CHJCHzCHzCHZCHZOCfIZCHZCH=CH2
4-pentoxy-1-butene

bstituent, the substituents are cited in alpha-
he same rules for alphabetizing that you
and tert are ignored in alpha-

3. If a chain has more than one su
betical (not numerical) order, using t
learned in Section 2.2 (the prefixes di, tri, sec,
betizing, but iso, neo, and cyclo are not ignored).

]l3r (III
CH3CH2CHCHCH2CH=CH2
7 %6 5 4 3 72 I

5-bromo-4-chloro-1-heptene

3,6-dimethyl-3-octene

4. If the same number for the alkene functional group suffix is obtained in both
directions, the correct name is the one that contains the lowest substituent num-
ber. For example, in 2,5-dimethyl-4-octene, the compound is a 4-octene whether
the longest continuous chain is numbered from left to right or from right to
left. If you number from left to right, the substituents are at positions 4 and 7,
but if you number from right to left they are at positions 2 and 5. Of those four
substituent numbers, 2 is the lowest number, so the compound is named 2,5

dimethyl-4-octene and not 4,7-dimethyl-4-octene.

CH3CH2CH2CI3=CHCH2(|ZHCH3 CH3(|3HCH=C|CH2CH3
CH3 CH3 Br C}lg,
2,5-dimethyl-4-octene 2-bromo-4-methyl-3-hexene
~ not not
4,7-dimethyl-4-octene 5-bromo-3-methyl-3-hexene

because 2 <4 because 2 <3

5. Incyclic compounds, a number is not needed to denote the position of the func-
tional group because the ring is always numbered so that the double bond is be-

tween carbons 1 and 2.

Tutorial: Alke 2 3
o ¢ L,
4 ' 3
3 4
5 4 3 CH;
3-ethylcyclopentene 4,5-dimethylcyclohexene

Igr; :g&:slé(f?\t’;ggt;yclohexenes, the double bond is between C-1 and C-2 re-
wise. TherefOree :Ltl‘ you move around the ring clockwise or counterclock-
substituent nun-,;g ;move around the ring in the direction that puts the lowes!

er into the name, not in the direction that gives the lowest
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Section 3.2 Nomenclature of Alkenes \ 115

s of the substituent numbers. For example, 1,6-dichlorocycloh i

called 2 3-dichlorocyclohexene even though the latter has lhc){ W st the
Hl,h,qtilucnl numbers (1 + 6 = Tversus 2 + 3 = 5); I( I h(l cs‘t sum of the
s the correct name because it has the lowest 511tws;il;1c;\: ;::nt::)(tly)dﬂhcxcnc

Cl
C”JCJI:: CH,
1,6-dichlorocycloh
no!t, exene 5-ethy|-1-metnhoytlcyclohexene
2,3-dichlorocyclohexene :
because 1 <2 * ethyl-i—enc\aelt‘ls\(yelgy:lghexene

6. 17 both directions lead to the same number for the alkene functional group suf-

fix and the same low number(s) for one or more of the substituents %henlzk;oee

substituents are ignored and the direction is chosen that gives the lt’)west nu1:n-
ber to one of the remaining substituents.

Br
o B l Cl
(!I_\(I,HCI 1,Cl l———(|3CI12CHCH3 /@
CHs CH,CH; Br CH,4
2-bromo-a-elhyl-7-’:11ethyl-4-octene 6-bromo-3-chloro-4-methylcyclohexene
no not
7.bromo-5-ethyl-2-methyl-4-octene 3-bromo-6-chloro-5-methylcyclohexene
because 4 <5 because 4 <5

The .s'pz carbons of an alkene are called vinylic carbons. An sp> carbon that is
adjacent to a vinylic carbon is called an allylic carbon.

vinylic carbons

allylic carbons

There are two groups that contain a carbon—carbon double bond that are used as sub-
the allyl group. The vinyl

stituent groups in common names—the vinyl group and
group is the smallest possible group that contains a vinylic carbon, and the allyl
group is the smallest possible group that contains an allylic carbon. When allyl is used

in nomenclature, the substituent must be attached to the allylic carbon.

ch=CH_ ch:CHCHZ— ? Tutorial: Common names
the vinyl group the allyl group ﬁ@ of alkyl aroups
(& ]

H2C=CHCI H2C=CHCHzBr
3-bromopropene

ematic name: chloroethene i
D mimor allyl bromide

common name: vinyl chloride

PROBLEM 4 ¢

Draw the structure for each of the fo

llowing compounds.

a. 3,3-dimethylcyclopentenc c. ethyl vinyl ether

h. 6-bromo-2,3-dimethyl-2-hexene

d. allyl alcohol
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duction 10 ., 4
240 CHAPTER 5 Reactions of Alkynes. Intro

mon name for the smallest alkyne,

=CH), 'hcfbt‘;w oxyacetylene torch used in welding T\? o f
seause 0 ¢ S is sy Viene
" «| to you becaus ) ;sure gas tank and oxygen j; i T
miliar w|md1ll( -};ur‘:h from onc high-pressure & Ygenis gy pli iy
supplied to the

. high-temperature flame ca ed fr,
I ing acetylenc pm(luccs a high-temp pable of -
another. Burning acc

vaporizing iron and steel.

Acetylene (HC

- with 14 carbons and 2 ¢
What is the molecular formula for a cyclic alkyne triple bongs,
1t is the ¢

iq ai lacing the “ane” eng;
—_— kyne is obtained by rep ! ing of ¢
The systematic name of an al : ‘ _ .
- E '1]!1?1;1? ;amc with “yne.” Analogous to naming compoun(g)s Wlttrlll C;;htf):r fl(ljn_cuonal £roups,
g?l}\ﬂfll(\IYCI:I.IE\;UR ;hc longest continuous chain containing the carbon—carbon triple bond is numbereq .

i . ional group suffix as low a number as possib

g tion that gives the alkyne functlpna : g Y . N
;f?;lffril[(;lle]: b:)ndgis at the end of the chain, the alkyne is classified as a terminal alkyp,,
Alkynes with triple bonds located elsewhere along the chain are called interna] alkynes,

For example, 1-butyne is a terminal alkyne whereas 2-pentyne is an internal alkyne,
Q 3-D Molecules:

. o 1-Hexyne;
D 3-Hexyne

56
CH,CH,
4 3 2 1 1 2 34 5 ad 3 9
HC=CH CH,;CH,C=CH CH,C=CCH,CH, CH3CHCE(;CH3
Systematic: ethyne 1-butyne 2-pentyne 4-methyl-2-hexyne
Common: acetylene ethylacetylene ethylmethylacetylene sec-butylmethyl.
a terminal alkyne an internal alkyne acetylene

In common nomenclature, alkynes are named as substituted acetylenes. The com-
mon name is obtained by naming the alkyl groups, in alphabetical order, that have
replaced the hydrogens of acetylene. Acetylene is an unfortunate common name for
the smallest alkyne because its “ene” ending is characteristic of a double bond rathet
than a triple bond.

If the same number for the alkyne functional group suffix is obtained in both di-
rections along the carbon chain, the correct systematic name is the one that contains
“the lowest substituent number. If

' _ the compound contains more than one substituent.
the substituents are listed in alphabetical order,

Cl Br CH
3

CH;CHCHC=
e ;%HEE EEHZ(;HZEFB

3-bromo-2-chloro-4

not 6-brom0-7-chloro::f(t,}é::ne 1-brOmo-S-methyl-B-hexyne

because 2 < § not G-brogi-azl;;ne:hyli}hexyne
el<

CH3CHCECCH7CH2Br
6 5 4 32 7

The triple- ) ..
is unalof;)pu: tt())oll;i Sombﬁllnmg Propargyl group is used in common nomenclatur® gl
ou e-bond-containing allyl group that you saw in Section 3.2

A substituent receives the
lowest possible number

onl
if tf!f].ere isu?ohfunctional groxp HC=cCcC
suffix, or if the same number =CCH,— =
for the functional group suf. Propargy| gl‘20up HzC—CHCHZ__
fix is obtained in both direc. HCe=C allyl group
tions. =CCH,Br H,C—
Propargy| bromide 2 aIIyIC aI;IthH;|OH
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Section 5.2 i
-2 Physical Properties of Unsaturated Hydrocarbons

praw the structure for each of the following compound
a. 1-chloro-3-hexyne ' d .
b. cyclooctyne DN ldae
) ) e 4.4-di
[ isnhmhyluccty[cnc f. din dlllmcllhyl-l.pcmynC
. icthylacetylene
eROBL EM 3 ¢
Give the systematic name for each of the following co
mpounds,
_BrCH:CH,C=CCH
a 2 3 e. CH;0CH,C=CCH,CH
b. CH_‘CH:(I"HCECCHECHCH\ d.CH 3
I é | . ! 3CH2(|ZHCECH
CH,CH,CHj
PROBLEM 4 ¢
Draw the structures and give the common and i
with molecular formula CgH . systematic names for the seven alkynes
PROBLEM 5
Which would you expect to be more stable, an internal alkyne or a terminal alkyne? Why?
All h)'drocarbons.have simil.ar p_t1y§ical properties. In other words, alkenes and 5.2
alkyn es_ha\'e physical properties 51@1m to those of alkanes (Section 2.9). Allarein- PHYSICAL
soluble in water and all are soluble in solvents with low polarity suchas benzeneand  pROPERTIES OF
ether. They are less dense than water and, like other homologous series, have boil- NG ATURATED
ing points that increase with increasing molecular weight (Table 5.1). Alkynes are \ynp oy ARBONS

more linear than alkenes, and a triple bond is more polarizable than a double bond

TABLES.1 Boiling Points of the Smallest Hydrocarbons

bp (°C)

ethane ethene ethyne

CH;CH,CHj3; —42.1 CH3CH=CH2 —47 CH;C=CH 23
] 2ne propyne

propane prope ) o ﬁ
butan - |-butene |-butyne

e u .

CH-':'CH'J 30 CH3CH:CH2C—CH J

CH;(CH,);CH 36.1 CH;CH,CH2 2 =cH

Fen;rfn 2l | -pentene [-pentyne N
y ,CH,CH-C=CH
CH3(CH,)4CH; 637  CHiCHyCH:CHCH=CID @35 CHCHCRCHCE
- |-hexene xyne

i ’ =CCH 27
) 3.7 CH;C=CCH3
CH;CHzCHCHI‘! els N s

cis-2-butene ) —_b“‘) n <

CH cH=CHCH3 0.9 CH;CH2C=CCH3 RA
3 ) J-pentyne

{rans-2-butene _—_———1]——————_—_

Scanned with CamScanner



