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Axial bonds (red) in the left structure become equatorial bonds
(red) in the right structure when the ring “flips.”
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Cyclohexane interconverts between two chair conformers. CJ")’\\}‘J‘\T)-M J)l[:p

Cyclohexane cont’d:
Since the C-C bonds are all single (o) bonds, it is possible to rotate about these
bonds. This process in known as a ring inversion or a “chair-chair” flip. In the process

of the inversion all equatorial Hlbecome ‘axial and axiallbecomé equatorial.

Axial bonds (red) in the left structure become equatorial bonds

(red) in the right structure when the ring “flips.”
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Cis and Trans Isomers
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* Substituted cyclohexane: (1,3-Diaxial Interactions)

The addition of a methyl group on cyclohexane (methylcyclohexane) can have two
conformations, the methyl can be axial or equatorial, i.e.

a 1,3-diaxial interaction

“flip”
—
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this chair conformer has four 1,3-diaxial interactions
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The equatorial is preferred as there is significantly less steric interactions than when in
the _a{g‘iaal position. This will be true for any group on a cyclohexane ring and has
imﬁﬁcations for the chemical reactivity of the compound.

1,3-diaxial interactions

Note: The larger the substituent, the more the
equatorial-substituted conformer is favored.




Conformational Isomers (cont’d)

Cyclohexane cont’d: 2 69 Yclohegane ) $yai S e o0

Other conforma@'{sns of cyclohexane are possible but they are higher in
energy and less
\MM

able, i.e. the “boat” conformation
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boat cyclohexane
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Geometric Isomers (
isomerism)

Geometric isomers (or configurational isomers, a
subset of stereoisomers) are molecules which have
the same chemical formula, the atoms are bonded
in the same order, but located in different positions
in space. Unlike conformational isomers, where the
atoms are located in different location in space due
to rotation about C-C single (o) bonds, geometric
isomers are not related by rotation about ¢ bonds.
This situation arises with cyclic structures.



An example of this is 1,2-dimethylcyclopentane

This structures can not interconvert without breaking a C-C bond.
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* The two methyl groups may be on the same side of thering plane
(cis)

 or they may be on the opposite sides (trans)

e Cis—trans isomers differ from one another only in the way that the
atoms or groups are positioned in space. Yet this difference is
sufficient to give them different physical and chemical properties

* (is trans isomers can be separated from each other and kept
separate



Isomers

Summary of Isomers (to date)
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by single bond
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conformational (rotamers) isomers

configurational isomers




Chemical Reactions of Alkanes

In general, because of their strong non-polar
covalent bonds alkanes are fairly inert. They do
not react with most common acids, bases,
oxidizing or reducing reagents. They means they
do make good solvents for extraction,
recrystallization or as a reaction solvent. They do
however have two substances they react with;
molecular oxygen and halogens.



Oxidation Reactions

All chemical processes are redox (oxidation /
reduction) reactions. Formally oxidation is the
loss of electrons (increase in oxidation sate) and
reduction the gain of electrons (decrease in
oxidation sate). The two processes are coupled
since whatever gains the electrons must gain
them from somewhere and whatever loses the
electrons must lose them to somewhere.



Oxidation Reactions (cont’d)

For the C atom, oxidation involvesiincreasing the
number of C-O (or other atoms more EN than C)
bonds and/oridecreasing’the number of C-H
bonds.

Reduction will be the opposite,ia decrease’in the
number of C-O bonds oriincrease)in the number
of C-H bonds.



Oxidation Reactions (cont’d)

To determine the oxidation state:
— each bond to a C atom counts: 0
— each bond to a H atom counts +1
— Each (single) bond to a more EN atom count -1, i.e.

H
+1 I-|1+1 | = n-{ -1 fl'i 1
H—(l;—H +1 H—(Ti—OH +1 H—(li—CI +1 H—C—NH,
' - - H
+1 +1 ] +1
C=-(+1+1+141) C=-(+1+1+1-1) C=-(+1+1+1-1) C=-(+1+1+1-1)

= -4



Oxidation Reactions (cont’d)

More examples:

es: P o
. Ho oA Ht
+1 H_CZS—H /C:C\O +1 H—(|:—C':—H
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C=-(0+1) C =-(0+1+1) C =-(0+1+1+1)
= -1 = -2 = =3
-2
-2 0 +1 +1
2 E)2 9 I ﬁi 1 - |-|| +1
O0=C= LN
H/C\OH H H +1 H'—C|:—OH H—(|:—H
-1 oo+ H
+1 +1 u)ngJju e d‘iu\ * +|-!]
St Je i $9ayy

C=-(-2-2) C =-(-2-1+1) C=-(-2+1+1) C=-(+1+1+1-1) C=-(+1+1+1+1)

= +4 = +2 =0 & w2 & 4

Most | Reduction > Most

C-0O C-H

bonds < Oxidation | bonds



Oxidation Reactions (cont’d)
& o0 P

The most import use of alkanes is as a fuel. The
light weight ones are gases and intermediate
weight liguids which makes them handy for
storage and transportation. Natural gas is
composed primarily of methane with varying
amounts of ethane, propane and butanes. It is
commonly used to heat homes. The liquid
hydrocarbons are used as gasoline, kerosene
and jet fuels. cH, |+ 20,— 0, + 280 + i Q28 kealimo) 2

(:;}'l}(. i —‘(), - 4(.()\ L 3}{‘() T l(’\\\‘l\’“ k(.llv”nlﬂl) (2,4)



Oxidation Reactions (cont’d)

The energy of the hydrocarbon is released when
combusted or burned. This is an oxidation
process and requires atmospheric oxygen. The
final oxidation product (assuming sufficient
oxygen) is carbon dioxide. If insufficient oxygen
is present then partial oxidation products such
as carbon monoxide, formaldehyde or formic
acid may be formed.



Halogenation of Alkanes

Besides combustion, the only other useful
chemical reaction that alkanes undergo is

halogenation.

This is a free radical process in which heat or
light is used to break a halide-halide bond
forming two halide free radicals.



Halogenation of Alkanes (cont’d)

This type of reaction is a substitution reaction
where a halide atom is substituted for a H atom
in the alkane.

R—H + X, —& , R X+ H—X (X=ClBr)
or light

wWis J‘c;démd_ass 1

The two common halides used are chlorine and
bromine.



Halogenation of Alkanes (cont’d)

A single alkane molecule can undergo several substitution steps
depending on the concentration of the halide radical, i.e. ™

e A TI=EN
CHy 0l s CHzcl ™ '}‘h‘L?_jMlee CL, Q—“~0l<—C}JI<_)
CH. s, CH,Cl, Ba, gipel, . ccl,
\_/’ dichloromethane \———" trichloromethane b/tctrachlommctlmnc
(methylene chloride) (chloroform) (carbon tetrachloride)
bp 40°C bp 61.7°C bp 76.5°C

As a matter of fact, unless the concentration of chlorine is kept
quite low there will be a mixture of these produces.
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