


Alkenes

Alkenes are unsaturated hydrocarbons that contain at least one
carbon-carbon double bond (C=C). They are sometimes called olefins. The general
formula for non-cyclic alkenes i1s C H2,. For cyclic alkenes, the simplest member of
the alkenes family is ethylene, CHz,_2. the simplest member of the alkenes family is
ethylene, C2Ha.
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Physical properties of alkenes

Alkenes do not diifer much fiom alkanes in their physical properties.
They resemble alkanes that are close o iliem in molecular weight, in their boiling
points, and in their solubility. Like alkanes, they do not dissolve in water, but rather
they dissolve in non-polar solvents such as benzene, ether, and carbon tetrachloride,
and there i1s a di{forence between Alkenes and alkanes, which 1s that alkanes dissolve
in concentrated sulfuric acid, while alkenes do not dissolve in this acid.
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Naming alkenes

Common nomenclature

The common nomenclature is used in the case of alkenes with low
molecular weights by replacing the syllable -ane at the end of the name of the alkane

compound with the syllable -ylene to become the compound alkylene. As shown in the
following table: Table: How to name common alkenes.
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Ethylene CH»=CH>

Ethane CH;CH;

Propylene CH;-CH =CH,

Butylene ( H;CH,CH=CH,

R Butylene CH;CH=CHCH;4

Propane CH;CH,CH;

n-Butane  CH,CH,CH,CH;

Isobutylene C.‘H3—(IJH = CH3
CHj

Isobutane CH3—C|H —CHj3
CHj;




IUPAC nomenclature :4waliill) Leawill

Alkenes are named using the International Union of Pure and Applied Chemistry
(IUPAC) rules, IUPAC is most commonly used to name organic compounds, as
follows:

1. The longest continuous chain of carbon atoms that includes two carbon atoms in
the double bond is selected and given the name the corresponding alkane.

2. The syllable (ane) is deleted from the alkane name and the syllable (ene) is
added instead.

3. The chain is numbered from the end that gives the two atoius of the double bond
the smallest numbers.

4. The names of the substituted groups are written, preceded by the numbers of the
carbon atoms they contain, and it is preferable 10 mention them (groups
substitution) according to its alphabetical sequence. then giving the name of the
alkene preceded by a number indicating tlie location ol the double bond.
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CH3(|3H-CH = CH-CHj;

CH,
4- Methyl - 2- Pentenc

CH,=CH, CH;-CH=CH , CH;CH,CH = CH,
Ethene Propene 1-Butene

C]TH;-C.H . CHz

/Y\ Cl
| 3-Chloio -1- Propene

2-Ethyl-1-Butene

1 2 3 4 1 2 3 4 1 2 3 4 5 6
CH,=CH-CH,-CH, CH,-CH=CH-CH, CH. ¢ H=CH-CH,-CH,-CH,
1-Butene 2-Butene 2-Hexene
(|'Il3 (I)-C.I]3-Cl[3-CI]3-CII3
CH,-CH=CH-CH-CH,-Cil CH,-CH=CH-CH-CH,-CH,
1 2 3 4 5 6 2 a 4 5 6
4-Methyl-2-Hexene 4-Butoxy-2-Hexene
Ph Br
]\/\/ - ;\/\/9 I 2
3 =5 7 \/IWT\
2 4 6 8 2 6 8
T-bromi phenyvi-d-nonene 4-octene
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As for cyclic allienes, they are named by placing the syllable (cyclo) before
the name of the coiupound and replacing the syllable (ane) with the syllable (ene).
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If the alkene ring is substituted, there are two cases:
First: The substituted group is not attached to one of the two carbon atoms of the
double bond. In this case, the two carbon atoms of the double bond take the numbers

(1, 2), and the numbering continues in the direction that gives the substituted groups
the smallest numbers.
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Note: The group derived from ethene after deleting a hydrogen atom 1s called vinyl.
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The compounds that result from replacing vinyl with some groups are called vinyl
compounds.
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However, 1f a hydrogen atom is removed from propene, an allyl group containing an

allyl carbon atom 1s produced and two vinyl carbon atoms.

LU 08 53 e ggian Al Allyl IV Aeganse i gyl (e angpas 53 G 5 1) Ll

Allyl group

Al
r N

CH,=CH-CH,-

N

Vinyl Carbon  Allyl Carbon
Atoms Atom

» Aduld el )3

The compounds that result from replacing the allyl group with some groups are called

allyl compounds.

CH2=CH-(|3H2 ('Ei2=CH-t|'JH2

OH

Allyl Alcohol Allyl Chloride




Second. Geometric isomers: This means the presence of a compound that has the
same molecular formula and exists in different stereoscopic structures. These
stereoscopic structures result from the difference in the distribution of the groups on
the two carbons of the double bond. When the groups are present on one side of the
double bond, the Cis 1somer 1s formed. However, if the two groups are present, each
one on the other side. In this case, the Trans 1somer 1s formed. Therefore, the name of
the above compound 2-Butene is inaccurate due to not specifying the direction in
which the two methyl groups are located with respect to the double bond.
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This applies if the two carbon atoms of the double bond contain two hydrogen atoms
and two substituted groups. However, if the two carbon atoms of the double bond
contain three different or similar groups and one hydrogen atom, or four different or
similar groups that do not contain a hydrogen atom, in this case the system cannot be
used.
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2-Butene
H OH H
2-butanol + CH=CHCH,CH; + H,O
1-Butene
95 % H,SO
CH;-CH,-OH —» CH,=CH,

160 C°

75 % H,S0,

CHy-CH,-CH,-CH,-OH — %

Ci)H
CH;-CH,-CH-CH,

» CH,-CH=CH-CH,

60 % H,S0,
100 C°

CH; (‘H‘a.

| 20 % H,SO e
CH;-C-CH; ——— —» CH;-C=CH,
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2. Removal of hydrogen halide from alkyl halide
The HX(X= CI B, 1) molecule 1s removed from the alkyl halide when heated with
alcohol in the presence of KOH
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If the removal of a hydrogen halide leads to the formation of two products, the most
substituted alkene is the main product
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Alkynes

Alkynes are unsaturated hydrocarbons contaming a carbon-carbon triple bond
(C=C). The molecular formula for alkanes 1s: C Hy,_», and the simplest known
alkyne 1s acetylene gas, C;H,. The geometric shape of the molecule 1s linear, due to
the use of sp hybridized orbitals by the two carbon atoms, meaning that the two carbon
atoms and hydrogen atoms all lie on a straight line. Acetylene gas burns with oxygen,

creating a flame with a very high temperature of up to 3000°C. For this reason,
acetylene gas 1s used mn welding work.

Acetylene is prepared industrially by heating coke with calcium oxide CaO in
an electric furnace, then treating the resulting calcium carbide CaS . witl water.
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Naming of alkynes

Alkynes can be named in the common method or according to the systematic
nomenclature (i.e. the [IUPAC system). In common nomenclature, acetylene is used as
a reference for some of them, especially small molecules. Acetylene is a common
name for the smallest alkane molecule. In systematic nomenclature, the same naming
rules are followed for alkynes, except that the ending -yne replaces the ending -ene,
as shown in the following examples:
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Examples of IUPAC systematic nomenclature:
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CH CH;

CH3;CH—CH— C=C—CH;CH ~CH;

12 3 45 6 7 WS
Cl

3-Chloro-2,7-dimethyl 4-octyne

1 2 34
CH3C=CCHj3
2-Bu:;_.':1e

1 2 3 4
CH=C—C=CH

1, 3-Butadiyne

If there are two bonds, one double and the other triple, in the compound at equal
distances from both sides, the double bond takes the lowest number, and the ending
remains the same as -yne preceded by the number indicating the location of the triplet
bond, and this comes preceded by the name indicating the presence of an alkene.
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In the case of the distance between the two links differs from the end, the numbering
begins from the end closest to either of the two links and ends with the name with the
syllable -yne permanently
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Physical properties of alkynes:

Alkynes are nonpolar compounds. They do not dissolve m water, but they are
highly soluble in organic solvents such as benzene and carbon tetrachloride. They are
similar to alkenes in their boiling points. For example, you find that compounds from
C2 to Ca are gases, and compounds ‘rom Cs (0 Cis in are liquids, and those above Ci7
are substances.

Preparation of al’ nes:

Alkynes are prepared i1 the laboratory in several methods:
they are prepared from sccondary alkyl halides and from Sodium acetylate as follows:
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1. Dehydrogenation and  halogenation of alkyl dihalides:

Dehydrohalogenation: Two hydrogen atoms and two halogen atoms are

removed from two adjacent carbon atoms in two stages as follows:
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EtOH
Br Br Br

1,2-Dibromopropane Allylbromide

KOH
CHgCH—(IjH——H —— [CH;CH -—"(13—1-1]

NaNH,/ 2y
CH3_ C=C—H -

Propyne

2. From sodium acetylidene and its derivatives:

Sodium acetylide reacts with primary alkyl halides to build long hydrocarbon

chains as follows:
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HC=C Na* + CH;Br HC=C—CH; + NaBr

lig NH
H@==C Na*\+ CH;(H,] ———» HC=C—CH,CH; + Nal
CHy=C=C N&" +C}E@CHgBr CH;— C=C—CH)CH; +NaBr
Sodmm propyride  Ethyl bromide Sodmum bromide

This method 1s not suitable for secondary or tertiary alkyl halides because the
acetylide acts as a strong base. They react with secondary and tertiary halides and
produce unsaturated hydrocarbons.
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