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Recent Advances in 
Computer-Aided Interpretation of

2D Representations of 3D Molecules



Many Sources, Many Chemists, Many Structures



Option (A) for Merging Structures:  Standardization
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Wikipedia Page for “Pyranose”

Source of Image:  https://https://en.wikipedia.org/wiki/Pyranose - Accessed July 10, 2017.
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Sisyphean Task:  Changing Chemists’ Drawing Habits

• Structure drawing conventions such 
as boat/chair cyclohexane, Fischer 
projections, Haworth projections, and 
2.5D representations are deeply 
ingrained in all chemists today

• Every newly minted chemist in the 
world is being trained to draw 
structures with these conventions

• Changing the drawing habits of all 
current and future chemists is the 
definition of a Sisyphean task

Source of Image:  https://commons.wikimedia.org/wiki/File:Punishment_sisyph.jpg - Accessed July 16, 2017.



Computer Interpretation of 2D Structures

• The Problem:
– Heretofore, most chemical software packages have been unable to 

accurately interpret “traditional” 2D representations of 3D molecules
• Recent Advance:

– Bio-Rad’s KnowItAll® software has been reengineered to accurately 
interpret “traditional” 2D representations of 3D molecules by adding the 
ability to understand the sometimes subtle 3D intentions of 2D drawing 
conventions including:

• Interposition
• Foreshortening
• Perspective Scaling

– Ambiguous stereocenters are detected



KnowItAll ChemWindow – CIP Stereodescriptors

• Cahn-Ingold-Prelog Assignments
– R/S
– E/Z
– M/P

• Stereochemical Depictions Recognized
– Boat / Chair Representations
– Fischer Projections
– 2.5D (Pseudo 3D) Projections
– Haworth Projections
– e-Chemist’s Hash/Wedge Representations
– Helical stereochemistry
– Stereogenic planes (e.g., cyclophanes)
– Stereogenic axes (e.g., sterically-hindered o-substituted biphenyls)
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PubChem Substances Considered for Study

200,000,000  Ending PubChem Substance ID analyzed
92,207,320  Unused PubChem Substance IDs

107,792,680  Used PubChem Substance IDs
665,837  PubChem Substances with no structure

15,559,322  PubChem Substances with connection tables but no coordinates
27,781,844  PubChem Substances with structures already normalized

194,249  PubChem Substances that failed to generate an InChI
63,591,428  PubChem Substances with valid, un-normalized structures
57,556,031  PubChem Substances without defined stereocenters
6,035,397  PubChem Substances with defined stereocenters



662,971  PubChem Substances with 2.5D perspective drawings (10.98%)
51,038  PubChem Substances with chair/boat rings (0.85%)
27,639  PubChem Substances with Haworth projections (0.46%)
2,015  PubChem Substances with Fischer projections (0.03%)

PubChem Substances Considered for Study

6,035,397  PubChem Substances with defined stereocenters



Interpretation Technology Validation Sets

• Using a maximum diversity algorithm, 150 matched pairs of 
PubChem Substances and PubChem Compounds were selected for 
each of the following categories:
– Haworth Projections
– Fischer Projections
– Chair/Boat Representations
– 2.5D Representations

• Because the selections were diverse, they also tended to include 
some difficult examples…



Validation Protocol
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Validation Example – Cyclohexane Chair 
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Validation Example – Haworth Projection with Misinformation
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Validation Results

Number of records: 595
Number of stereocenters: 1,573
Number of matching stereocenters overall: 1,522 (96.76%)
Number of matching R/S assignments: 1,512 (98.63%)
Number of missed stereocenters: 20 (1.27%)
Number of added stereocenters: 10 (0.64%)
Number of stereocenters with reversed R/S assignments: 21 (1.34%)



Examples: Fischer Projections
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Examples: Haworth Projections
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Examples: Chair Projections
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Examples: 2.5D Projections
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Summary

• Part art form and part language, 2D representations of 
chemical structures have a very long history.

• Traditional structure drawing styles like cyclohexane 
chairs and boats, Fischer projections, Haworth 
projections, and 2.5D perspective projections can be 
accurately interpreted by computer software, so…

• e-Chemists can end their battle against 127 years of 
scientific tradition, embrace the past, and live in peace 
and harmony with the rest of the chemical community.  
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