CHAPTER 2
HYDROCARBONS

A hydrocarbon molecule contains only carbon and hydrogen.
Hydrocarbons are further divided into severa structural types caled, akanes,
alkenes, alkynes and aromatics. Thefirst three types are presented in this chapter,
and aromatics are presented in alater chapter.

2.1 Alkanes

2.1a Structure

A chain of carbon atoms that contains the maximum number of hydrogen
atoms has the general formula CnH2n+2 (n = number of carbon atoms). Thistype
of hydrocarbon iscalled an dkane. Alkanes can exist in straight chains, chains with
branching, and cycles. The carbon atom in an alkane has four sp3 hybridized and
forms four single bonds that are equidistant from each other. The shapeisreferred
to as tetrahedral with a C-C bond length of 1.54 A and bond angles of 109.59.

Methane sp° hybrid tetrahedral

2.1b Nomenclature

Hydrocarbon Chains

Knowledge about the names of alkanes is extremely important because the
names of alkanes form the basis for the names of many other types of organic
compounds. The names of the first ten alkanes are shown below. Alkane names
always end with -ane.

Carbons Structure Name
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1 CH4 methane
2 CH3CH3 ethane
3 CH3CH2CH3 propane
4 CH3CH2CH2CH3 butane
5 CsH|2 pentane
6 CeHi4 hexane
7 C7H16 heptane
8 CgHis octane
9 CoH20 nonane
10 C10H22 decane

Alkanes that contain four or more carbons can have different structures

with the same formula that are known as structural isomers. The structurd
isomers of C4H10 and of CsH12 are shown below. The number of structural

isomers increases with the number of carbon atoms. Butane, C4H10, has two
structural isomers, pentane, CsH12, hasthree, but heptane, C7H 14, hasnine.

straight chain branched chain
CHj
CsH1p CH,;CH,CH,CH4 CH3£HCH3
butane isobutane
e e
C5H 12 CH3CH2CH2CH 2CH3 CH3CHCH 2CH3 CHs?CHs
CH,
pentane Isopentane neopentane

A systematic system of nomenclature for organic compounds has been
developed by the International Union of Pure and Applied Chemistry (IUPAC).
Names will be developed throughout the following chapters as the various
compounds are encountered.

The parent [IUPAC name of an alkane is derived from the length of the
longest chain in the compound. The chain is named, as shown above, and the suffix
-aneis added.

If alkane substituents are attached to the chain, they are named from their
chain length by dropping the -ane and adding -yl. These are referred to as alkyl
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substituents (alkane -ane + yl = alkyl). Three common alkyl groups are shown
below.
CH3- methyl CH3CH2- ethyl CH3CH2CH2- propyl

Structural isomers also exist in alkyl groups and are distinguished by a
prefix added to the alkyl name.

prefixesare: n (normal straight chain), sec (secondary), iso, and tert (tertiary)
CH;CH,CH,— CH 3ICH CHj,

n-propyl iso-propyl

CH3CH,CH,CH,— CH3|CHCHzCH3

n-buty! sec-butyl
CH 3%3CH3 CHCHCH—

CHg CH,

tert-butyl iso-butyl

In an alkane that contains branching, the alkane main chain is numbered to
give the attached alkyl group the lowest possible number. The final name has first
the number of the branch position, then the alkyl group, then the parent alkane name.

The compound below is named 3-methylheptane.
methyl =
CH, methane-ane+yl

CHyCH,CHCH,CH,CH,CHy | C1-C2Cy-CyCsCeCr,

Y
heptane

Often in amolecule there are several branched substituents that may or may
not beidentical. The identical substituents are grouped by first specifying the
number of their positions, and then by adding a prefix to denote the number of
groups: di for two, tri for three, tetrafor four, pentafor five, etc. The compound
below is correctly named by IUPAC rules as 2,2,4-trimethylhexane. The numbers
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must be separated by commas and followed by a hyphen.

2,2,4-trimethy!l
CH; CHj3 C ¢C
| I

CH, _C )
Y
hexane

When the akyl substituents are different, they are assigned the lowest
numbers possible and named in aphabetical order. 3-Ethyl-2-methylhexane isthe
[UPAC name for the compound below.

THS C methyl CHg
I L 34 5 6
CH3CHEHCH2CH2CH3 Cl'Cz'Fg'C4'C5'C6 CH3 HCHCHzCH2CH3
C-C ethyl L
H,CH3 J H,CH
Y 2 21 °
hexane
correct incorrect

The compound above could be given another name because it contains a
hexane parent chain. The akyl substituent would be 3-isopropyl or 3-(1-
methylethyl)-. The IUPAC system uses the chain with the greater number of
substituents, thus using the wrong numbering gives a name with only one
substituent.

In alphabetizing the alkyl groupsthe prefixesdi-, tri-, tetra, etc., do not
count, but thei of isopropyl does count. Inthe compound below the ethyl is named
before methyl without regard to the di- in dimethyl. It isacceptable that the number
3 comes before the number 2 in the name; alphabetical order isall that counts.
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CH, c 2,2-dimethyl
CH3-IL:—?H-CH2-CH3 Cl_:cr$3_c4_c5
CHz CH,CH, C  CcC any
\ < J

pentane

3-ethyl-2,2-dimethyl pentane
Cyclic Hydrocarbons
Hydrocarbons can also exist with the carbon atoms forming aring or cycle.
The cycloakanes are named by adding the prefix "cyclo” to the name of the alkane
based on the number of carbon atoms. The condensed structure representation
without C for carbon or H for hydrogen is convenient for writing cyclic akanes.

H,
HC—CH; HZL—LHZ
cyclopropane
HL—CH
HZC\ . _CH,
H;
cyclopentane

cyclobutane

Alkyl groups attached to cycloakanes are named alphabetically and given
the lowest possible number.

CHs?H3
H,C—C-CH
/N
HZC\ /CHZ

C
Hy

CH3CHj,4
H,C

1,1,2-trimethylcyclopentane
Cycloakanes may also contain more than one ring, and their names are
prefixed by the number of rings present, such as bicyclo[2.1.0]pentane. Thisisa
cyclopentane but two rings are present.  The names can become very complicated,
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and the compounds are often given common names. The compound shaped like a
cubeis given the name cubane.

T

bicyclo[2.1.0]pentane cubane

2.1c Naturally Occurring Hydrocarbons

The richest sources of hydrocarbons are coal and crude oil. The world has
abundant supplies of these resources, but once they are consumed there is no
natural way to replenish their supply.

Coal when used directly as afuel does not furnish any useful hydrocarbons.
Coa is heated at high temperature without oxygen in order to remove volatile
materials and provide coke for furnacesin theiron industry. The volatile materials
are called coal-gas and contain methane.

Methane, avauable fuel, isfound in severa other natural sources also.
Marsh gas, formed from decaying plants, contains methane, and methane is exhaled
in the breath of cattle. Natural gases from pockets in the earth contain methane
(80%) and ethane (10%) with the rest being higher gaseous akanes.

Crude il consists of amixture of many hydrocarbon materials. The crude
oil issent to refinerieswhereit is distilled to separate the different alkanes present.
The fractions boiling under 200 contain methane, ethane, propane and butane.
Fractions up to about 700 contain pentanes, hexanes and heptanes. Gasoline is
obtained as a mixture of C5 to C11 hydrocarbons boiling from 50 to 2006;
kerosene is amixture of C10 to C19 hydrocarbons boiling from 170 to 3500; and
diesdl oil contains more than C16 and boils over 2800.

The tiger moth produces 2-methylheptadecane, a hydrocarbon sex attractant.
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Hobrinbriririvh

2-methyl heptadecane CigH3g

Tiger moth sex attractant

2.1d Physical Properties of Alkanes

Alkanes contain no el ectronegative atoms and thus are non-polar molecules
that are useful as solvents for a wide range of organic substances. The boiling
points of alkanes depend on the molecular mass and branching of the chain. Some

general observations on boiling points are that branching decreases the boiling point,
adding aCH2 or CH3 group increases the bp by 20-309, and forming a ring

increases the bp by 10-200.
O
CH3&HCH2CH3 CH5;CH,CH,CH,CH,
isopentane pentane cyclopentane
bp 28° bp 35° bp 50°

"
CH5CHCH,CH,CH;  CH5CH,CH,CH,CH,CH;

2-methylpentane hexane cyclohexane
bp 62° bp 69° bp 81°
2.1d Reactions of Alkanes
Alkanes are relatively inert. Most reactions require specialized catalysts for
breaking the carbon-carbon bonds. Burning, oxidation of alkanes, is a very
important reaction in using alkanes as fuel. The fuels used in engines require
additives to improve the combustibility for smooth and efficient burning.
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2.2 Alkenes

2.2a Structure

Hydrocarbons can contain carbon bound to another carbon by a double
bond made up of asigma (s) bond and a pi (p) bond. Compounds with double
bonds are called alkenes and are considered unsaturated compounds, and an older
system of terms calls them olefins. The genera structure of an alkeneinachanis
CnH2n, two hydrogens |ess than an alkane.

The alkene carbon atoms are sp2 hybridized and all of the single bonds are
sp2 orbitals overlapped with orbitals from hydrogen or carbon. The unused p-
orbitalsin this hybridization join by side-to-side overlap to form abond called a p-
bond. The p-bond prevents rotation in the system and allows geometrical cis and
trans isomers discussed in the stereochemistry chapter. The adkene is a planar
structure with a C=C bond length of 1.34 A and aC-H bond length of 1.1 A. All
bond angles are 120°.

» 6CO, + 6H,0

DH = - 950 kca/mole

p-bond 134 A
H \
=, o H O 11A
v d N ) 20 C’
120°
sp? hybrid planar

2.2b Nomenclature

Alkenes are named from the corresponding alkane name by dropping the -
ane and by adding -ene. The alkene function is a higher priority than an alkyl
group and thusit is given the lowest number in the chain.
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Alkene IUPAC Name Common Name
CH2=CH2 ethene ethylene
CH2=CHCH3 propene propylene
CH2=CHCH2CH3 1-butene butylene
CH2=CHCH2CH2CH3 1-pentene amylene

Both butene and pentene above can contain the double bond in another
position. Thus numbering the position of the akene becomes important. The
numbering always goes across the double bond.

CH2=CHCH2CH3 1-butene
CH3CH=CHCH3 2-butene
_ CHj
CH,=G
“CH .
3 2-methylpropene isobutylene

Alkenes with alkyl substituents are named by establishing the parent name
of the longest chain alkene and assigning the lowest number to the first double-
bonded carbon of the alkene. The alkyl substituents are named in aphabetical
order along with their position number.

CH; CHj
CH3CH2CH=&CH28§HCHZCH3
1 2 3 45 6 7 8
correct numbering with ene in 3 position

4,6-dimethyl-3-octene

Two common substituents also contain an alkene function, as shown.
CH2=CH- vinyl CH2=CH-CH2- dllyl

Cyclic alkenes are numbered from the alkene (and across the alkene) with
thefirst carbon of the alkene assigned number one. The number oneis written only
when required to show the position of a substituent, not to show the position of the
double bond that is assigned to position one.
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CH,
z
H3C\)\: H3C\©

/
H,C
1,5-dimethylcyclopentene 3,3-dimethylcyclohexene
not 1,2-dimethylcyclopentene not 1,1-dimethyl-2-cyclohexene

2.2c Naturally Occurring Alkenes

Alkene structures are also found in some interesting natura sources.
Limonene is a natural substance found in lemon oil, and turpentine, a paint thinner,
isfound in pinetrees.

Hg CHy
X
/—' \/ CH3
l[imonene turpentine
found in lemon ail found in pine trees

The compound shaped like a soccer ball is not found in nature but is
obtained by passing an electrical arc through pure carbon electrodes. It is named
after Buckminster Fuller who proposed such structures.  Thus the name is

fullerene, but the compound is sometimes referred to as a Bucky Ball. Bucky Ball
has the formula Cgp and thus contains no hydrogen atoms.

Ceo fullerene

Bucky Ball

Low molecular weight alkenes are obtained by "cracking” or breaking down
alkanes at high temperature with special catalysts. Ethene is obtained from ethane
and some natural gas wells contain ethene, which is an important resource for the
production of polyethylene used in plastic bags and toys.
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2.2d Physical properties of alkenes

Alkenes, like alkanes, are non-polar materials with generally lower boiling
points than the corresponding alkane. Alkenes also have strong odors, sometimes
pleasant, sometimes not.

CH5;CH,CH,CH,CH, CH,=CHCH,CH,CH-
pentane 1-pentene
CH3;CH=CHCH,CH,4
2-pentene
bp 37°

CH4CH,CH,CH,CH,CH;  CH,=CHCH,CH,CH,CH.

hexane 1-hexene
bp 690 bp 640

CH43CH=CHCH,CH,CH.

2-hexene
bp 68°

2.2e Preparation of Alkenes

Alkenes are often prepared by removd of substituents from saturated
precursors. Dehydration (loss of H20) and dehydrohal ogenation (loss of H and
halogen) are two common elimination procedures for the preparation of alkenes.
The Wittig reaction, which involves an adehyde or ketone with an
organophosphorus reagent is an extremely important alkene producing reaction.
The reactions shown below al have very different reaction mechanisms that will be
be discussed in detail in later chapters.
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Preparation of Alkenes

Dehydration
OH +
H -
CH3CHCH,CH3 h,0 » CH3CH=CHCH3 + CH,=CHCH,CH,4
Dehydrohalogenation
X —
OEt
CH3CHCH,CH3 » CH3CH=CHCH3 + CH,=CHCH,CH,
-HX

Wittig Reaction

PhsP=CH, + CH,CH,CHO » CH3;CH,CH=CH,

2.2f Reactions of Alkenes

Hydrogenation and Alkene Stability

A very important reaction of alkenes is the addition of hydrogen to the
double bond. A catadyst is required and the reaction is caled cataytic

hydrogenation.
H H
M= _ NV
cadyst /N

catalytic hydrogenation

Cataytic hydrogenation provides alkanes in excdlent yields and is an
important and convenient reaction. Usually the alkane is reacted under pressure
with hydrogen in the presence of a metal catalyst. Many catalysts are available for
the process, but some common ones are 5% palladium on carbon (Pd/C), platinum
oxide (PtO2), and nickel (Ni).

Measurement of the amount of heat given off, the heat of hydrogenation
(DH), when an akene is hydrogenated gives a measure of the stability of the alkene.

The more stable alkenes give less heat.
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Heats of Hydrogenation

Alkene - DH kca/mole
CH,=CH, 33
CHzCH=CH, 30
B cis 29
CHiCH=CHCH3  rang g
CHyC=CHCH, 26
CHj

A very important general trend in the stabilities of alkenesisfound in these
observations. Alkenes with more alkyl substituents are more stable. That means
that an alkene with four akyl groups attached to the alkene is more stable than one
with four hydrogens attached. Later, many reactions will be observed to produce
alkenes on the basis of the stability of the alkene. The listing shows relative alkene
stability, it does not mean that ethylene is unstable, just isless stable than the others.

R R R R R H R R R H H H

o= > e > ol > joed > e > e

R R R H H R H H H H H H

most stable trans cis least stable
Cyclic alkenes are nearly always cis, but in some cases with increasing ring

size, unstable trans akenes are known. trans-Cyclooctene, shown beow, is an

example of a strained cyclic trans alkene.

(2
Electrophilic Addition

An important class of reaction with akenes involves addition of an
electrophile to the double bond in a process called eectrophilic addition . The
electrophile (E*) reacts with the alkene to produce a positively charged intermediate
called a carbocation. A nucleophile reacts with the carbocation to complete the two-
step addition process.
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E E
\_< = >$ /NN
AN T T AR T AR
Nu

E = electrophile Nu" = nucleophile of the reagent E-Nu

Unsymmetrical reagents follow a path in which the anion of the
electrophilic reagent is bound to the more substituted carbon in the final product.
This type of addition iscalled Markovnikov addition. Certain additions that do
not occur by the eectrophilic mechanism give products in which the opposite
orientation is found, and are termed anti-Markovnikov additions. The
orientation of the substituents in the product is aresult of the reaction mechanism
and will be discussed in detail in later chapters.

Additionsto Alkenes
Electrophilic Additions

Symmetrical Additon

S e

Trans Addition
of Bromine Atoms

Unsymmertical Additon

CH3 HBr M ar kovnikov
Addition

ionic

Y

Non-Electrophilic Addition

CH;
//Br
Br
CHjy
Br
CH . CH
3 HBr-PerOX|de‘ 3 Anti-Markovnikov
> Addition
Br
CHjy
Y
LH
2
OH

Hydroboration
cisAddition of
H and OH

O™ O
AH,0,
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Alkenes undergo oxidation with awide variety of reagents. These reactions
also fall into two categories: reactions that break both bonds of the akene, and
reactions that break only one bond of the alkene. The reactions are summarized
below, and details about the reactions and mechanisms are given later.

Oxidation of Alkenes

The double bond of alkenesis oxidized by a number of convenient reagents
in synthetically useful processes. These reagents will oxidize only the pi bond (one
bond oxidation) or both bonds of the alkene (two bond oxidation). The details of
these reactions are given in chapters that discuss the functional groups produced.

Oxidation
@)
R!?OOH - CHj
one bond
cold KMnO, CH3
- @u OH
CHj "t OH
g 5
hot KMnO, L CH,
- CEOOH
o two bond

03/ Zn " CH3
- GHO

Biosynthesis of Alkenes and Cholesterol

The synthesis of compounds by the body is an area of biochemistry called
biosynthesis. The body is capable of synthesizing many very complicated
structures that are required for various life processes. Below is ashort outline of the
steps in the biosynthesis of cholesterol. Cholesterol iswell known because of its
implications in hardening of the arteries and heart disease. Serum levels over 300
mg/dL of cholesterol are considered high risk, and steps to reduce thislevel are
commonly advised. Other compounds, called lipoproteins, are also closely related
with heart disease. But for our purpose the biochemical marvel of converting a
small molecule of mevdonate into a large poly-akene called squalene can be
appreciated. The sgualene is converted into an epoxide in the body and is cyclized
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by enzyme catalysis (enzymes are protein molecules). The epoxidation of an alkene
and the reaction of an alkene with a proton are common reactions of alkenes found
later in the chapter on alcohols. Finaly, the biochemical marvel continues, asthree
methyl groups are lost and the molecule undergoes some rearrangement to produce
cholesterol. The loss of methyl groups is not a common occurrence in organic
chemistry.

CHgy - -
. | several steps )\/\ O O
OOC-CHZ-F-CHZ-CHZOH »> O. IID Q IIDO_

—_—
OH [
Mevalonate 0O 0
Dimethylallyl pyrophosphate
5 Carbon Atoms

6 fold
polymerl zation CH CycI ase enzyme

)
Squalene
\ 30 Carbon Atoms

HsC N /
Fz//\/\| many steps
!

lose 3 methyl groups
A -

\\ Squalene 2,3-epoxide

/O;Sj%/\/Y
CH

—_—

HO

Cholesterol

>

Y

I+
o
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2.3 Alkynes

2.3a Structure

Alkynes, also called acetylenes, contain a structural unit in which carbon is
bonded to another carbon with three bonds, C= C. The double unsaturation gives
riseto the general formula of ChH2np-2 for akynes. The carbon atomsin an alkyne
are sp hybridized. The single bonds are made of sp hybridized carbon atoms
overlapped with hydrogen or carbon. The remaining two unhybridized p-orbitals
join inside-to-side overlap to make two orthogonal p-bonds. The overall alkyne
structure islinear with a C-C bond length of 1.20 A and C-H bond length of 1.08A.

,_p_bfL 1.08 A /_ 1.20A
HM—H H}CE G—H

p-bond \1800/

sp hybrid linear

2.3b Nomenclature

The IUPAC system of nomenclature derives an alkyne name from the
corresponding alkane. The -aneisreplaced by -yne and a number is used to give
thelocation of the triple bond. Ethyne, C2H2, is the first akyne and is aso
commonly known as acetylene. Alkynes are named by locating the parent name
from the longest chain containing the triple bond. The alkyne is given the lowest
possible number, and numbering proceeds across the triple bond. Substituents are
given the lowest numbers possible and are named a phabetically.

H—C=—=C-H H—C=—=cC- CH3
ethyne propyne
acetylene CH,

CH3_C=_ C— CH3 CHS_C=_ C— CthH CH3
2-butyne 5-methyl-2-hexyne
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2.3c Natural Alkynes

Many alkynes are found in small amountsin plant sources. The marigold
flower contains the bithienyl compound below. The plant uses this material to kill
small worms that attack the roots of the plant. Some gardeners grow marigolds
along with other plantsto take advantage of this natural protection.

Q—Q—c= C—C=— g{:

abithienyl enyneisolated from marigold roots

2.3d Preparation of Alkynes
Most alkynes are synthesized from acetylene. Pure acetylene is obtained

from calcium carbide, a substance produced from carbon and calcium oxide.

2500-3000°
—> CaC, + CO
electrical arc

» Ca(OH), + CH= CH

3C+ Cao

CaC2 + 2 Hzo

Acetylene can be converted to the sodium salt, sodium acetylide, that will
displace the halogen atom in certain haloakanes. The process is nucleophilic
substitution and is discussed in detail in later chapters.

HC=CNa + BrCH; —— HC=CCHj

2.3e Physical Properties of Alkynes

Alkynes are low boiling materials that possess a high heat content. Thusa
major use for alkynes, especially acetylene, isasafue for high temperature flames.

Acetyleneisfairly unstable and detonates under pressure. Pure acetyleneis
not stored as aliquid or a gas under pressure. It isadsorbed onto carbon and kept
in steel containers at about 10 atm of pressure.

Although the thermal decomposition of acetylene to carbon and hydrogen
does not involve any change in the volume of the gases, the reaction is extremely
exothermic. A very sturdy apparatus must therefore be used for reactions of
acetylene under pressure. The acetylene flame can burn at temperatures up to
26000.

The boiling points of alkynes are somewhat higher than the boiling points
of alkenes.
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CH4CH,CH,CH,CH,CH;  CH,=CHCH,CH,CH,CH.

hexane 1-hexene
bp 69° bp 64°

HC==CH,CH,CH,CHj

1-hexyne
bp 72°

2.3f Reactions of Alkynes

Addition of hydrogen to alkynes can be controlled to add two hydrogen
atoms and give an akene as a product, or four hydrogen atoms can be added to give
an alkane. Specia methods are required to add just two hydrogen atoms. A catalyst
of palladium on calcium carbonate containing lead ions (Lindlar catalyst) allows
addition of one mole of hydrogen to give the ciss akene, meaning the two
substituents are on the same side of the double bond. Reductions with sodium in
ammonia give the trans-alkene, which contains the two substituents on opposite
sides of the double bond. Complete reduction of acetylenes to the hydrocarbon
occurs easily on hydrogenation with a number of catalystsincluding palladium on
carbon.

H/Pd(CaCO3) H3C§ (CH3 dis
H H

2+
add2H Ph
Na, NH, HeG  H
H;C—C=—=C—CH; \ > §=< trans
H  CHs
' H,/ PdonC
add4H “ CH3CH20H2CH3

Alkynes react with anumber of reagents to give addition products in a
manner similar to alkenes. Those reactions will be discussed in the chapter on
hal ogens.

2.4 Conjugated Alkenes

An organic molecule can possess more than one unsaturated system. When
these systems are far gpart from one another they behave asisolated functions. But



38 Ch 2 Hydrocarbons

when they are separated by a single bond they are conjugated, and they behave as a
unit instead of isolated systems. The orbital picture shows the electronic interaction
of the systems. Severa structures are shown below that are conjugated.

PN

conjugated diene a,b-unsaturated carbonyl

== CH=CH, CH,=C=CH,
eneyne alene
not conjugated

Some interesting dienes called allenes, but infrequently encountered, have
two double bonds attached to one carbon. These systems are not conjugated.

2.5 Summary

Hydrocarbons are a class of organic compounds that contain only hydrogen
and carbon. Hydrocarbons are divided into classes cdled alkanes, alkenes and
alkynes.

Alkanes, CnH2n+2, are sp3 hybridized and have a tetrahedral shape.
Usudly volatile and found abundantly in oil and natural gas, alkanes are used widely
asfuels. Thecombustion of alkanes, reaction with oxygen, produces carbon dioxide
and water. Alkanes are systematically named, IUPAC rules, by adding an ane
suffix to the term that designates the number of carbon atoms.

Alkenes, CnH2p, are sp2 hybridized and have a planar shape. Alkenes are
prepared by dehydration and dehydrohal ogenation reactions. Alkene chemistry is
dominated by reactions of the double bond called a w-bond. The double bond
undergoes reduction, oxidation, and addition reactions. Alkenes are named by
replacing the alkane suffix, ane, with anew suffix ene. A number is assigned to the
position of the double bond.

Alkynes, ConH2-2, are sp hybridized and are linear. Acetylene iswell-
known for its use in welding torches. The triple bond of alkynes can be reduced
with hydrogen, or oxidized by a variety of reagents. Alkynes are named by
replacing the ane suffix of the alkane with the yne suffix. The triple bond location is
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designated by a number.
Alkenes and alkynes may be joined in compound to form extended
unsaturated systems called conjugated systems such as that found in 1,3-butadiene.

2.6 Problem Set

2.1. Write the alkyl substituent names for ethane, octane, cyclohexane and the

structures,
CHj CH,

CHAEHOH,CHy + CHAEHCH,CH,CHy ’CHg&HCHszCHg

2.2. Write balanced equations for the complete combustion of propane and
methylcyclopentane.

2.3. Draw and name all of the structural isomers of @) pentane and b) hexane.
2.4.Write structures, formulas, and formula weights for the following.

a) 3-isopropylnonane b) cyclopropylcyclohexane  ¢) sec-butylcyclopentane

2.5. Provide names for each compound below.

3) CHy b) CHs Hs C))
O/ CH3CHCH2CH=CH£CH3 NN
H,CH,CH

2.6 Write structures that correspond to the names given.

a) 1,2-pentadiene b) 3-bromocyclopentene ¢) 3,3-dichloro-1-pentyne

d) cyclohexylethyne
2.7 Show the products from the reaction of 2-methy-2-butene with @) H2 / Pt, b)
hot KMnQO4, ¢) HBr-peroxide, d) HBr (no peroxide), €) Bro, f) O3/ Zn
2.8 Both Vitamin D and Cortisone contain significant hydrocarbon portions of their
structure. Find their structures in a reference book (Merck Index) and list the
function groups present in each molecule.



