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❖ Geometrical Isomerism in Alkenes and Oximes 

     Before we study the geometrical isomerism in alkenes and oximes, we need to recall the general flow 
chart for different kinds of isomerisms first. 

Since stereoisomerism can either be conformational or configurational, the latter possibility is of more 
importance in the case of oximes and alkenes as the rotation about the double bond is restricted. In this section, 
we will discuss the geometrical or configurational isomers of alkenes and oximes one by one. 

➢ Geometrical Isomerism due to Double Bond 

      The carbon atom in alkenes is an sp2-hybridized one, and therefore, it has a half-filled atomic orbital 
perpendicular to the molecular plane. After using all its three hybrid orbitals for σ-bonding, the half-filled pz 
orbital can be used for side-wise overlap to form a π-bond. Nevertheless, if we rotate one of the half-filled pz 
by an angle of 90°, it will not be able to do so anymore. 

Hence, we can conclude that groups attached to sp2-hybridized carbon cannot be exchanged simply by rotating 
about the double bond as it is restricted by the orbital picture. This eliminates the possibility of conformational 
isomerism, and therefore, we are only left with the case of the configurational one. 
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➢ Condition for Geometrical Isomerism arising from Double Bond 

               The presence of a double bond does not ensure the existence of geometrical isomers but some other 
conditions must also be satisfied. The primary condition is that two carbons of the double bond must have 
different kinds of substituents not only to carbons but to each other also. 

 

In other words, we can also say that no geometrical isomerism will be observed if one or both carbons carry 
the same kind of substituents. 

➢ Geometrical Isomerism in Alkenes 

               The geometrical isomers of alkenes are primarily labeled as cis-trans or Z-E types, depending upon 
the nature of the groups on each side of the double bond. 

1. Geometrical isomerism in disubstituted alkenes (cis-trans nomenclature): If the alkene under 
consideration is a disubstituted one, we can label it as cis or trans isomer, depending upon their mutual 
orientation. 
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2. Geometrical isomerism tri- or tetra-substituted alkenes (Z-E nomenclature): If the alkene under 
consideration is a tri- or tetra-substituted one, we cannot label it as cis or trans isomer, and therefore, we need 
to follow a special system for such compounds, called Z-E nomenclature. This system of nomenclature is also 
based upon the Chan-Ingold-Prelog system of priority assignment. The main postulates of the Z-E system of 
nomenclature are given below. 

i) Priorities are assigned to different groups individually at both ends as per the sequence rule from the Chan-
Ingold-Prelog system. 

 

ii) Once the priorities are assigned, check if groups with higher priorities are on the same or opposite side of 
the double bond. If they are on the same side, the system is ‘Z’; and if they are on the opposite side, the 
compound should be labeled as ‘E’ isomer. 
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3. Geometrical isomerism in compounds with two or more double bonds: If the alkene under consideration 
has two or more double bonds, the number of geometrical isomers depends not only upon the number of double 
bonds only but also upon whether the ends are symmetrical or not. This can be classified into two categories 
as discussed below. 

i) When ends are unsymmetrical: If the ends of the alkenes are unsymmetrical, the total number of geometrical 
isomers (whether the number is odd or even) is given by the following equation. 

 𝑁𝑖𝑠𝑜𝑚𝑒𝑟 = 2
𝑛 (7) 

Where n represents the number of double bonds. 

ii) When ends are symmetrical: If the ends of the alkenes are symmetrical, the total number of geometrical 
isomers (whether the number is odd or even) is given by the following equation. 

 𝑁𝑖𝑠𝑜𝑚𝑒𝑟 = 2
𝑛−1 + 2(𝑛/2−1)               𝑖𝑓 𝑛 = 𝑒𝑣𝑒𝑛 (8) 

 𝑁𝑖𝑠𝑜𝑚𝑒𝑟 = 2
𝑛−1 + 2(𝑛/2−1/2)               𝑖𝑓 𝑛 = 𝑜𝑑𝑑 (9) 

Where n represents the number of double bonds. 

 

It is also obvious from the structures given above that besides tri- and tetra-substituted alkenes, the E-Z system 
of nomenclature also finds its application in compounds with many double bonds. 
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➢ Geometrical Isomerism in Oximes 

               Oximes are compounds that have a carbon-nitrogen double bond, and can easily be prepared by 
treating hydroxylamine with ketones or aldehydes in somewhat acidic solutions. 

 

The carbon atom in oxime is an sp2-hybridized one, and therefore, it has a half-filled atomic orbital 
perpendicular to the molecular plane. After using all its three hybrid orbitals for σ-bonding, the half-filled pz 
orbital can be used for side-wise overlap to form a π-bond. Nevertheless, if we rotate one of the half-filled pz 
by an angle of 90°, it will not be able to do so anymore because the nitrogen atom is also sp2-hybridized with 
lone pair residing in one of the hybrid orbitals. 
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               Now, if the H and OH are on the same side of the double bond, the compound will be called as syn; 
whereas if H and OH are on the opposite side of the double bond, the compound should be labeled as anti. 

 

The nomenclature rule using H and OH is only applicable to aldoximes and cannot be applied to ketoximes 
because there is no H present. In such cases, we need to use priorities assignment using the Chan-Ingold-Prelog 
system with lone pair having the highest priority. 
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