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Communication of data associated
with chemical structures in a con-
cise fashion can be challenging.
Here, we describe an alternative to
the classic substrate table that in-
tegrates numerical data with struc-
tural changes. These radial-scope
plots facilitate the identification of
trends and simultaneously save
space.
From Tradition to Innovation
The necessity of chemical structures for
communicating science adds a layer of
complexity to publications and presenta-
tions. As a community, synthetic chemists
have developed norms for data visualiza-
tion with the substrate table reigning su-
preme as the tool for illustrating the
performance of a given set of conditions
on a panel of substrates. Our reliance on
the table is in stark contrast to other fields
that communicate data through many
flavors of graphs. Here, the key distinction
is that graphs take on the burden of com-
paring individual data points, whereas ta-
bles require the reader to make these
assessments on their own. As chemists
continue to increase the size of substrate
tables and generate reaction data under
multiple conditions, digesting data in the
table form quickly becomes unwieldy.

In our personal experience, we are often
challenged to communicate the yields of
reactions between each substrate in a
panel with various biocatalysts. Using a
traditional table to display these data re-
quires the reader to ping-pong from the
molecule to the numerical data to pick up
trends (Figure 1A,B). This process can be
time consuming and nonintuitive. To over-
come this, we designed the ‘radial-scope’
representation (Figure 1C) [1].

The Radical-Scope Representation
The radial-scope plot aims to integrate the
molecular image and associated values
into one. Central to the figure is the molec-
ular image with multiple R groups and
stemming from each position is a pie
chart, with each slice representing the
data for a given substituent at that position.
The structural perturbation to the molecule
is defined and corresponding reactivity
values are provided as numerical values
coupled with a heatmap. This presentation
confers an advantage by communicating
values of various substituents in one pic-
ture and using a heatmap to help one iden-
tify trends quickly. Additionally, under this
representation multiple reaction conditions
can be illustrated (Figure 1C) [2]i.

No Need to Display Separate
Structures
Chemists often face the challenge of pre-
senting molecular visualization alongside
quantitative measurements; for example,
when communicating yields, selectivities,
or physicochemical properties for different
variations of a molecular scaffold. The de-
piction of the molecule and the data need
to be presented so that readers can use
their chemical intuition to make sense of
the displayed information. Data visualiza-
tion strategies can facilitate this by em-
bracing Tufte’s suggestion to maximize
the data-to-ink ratio in a figure [3,4]. In
the molecular sciences, much of the ink
is spent on drawing individual molecules,
even if a core structure is maintained. The
radial-scope plot allows one to quickly as-
sess the difference between modification
sites in the molecule due to the spatial
clustering of the information and the
heatmap coloring, respectively. This new
form of depiction adheres to the principle
of the maximization of the data-to-ink
ratio by eliminating the need for separate
structures, although if multiple substitu-
ents are changed, multiple structures can
still be required.

Making the Radial Scope
Accessible to the Wider Audience
Radial-scope-style figures could be useful
in communicating many types of data be-
yond simple product yields. For example,
we anticipate that radial-scope plots
could aid in the visualization of the physical
properties of molecules and structure–
activity relationships, among others. Early
versions of our radial-scope plots were
made by hand in Adobe Illustrator. To
lower the bar for the generation of these fig-
ures and increase their implementation, a
user-friendly program was needed.

To facilitate the programmatic generation
of radial-scope plots for users with limited
coding experience, we created a workflow
using free programs that requires only simple
commands to generate the plot. This
workflowusesPython, RDKit, andmatplotlib.
The RDKit package is a chemoinformatics
toolkit for Python to analyze, modify, and
plot small molecules and calculate descrip-
tors of those molecules [5]. Structures can
be input into RDKit using the simplified
molecular-input line-entry system (SMILES)
by Weininger [6]. Most 2D molecule editors
such as ChemDraw or MarvinSketch export
SMILES strings (e.g., benzene is C1=CC=
CC=C1). To use this workflow, a Jupyter
Notebook has to be launched (a visual
browser-based code editor) and the plotting
class ‘radialscope.py’ file needs to reside in
the same directory as the Jupyter Notebook
(*.ipynb extension). The user inputs the data
in the form of a SMILES string and a Python
dictionary containing key value pairs for
each radial scope and executes the four
notebook cells sequentially to generate the
final plot in vector format (Figure 2)ii. Behind
the scenes, the program plots the molecule
as a scalable vector graphic (SVG) using
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Figure 1. Visualization Tools for Structure–Function Data. (A) Traditional substrate-scope structure visualization, with repeated core structure with variations on
functional groups. (B) Table representation of substrate scope. (C) Radial-scope representation with two different chemical conditions.
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Figure 2. Workflow for Generation of Radial-Scope Plots. Left: Launching the Jupyter Notebook in the web browser or installing the required environment using
conda. Middle: In the notebook the user sets up a Python dictionary for the settings and additional dictionaries for each scope and executes the plotting function.
Right: The resulting *.svg file can be edited in all vector-based graphics software.
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RDKit, plots the radial scopes and color bars
as pie charts in matplotlib, exports them as
SVG, and stitches them together program-
matically so that the radial scopes are
attached to the correct atoms. The attach-
ment atoms need to be defined by the user.
For this purpose, a helper function is provided
that identifies the index of each atom in the
molecule [draw_with_indeces(), see Note-
book]. Basic options can be set up by every
user, such as the angle of the radial scope,
colormaps, labels, and substituents. Ad-
vanced users can directly profit from the
many features of matplotlib and RDKit to
make further annotations to the molecule or
customize the radial-scope plots by modify-
ing the plotting class.

Whereas the installation of the user
environment is simple for Linux or Mac
users with basic knowledge of Terminal
and Python, novice users might find it
more challenging. Thus, we have also pro-
vided a browser-based Jupyter Notebook
run in a Docker container on mybinder.org
that provides the correct environmentiii.
There is no installation necessary and
one needs only to enter the desired values
and click ‘Run’ to build the plot. Once gen-
erated, the plot can be downloaded as a
SVG file in the root directory of the binder.
The resulting SVG image can then be
edited in vector graphics software such
as Inkscape (free) or Illustrator (proprietary)
to further customize the look.

By reducing the redundancy inherent to
substrate tables, the radial-scope plot at-
tempts to merge the data communicated
by a classic table with the advantages
provided by graphs. By creating a user-
friendly, open-source program for the
generation of radial scope plots, this tool
for data visualization is available to the
broader community.
Resources
iNew visualization way for SAR #RDKit #chemoinformatics.
Is Life Worth Living? https://web.archive.org/web/
20200310154818/https://iwatobipen.wordpress.com/
2019/12/25/new-visualization-way-for-sar-rdkit-
chemoinformatics/
iiRadial-scope plot repository: https://doi.org/10.
5281/zenodo.3631241
iiiProblems with adblocking software may exist. We
recommend switching adblocking off for mybinder.
org, otherwise follow the instructions in the README
file to install locally; mybinder.org: https://mybinder.
org/v2/gh/duerrsimon/substrate-scope-plot/9de0b4
cab49a18ec8513d9864560031c1c53404a
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