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CHEMDRAW: INSIDER SECRETS EVERY CHEMIST SHOULD KNOW

How does ChemDraw transform end user workflow to maximize speed and efficiency?

This is primarily achieved by shifting from traditional menu-driven drawing to a keyboard-centric approach,
mirroring the efficiency of shortcuts in applications like Microsoft Excel. This allows for the rapid creation of complex
drawings. Dr. Kim demonstrated drawing Zorelto (a top-20 pharmaceutical) by effectively typing it out and
constructing a multi-step reaction scheme in under a minute.

J INSOO KIM,  PHD ,  MANAGER,  AMERICAS  FAS ,  REVVITY  S IGNALS

STUART CHALK,  PHD ,  PROFESSOR,  DEPARTMENT OF  CHEMISTRY ,  UNIVERSITY  OF  NORTH FLORIDA

How has ChemDraw introduced a range of features that broadens the utility beyond standard organic
chemistry drawing?

Alternative Structure Input Methods

To accommodate users with different workflows and expertise, ChemDraw supports multiple methods for adding
chemical content to the canvas without manual drawing:

• Name-to-Structure: Generates a structure from its chemical name.
• CAS Number: Generates a structure from its CAS registry number.
• Cheminformatics Strings: Pasting a SMILES or InChI key string directly onto the canvas (Ctrl + V) automatically
converts it into its 2D structure.
• Biopolymer Sequences: Using the "Paste Special" function, FASTA sequences for peptides, DNA, or RNA can be
pasted to generate corresponding biopolymer representations.

Polymer Chemistry Enhancements

Addressing a historically "lightly served area," ChemDraw now allows polymer repeat units to be defined by Average
Molecular Weight. By right-clicking a polymer bracket, a user can input a target weight (e.g., 2000 for PEG 2K), and
the software calculates the average number of subunits required to achieve that weight.

On-Canvas 3D Visualization

• Feature: A "3D Cleanup" function (Ctrl + Shift + D) is now available directly on the 2D canvas.
• Functionality: It applies a force field to a selected structure, generating a more realistic, folded 3D representation
without leaving the ChemDraw environment.
• Purpose: This provides a quick, convenient method for visualizing the 3D nature of a molecule. It is not intended as
a full replacement for the more powerful computational tools in the separate Chem3D application but serves as an
effective visualization aid.

https://www.acs.org/
https://www.acs.org/acs-webinars/library/chemdraw.html
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CHEMDRAW: INSIDER SECRETS EVERY CHEMIST SHOULD KNOW

What tools does ChemDraw offer for users in patent analysis or library synthesis which will allow them to
define and automatically generate large libraries from a single generic structure?

Defining Variable Structures
Users can create a comprehensive generic structure using a combination of notations:

• Variable Heteroatoms: Square brackets with comma-separated elements (e.g., [N,O,S]) define points where
different heteroatoms can exist.
• Expanding Rings: Curly brackets (e.g., {CH2}1-3) define a variable number of repeating units, allowing for ring size
variation.
• Wandering Substituents: A variable attachment point (represented by a star) can be linked to multiple atoms on a
ring, denoting a substituent that can appear at different positions.
• R-Group Tables: An R-group on the core structure can be linked to a table defining a list of possible substituents.

Library Generation and Management

• Enumeration: The "Expand Generic Structure" command automatically draws all possible permutations of the
defined variables. The presenter demonstrated generating an 81-member library in approximately five seconds.
• Output Limit: The software will display up to 200 enumerated structures directly on the canvas.
• Large Libraries: For libraries exceeding 200 compounds, the output can be sent directly to an SD file, a text-based
format that can be opened in other software to access the full library (e.g., thousands of compounds).
• Visual Analysis with Coloring: By coloring specific fragments or R-groups in the initial generic structure, the colors
are propagated through the enumeration. This allows for trivial visual identification of subsets within the generated
library (e.g., all para-substituted analogs are highlighted in yellow).

What sophisticated toolset does the web-based ChemDraw+ offer specifically for biopolymer chemistry?

Biopolymer Representation and Libraries

• Monomer Libraries: Users can draw biopolymers using several built-in libraries:
    ◦ Natural Monomers (amino acids, nucleotides)
    ◦ Pistoia Alliance Standard Monomers
    ◦ Revity Signals Curated Libraries
• Custom Monomers: Organizations can create and import their own libraries of custom monomers (e.g., Peptide
Nucleic Acids - PNAs).
• Mix-and-Match Capability: It is possible to combine monomers from different libraries within the same sequence
(e.g., attaching a PNA to a natural peptide).

Embedded Chemical Intelligence

The software performs complex chemical interpretations behind a simple user interface:
• Hover-over Information: Hovering over a single-letter monomer reveals its full chemical name and structure.
• Complementary Strands: The software can automatically generate the correct complementary strand for a DNA
or RNA sequence, correctly substituting uracil for thymine where appropriate.
• Hydrogen Bonding: When drawing complementary strands, it correctly represents the two hydrogen bonds
between A-U/T pairs and the three hydrogen bonds between C-G pairs.
• Expandable Structures: Sequences can be expanded to their full chemical structures to allow for side-chain
modifications.

What are some future directions and ideas about AI integration for ChemDraw?

Revity is actively developing AI capabilities for ChemDraw with a phased approach:

• Current/Near-Term: The initial focus is on suggestive AI, where the software will propose reaction conditions
(catalysts, solvents) for a user-defined transformation (reactants to products). This is currently in early testing.
• Long-Term Vision: The ultimate goal is to develop generative AI that can create entire reaction schemes from a
high-level command, such as "Draw a Suzuki coupling followed by an esterification." This would represent a
significant leap in automating chemical content creation.

J INSOO KIM,  PHD ,  MANAGER,  AMERICAS  FAS ,  REVVITY  S IGNALS
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https://www.acs.org/
https://www.acs.org/acs-webinars/library/chemdraw.html
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   GLOSSARY OF KEY TERMS

3D Cleanup: A feature in ChemDraw, accessible via the icon or Ctrl+Shift+D, that applies a
force field to a 2D structure to generate a quick, more realistic 3D representation directly
on the canvas.
Annotation: The process of adding notes or enhanced stereochemical information to
structures.
Biopolymers:  Large biological molecules like peptides (amino acids) and oligonucleotides
(DNA, RNA) that can be represented and manipulated in ChemDraw.
CAS Number: A unique numerical identifier assigned to every chemical substance by the
Chemical Abstracts Service. ChemDraw can generate a structure from an input CAS
number.
CDX File:  The standard file format for documents created and saved in ChemDraw.
Chem3D:  A companion software to ChemDraw that provides more powerful and advanced
3D molecular modeling, visualization, and calculations.
ChemDraw: A software program celebrating its 40th year, regarded as the de facto
standard for digital chemical structure drawing.
ChemDraw for Excel:  An add-on for ChemDraw that allows users to create SD files and
manage chemical structures and data within a spreadsheet environment.
ChemDraw Plus:  A browser-based, web-enabled version of ChemDraw that is part of the
Signals ChemDraw package, allowing access and editing from any computer with a web
browser.
Chem-informatics: A scientific discipline that involves the use of computer and
informational techniques applied to a range of problems in the field of chemistry.
Enumeration:  The process by which ChemDraw automatically draws out all possible
individual structures from a defined generic structure.
FASTA: A text-based format for representing nucleotide or peptide sequences. ChemDraw
can interpret pasted FASTA text to generate corresponding biopolymer structures.
Generic Structures:  A feature that allows users to represent a large library of related
compounds using a single core structure with defined variables, such as R-groups,
expanding rings, and variable attachments.
HELM (Hierarchical Editing Language for Macromolecules): A notation standard for
representing complex biomolecules, supported by ChemDraw's biopolymer tools.
Hotkeys: Single-key keyboard shortcuts (e.g., typing 'N' over an atom to create an amine)
that allow users to draw and modify structures without using menus, greatly increasing
efficiency. 
InChI (Key): The IUPAC International Chemical Identifier, a textual identifier for chemical
substances. ChemDraw can generate structures from pasted InChI strings. 
Join Feature: A function (Ctrl+J) that creates a bond between two pre-selected atoms from
different structures, moving the second structure to join the first while preserving the
geometry of both fragments. 
Pistoia Alliance:  An organization that has defined a stock library of common, non-natural
monomers, which are available for use in ChemDraw's biopolymer drawing tools. 
Polymer Brackets:  A drawing tool used to enclose a repeating monomer unit in a polymer.
The properties can be defined by the number of repeats or by the average molecular
weight of the polymer.
R-Group Table:  A table used in conjunction with generic structures where a user can define
a list of different substituents for a specific R-group label (e.g., R1, R2) on the core
structure. 
Revity Signals: The company that develops and manages ChemDraw and its associated
products, such as Signals Notebook. 
SD File (SDF): Structure-Data File. A text-based file format that stores information about
one or more molecules, allowing chemical structures and associated data to be exported
and shared. 
Signals ChemDraw: The newest version of ChemDraw, which integrates the desktop
application with a cloud-based system and the web-based ChemDraw Plus. 
SMILES: Simplified Molecular-Input Line-Entry System. A line notation for describing the
structure of chemical species using short ASCII strings. ChemDraw can generate structures
from pasted SMILES strings.
Stylesheet:  A set of predefined display settings (e.g., background color, bond color, font)
that determines the appearance of the ChemDraw canvas. Users can select from presets
like ACS 1996 or create their own.
Variable Attachment: A feature in generic structures, represented by a star, that allows a
substituent to be attached to multiple possible positions on a ring or structure. 
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