Chapter 2

Alkanes and Cycloalkanes;
Conformational and
Geometrical Isomerism




* Hydrocarbons are compounds that contain only carbon and hydrogen.

There are three main classes of hydrocarbons, based on the types of
carbon—carbon bonds present.

1-Saturated hydrocarbons contain only carbon—carbon single bonds.

2-Unsaturated hydrocarbons contain carbon—carbon multiple bonds,
double bonds, triple bonds, or both.

Aromatic hydrocarbons are a special class of cyclic compounds related
b7, “77in structure to benzene.
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M&% J » Saturated hydrocarbons are known as alkanes if they are acyclic, or as
»”" * cycloalkanes if they are cyclic.



2.1 The Structure of Alkanes

* Alkanes are hydrocarbons containing only single saturated bonds.

General formula: CnHan.z2, s

* The simplest alkane is methane. g
H
* Its tetrahedral three-dimensional structure .

* Alkanes with carbon chains that are unbranched ; _

(5000 s Sz 1 2\ 5 595 <
are called normal alkanes or n-alkanes.

* Each member of this series differs from the next higher and the next
lower member by a -CH2-group (called a methylene group).

* A series of compounds in which the members are built up in a regular,
rMe way like this is called a homologous series.



Number of  Molecular Number of

Name carbons formula Structural formula  structural isomers
n 1 CH, CH, 1
\V “ethane 2 C,Hg CH4CH; 1
- propane 3 C5Hg CH;CH,CH,4 1
“butane - CsH1o CH3CH,CH,CH3 2
~pentane 5 CsHy2 CH3(CH,)3CH; 3
~ hexane 6 CeHi1a CH3(CH3)4CH3 5
‘heptane 7 CsHs CH3(CH;)sCH3 9
- octane 8 CsHis CH3(CH;)sCH; 18
‘nonane 9 CqH2o CH3(CH3);CH3 35

‘decane 10 CioH22 CH3(CH5)gCH3 75



« Compounds of a homologous series differ by a regular unit of
structure and share similar properties.

* PROBLEM 2.2 Which of the following are alkanes?

a. C/Hqe v
b. C7H12% SEVAN (e (/&(/\\K &\\WX
c. CgHie [/%c‘/'\L allawwrc s “

d. C29H60



2.2 Nomenclature of organic
compounds

* In the early days of organic chemistry, each new compound was given a
name that was usually based on its source or use.

Examples include
limonene (from lemons), a-pinene (from pine trees), coumarin (from the

tonka bean, known to South American natives as cumaru)

: - S
* Internationally recognized systems of nomenclature were devised by
a commission of the International Union of Pure and Applied
Chemistry; they are known as the IUPAC
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2.3 IUPAC rules for naming alkanes

1. The general name for acyclic saturated hydrocarbons is alkanes. The -ane ending
is used for all saturated hydrocarbons. This is important to remember because
later other endings will be used for other functional groups.

2. Alkanes without branches are named according to the number of carbon atoms.
These names, up to ten carbons, are given in the first column of Table 2.1.

3. For alkanes with branches, the root name is that of the longest continuous chain
of carbon atoms. For example, in the structure

(j:Hf, CH, CH, CH,
CH,—CH—CH—CH,—CH, or CH,—CH—CH—CH,—CH,



the longest continuous chain (in color) has five carbon atoms. The
compound is therefore named as a substituted pentane, even though
there are seven carbon atoms altogether.

4. Groups attached to the main chain are called substitﬁpe\ﬁts. Saturated
substituents that contain only carbon and hydrogen are called alkyl
groups. An alkyl group is named by taking the name of the alkane with
the same number of carbon atoms and changing the - ane ending to - y/.

H—C—H H—C— o CH;— or Me—



5. The main chain is numbered in such a way that the first
substituent encountered along the chain receives the lowest
possible number. Each substituent is then located by its name
and by the number of the carbon atom to which it is attached.

* When two or more identical groups are attached to the main
chain, prefixes such as di-, tri-, and tetra- are used. Every
substituent must be named and numbered, even if two identical
substituents are attached to the same carbon of the main chain.

g3 W('H‘ CH,
(:IH;—;(l',H—CH—éHJ—(SZH;
2,3-dimethylpentane
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6. If two or more different types of substltuents are present, they
are listed alphabetlcally, except that prefixes such as di- and tri-
are not considéred when alphabetizing.

7. Punctuation is important when writing [IUPAC names. IUPAC
names for hydrocarbons are written as one word. Numbers are
separated from each other by commas and are separated from
letters by hyphens. There is no space between the last named
substituent and the name of the parent alkane that follows it.
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notes

1. Locate the longest continuous carbon chain. This gives the name of the parent
hydrocarbon. For example,
L= CcC—

| I N
et — C not ===
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2. Number the longest chain beginning at the end nearest the first branch point. For
example,

T T
C—C—C—C—C—C( not C—C—C—C—C—C
; ‘f
W\/Li —C—C—C—C— not C—C—t‘—l —C—
%\ ?Q\ 2 (II— —
&

C\Y%B\ v two branches one branch
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—C—C—C—C—C not C—C—C—C—C—C—C
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6-trimethylheptan 5,6-trimethylheptane

T
o e O—0

c—C C c| C ?
\L C—C—C—C—C—C—C  mot  C—C—C—C—C—C—C
K

-
/

O’f 2 3 4 5 7 6 4 3 2 1
al 5-methylheptane 5-ethyl-3-methylheptane
3 \
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3. Write the name as one word, placing substituents in alphabetic order and using proper punctuation.

Example 2.2 ' e
Hs 2 pr?

Give an ITUPAC name for C?-l

2,2-dimethylpentane



2.4 Alkyl and Halogen Substituents

CHCH, CHCH— o GH— o [Et—

H
H—(I—(i—ﬁI—H H—(|3—?—C— or CHCHCH— o Pr—

H H
propyl grou
T 0
H—(ij—(|’2—(|3—H H—%—?—?—H or CH,CHCH; or i-Pr—
H HH

propane oproj



CH.CH,CH,CH,— and CH3(|3HCH2CH3

butyl sec-butyl
(or 1-methylpropyl)

o T
CH;—(ll—H /CH—CHZ— and CH3—(|3—
CH; & CH,
isobutane isobutyl tert-butyl
(or 2-methylpropyl) (or 1,1-dimethylethyl)

R is the general symbol for an alkyl group.

Halogen substituents are named by changing the -ine ending of the element to -o.
F- Cl- Br- -
fluoro- chloro- bromo- iodo-

Give the common and IUPAC names for CH.CH.CH_-Br.
870 mp by Fene



Table 2.2
S 4 3 2 1
CHBCH2CH2CIHCH3

CH,

2-methylpentane
(not 4-methylpentane)

3 & 5 s
CH;CHCH,CH,CH,
2 1
CH,CH,
3-methylhexane
(not 2-ethylpentane
or 4-methylhexane)
CH5
1 2| 3 4
CH;—C—CH,CH5
CH4
2,2-dimethylbutane
(not 2,2-methylbutane
or 2-dimethylbutane)

1 2 3 &S
CH,CH,CHCH,
i Br

3-bromo-1-chlorobutane
(not 1-chloro-3-bromobutane
or 2-bromo-4-chlorobutane)

2.5 Use of the IUPAC Rules

Examples of Use of the ITUPAC Rules

The ending -ane tells us that all the carbon—
carbon bonds are single; penit indicates five
carbons in the longest chain. We number them
from right to left, starting closest to the
branch point.

This is a six-carbon saturated chain with a methyl
group on the third carbon. We would usually
write the structure as CH,CH2CIHCH2CH2CH3.

CH,

There must be a number for each substituent, and
the prefix di- says that there are two methyl
substituents.

First, we number the butane chain from the end
closest to the first substituent. Then we name
the substituents in alphabetical order, regard-
less of position number.



* PROBLEM 2.8 M/u( W WA

Explain why 1,3-difluorobutane is a correct IUPAC name, but 1,3

-dlmethylpentane is not a correct IUPAC name.
oS e

" hexan

3- WU”T

M?prg%g%’acﬁé,cﬂ

ﬂyWM);’M@%

M %Wo%ﬁ@
&/féf//v’wwf



%/\ﬁcf)) ﬁyl:\\c\s/] éj"‘]fl' \J\<)/\9’U

2.7 Physical properties mmolecular
Interactions 2 dinsiry AL

D8 Y
5 ) .
* Alkanes are insoluble in water. That is because water molecules are polar,

whereas alkanes are nopolar (all C-C and C-H bonds are nearly purely covalent.)
J\L) Sy ” \}fCV/ /[}7 =)
Ikan’es h(gve fowewbomng pomts for a gl\%n mofecular weight than most other

% rganic compounds. The electrons in a nonpolar molecule can become unevenly
distributed within the molecule, causmg the molecule to have partially positive
and partially negative end. The temporarily polarized molecules causes its

neighbor molecules polarized as well. Such interaction are called Van der Waals
attraction. ¢
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Properties of alkanes
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* The boiling points for alkanes rise as the chain length increases and
fall as the chains become branched and more nearly spherical in

shape.

Boiling point, "C

200

100

-100

1

2 34567

8 910
Number of carbon atoms

Name
pentane

2-methylbutane
(isopentane)

2,2-dimethyl-
propane
(neopentane)

Formula Boiling
point, °C

CH,CH,CH,CH,CH, 36

CH,CHCH,CH, 28
CH,
CH, 10
cm—é—ag

CH.



bp10°C



2.8 Conformations of Alkanes

* A simple molecule has an infinite number of shapes as a consequence of rotating
one single bond. These arrangements are calfed conformations or conformers.
Conformers are stereoisomers, isomers in which the atoms are connected in the



* Two possible conformers for ethane are staggered and eclipsed.

~

ond in eth

7

eclipsed conformations from
rotation about the C—C bond in ethane

. \
staggered conformatioxs from
rotation about the C—C
H H
perspective \C— C-“,H
formulas H | \
H H
H
Newman H
projections H H

H H
N\ —C/
HYf \'H
H H

HH
HZOSH




Newman Projections
The molecule is drawn as if it is viewed straight down the C-C bond.

viewed from the end

©2013 Pearson Education, Inc

The front carbon is drawn with 3 bonds ina Y shape
The back carbon is drawn as a circle with 3 bonds pointing out from it.



“dash-wedge”

Staggered more stable than eclipsed rotamers

Newman



https://youtu.be/oG1aCQvkkDO



https://youtu.be/oG1aCQvkkD0

Lt\?e C-2—C-3 bond |

"
Al

| 2 : 4
CH;—CH,—CH,—CH;

butane
the C-1—C-2 bond the C-3—C-4 bond

ball-and-stick model of butane

CH,CH;

staggered conformation for rotation eclipsed conformation for rotation
about the C-1—C-2 bond in butane about the C-1—C-2 bond in butane




Example 2.4

Draw the Newman projections for the st
conformations of propane.

gered and eclipsed

H
H | H

7'/ \f The projection formula is similar to t}at of

ethane, except for the replacemept of one
H [ H hydrogen with methyl.
CH,

staggered

Rotation of the “rear” carbon of the staggered
conformation by 60° gives the eclipsed con-
H formation shown.

L(lll‘\r.l.f



2.9 Cycloalkanes Nomenclature and Conformation

» Cycloalkanes are saturated hydrocarbons that have at least one ring of
carbon atoms.

» Cycloalkanes are named by placing the prefix cyclo- before the alkane
name that corresponds to the number of carbon atoms in the ring.

AE/\\)L/O

yclopropan cyclobutane cyclopentan \ cycloheptan ine
bp —32.7°C bp 12°C bp 49.3°C bp80 ( bpllSa( bpl-l‘)(




 Nomenclature
Alkyl or halogen substituents attached to the rings are named in the usual way.
If only one substituent is present, no number is needed to locate it.

If there are several substituents , numbers are required. One substituent is always located
at ring carbon number 1, and the remaining ring carbons are then numbered
consecutively in a way that

gives the other substituents the lowest possible numbers

CH, CH, CH,

/K /\\/CII; 2 CIlzC}I;
l".4_~—’;"

\ \14 3/

methylcyclopentan 1,2-dimethylcyclopentane 1-ethyl-2-methylcyclopentan
(not 1-methylcyclopentane)  (not 1,5-dimethylcyclopentane)  (not 2-ethyl-1-methylcyclopentane)



PROBLEM 2.12 Give [UPAC names for

CH2CH3 Cl
. b. C. "
a Q/ < :

@M“‘Jl%db‘m/l[’dm 44 - hckrocyct? pr*'CH,

g- B

Br

5 _\N\dy) Cgola PM”&M

a. ethylcyclopentane
b. 1,1-dichlorocyclopropane
c. 1-bromo-3-methylcyclobutane



What are the conformations of cycloalkanes?

* Cyclopropane, with only three carbon atoms,1s necessarily planar. The C-C-C
angle is only 60° (the carbons form an equilateral triangle), much less than the
usual sp® tetrahedral angle of 109\5°. Th¢ hydrogens lie above and below the
carbon plane, and hydrogens on adjacent carbons are eclipsed.



» Cycloalkanes with more than three carbon atoms are nonplanar and have
“puckered” conformations. In cyclobutane and cyclopentane, puckering
allows the molecule to adopt the most stable conformation (with the least
strain energy). Puckering introduces strain by making the C-C-C angles a
little smaller than they would be if the molecules were planar; however,
less eclipsing of the adjacent hy ens compensates for this.

H

—C—C angle
for planar molecule
: ved experimentally



* Six-membered rings are more common and stable. If cyclohexane were planar, the internal C
-C-C angles would be those of a regular hexagon, 120°—quite a bit larger than the normal
tetrahedral angle (109.5°). The resulting strain prevents cyclohexane from being planar
(flat). Its most favored conformation is the chair conformation, an arrangement in which all
of the C-C-C angles are 109.5° and all of the hydrogens on adjacent carbon atoms are
perfectly staggered.

* In the chair conformation of cyclohexane, the six axidl hydrogen atoms lie above and below
the mean plane of the ring, while the six equatoriakhydrogens lie in the plane.

equatorial

axial
ball-and-stick model



Axial bonds (red) in the left structure become
(red) in the right structure when the ri

methyl axial methyl equatorial

5% 95%



Another puckered conformation for cyclohexane, one in which all C-C-C angles are
the normal 109.5°, is the boat conformation.

e (B-D-glucopyranose)



2.10 Cis-Trans Isomerism in
Cycloalkanes

Stereoisomerism deals with molecules that have the same order of attachment of the
atoms, but different arrangements of the atoms in space. Cis—trans isomerism
(sometimes called geometrical isomerism) is one kind of stereoisomerism, and it is
most easily understood with a specific case.




* Cis: like groups on same side of ring
* Trans: like groups on opposite sides of ring

PROBLEM 2.16 Draw the structure for the cis and trans isomers of

a. 1,3-dibromocyclopentane

b. 1-chloro-2-methylcyclopropape
B b- o
G- o AN
o

ﬂ ChS
b s @/



2.11 Summery of Isomerism

isomers

different
bond pattern

bond pattern

structural (or constitutional) isomers

stereoisomers

conformers (rotamers) )<

CHS p rans
configurational isomers




PROBLEM 2.17 Classify each of the following isomer_pairs
according to the scheme

* a. cis- and trans-1,2-dimethylcyclohexane
* b. ghair/and beat forms-efcyclohlexane 66"%% /

* c. 1-fluoropropane and 2-fluoropropane 5
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» Because of this inertness, alkanes can be used as solventsfor
extraction or crystallization as well as for carrying out chemical
reactions of other substances.



G AN o -
1) Oxidation and Combustion: alkanes as fuels =~ A

5 NG, aors
CH, + 20, — CO,+2H,0 + heat (212.8 kcal/mol) p@\%o O’@ S G
21 ethane W bo =~ Dl
S ke

} ol
(jﬁ CH, +2% 50, — 4CO, + 5H,0 + heat (688.0 keal/mol)

butane

Partial oxidation of hydrocarbon

2CH, + 30, —> 2CO + 4H,0
carbon monoxide
\9(7 CH,+0, —> C + 2H,0
carbon
CH4 —+ Ol _—> CHzo -+ H_?O
Iluzlmh'
2CHg + 30, —> 2CH.COH + 2H,0

acetic acid
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'<»x2.12 b Halogenation of alkanes.
f/\é/‘{/ )9- General formula R—H + Cl—CI m R—Cl + H—CI

CH, + Cl—CI CH,Cl + HCI
methane o chloromethane
(methyl chloride)
bp —24.2°C

For methane sunlight
I

* The reaction is called chlorination. This process is a substitution reaction, as a chlorine is
substituted for a hydrogen . An analogous reaction, called bromination, occurs when the
halogen source is bromine.

weon oWl o 9—91/19\1/\0/\

R—H + Br—Br % R—Br + HBr



* If excess halogen is present, the reaction can continue further to give
polyhalogenated products. Thus, methane and excess chlorine can give products
with two, three, or four chlorines

CH,Cl 2. CH,Cl, . cHal, el ccl,

dichloromethane trichloromethane tetrachloromethane gpdbj

(methylene chloride) (chloroform) (carbon tetrachloride)
bp 40°C bp 61.7°C bp 76.5°C

SW—‘\/\
32 gt XY ~<yy
bS}S/CI—Iﬁ,CH CH; +Cl; 1~ CHiCH,CH,Cl + CH;CHCH; + HOI
or hea

o Cl
propanef b2 éh Z’;; 1-chloropropane 2-chloropropane

Lo a‘aé

v . . M (n-propyl chloride)  (isopropyl chloride)
\,?/" O‘UV\)’MQ"‘?’I A 9ol &0 _
J( / H_ Br
A %ﬁ Y+ pr, e \)Q, + HBr
\ \
cyclopentane bromocyclopentane

(cyclopentyl bromide)



L ACD/ChamStatch (Freeware) - [nonamed! sk2]

Fle ot Pages Jooks Templates QOptions Documents AddOns ACD/Labs Help
ofagaen » v B R QA [resewe
A9 XLV IR/ TOAN B LR

Swructure  Draw

I¥ 64

o

Y% [ G A © W O st o Geing L RS Qus |
@ e hchwE

' - ® V'C .“.0 X J (:7 e S‘C\ L s | ‘: V‘)C 140 % ‘?. m |;N "t :?c bl
YEE N N

i bromocyclohexane

: ] B or cyclohexylbromide

< "‘ ¢

x| CH; fec—Cl

¥ e - |

N Y~ “@ 16 CI2, light

ol 2 6 g 5-prod

N DR <l - ucts

o~

a ___Br
Ky * ~
L \ |\ cH,” HaC ) [

T = ﬁ c Al \ gire Br2, light N e I “CH,
¥ i A A~ A - ~  Sproducts | HC :
s - I~ ~" | TCHj H4C

¥ < | H;C

IQO 3 HJC

# 12 .'l :

W R ) i—
2 15 09 44 5 Things % Consider When Creatng of Expandng MTE Lads Jun 16 13 34 How ML and Al Can Leverage Data 1o Streamiine Projecs and Find inssghts Jun 10 0730 e o

NONAMEST S0 Modfes ¢ Page 11

1-CheeShetch 2-Dotabese 3--Lobd

P Fragrents § CompbzO P 81 0200

=4

£ Type here 10 search o] e - ° ‘ ‘ Q "—I

M

x

AGIEwmaos 2 g

W




! !

2.13 Free Radical Chain Mechanism of
Halogenation

* A reaction mechanism is a step-by-step description of the bond-breaking and

bond-making processes that occur when reagents react to form products. In the
case of halogenation, various experiments show that this reaction occurs in several
steps , and not in one magical step. Indeed, halogenation occurs via a free-radical
chain of reactions.

* The chain-initiating step is the breaking of the halogen molecule into two
halogen atoms.

addlh S light -
:Cl : Cl: —— :Cl- +:Cl-

\q* or heat



The chain-propagating steps are

AN A

R—H + +Cl: — R+ + H—CI
- alkyl

propagation < radical

A anVa) .
LR+ + Cl—Cl — R—CI + - CI:
alkyl h

chloride

0 — =l

termination < R?}V\R —— R—R

Rf‘i\-(::l-—» R—Cl



mechanism for the monochlorination of methane

.C?—QZI. + 2:@:1- initiation step
hy
,(\/_\Q}g — HCl: + *CH,4
a methyl radical } | propagation steps
6{:\ ﬁ——% — CHyCl + :CI-
:@?:l!\ Q — C, |
'@/':\'CH:; —> CH3CH; }|termination steps
00(\
:Cl CCH_; — CH;(Cl
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* Homework 1
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