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Topicity of Faces

• Topicity (Greek topos means place) describes the relationships of

two or more homomorphic (Greek homos means same and morphe

means form) ligands or faces which together constitute a set.

• Faces may be homotopic or heterotopic (Greek heteros meaning

different). Heterotopic faces may be either enantiotopic or

diastereotopic.

• Addition or symmetry criterion serve to test the equivalency

(homotopicity) and non-equivalency (heterotopicity) of faces.
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Homotopic Faces

Addition Criterion 

• Two corresponding faces of a molecule (usually, but not invariably, faces of a

double bond) are homotopic when addition of the same reagent to either face

gives the same product.

• Addition of HCN to acetone will give the same cyanohydrin 1, no matter to

which face addition occurs and addition of bromine to ethylene similarly gives

BrCH2CH2Br regardless of the face of approach. The two faces of the C=O bond

of acetone and of the C=C bond of ethylene are, thus homotopic.



Homotopic Faces

• Ethanol is formed by the addition of MeMgI to either face of the

C=O bond of formaldehyde. Thus, the two faces of the C=O bond

of formaldehyde are homotopic.

• Consequently, two faces of the C=O of any symmetrically

substituted carbonyl compounds, such as ketones of the type R2CO,

e.g, acetone, 3-pentanone, benzophenone, etc., are homotopic.
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Homotopic Faces 

Symmetry Criterion

• Faces of double bonds are homotopic when they can be

interchanged by operation of a symmetry axis. Since there are only

two such faces, the pertinent axis must, of necessity, be of even

multiplicity so as to contain C2.

• Thus, the two faces of acetone are interchanged by the operation of

the C2 axis (the molecule is of symmetry C2v); the two faces of

ethylene (D2h) are interchanged by operation of two of the three C2

axes (either the one containing the C=C segment or the axis at right

angles to the first one and in the plane of the double bond).
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Homotopic Faces

• The addition criterion tends to be confusing when applied to a

molecule like ethylene where addition occurs at both ends of the

double bond. In such cases, it is advised either to use the symmetry

criterion or to choose epoxidation as the test reaction for the

addition criterion.

• The faces in acetone, ethylene, 1,1-dichloroethylene, cis-1,2-

dichloroethylene, and allene (H2C=C=CH2) are homotopic.



Enantiotopic Faces

• Just as one divides stereoisomers into two sets, enantiomers and

diastereomers, it is convenient to divide heterotopic

(non-equivalent) faces into enantiotopic and diastereotopic

moieties.

• Planar groups like C=O, C=C , etc., in certain molecules are said to

represent prochiral faces if chiral stereoisomers are produced by

addition reactions at the two faces of the groups.

• Organic molecules that contain sp2 hybridized carbons can also be

prochiral if the substituent pattern is correct.
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Enantiotopic Faces

Addition Criterion 

• Two corresponding faces of a molecule are enantiotopic if addition

of the same achiral reagent to either one or the other face will give

rise to enantiomeric products.

• Consequently, two faces of the C=O of any unsymmetrically

substituted carbonyl compounds of the type R1R2CO, e.g.,

acetaldehyde, butanone, etc., are enantiotopic. The added

atom/group must be different from R1 and R2.

• Addition of HCN to the two enantiotopic faces of acetaldehyde (2)

gives rise to two enantiomers (3A and 3B) of lactonitrile.



Enantiotopic Faces

• The added atom/group must be different from any group already

there. Thus the enantiotopic nature of the two faces of the C=O

function of acetaldehyde cannot be tested by addition of CH3MgI,

since the group added (CH3- from CH3MgI to the carbonyl carbon)

is the same as one of the existing groups in acetaldehyde.



Enantiotopic Faces

Symmetry Criterion

• Enantiotopic faces are not interchangeable by operation of a

symmetry element of the first kind (Cn, simple axis of symmetry)

but must be interchangeable by operation of a symmetry element

of the second kind (σ, plane of symmetry; i, center of symmetry;

or Sn, alternating axis of symmetry).

• Since chiral molecules cannot contain a symmetry element of the

second kind, there can be no enantiotopic faces in chiral

molecules, e.g., the two faces of C=O in the chiral molecule,

CH3CH(Cl)COCH3 (3-chlorobutanone) are not enantiotopc to

each other, actually they are diastereotopic.
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Enantiotopic Faces

• Enantiotopic faces are related by a symmetry plane, e.g., the plane

of the double bond (C=O) in acetaldehyde. The faces must not be

interchangeable by operation of a symmetry axis, otherwise they

are homotopic rather than enantiotopic.

• The two faces of trans-but-2-ene (4) are enantiotopic to each other.

In presence of peracids, it gives a pair of enantiomeric epoxides

(5A and 5B).



Diastereotopic Faces

• Diastereotopic faces reside in diastereomeric environments, that is,

the faces that are located in a stereochemically distinct but

non-mirror image environment.

• The two faces of the carbonyl group in a molecule of the general

formula RCOCR1R2R3 containing a chiral centre are diastereotopic.

• Application of addition and symmetry criteria are also used to

distinguish between two diastereotopic faces.

This Lecture is prepared by Dr. K. K. Mandal, SPCMC, Kolkata



Diastereotopic Faces

Addition Criterion

• Two corresponding faces of a molecule are diastereotopic if

addition of the same achiral reagent to either one or the other face

will give rise to a pair of diastereomers.

• Methyl α-phenethyl ketone (6) has a chiral centre (C-3), thus HCN

addition gives rise to diastereomers (7A and 7B); hence the faces of

the carbonyl carbon in 6 are diastereotopic.

• Compounds 8, 10, and 12 also display diastereotopic faces even

though the products 9, 11, and 13 are not chiral; these are cases of

prostereogenicity but not prochirality.





Diastereotopic Faces

• The chiral molecule 3-chlorobutanone (14) has diastereotopic faces.
Reduction of C=O group by LiAlH4 to –CHOH produces two
diastereoisomers (15A and 15B).

• Diastereotopic faces can also be present in a meso-compound (16). 

The corresponding diastereomers are 17A and 17B. 



Diastereotopic Faces

Symmetry Criterion

• The symmetry criteria of diastereotopic faces are simple:
such faces must not be related either by a symmetry element
of the first kind (axis) or by one of the second kind (plane,
centre, or alternating axis).

• The molecules 6, 8, 10, and 12 are either devoid of such
symmetry elements or that, when such elements (e.g., σ) are
present, their operation does not serve to interchange the
faces designated as being diastereotopic.
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Re and Si Descriptors of Prochiral Faces

• Prochiral faces of a multiple bond, like C=O and C=C in molecules, are

termed as enantiotopic and diastereotopic depending on the nature of pair

of stereoisomers they produce through addition reactions. Stereochemical

specification of these faces can be done by using CIP convention of

assigning configurational designation based on priority sequence rules.

• For the purpose of specifying the enantiotopic or diastereotopic prochiral

faces, CIP sequence rules are used in two dimensions.



Re and Si Descriptors of Prochiral Faces

• In the Structures I and II, if the order of precedence of

atoms/groups, according to the sequence rule, is a > b > c), then

these groups trace a clockwise path on moving from a→b→c in

Structure I and anticlockwise path in Structure II, when observed

from the top of the paper (front face). If the traced path is clockwise

from the side of the observation, then that face is called Re (the first

two letters of rectus) and if the traced path is anticlockwise, the face

is called Si (the first two letters of sinister).

• It is to be remembered that Re face of a molecule does not

necessarily give R-isomer and Si face the S-isomer, when the

prochiral carbon atom is transformed into a chiral centre.
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Re and Si Descriptors of Prochiral Faces (Enantiotopic)

• In acetophenone (PhCOMe), the CIP sequencing of substituents is

O > Ph > Me. One looks down on the carbonyl group from the top

face, and since the priorities decrease in an anticlockwise sense,

this face is described as Si.

• Looking at the carbonyl carbon from the bottom face, the

substituent priorities decrease in a clockwise sense, and so the

lower face, as drawn, of the carbonyl carbon is described as Re.
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Re and Si Descriptors of Prochiral Faces (Enantiotopic)

• The RelSi descriptors can similarly be applied to the carbon atoms

that make up C=C bonds. Thus, the two enantiotopic faces of an

alkene of the type RCH=CH2 can also be stereochemically

differentiated as Re and Si.

• The two faces of an alkene of the type RCH=CHR1 can be

stereochemically differentiated as Re-Re and Si-Si or Re-Si and

Si-Re. If one considers the alkene 18, the top face can be described

by Re-Re and the lower face by Si-Si. trans-Butenedioic acid

(fumaric acid, 19) has a top face configuration of Si-Si, and the

lower face has a configuration of Re-Re.



Enantiotopic Faces

Re and Si Descriptors of Prochiral Faces (Diastereotiotopic)

• The two carbonyl faces of 3-chlorobutanone are diastereotopic
(presence of a chiral centre). The right face is Re and the left face is
Si.



Stereochemistry of the Nucleophilic addition Product

• A molecule such as R1COR2 is said to have two enantiotopic faces.

Addition of a nucleophile, such as RMgX (Grignard Reagent) at

the Re face will produce one enantiomer, and attack at the Si face

will produce the other. There is no correlation between the

configuration of the carbonyl face and that of the tetrahedral

product after addition of a reagent. It all depends on the priority

rating of the added reagent with respect to the groups in the original

carbonyl compound.

• Considering the attack at the Re face of the carbonyl carbon of

ethyl phenyl ketone (20), When the reagent is MeMgBr the

product is 21, which has S-configuration. In contrast, attack on the

same Re face of methyl phenyl ketone (Acetophenone, 23) by

EtMgBr gives the tertiary alcohol 24, which has R-configuration.



Addition of Grignard Reagent to an 

Unsymmetrical Ketone
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Addition of LiAlH4to an Unsymmetrical Ketone

• On the other hand, nucleophilic addition of a hydride ion from the metal

hydrides, e.g., LiAlH4, NaBH4, etc., to the Re and Si faces of any

unsymmetrical ketone leads to S-alcohol and R-alcohol, respectively.

• This is because the added nucleophile, here H-, is the least prior atom

attached to the newly formed chiral carbon atom in the product. Priorities

of the other three atoms/groups remain intact from the reactant to the

product.



pro-r/pro-s Descriptors of Ligands on             

Propseudoasymmetric Centre

• The two H’s (HA and HB) at C-3 of 2,4-dihydroxyglutaric acid

(28) are not homotopic, neither they are enantiotopic since they

are not interchangeable by the symmetry of any kind. They must,

therefore, be diastereotopic.

• The substitution criterion (replacement of HA and HB by D) gives

two diastereomers (29 and 30) in which C-3 is

pseudoasymmetric centre with r and s configuration,

respectively.
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pro-r/pro-s Descriptors of Ligands on             

Pro-pseudoasymmetric Centre
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• The C-3 in 28 may, therefore, be called a propseudoasymmetric

centre or more logically a prostereogenic but proachirotopic

centre. C-2 and C-4 of 28 have R- and S-configuration,

respectively. Hence, HA is pro-r and HB is pro-s.


