CONSTITUTIONAL ISOMERS VS STEREOISOMERS

UNDERSTANDING CONSTITUTIONAL ISOMERS VS STEREOISOMERS IN ORGANIC CHEMISTRY

CONSTITUTIONAL ISOMERS VS STEREOISOMERS — THESE TWO TERMS OFTEN SURFACE WHEN DISCUSSING THE FASCINATING
\WORLD OF ORGANIC MOLECULES. WHILE BOTH DESCRIBE COMPOUNDS THAT SHARE THE SAME MOLECULAR FORMULA BUT DIFFER IN
THEIR STRUCTURE, THE DISTINCTION BETWEEN THEM IS FUNDAMENTAL TO UNDERSTANDING CHEMICAL PROPERTIES AND
REACTIVITY. IN ESSENCE, CONSTITUTIONAL ISOMERS ARE LIKE DIFFERENT HOUSES BUILT ON THE SAME PLOT OF LAND USING THE
SAME BRICKS, BUT ARRANGED IN ENTIRELY DIFFERENT BLUEPRINTS, LEADING TO DISTINCT LAYOUTS AND FUNCTIONS.
STEREOISOMERS/ ON THE OTHER HAND, ARE LIKE IDENTICAL HOUSES FROM THE OUTSIDE, BUT THE FURNITURE INSIDE IS ARRANGED
DIFFERENTLY, LEADING TO VARIATIONS IN HOW THE SPACE IS USED. THIS ARTICLE WILL DELVE DEEP INTO THE NUANCES OF THESE
ISOMERIC RELATIONSHIPS, EXPLAINING THEIR DEFINITIONS, KEY DIFFERENCES, CLASSIFICATION, AND THE PRACTICAL IMPLICATIONS
THEY HOLD IN VARIOUS SCIENTIFIC FIELDS. W/E'LL EXPLORE HOW SUBTLE CHANGES IN ATOM CONNECTIVITY OR SPATIAL
ARRANGEMENT CAN DRAMATICALLY IMPACT A MOLECULE'S BEHAVIOR, FROM ITS PHYSICAL PROPERTIES TO ITS BIOLOGICAL
ACTIVITY.
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CONSTITUTIONAL IsoMErS: THE CONNECTIVITY DIFFERENCE
DerINING CONSTITUTIONAL |SOMERS

SO, WHAT EXACTLY ARE CONSTITUTIONAL ISOMERS? AT THEIR CORE, CONSTITUTIONAL ISOMERS, ALSO KNOWN AS
STRUCTURAL ISOMERS, ARE MOLECULES THAT SHARE THE SAME MOLECULAR FORMULA — MEANING THEY HAVE THE EXACT SAME
NUMBER AND TYPES OF ATOMS — BUT THEIR ATOMS ARE CONNECTED IN A FUNDAMENTALLY DIFFERENT ORDER. THINK OF IT LIKE
HAVING A LEGO seT wITH 10 SPECIFIC BRICKS. YOU CAN BUILD A CAR, A HOUSE, OR A SPACESHIP WITH THOSE SAME 10
BRICKS, BUT THE WAY YOU CONNECT THEM DICTATES THE FINAL STRUCTURE. THIS DIFFERENCE IN CONNECTIVITY IS THE DEFINING
CHARACTERISTIC. IT'S NOT JUST ABOUT HOW THE ATOMS ARE ARRANGED IN SPACE (WHICH WE'LL GET TO WITH
STEREOISOMERS), BUT ABOUT WHICH ATOM IS BONDED TO WHICH OTHER ATOM. THIS DIFFERENCE IN BONDING PATTERN LEADS TO
DIFFERENT CHEMICAL STRUCTURES, AND CONSEQUENTLY, DIFFERENT PHYSICAL AND CHEMICAL PROPERTIES.

TvypPes oF CONSTITUTIONAL |SOMERISM
CONSTITUTIONAL ISOMERISM ENCOMPASSES SEVERAL SPECIFIC TYPES, EACH ARISING FROM A PARTICULAR WAY THE

CONNECTIVITY CAN DIFFER. THESE VARIATIONS ARE CRUCIAL FOR A COMPLETE UNDERSTANDING OF HOW MOLECULES CAN BE
STRUCTURALLY DIVERSE.

o CHAIN ISOMERISM: THIS OCCURS WHEN THE CARBON SKELETON CAN BE ARRANGED IN DIFFERENT WAYS, SUCH AS A
STRAIGHT CHAIN VERSUS A BRANCHED CHAIN.

¢ PosITIONAL ISOMERISM: HERE, THE DIFFERENCE LIES IN THE POSITION OF A SUBSTITUENT OR A FUNCTIONAL GROUP ON THE
CARBON SKELETON.



o FUNCTIONAL GROUP ISOMERISM: THIS IS A PARTICULARLY INTERESTING TYPE WHERE ISOMERS HAVE THE SAME
MOLECULAR FORMULA BUT BELONG TO DIFFERENT FUNCTIONAL GROUPS. FOR EXAMPLE, AN ALCOHOL CAN BE A
CONSTITUTIONAL ISOMER OF AN ETHER.

ExAMPLES oF CONSTITUTIONAL |SOMERS

LET’S SOLIDIFY THESE CONCEPTS WITH SOME CONCRETE EXAMPLES. CONSIDER THE MOLECULAR FORMULA C4H10. WE caN
ARRANGE THESE ATOMS IN TWO WAYS: AS BUTANE (A STRAIGHT CHAIN OF FOUR CARBON ATOMS) AND AS ISOBUTANE, ALSO
KNOWN AS 2-METHYLPROPANE (A BRANCHED CHAIN \WHERE ONE CARBON IS ATTACHED TO THREE OTHER CARBONS). THESE ARE
CHAIN ISOMERS.

Now, LET's Look AT C3H7CL. WE CAN HAVE 1-CHLOROPROPANE, WHERE THE CHLORINE ATOM IS ATTACHED TO THE FIRST
CARBON OF A THREE-CARBON CHAIN, OR 2-CHLOROPROPANE, WHERE THE CHLORINE ATOM IS ATTACHED TO THE SECOND CARBON.
THESE ARE POSITIONAL ISOMERS.

A FANTASTIC EXAMPLE OF FUNCTIONAL GROUP ISOMERISM COMES WITH THE MOLECULAR FORMULA C2H6O. \WE CAN HAVE
ETHANOL (AN ALCOHOL WITH AN ~-OH GROUP) OR DIMETHYL ETHER (AN ETHER WITH AN OXYGEN ATOM CONNECTING TWO
METHYL GROUPS). THESE MOLECULES HAVE VERY DIFFERENT PROPERTIES; ETHANOL IS A LIQUID AT ROOM TEMPERATURE AND IS
SOLUBLE IN WATER, WHILE DIMETHYL ETHER IS A GAS AND LESS SOLUBLE.

STEREOISOMERS: THE SPATIAL ARRANGEMENT DIFFERENCE
DEFINING STEREOISOMERS

MOVING ON TO STEREOISOMERS, THE KEY DISTINCTION HERE IS THAT STEREOISOMERS HAVE THE SAME MOLECULAR FORMULA AND
THE SAME CONNECTIVITY OF ATOMS. SO, THE ATOMS ARE LINKED IN THE SAME ORDER, BUT THEIR THREE-DIMENSIONAL
ARRANGEMENT IN SPACE IS DIFFERENT. IMAGINE YOU HAVE TWO IDENTICAL MODELS OF A BICYCLE, BUT IN ONE, THE HANDLEBARS
ARE TURNED SLIGHTLY TO THE LEFT, WHILE IN THE OTHER, THEY'RE TURNED SLIGHTLY TO THE RIGHT. THE PARTS ARE ALL
CONNECTED THE SAME WAY, BUT THEIR ORIENTATION IN SPACE MAKES THEM DISTINCT. THIS DIFFERENCE IN SPATIAL ARRANGEMENT
CAN HAVE PROFOUND EFFECTS ON A MOLECULE'S BEHAVIOR, PARTICULARLY ITS INTERACTION WITH OTHER CHIRAL MOLECULES.

TYPES OF STEREOISOMERS

STEREOISOMERS ARE BROADLY CATEGORIZED INTO TWO MAIN GROUPS: ENANTIOMERS AND DIASTEREOMERS. UNDERSTANDING
THESE SUBCATEGORIES IS CRUCIAL FOR APPRECIATING THE FULL SPECTRUM OF STEREOISOMERISM.

ENANTIOMERS

ENANTIOMERS ARE A SPECIAL TYPE OF STEREOISOMER THAT ARE NON-SUPERIMPOSABLE MIRROR IMAGES OF EACH OTHER. THINK
OF YOUR LEFT AND RIGHT HANDS. THEY HAVE THE SAME PARTS (FINGERS/ PALM), AND THEY ARE MIRROR IMAGES, BUT YOU
CAN'T PERFECTLY OVERLAY ONE ONTO THE OTHER. MOLECULES THAT ARE ENANTIOMERS HAVE THIS SAME RELATIONSHIP. THIS
CHIRALITY, OR ”HANDEDNESS,” IS A COMMON FEATURE IN BIOLOGICALLY IMPORTANT MOLECULES.

DIASTEREOMERS

DIASTEREOMERS ARE STEREOISOMERS THAT ARE NOT MIRROR IMAGES OF EACH OTHER. UNLIKE ENANTIOMERS, THEY CAN BE
SUPERIMPOSED ON EACH OTHER IF YOU ROTATE THEM IN SPACE. THIS TYPICALLY OCCURS IN MOLECULES WITH MORE THAN ONE
CHIRAL CENTER. FOR EXAMPLE, IF YOU HAVE TWO CHIRAL CENTERS, THERE CAN BE MULTIPLE POSSIBLE STEREOISOMERS, AND ANY
PAIR THAT ARE NOT ENANTIOMERS ARE CONSIDERED DIASTEREOMERS. THEY HAVE DIFFERENT PHYSICAL PROPERTIES, WHICH CAN
SOMETIMES BE EASIER TO SEPARATE THAN ENANTIOMERS.

Key DiFFeReNCES BETWEEN CONSTITUTIONAL ISOMERS AND STEREOISOMERS
THE FUNDAMENT AL DIFFERENCE BETWEEN CONSTITUTIONAL ISOMERS AND STEREOISOMERS LIES IN THEIR CONNECTIVITY.

CONSTITUTIONAL ISOMERS HAVE DIFFERENT SEQUENCES OF BONDED ATOMS, WHILE STEREOISOMERS HAVE THE SAME SEQUENCE
BUT DIFFER IN THEIR THREE-DIMENSIONAL ORIENTATION.



o CONNECTIVITY: CONSTITUTIONAL ISOMERS HAVE DIFFERENT ATOM-TO-ATOM BONDING SEQUENCES. STEREOISOMERS
HAVE IDENTICAL ATOM-TO-ATOM BONDING SEQUENCES.

o NAMING: CONSTITUTIONAL ISOMERS ARE OFTEN GIVEN ENTIRELY DIFFERENT |UPAC NAMES REFLECTING THEIR DISTINCT
STRUCTURES. STEREOISOMERS MIGHT SHARE PARTS OF THEIR NAMES, WITH PREFIXES LIKE “R” or “S"” (For
ENANTIOMERS) OR “CIS” AND “TRANS” (FOR CERTAIN DIASTEREOMERS ) INDICATING THEIR SPATIAL RELATIONSHIP.

® PHYsICAL PROPERTIES: CONSTITUTIONAL ISOMERS GENERALLY HAVE SIGNIFICANTLY DIFFERENT PHYSICAL PROPERTIES
(BOILING POINTS, MELTING POINTS, SOLUBILITIES, DENSITIES) DUE TO THEIR DIFFERENT STRUCTURES. STEREOISOMERS,
ESPECIALLY ENANTIOMERS, OFTEN HAVE VERY SIMILAR PHYSICAL PROPERTIES, WITH THEIR OPTICAL ACTIVITY BEING A
KEY DIFFERENTIATING FACTOR. DIASTEREOMERS, HOWEVER, TYPICALLY HAVE DISTINCT PHYSICAL PROPERTIES.

o CHEMICAL PROPERTIES: THE DIFFERENCE IN CONNECTIVITY OF CONSTITUTIONAL ISOMERS LEADS TO DIFFERENT CHEMICAL
REACTIVITY. STEREOISOMERS, PARTICULARLY ENANTIOMERS, OFTEN REACT IDENTICALLY WITH ACHIRAL REAGENTS BUT
CAN REACT DIFFERENTLY WITH CHIRAL REAGENTS OR IN CHIRAL ENVIRONMENTS (LIKE BIOLOGICAL SYSTEMS).

|IDENTIFYING ISOMERS: A PRACTICAL APPROACH

DETERMINING WHETHER TWO MOLECULES ARE CONSTITUTIONAL ISOMERS OR STEREOISOMERS REQUIRES A SYSTEMATIC
APPROACH. FIRST, CONFIRM THEY HAVE THE SAME MOLECULAR FORMULA. IF THEY DO, THEN EXAMINE THE CONNECTIVITY OF THE
ATOMS. DRAW OUT THE LEWIS STRUCTURES OR SKELETAL FORMULAS AND TRACE THE CONNECTIONS. |F THE BONDING SEQUENCE
IS DIFFERENT, THEY ARE CONSTITUTIONAL ISOMERS.

IF THE CONNECTIVITY IS IDENTICAL, THEN CONSIDER THE THREE-DIMENSIONAL ARRANGEMENT. LoOK FOR CHIRAL CENTERS (CARBON
ATOMS BONDED TO FOUR DIFFERENT GROUPS) OR GEOMETRIC ISOMERISM (LIKE CIS"TRANS ISOMERISM AROUND DOUBLE BONDS OR
IN EINGS). IF THE MOLECULES ARE NON-SUPERIMPOSABLE MIRROR IMAGES, THEY ARE ENANTIOMERS. IF THEY HAVE THE SAME
CONNECTIVITY BUT ARE NOT MIRROR IMAGES AND ARE NOT SUPERIMPOSABLE, THEY ARE DIASTEREOMERS.

THE SIGNIFICANCE OF |SOMERS IN CHEMISTRY AND BEYOND

THE STUDY OF ISOMERS IS NOT JUST AN ACADEMIC EXERCISE; IT HAS PROFOUND IMPLICATIONS ACROSS VARIOUS SCIENTIFIC
DISCIPLINES. IN PHARMACEUTICALS, THE DIFFERENCE BETWEEN T\WO ENANTIOMERS CAN BE LIFETSAVING OR LIFETTHREATENING. For
EXAMPLE, THALIDOMIDE HAD ONE ENANTIOMER THAT WAS AN EFFECTIVE SEDATIVE, WHILE THE OTHER CAUSED SEVERE BIRTH
DEFECTS. THIS HIGHLIGHTS THE CRITICAL IMPORTANCE OF UNDERSTANDING STEREOCHEMISTRY IN DRUG DESIGN AND DEVELOPMENT.

IN BIOCHEMISTRY, MANY BIOLOGICAL MOLECULES, SUCH AS AMINO ACIDS AND SUGARS, ARE CHIRAL, AND THEIR BIOLOGICAL
ACTIVITY IS OFTEN DEPENDENT ON THEIR SPECIFIC STEREOISOMERIC FORM. ENZYMES, WHICH ARE THEMSELVES CHIRAL, WILL OFTEN
BIND TO ONLY ONE SPECIFIC STEREOISOMER OF A SUBSTRATE. UNDERSTANDING ISOMERISM IS ALSO VITAL IN MATERIALS SCIENCE,
\WHERE DIFFERENT ISOMERIC FORMS CAN LEAD TO MATERIALS WITH VASTLY DIFFERENT PROPERTIES, AND IN AGRICULTURE, WHERE
THE EFFICACY AND ENVIRONMENTAL IMPACT OF PESTICIDES AND HERBICIDES CAN BE ISOMER-DEPENDENT. THE SUBTLE DIFFERENCES
IN HOW ATOMS ARE CONNECTED OR ARRANGED IN SPACE ARE A TESTAMENT TO THE INTRICATE BEAUTY AND COMPLEXITY OF THE
MOLECULAR WORLD.

FAQ

Q: WHAT IS THE PRIMARY DIFFERENCE BETWEEN CONSTITUTIONAL ISOMERS AND
STEREOISOMERS?

A: THE PRIMARY DIFFERENCE LIES IN THE CONNECTIVITY OF ATOMS. CONSTITUTIONAL ISOMERS HAVE DIFFERENT ATOM-TO-ATOM
BONDING SEQUENCES, WHILE STEREOISOMERS HAVE THE SAME ATOM-TO~-ATOM BONDING SEQUENCES BUT DIFFER IN THEIR THREE-
DIMENSIONAL SPATIAL ARRANGEMENT.

QI ARE ALL MOLECULES WITH THE SAME MOLECULAR FORMULA ISOMERS?

A: NO, ONLY MOLECULES THAT HAVE THE SAME MOLECULAR FORMULA BUT DIFFERENT STRUCTURAL FORMULAS (EITHER IN



CONNECTIVITY OR SPATIAL ARRANGEMENT) ARE CONSIDERED ISOMERS. MOLECULES WITH DIFFERENT MOLECULAR FORMULAS ARE
NOT ISOMERS.

Q: CAN CONSTITUTIONAL ISOMERS HAVE DIFFERENT FUNCTIONAL GROUPS?

A: YES, FUNCTIONAL GROUP ISOMERISM IS A TYPE OF CONSTITUTIONAL ISOMERISM WHERE ISOMERS WITH THE SAME MOLECULAR
FORMULA BELONG TO DIFFERENT FUNCTIONAL GROUP CLASSES, LEADING TO DISTINCT CHEMICAL PROPERTIES. For INSTANCE,
PROPANAL AND PROPANONE ARE FUNCTIONAL ISOMERS.

Q: WHAT MAKES ENANTIOMERS “CHIRAL"?

A: ENANTIOMERS ARE CHIRAL BECAUSE THEY ARE NON-SUPERIMPOSABLE MIRROR IMAGES OF EACH OTHER, MUCH LIKE YOUR LEFT
AND RIGHT HANDS. THIS “HANDEDNESS” IS A FUNDAMENTAL PROPERTY OF CHIRALITY.

QI How DO THE PHYSICAL PROPERTIES OF ENANTIOMERS TYPICALLY COMPARE?

A: ENANTIOMERS GENERALLY HAVE IDENTICAL PHYSICAL PROPERTIES SUCH AS MELTING POINT, BOILING POINT, AND SOLUBILITY IN
ACHIRAL SOLVENTS. THE KEY DISTINGUISHING PHYSICAL PROPERTY IS THEIR INTERACTION WITH PLANE-POLARIZED LIGHT
(OPTICAL ACTIVITY), WHERE THEY ROTATE THE LIGHT IN EQUAL BUT OPPOSITE DIRECTIONS.

Q: \WHAT ARE DIASTEREOMERS , AND HOW DO THEY DIFFER FROM ENANTIOMERS?

A: DIASTEREOMERS ARE STEREOISOMERS THAT ARE NOT MIRROR IMAGES OF EACH OTHER. UNLIKE ENANTIOMERS, THEY HAVE
DIFFERENT PHYSICAL AND CHEMICAL PROPERTIES AND CAN BE SEPARATED BY STANDARD TECHNIQUES LIKE DISTILLATION OR
CHROMATOGRAPHY.

Q: IS GEOMETRIC ISOMERISM A FORM OF CONSTITUTIONAL ISOMERISM OR
STEREOISOMERISM?

A: GEOMETRIC ISOMERISM (LIKE CIS-TRANS ISOMERISM) IS A FORM OF STEREOISOMERISM. THE ATOMS ARE CONNECTED IN THE
SAME ORDER, BUT THEIR SPATIAL ARRANGEMENT AROUND A RIGID STRUCTURE (LIKE A DOUBLE BOND OR A RING) DIFFERS.

QZ \WHY IS UNDERSTANDING ISOMERISM IMPORTANT IN THE PHARMACEUTICAL INDUSTRY?

A: IT'S CRITICALLY IMPORTANT BECAUSE DIFFERENT STEREOISOMERS OF A DRUG MOLECULE CAN HAVE VASTLY DIFFERENT
PHARMACOLOGICAL EFFECTS, WITH ONE ISOMER BEING THERAPEUTIC AND ANOTHER BEING INACTIVE OR EVEN TOXIC. PRrROPER
IDENTIFICATION AND SEPARATION OF ISOMERS ARE ESSENTIAL FOR DRUG SAFETY AND EFFICACY.

Q: IF TWO MOLECULES HAVE THE SAME MOLECULAR FORMULA AND THE SAME IUPAC
NAME, CAN THEY STILL BE ISOMERS?

A: No, IF TWO MOLECULES HAVE THE EXACT SAME MOLECULAR FORMULA AND THE EXACT SAME IUPAC NAME, THEY ARE
IDENTICAL MOLECULES, NOT ISOMERS. |SOMERS, BY DEFINITION, MUST DIFFER IN SOME STRUCTURAL ASPECT.

QI CAN A MOLECULE BE BOTH A CONSTITUTIONAL ISOMER AND A STEREOISOMER OF
ANOTHER MOLECULE SIMULTANEOUSLY?

A: NO, A PAIR OF MOLECULES WILL BE CLASSIFIED AS EITHER CONSTITUTIONAL ISOMERS OR STEREOISOMERS. THEY CANNOT BE
BOTH FOR THE SAME COMPARISON, THEY ARE MUTUALLY EXCLUSIVE CATEGORIES BASED ON THE NATURE OF THEIR DIFFERENCE.
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