onded Functional Groups

Single-

You may have read murder myslery novels in which the delective
discovers an unconscious viclim lving beside a wad ol cloth on the {loor
In this section, you wil The detective sniffs the cloth, notices a distinctive sickly-sweel smell,
@ name anc draw members and announces: “Aha! Chloroform was used to knock oul the victim.”
of the alcchol, alkyl hatide,
ether, and amine families
of organic compounds

Saction Preview/Outcomes

Chleroform, CHCLy, is an organic compound that was vsed for many years
as an anaesthetic during surgery. Diathy! ether, CHyCHOCH,CHY, also
escril husical known as “ether,” is another organic compound that was once a common
descri m sic . el ¢ - . .
* the some physical and anaesthetic. Because of their toxic and irritaling properties, chlorolorm
chamical properties of these lother | i ] Vin 1l i o by other, less harmifu!
" and ether have been replaced in the operating roor other, less harmiud,
families of compounds and ether have been replaced in the operating m by other, les
organic compounds such as methyl propy! ether, CHzOCH,CHLCH, o AR
three of these compounds have functional groups wilh single bonds.

: previous secli / SHINNEE v functional grouns affect the
terms: alcohol parent 11.1 the pu,\rmus.s,u..lmn, you ](,(11.11( d h{l)w functional g oups Wl -l thit
alkane, alkyl halide physical and chemical properties of organic compounds. In this secltion,
haloatkane, ether, amine you will be inlreduced to several classes ol organic compounds thal have
single-bonded funclional groups.

W COmminicate vour under-
standing of the following

Compounds With Single-Bonded
Functional Groups

Alcohols, alkyl halides, ethers, and amines

all have functional groups with single bonds. These
families of compounds have many interesting uses in
daily life. As you learn how to identify and name these
lypes ol compounds, (hink aboul how intermolecular
forces affect their properties and uses.

Lloohols

An alcohol is an organic compound thal containg the
=+ (H, or hydroxyl, imctional group. Depending on
the position of the hydroxyl group, an aleohol can be
primary, secondary, ov tertiorv. Figure 10,3 gives some
examplas of alcohols.

Organic compounds
witl single-honded functional
groups have long been used as

anaesthetics,
primary alcohol secondary alcehol tertiary alcohol
OH CHy

HO— CHy~ CHy — CHy, —CH, CH, — CH-—ClH,—CI4 CHy— C—CH,y

] ] O
The hydroxyl group is bonded The hydroxyl group is bonded
to Ia cari)onfhfxt zs‘lbonded to to a carbon tl—mt is honded to The hydroxyl group is honded
only one other carbon atom. two other carben atoms. to a carbon that is honded 1o

three other carbon atoms.
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Table 10.2 lisls soma common alcobols and their uses. Aleohols are very
widely used, and can be found in drug stores, hardware stores,
stores, and as a component in many manufactured products.

melhanol waood aleohol,
methyl alcohol

liguor

64.67C

-

solvent in many chemical

Processes
componsnt of automobile
anlifrecze

ethano arain alcohol.
elthyl alcohol

CHy == CH— OH

78.2°C

sobvent in many chemicad
Proeesses

component of alcoholic
heveragoes

anliseptic ligoid

Z-propanol isopropancl, CH, = antiseptic Houid
isopropylaleohaol, N .
ribhing alcohol CH—0H 82.4°C
CH;
1.2-elhanediod ethvlene glycol - . . e main component of
e B HO—CHy=CHy=OH | 197.6°C '

avtomobile antifreaze

Alcohols are named from the parent alkane: the alkane with the same
basic carbon slructure. Folow the sleps below (o name an alcohol, The

Sample Problem thal follows gives an example.

How to Name an Alcohol

Step 1 Locale the longest chain that containg an — OH group allached lo

one of the carbon atoms. Name the parent alkane.

Step 2 Replace the - at the end of the name of the parent alkane with -ol.

Step 3 Add a position number belore the root of the name to indicate the
location of the -—0H group. (Remember (o number the main chain

of the hydrocarbon so that the hydroxyl group has the lowest possi-

hle posilion number.) 1§ there is more than one — OH group, leave
the -e in the name of the parent alkane, and Jut the :11)17)1‘()]')3‘1'111'(—3

prafix {di-, tri-, or tetra-} before the sulfix -ol.

Step 4 Name and number any other branches on the main chain, Add the

name ol these branches to the prefix.

Step 5 Put the name logether: prefix + root + suffix.

Sample Problem .

Froblem

Name the [oflowing alcohol. Identify it ag primary, secondary,
or lerliary,

CHy— M, —CH,y

HO—CHy—CHy— CH~—CH,

i an organic compound is
complax, with many side
branches, the main chain may
not be ohvious. Sketch the
compound in your nctebook
or on scrap paper. Circle or
highiight the main chain
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Solution

www.ncgrawhill.caflinks/

atlchemistry Step1 The main chain has six carbon atoms, The name of the parent
Methanot and ethanol are alkane is hexana.
produced industiially from Step 2 Replacing -e with -0l gives hexanol,

natural, renewable resources.
Go to the web site above, and
click on Wel Links to find out Step 4 A methy! group is prasenl at the third carbon, The prefix
where 1o go next. Research the is d-methyl,

processes that produce these
important chemicals. From
where do they obtain their raw
;. materials?

Step 3 Add a position number for the — OH group. Lo obtain t-hexanaol.

Step 5 The full name is 3-methyl-1-hexauol. This is a primary aleohol

Practice Problems

8. Name cach alcohol. Tdentify it as primary, secondary, or lertinry,

O
{a} CMy~-CHy— CHy = QH {dy CH;— (l'lH == G — Oy — CH,
Q¥
OH
/Jv /\/}\/K/OH
(b) (e}
OH
]
9. Draw each alcohol.
{a) melhanol {d) 3-ethyl-4-methyl-1-octanol
{h} Z-propanocl {e} 2. 4-dimethyi-1-cyclopentanol

{e} 2.2-butanediol

10. Identify any errors in sach name, Give the correcl name lor
the alcohol,

{al 1.3-heptancl
(i.)H

HQ -~ CHy — CHy — CH— CHy — CH,

{b) 3-ethyl-4-ethyl-1-decanol

O
(¢) 1.2-climethyl-3-butanol
CHs
CHy— CH — CH -~ CH,
CH, 0K

1. Sketch a three-dimensional diagram of methanol, Hint: Recall thal
the shape around an oxygen alom is bent.
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Solutions for Practice Problems
Student Textbook page 388

8. Problem
Name each alcehol, Identify ic as primary, secondary, or terriary.

(@15
{a) CHy—CH,— CH,— QX (d) CHy—CH — CH—CH,— CH,4
OH
v )O}\]/ “ /\)\/‘\/OH
{c) OH
Solution

{a) Step 1 The main chain has three carbon atoms. The name of the parent
atkane is propane.
Step 2 Replacing -¢ with -ol gives propanal.
Step3  The — OI1 group is ar carbon 1, giving T-propanel. This is a

primary zlcohal.

(b} Step t  There are four carbon atoms in the main chain, so the parent alkane
is butane,
Step 2 The base name is buranol.
Step 3 A position number is needed, so the compound is 2-bucanoh, This is a
secondary alcohol.
{¢) Step 1 There are four carbons in the main ring, so the parent alkane

is cyclobutane.
step 2 The name of the compound is cyclobutanol. No position number is
needed. This is a secondary alcohol.

(&) Step 1  There are five carbons in the main chain, so the parent alkane is pentane.

Step 2 There are two — QH groups, so the base name is penranediol.
Step3  The == OH proups are located on carbon 2 and carbon 3 of the main
chain, The compound name is 2,3-pentanediol. Both — QH groups

are secondary.

{e) Step 1 There are seven carbons in the main chain, so the parent alkane

is heprane,

Step 2 The base name is hepranal.

step3  The ~ OH group is located on carbon 1, giving T-hepranol. {Note chac
an = OH group is always given priority over aliyl groups such as a
methyl group.)

Step 4 There are methyl groups at carbon 2 and carbon 4. The prefix
is 2. 4-dimethyl-.

step 5 The full name is 2,4-dimethyl-1-heptanol. This is a primary alcohol,
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9. Problem
Draw each alcohol
{a) merhanol {d) 3-ethyl-4-mechyl-1-octano
{b) 2-propanal {e) 2.4-dimethyl-1-cyclopentanol
{¢) 2,2-butancdiol
Solution
(a} There is only ane carbon atom in this molecule.
CHy=—0H
(1) There are three carbon atoms in the main chain, The — O group is ac
carbon 2,
OH

CH;— CH—CH,
{c) There are four carbon atoms in the main chain. There are two — QH groups,
both located at carbon 2.
(OH

CHy— C-—CHy— CH;y

OH
(@) There are eight carbons in the main chain. The == OM group is ac carbon 1, and

there is an ethyl group av carbon 3 and a methyl group at carbon 4.
CH— CH;

HQO— Gy~ CHy;— CH— CH—CHy— CHy — CHy — CHy

CH,

fe) There are fve carbons, and the compound is ring-shaped, The =~ OH group is at

carbon 1, and there are two methyl groups at carbons 2 and 4.

O3
CH,
CH
10.Problem

Identify any errers in each name. Give the correct name for the alcohol.

{a) 1.3-heprano!
OH

HO—CH,—CH;— CH-—CH,—CH,

() 3-ethyl-4-cthyl-1-decanol

ol

{e) 1,2-dimethyl-3-butanol
CHy
(llf ly= CH — CH—CH;

GHy QX
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Solution

(@) There are five carbon atoms, so the roat should be -pent-. Also, there are two
—= QO groups. The correct name is 1 3-pentanediol.

{b) The two cthyl groups should be grouped wgether, so the correct name
is 3,4-diethyl-1-decanol.

{€) There are Ave carbons in the main chain so che rooc should be -pent-, not-but-,
The — OH group should be given the lowest possible posicdon number, so the

correct name is 3-methyl-2-pentanol.

11. Problem
Sketch a chree-dimensional diagram of methanol. Hint: Recall char the shape around
an oxygen atom is benl.
Solution
Note to teacher: IF students complere a three-dimensional dugram of methanol

successhully, have them actempe a similar diagram of ethanol, as shown below,

H
H (F / .
o "M
M \‘(i:‘
G H H
H) o7 0
H H
methanol ethanol

Solutions for Practice Problems

Seudent Textbool page 391

12. Problem
Draw a condensed seruceural diagram for each alkyt halide.
{a) bromoethane
{b) 2.3,4-vrtiodo-3-merhylheprane

Solution

(a) There are rwo carbon atoms in the main chain, No positton number is needed
because the vwo carbon atoms are indistinguishable.
CH = CH = Br
(b} There are seven carbon atoms in the main chain. There is one mechyl group, a
carban 3, and rhree todine atoms, ar carbons 2,3, and 4.
] CHy |

CHy—CH—C—CH—CH,—CHy = CH;4

13. Problem
Name the alkyl halide at che right. I
Then draw a condensed seruceural
diagram to represent i B
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