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1
DRAW-AHEAD FEATURE FOR CHEMICAL
STRUCTURE DRAWING APPLICATIONS

BACKGROUND

Chemical structure rendering software is widely used by
research and educational institutions to depict chemical
structures and chemical reactions of interest. Unlike chemi-
cal formulas or chemical names, structural formulas provide
a graphical representation of the molecular structure. A
graphical chemical structure representation is capable of
indicating the arrangements of atoms in a way that a
chemical formula cannot.

Current methods for drawing and editing chemical struc-
tures on a computer utilize mouse-driven or touch pad
commands that include pointing and clicking on displayed
menu items in a graphical user interface. Existing chemical
structure rendering applications for handheld electronic
devices such as tablet computers and portable phones utilize
the same menu-driven paradigm. These applications can be
clumsy when attempting to draw complex chemical struc-
tures including many separate elements.

SUMMARY OF THE INVENTION

Described herein are various embodiments of systems,
methods, and apparatus that allow a user to electronically
draw and edit a chemical structure. By offering a user
pre-drawn portions of the chemical structure in a user-
friendly, intuitive way, the systems, methods, and apparatus
described herein provide efficient and accurate tools for
drawing and editing chemical structures.

In various embodiments, the systems, methods, and appa-
ratus utilize or include a tablet computer, a mobile phone
device, or any other computer device or system capable of
receiving input. The systems, methods, and apparatus have
applications in a wide variety of industries that create and
edit structural formulas, such as the reagent industry, the
publishing industry, and/or the web search industry.

Elements of embodiments described with respect to a
given aspect of the invention may be used in various
embodiments of another aspect of the invention. For
example, it is contemplated that features of dependent
claims depending from one independent claim can be used
in apparatus, articles, systems, and/or methods of any of the
other independent claims.

In one aspect of the present disclosure, an apparatus for
creating a graphical representation of a chemical structure
using a draw-ahead feature includes a memory for storing a
set of instructions and a processor for executing the set of
instructions, where the instructions, when executed, cause
the processor to provide a representation of at least a portion
of an in-progress chemical structure for presentation on a
graphical display, receive an input corresponding to an
amendment to the portion of the in-progress chemical struc-
ture, identify, based at least in part upon the amended
in-progress chemical structure, one or more molecular scaf-
folds from a set of candidate molecular scaffolds. Each
molecular scaffold of the one or more molecular scaffolds
may be configured to, upon one or both of (i) appending to
the amended portion of the in-progress chemical structure
and (i) replacing or partially replacing the amended portion
of the in-progress chemical structure, provide a resulting
chemical structure or chemical structure fragment that has
been previously rendered. The instructions, when executed,
may cause the processor to provide the one or more molecu-
lar scaffolds for presentation on the graphical display as
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2

option(s) for selection by a user in creating the graphical
representation of the chemical structure.

In some embodiments, the instructions, when executed,
further cause the processor to, prior to providing the one or
more molecular scaffolds for presentation, determine that a
total number of the one or more molecular scaffolds does not
exceed a threshold number of molecular scaffolds. The
instructions, when executed, may cause the processor to
receive an indication of user selection of a first molecular
scaffold of the one or more molecular scaffolds provided,
and append the first molecular scaffold to the portion of the
in-progress chemical structure or replace or partially replace
the amended portion of the in-progress chemical structure
with the first molecular scaffold.

In some embodiments, the one or more molecular scaf-
folds include one or more commonly used molecular scaf-
folds. The commonly used molecular scaffolds may be
scaffolds input and/or selected by a user or group of users at
least a threshold number of times. The one or more molecu-
lar scaffolds may include one or more molecular scaffolds
selected from an active database of candidate scaffolds.

In some embodiments, the instructions, when executed,
cause the processor to arrange the one or more molecular
scaffolds in a ranked order prior to providing the one or more
molecular scaffolds for presentation on the graphical dis-
play. Arranging the one or more molecular scaffolds in the
ranked order may include identifying a usage count associ-
ated with each molecular scaffold of the one or more
molecular scaffolds. Arranging the one or more molecular
scaffolds in the ranked order may include matching a user
identifier associated with at least one molecular scaffold of
the one or more molecular scaffolds to a user identifier
associated with the portion of the chemical structure.

In some embodiments, receiving the input includes
receiving the input, over a network, from a computing
device. The one or more molecular scaffolds may be stored
in the memory. The one or more molecular scaffolds may be
stored in a database.

In one aspect of the present disclosure, a non-transitory
computer readable medium has instructions stored thereon
that, when executed, cause a processor to provide a repre-
sentation of at least a portion of an in-progress chemical
structure for presentation on a graphical display, and receive
an input corresponding to an amendment to the portion of
the in-progress chemical structure. The instructions may
cause the processor to identify, based at least in part upon the
amended in-progress chemical structure, one or more
molecular scaffolds from a set of candidate molecular scaf-
folds, where each molecular scaffold of the one or more
molecular scaffolds is configured to, upon one or both of (i)
appending to the amended portion of the in-progress chemi-
cal structure and (ii) replacing or partially replacing the
amended portion of the in-progress chemical structure, pro-
vide a resulting chemical structure or chemical structure
fragment that has been previously rendered. The instructions
may cause the processor to provide the one or more molecu-
lar scaffolds for presentation on the graphical display as
option(s) for selection by a user in creating the graphical
representation of the chemical structure.

In some embodiments, the portion of the in-progress
chemical structure is all of the in-progress chemical struc-
ture.

In one aspect of the present disclosure, a method of
creating a graphical representation of a chemical structure
using a draw-ahead feature includes providing a represen-
tation of at least a portion of an in-progress chemical
structure for presentation on a graphical display, and receiv-
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ing an input corresponding to an amendment to the portion
of the in-progress chemical structure. The method may
include identifying, based at least in part upon the amended
in-progress chemical structure, one or more molecular scaf-
folds from a set of candidate molecular scaffolds, where
each molecular scaffold of the one or more molecular
scaffolds is configured to, upon one or both of (i) appending
to the amended portion of the in-progress chemical structure
and (i) replacing or partially replacing the amended portion
of the in-progress chemical structure, provide a resulting
chemical structure or chemical structure fragment that has
been previously rendered. The method may include provid-
ing the one or more molecular scaffolds for presentation on
the graphical display as option(s) for selection by a user in
creating the graphical representation of the chemical struc-
ture.

In some embodiments, the user computing device is the
computing device. The amendment may include addition of
at least one of an atom, hydrocarbon ring, hydrocarbon
chain, bond, and/or substituent. The amendment may
include removal of at least one of an atom, hydrocarbon ring,
hydrocarbon chain, bond, and/or substituent.

In one aspect of the present disclosure, a method for
populating a set of candidate molecular scaffolds for use
with a utility for creating a graphical representation of a
chemical structure with a draw-ahead feature includes
receiving a graphical representation of at least part of a
chemical structure, and identifying, by a processor of a
computing device, at least a first portion of the chemical
structure as a molecular scaffold candidate for use with the
utility for creating a graphical representation of a chemical
structure with a draw-ahead feature, where the first portion
of the chemical structure is determined to meet a minimum
size requirement. The method may include determining, by
the processor, that no match to the molecular scaffold
candidate currently exists in the set of stored candidate
molecular scaffolds, and adding, by the processor, the
molecular scaffold candidate to the existing set of stored
candidate molecular scaffolds.

In some embodiments, the first portion of the chemical
structure is the entire chemical structure.

In some embodiments, identifying the first portion of the
chemical structure as a molecular scaffold candidate may
include pruning one or more excess elements from the
received part of the chemical structure. The one or more
excess elements may include at least one of a superatom and
an unnatural fragment. The unnatural fragment may be
pruned through application of a salt stripping algorithm.
Pruning one or more excess elements may include simpli-
fying the bond order of the received part of the chemical
structure. Bond order simplification may include removing
stereochemistry from the received part of the chemical
structure. Pruning one or more excess elements may include
atom simplification of the received part of the chemical
structure. Atom simplification may include replacing all or
some non-hydrogen atoms of the received part of the chemi-
cal structure with an exemplar element.

In some embodiments, determining that no match cur-
rently exists in the set of stored candidate molecular scaf-
folds includes querying a database containing the set of
stored candidate molecular scaffolds. The method may fur-
ther include identifying, by the processor, a second portion
of the chemical structure as a second molecular scaffold
candidate, determining, by the processor, that a matching
candidate molecular scaffold to the second molecular scaf-
fold candidate exists in the existing set of candidate molecu-
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lar scaffolds, and incrementing a usage count associated with
the matching candidate molecular scaffold.

In some embodiments, receiving the graphical represen-
tation of the at least part of the chemical structure includes
importing the chemical structure from an electronic labora-
tory notebook (ELN) system. Receiving the graphical rep-
resentation of the at least part of the chemical structure may
include receiving the graphical representation of the chemi-
cal structure from a registration system having identified and
stored the graphical representation of the chemical structure.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, aspects, features, and
advantages of the invention will become more apparent and
may be better understood by referring to the following
description taken in conjunction with the accompanying
drawings, in which:

FIG. 1 is an example screen shot depicting a utility for
creating or editing a graphical representation of a chemical
structure;

FIGS. 2A and 2B illustrate molecular scaffold identifica-
tion from a portion of a graphical representation of a
chemical structure;

FIG. 3 is a flow chart of an example method for identi-
fying and storing molecular scaffolds for use in a draw-
ahead functionality of a utility for graphical representation
of a chemical structure;

FIGS. 4A and 4B illustrate example screen shots depict-
ing a candidate molecular scaffold being presented to a user
as a draw-ahead option based upon a portion of a graphical
representation of a chemical structure;

FIG. 5 is a flow chart of an example method for identi-
fying and presenting candidate molecular scaffolds in a
draw-ahead functionality of a utility for graphical represen-
tation of a chemical structure;

FIG. 6 is a schematic diagram of an example system for
drawing or editing chemical structures;

FIG. 7 is a block diagram of an example computing
device and an example mobile computing device.

The features and advantages of the present disclosure will
become more apparent from the detailed description set
forth below when taken in conjunction with the drawings, in
which like reference characters identify corresponding ele-
ments throughout. In the drawings, like reference numbers
generally indicate identical, functionally similar, and/or
structurally similar elements.

DESCRIPTION

It is contemplated that apparatus, systems, and methods of
the claimed invention encompass variations and adaptations
developed using information from the embodiments
described herein. Adaptation and/or modification of the
apparatus, systems, and methods described herein may be
performed by those of ordinary skill in the relevant art.

Throughout the description, where apparatus and systems
are described as having, including, or comprising specific
components, or where processes and methods are described
as having, including, or comprising specific steps, it is
contemplated that, additionally, there are apparatus and
systems of the present invention that consist essentially of,
or consist of, the recited components, and that there are
processes and methods according to the present invention
that consist essentially of, or consist of, the recited process-
ing steps.
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It should be understood that the order of steps or order for
performing certain actions is immaterial so long as the
invention remains operable. Moreover, two or more steps or
actions may be conducted simultaneously.

In general, in various embodiments, the present invention
pertains to apparatus, systems, and methods for drawing
chemical structures on a computing device. The computing
device may be, for example, a personal computer, a work-
station, a tablet computer (e.g., an Apple® [Pad® by Apple
Inc. of Cupertino, Calif.), or a mobile phone device. As used
herein, the term “molecular scaffold” refers to a portion
(e.g., a fragment) of a graphical representation of a chemical
structure.

Referring to FIG. 1, a screen shot illustrates an example
user interface 100 of a utility for creating and/or editing a
graphical representation of a chemical structure. The user
interface 100 includes a series of editing tools 102 for
building a graphical representation of a chemical structure,
e.g., a chemical structure 104 presented within an editing
pane 106. A user, in some implementations, may select one
of' the editing tools 102 representing a ring of atoms, a bond,
or a substituent, in order to place the selected ring, bond, or
substituent in the chemical structure 104. For example, the
user may click on one of the editing tools 102 and/or drag
and drop the selected feature into the editing pane 106 to add
the selected feature at a desired position within or on the
current chemical structure 104.

In some implementations, a user may edit the chemical
structure 104 by selecting a group of atoms (e.g., a ring of
atoms) 110, a bond, or a substituent 112 in the chemical
structure 104. The ring of atoms 110, bond, or substituent
112 location, in some examples, may be selected by clicking
on a location on the chemical structure representation 104
with a mouse or other user interface device or by delivering
a tap gesture upon a touch screen interface at a location of
the chemical structure 104 which is to be amended. The user
may then modify the chemical structure 104 at the selected
ring of atoms 110, bond, or substituent 112 location by
selecting one of the editing tools 102 from a menu 108. For
example, the user may select a bond 112/ within the
chemical structure 104, then select a replacement bond (e.g.,
102f) by tapping the user interface 100 at the location of the
corresponding tool 102f. In other examples, the user may
edit or add to the chemical structure 104 a heteroatom, a ring
substituent, a multi-ring substituent, an acyclic chain, a chair
cyclohexane, and/or any other molecular component. Addi-
tionally, the drawing/editing utility may determine whether
or not a given edit would result in a structure that is
chemically feasible and may limit executable edits to only
those resulting in feasible chemical structures.

In some implementations, based upon a graphical repre-
sentation of a chemical structure or a portion of a graphical
representation of a chemical structure (e.g., a drawing in
progress), a chemical structure fragment matching utility
identifies one or more portions of the graphical representa-
tion of a chemical structure (e.g., as saved to a system via the
chemical structure drawing utility) for presentation later as
selectable molecular scaffolds to use when building or
otherwise editing a graphical representation of a chemical
structure. In this manner, for example, a user may be
provided the opportunity to reuse portions of a current
drawing or a former drawing when building or otherwise
editing a graphical representation of a chemical structure,
thereby saving time and preserving accuracy. In some imple-
mentations, molecular scaffolds derived from one or more
graphical representations of chemical structures created by
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other users of the system may be presented as fragments to
a particular user for building a graphical representation of a
chemical structure.

For example, turning to FIGS. 2A and 2B, an example of
two different molecular scaffolds 202, 204 are illustrated in
relation to the chemical structure 104. Each molecular
scaffold 202, 204, for example, represents a fragment or
portion of a graphical representation of a chemical structure.
The chemical scaffolds 202, 204, in some implementations,
include a combination of one or more hydrocarbon rings
110, chains, bonds, and substituents 112.

Turning to FIG. 2A, a first molecular scaffold 202 is
identified by a dashed line. The first molecular scaffold 202,
for example, includes rings 110a and 1106, as well as
bonds/substituents 112a, 1125, 112¢, 1124, and 112e.

Turning to FIG. 2B, a second molecular scaffold 204 is
identified through a dashed line. The second molecular
scaffold 204, for example, includes rings 110¢ and 1104, as
well as bonds/substituents 112/, 112¢g, and 112/. Note that
the hydrocarbon chain extending from ring 1104 is not
included as part of either the first molecular scaffold 202 or
the second molecular scaffold 204. In some implementa-
tions, a portion of a chemical structure may be pruned from
the fragment candidates prior to identifying each of the
fragment candidates.

In the example shown in FIGS. 2A and 2B, the molecular
scaffold 204 is identified as a partner scaffold to the molecu-
lar scaffold 202. For example, in a different drawing of a
chemical structure, upon identification of the molecular
scaffold 202 in that structure, it may be assumed that it is
likely that additional atoms (e.g., yet to be drawn) may
comprise the atoms of the molecular scaffold 204. In this
manner, a draw-ahead utility may identify the first molecular
scaffold 202 within a new graphical representation of a
chemical structure and, in response, offer the second
molecular scaffold 204 as a continuation of the drawing in
progress.

In some implementations, the combination of two
molecular scaffolds (e.g., molecular scaffold 202 and
molecular scaffold 204) may be identified as a separate
candidate fragment (e.g., a “super fragment,” combining two
smaller fragments). For example, within a graphical repre-
sentation of a large chemical structure, varying sizes of
sub-structures may be identified as fragments which are
likely to reoccur in the graphical representation of different
chemical structures.

FIG. 3 is a flow chart of an example method 300 for
identifying and storing molecular scaffolds for use in a
draw-ahead utility of a graphical chemical structure editing
application. For example, the molecular scaffolds may be
identified within prior (or current) drawings created by a
particular user or from drawings created by a number of
users. In some implementations, the method 300 may be
used to mine the drawings created by a number of users
accessing a common software license or storing drawings to
a common repository (e.g., networked storage device). The
method 300, for example, may be used in identifying the first
molecular scaffold 202 and the second molecular scaffold
204, shown in FIGS. 2A and 2B.

In some implementations, the method 300 begins with
receiving a graphical representation of at least a portion of
a chemical structure (302). The graphical representation, in
some examples, may include a chemical structure drawing-
in-progress, a complete graphical representation of a chemi-
cal structure, a graphical representation of a chemical struc-
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ture imported from a separate software application, or a
graphical chemical structure representation stored within a
document repository.

In some implementations, one or more portions of the
chemical structure are identified as molecular scaffold can-
didates (304). In some implementations, a molecular scaf-
fold may include a minimum number of elements (e.g.,
chemical features) such as, for example, at least two hydro-
carbon rings. A molecular scaffold, in some implementa-
tions, is composed of atoms, hydrocarbon rings, chains,
bonds, and/or substituents. In some implementations, a
molecular scaffold may be identified by receiving a molecu-
lar structure as a “favorite” from a user, for example, through
a user interface capture feature. For example, a user may
enter or select one or more molecular scaffolds that the user
anticipates drawing frequently.

In some implementations, a collection of molecular struc-
tures are received and reviewed to identify molecular scaf-
fold candidates. For example, molecular structures may be
captured in a registration system (e.g., registering molecules
to associate with a software license or user identification
within a system including a chemical formula drawing
program with draw-ahead feature), culled from public data
sets, read from a small molecule database such as the
Available Chemicals Exchange (ACX) maintained by Perki-
nElmer of Waltham, Mass., captured as new molecules from
an electronic lab notebook (ELN) system, or identified
through optical character recognition (OCR) systems.

In reviewing a collection of molecular structures (e.g. as
obtained from one or more of the avenues identified above),
in some implementations, a routine is used to identify one or
more maximum common substructures among the collection
(e.g., appearing two or more times, etc.). In some imple-
mentations, a routine iteratively identifies common substruc-
tures within the collection. The routine, for example, may
identify common substructures including at least a threshold
number of elements (e.g., chemical features such as atoms,
hydrocarbon rings, chains, bonds, and/or substituents), as
described above. The routine may identify the largest com-
mon substructure among a collection of molecules.

If a potential molecular scaffold candidate includes one or
more excess elements (306), in some implementations, the
portion may be pruned to determine a molecular scaffold
candidate (308). For example, as illustrated within FIG. 2B,
the bond 112/, not being directly connected to a particular
hydrocarbon ring, may be pruned away. In other words, in
this example, elements not belonging to hydrocarbon rings
are eligible for pruning. In some implementations, supera-
toms (e.g., CBZ, COOH, etc.) may be pruned when identi-
fying a molecular scaffold candidate. In other examples,
bond order simplification and/or atom simplification meth-
ods may be applied, such as replacing all bonds with single
bonds, removing stereochemistry, and reducing the molecu-
lar scaffold candidate to an exemplar element (e.g., making
all heavy atoms C). If the molecular structure candidate was
identified in a set of molecular structures obtained from a
database, in one example, unnatural fragments may be
removed. For example, salt stripping may be applied.

In some implementations, the molecular scaffold candi-
date is compared to molecular scaffolds in a database of
molecular scaffolds (310). In some implementations, a
chemical structure creation and editing application includes
a database of common molecular scaffolds. For example,
upon installing the application, a draw-ahead feature may
have access to a database of common molecular scaffolds for
presentation as draw-ahead options. The database of
molecular scaffolds, in some implementations, contains one
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or more molecular scaffolds identified as portions of other
graphical representations of chemical structures. For
example, the method 300 may have been performed previ-
ously on a chemical structure to derive one or more molecu-
lar scaffolds.

In some implementations, a sub-structure of a molecular
candidate may be compared to a sub-structure of a molecular
structure within the database. For example, as illustrated in
FIGS. 2A and 2B, the first molecular scaffold 202 may be
compared to a first portion of the candidate molecular
scaffold. Features of the candidate such as, in some
examples, the number and placement of atoms, the number
and placement of bonds, the order of each bond (e.g.,
double, single, triple), stereochemistry, formal or partial
charge, or cis/trans isomerism (e.g., bond orientations) may
be compared to one or more molecular scaffolds in the
database to identify a match.

If'a match of the candidate molecular scaffold is identified
within the database (312), in some implementations, a usage
count associated with the identified molecular scaffold is
incremented (316). For example, to track a relative popu-
larity of a particular molecular scaffold, in some implemen-
tations, the number of times the particular molecular scaffold
has been identified in a graphical representation of a chemi-
cal structure may be tracked. In some implementations, the
usage count identifies, in part, the number of times a
particular molecular scaffold has been selected when pre-
sented as a draw-ahead candidate by a draw-ahead feature.

If, instead, a match is not found in relation to the molecu-
lar scaffold candidate, in some implementations, the molecu-
lar scaffold candidate is stored in the database (314). In some
implementations, a foundational portion of the molecular
scaffold candidate may be identified such that, in response to
matching the foundational portion with a portion of a
graphical representation of a chemical structure, the remain-
der of the molecular scaffold may be offered as a molecular
scaffold candidate for draw-ahead purposes. For example, a
first two or more atoms, as well as a first bond between two
of the first two or more atoms, may be identified as a
foundational portion of the molecular scaffold. In some
implementations, the method 300 repeats the pruning and
comparison steps for the remaining molecular scaffold can-
didates (318).

Although the method 300 has been described in relation
to a series of steps performed in an example order, in other
implementations, one or more of the steps of the method 300
may be performed in a different order and/or in parallel, and
one or more steps may be added to the method 300.
Furthermore, one or more of the steps of the method 300, in
other implementations, may be combined or removed. For
example, in some implementations, two or more previously
iterated molecular scaffold candidates may be combined as
a “super-fragment”, where the “super fragment” may be
compared to the molecular scaffolds identified by the data-
base. In another example, in some implementations, each
molecular scaffold may be associated with one or more users
(e.g., user identifiers associated with drawings containing
the particular molecular scaffold. For example, should user
“Bob” commonly draw molecular scaffold A, a usage count
associated with both molecular scaffold A and user Bob may
be incremented, such that molecular scaffold A will be
promoted in priority in relation to other molecular structure
candidates when identifying two or more draw-ahead
options for Bob. Further to the example, user “Gary,” who
has never used molecular scaffold A (although it has been
used repeatedly by Bob), may be offered a different molecu-
lar scaffold as a primary candidate for draw-ahead purposes
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(e.g., a molecular scaffold previously used by Gary) even
when drawing a same chemical structure. Other modifica-
tions of the method 300 are possible without straying from
the intent and purpose of the method 300.

FIGS. 4A and 4B illustrate example screen shots depict-
ing a candidate molecular scaffold 422 being presented to a
user as a draw-ahead option based upon a portion 404 of a
graphical representation of a chemical structure. The draw-
ahead option, for example, may have been previously iden-
tified within a different graphical representation of a chemi-
cal structure, for example as described by the method 300
illustrated in FIG. 3.

Turning to FIG. 4A, in a first screen shot 400, a user is
working on a graphical representation of a chemical struc-
ture, currently containing the portion 404 including a set of
atoms 410a and 4105 as well as bonds 412a, 4125, and 412¢.
In some implementations, the user constructed the portion
404 using a set of editing tools 402, as illustrated within a
tool menu 408. For example, a user may select a particular
editing tool 402 from the menu, then select a location in an
editing pane 406 for positioning of the selected editing tool
feature. In another example, the user may drag and drop a
particular editing tool feature 402 into the editing pane 406.
Upon each addition of an element of the graphical repre-
sentation of the chemical structure, in some implementa-
tions, a draw-ahead utility invokes a matching function to
identify one or more candidate molecular scaffolds to pres-
ent in relation to the existing portion 404 of a chemical
structure. An example of a method for identifying a candi-
date molecular scaffold based upon a portion of a graphical
representation of a chemical structure is described in relation
to FIG. 5.

Turning to FIG. 4B, in a second screen shot 420, the
candidate molecular scaffold 422 is illustrated as an exten-
sion of the existing portion 404. In some implementations,
the candidate molecular scaffold 422 is visually rendered in
a manner that differentiates the atoms and bonds of the
candidate molecular scaffold 422 from the atoms and bonds
of the existing portion 404. For example, as illustrated, the
candidate molecular scaffold 422 is rendered in part using
dashed lines. In other examples, the candidate molecular
scaffold 422 may be rendered as a semi-opaque image, in a
different color, partially removed from the existing portion
404 (e.g., like a puzzle piece that could be pulled into
position), highlighted, outlined, and/or filled in a different
color. In some implementations, a second (e.g., preview)
pane may pop-up, overlay, or be rendered within the editing
pane 406, where the preview pane may illustrate the addition
of the candidate molecular scaffold 422 to the existing
portion 404.

As illustrated, to match the candidate molecular scaffold
422 with the existing portion 404, bonds 4124 and 412¢ have
been added to the existing portion 404. In some implemen-
tations, based upon a partial match of an existing portion of
a graphical representation of a chemical structure, one or
more elements may be added to the existing portion during
presentation of a candidate molecular structure.

Next to the candidate molecular scaffold 422, as illus-
trated in FIG. 4B, a selection control 424, when selected,
may present additional candidate molecular scaffolds. For
example, by toggling up or down using the directional
arrows of the selection control 424, the user may be pre-
sented with one or more additional candidate molecular
scaffolds. In some implementations, activation of the selec-
tion control 424 causes the replacement of the candidate
molecular scaffold 422 (and, optionally, any elements added
to the existing portion 404 to match the candidate molecular
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scaffold 422 to the existing portion 404) with a second
candidate molecular scaffold (and, optionally, any new ele-
ments that may be added to the existing portion 404 to match
the second candidate molecular scaffold to the existing
portion 404). In other implementations, activation of the
selection control 424 may launch a preview window of
candidate molecular structures, such that a user may scroll
through and select a particular candidate molecular structure
for presentation in relation to the existing portion 404.
Although illustrated as a bi-directional toggle control, other
controls are possible.

Additionally, in some implementations, a natural lan-
guage interface may be used provide input to the selection
of candidate molecular scaffolds. For example, the terms
“next” and “back”, when uttered, may cause the user inter-
face to scroll through molecular scaffold candidates.

Once a candidate molecular scaffold has been decided
upon, in some implementations, the selection control 424 is
removed from the editing pane and the candidate molecular
scaffold is presented in the same drawing style (e.g., color,
line width, transparency, background, etc.) as the existing
portion 404. In some implementations, a user may select the
presented candidate molecular scaffold 422 (e.g., touching,
clicking, mousing over while activating an enter key, etc.) to
indicate acceptance of the candidate molecular scaffold 422.
In other implementations (not illustrated), a portion of the
selection control 424 or a separate control may be used to
indicate acceptance of the candidate molecular scaffold 422.
In implementations involving a natural language interface,
for example, a term such as “select” or “add”, when uttered,
may indicate acceptance of an active (e.g., currently pre-
sented) candidate molecular scaffold.

FIG. 5 is a flow chart of an example method 500 for
identifying and presenting candidate molecular scaffolds in
a draw-ahead functionality of a utility for graphical repre-
sentation of a chemical structure. The method 500, in some
implementations, may be used to identify and present one or
more candidate molecular scaffolds based upon an existing
portion of a graphical representation of a chemical structure.
As illustrated in FIGS. 4A and 4B, for example, the method
500 may review the existing portion 404 and offer the
candidate molecular scaffold 422 as an option for continuing
the drawing of the graphical representation of a chemical
structure.

The method 500, in some implementations, begins with
receiving an input corresponding to an amendment to a
graphical representation of a chemical structure (502). The
graphical representation of a chemical structure, for
example, includes one or more atoms, hydrocarbon rings,
chains, bonds, and/or substituents. The graphical represen-
tation of the chemical structure, for example, may have been
developed by a user “from scratch”, e.g. through adding
elements to a work area of a chemical structure drawing tool.
In another example, the graphical representation of the
chemical structure may be brought into the chemical struc-
ture drawing tool (e.g., selected from a favorites list, opened
from a saved file, imported from an electronic lab notebook,
etc.). The graphical representation of the chemical structure,
in some implementations, includes a portion or a fragment
of'a molecular structure. A user, interacting with a graphical
representation of a chemical structure within a graphical
user interface, may make a modification to the graphical
representation of the chemical structure such as, in some
examples, addition of an atom, addition of a bond, removal
of an atom, and/or removal of a bond. In some implemen-
tations, the method 500 may only be invoked based upon
particular types of amendments. For example, in some
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examples, the method 500 may be invoked in response to
addition of an atom, ring, chain, bond, and/or substituent to
a structure having at least a minimum specified size, in
response to a user saving a current state of a draft chemical
structure, or in response to the addition of a candidate
molecular scaffold to the graphical representation of a
chemical structure. Also, the method 500 may be invoked in
response to the drawing of or selection of a chemical
structure fragment of a designated minimum size. As used
herein, an “amendment” of a chemical structure represen-
tation may include modification of, as well as creation of, a
chemical structure representation.

In some implementations, at least a portion of the
amended chemical structure is compared to a collection of
molecular scaffolds (504). The collection of molecular scaf-
folds, in some implementations, includes one or more pre-
viously drawn chemical structures or portions of chemical
structures. In some implementations, the collection of
molecular scaffolds includes one or more commonly iden-
tified portions of chemical structures, for example as iden-
tified through a database of graphical representations of
known chemical structures. In a particular example, a col-
lection of graphical representations of known chemical
structures, such as the PubChem Compound database main-
tained by the National Center for Biotechnology Information
(NCBI) or the molecular spectral databases maintained by
the National Institute of Standards and Technology (NIST),
can be harvested to identify commonly reoccurring chemical
units as molecular scaffolds. In another example, an entity
(e.g., university, corporation, research organization, etc.)
may populate the database of molecular scaffolds with one
or more molecular scaffolds (e.g., imported from graphical
representations of chemical structures previously con-
structed by the entity). The molecular scaffolds, in some
implementations, are categorized and stored in a database
for querying based upon a partial match (e.g., a match of two
or more atoms and two or more bonds between the reoc-
curring chemical unit and a portion of a graphical represen-
tation of a chemical structure.

The portion of the amended chemical structure to be
compared to the collection of molecular scaffolds may be
identified using various methods. For example, the utility
may identify the location of the user’s edit of the molecule.
Then, the utility may look in the immediate locale to find
fragments (molecular scaffolds) in the database that have a
substructure in common with this locale. The search may be
biased by molecular scaffolds that are drawn more often or
more frequently than others.

Thus, in some implementations, common chemical struc-
ture fragments identified within the collection of molecular
scaffolds may be used to provide guidelines on how to break
down an amended chemical structure into one or more
portions for purposes of identifying a matching molecular
scaffold from the collection. For example, frequently occur-
ring sub-structures of the molecular scaffolds in the collec-
tion may be identified, and these frequently occurring sub-
structures may be used as a basis for breaking down a
graphical representation of a chemical structure into a series
of portions, or fragments. In some implementations, a modi-
fied section of the chemical structure, such as two or more
hydrocarbon rings and/or their substituents in closest prox-
imity to the point of amendment, is compared to the col-
lection of molecular scaffolds. For example, the portion may
be selected to contain at least a threshold number of ele-
ments, such as at least two hydrocarbon rings.

In some implementations, a portion (up to all) of the
amended chemical structure in the vicinity of the amend-
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ment is compared to a sub-structure, such as a designated
connection structure, of a molecular scaffold from the col-
lection. For example, referring to FIGS. 4A and 4B, upon
amendment, the portion 404 may be compared to the rings
410a and 41056 as well as bonds/substituents 412a through
412e¢, where the combination of the rings 4104 and 4105 and
the bond/substituents 412a through 412¢ is a sub-structure
of a molecular scaffold including both a sub-structure
matching the portion 404 and a sub-structure containing the
candidate molecular scaffold 422.

If a match between the portion of the amended chemical
structure and a molecular scaffold from the collection is not
found (506), in some implementations, a provision is made
for the addition of one or more elements to the amended
chemical structure to identify a partial match (508). Return-
ing to the example above, consider that the molecular
scaffold includes a sub-structure identified by the portion
404 plus the bonds 412d and 412e¢, and the molecular
scaffold is being compared to the portion 404 (e.g., without
the bonds 412d and 412¢). In some implementations, a
partial match may be determined, based upon the placement
of one or more additional elements to generate a positive
match. For example, the method may assume that the user
has not yet added the bonds 4124 and 412e but this addition
is a likely intention.

If a similarity is not identified between the portion of the
amended chemical structure and one or more molecular
scaffolds (510), in some implementations, a provision is
made for removal of one or more elements of the amended
chemical structure to identify a partial match (512). Turning
again to FIGS. 4A and 4B, consider a molecular scaffold
matching the portion of a chemical structure including rings
410a through 4104 and bonds/substituents 4126 through
4124, but lacking the bond 4124. In some implementations,
an existing portion of a chemical structure may be logically
“pruned” to identify a partial match.

In some implementations, a molecular candidate may be
identified based upon chemical similarity, e.g., as repre-
sented by a chemical structure similarity measure such as a
tanimoto score. For example, a particular molecular candi-
date may be represented as a first set of keys (e.g., Elsevier
MDL structural keys, etc.) and the first molecular scaffold
202 may be represented as a second set of keys. A similarity
match may be conducted by determining a distance (e.g.,
similarity) between the two sets of keys.

If no matches or similarities are located (514), in some
implementations, the method 500 returns to waiting to
receive an input corresponding to an amendment to the
graphical representation of the chemical structure (502).
Then, based upon further input, such as addition or removal
of another atom, ring, chain, bond, and/or substituent to or
from the graphical representation of the chemical structure,
the method 500 may locate a candidate molecular scaffold
for appending to or otherwise modifying the graphical
representation of the chemical structure.

Conversely, if any match or similarity is located, in some
implementations, the matching and/or similar molecular
scaffolds are provided for presentation within a graphical
user interface (516). For example, the potential match may
be presented as a selectable amendment in any of the
manners described in relation to FIG. 4B.

If a selection of a particular molecular scaffold of the one
or more molecular scaffolds is not received (518), in some
implementations, the method 500 returns to waiting to
receive an input corresponding to an amendment to the
graphical representation of the chemical structure (502).
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If, instead, selection of a particular molecular scaffold of
the one or more molecular scaffolds is received (518), in
some implementations, the selected molecular scaffold is
appended to the amended chemical structure (520), or the
in-progress chemical structure is replaced or partially
replaced with the selected molecular scaffold, as appropri-
ate. Appending the molecular scaffold, for example, can
include causing the re-generation of a graphical user inter-
face to include the portion of the molecular scaffold previ-
ously presented as an option to the user.

In some implementations, statistics associated with the
selected molecular scaffold are adjusted (522). To determine
an order in which to present multiple molecular scaffold
candidates to a user, the method 500 may adjust one or more
statistics related to a selected molecular scaffold. In some
examples, the statistics may include a usage count, a time-
stamp, and a list of users who have selected the particular
molecular scaffold. The statistics may be gathered related to
the molecular scaffold in general and/or a per user basis. For
example, a first user may more commonly draw a first set of
molecular scaffolds, while a second user may more com-
monly draw a second set of molecular scaffolds. In some
implementations, molecular scaffolds are collected as sub-
portions, and statistics may be stored regarding particular
combinations of sub-portions. For example, the method 500
may track the number of times the combination of the
portion 404 without the bond 4124 is used in combination
with the portion 422, in comparison to the number of times
the combination of the portion 404 in whole is used in
combination with the portion 422. In some implementations,
statistics may be collected related to the frequency in which
two molecular scaffolds appear in a same graphical repre-
sentation of a chemical structure. For example, it may be
determined that users who select (or draw) molecular scaf-
fold Y are very likely to later select (or draw) molecular
scaffold Z. Other statistics are possible.

Upon receipt of an additional amendment to the graphical
representation of the chemical structure (502), in some
implementations, the method 500 may repeat.

Although the method 500 has been described in relation
to a series of steps performed in an example order, in other
implementations, one or more of the steps of the method 500
may be performed in a different order and/or in parallel, and
one or more steps may be added to the method 500. For
example, rather than providing one or more molecular
scaffolds for presentation (516) after having only identified
one or two matches (506), in some implementations, the
method 500 may continue to attempt to identify similarities
(e.g., as described in relation to steps 508 through 514) until
a threshold number of matches (e.g., three, five, etc.) has
been identified. Conversely, should identification of the one
or more molecular scaffolds (506) produce greater than a
threshold number of molecular scaffold candidates (e.g.,
five, ten, twenty, etc.), in some implementations, the method
500 prioritizes the matching molecular scaffolds in a ranked
order and only provides the top N matches for presentation
to the user (516). In other implementations, should identi-
fication of the one or more molecular scaffolds (506) pro-
duce greater than a threshold number of molecular scaffold
candidates, the method 500 returns to waiting to receiving an
additional amendment (502). For example, rather than over-
whelm a user with constant options for molecular scaffold
candidates, the method 500 may wait to present molecular
scaffold candidates that may, presumably, have a higher
chance of being desirable to the user. Prior to providing at
least one of the one or more molecular scaffolds for presen-
tation (516), in some implementations, the candidate
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molecular scaffolds may be ranked in order of priority (e.g.,
according to one or more statistical values associated with
the molecular scaffolds and/or according to whether a par-
ticular molecular scaffold was a direct match or a similar
match).

Furthermore, one or more of the steps of the method 500,
in other implementations, may be combined or removed. For
example, in some implementations, steps 512 and 514 may
be removed, causing matches to only be served on the
existing portion of the chemical structure. In some imple-
mentations, the method 500 may begin with identifying one
or more molecular scaffolds for presentation to begin a
drawing project of a new visual representation of a chemical
structure. In one example, based upon user information (e.g.,
user preferences, user favorites list, user history, user group
membership, etc.), the method 500 may identify one or more
molecular scaffold candidates to present to the user as a basis
for the new drawing project. Other modifications of the
method 500 are possible without straying from the intent and
purpose of the method 500.

FIG. 6 depicts an example system 600 for drawing or
editing graphical representations of chemical structures. The
system 600 includes client nodes 6024 and 6024, a server
node 604, a database 606, and, for enabling communications
therebetween, a network 608. As illustrated, the server node
604 may include a drawing module 610.

The network 608 may be, for example, a local-area
network (LAN), such as a company or laboratory Intranet, a
metropolitan area network (MAN), or a wide area network
(WAN), such as the Internet. Each of the client nodes 602,
server node 604, and the database 606 may be connected to
the network 608 through a variety of connections including,
but not limited to, standard telephone lines, LAN or WAN
links (e.g., T1, T3, 56 kb, X.25), broadband connections
(e.g., ISDN, Frame Relay, ATM), or wireless connections.
The connections, moreover, may be established using a
variety of communication protocols (e.g., HT'TP, TCP/IP,
IPX, SPX, NetBIOS, NetBEUI, SMB, Ethernet, ARCNET,
Fiber Distributed Data Interface (FDDI), RS232, IEEE
802.11, IEEE 802.11a, IEEE 802.11b, IEEE 802.11g, and
direct asynchronous connections).

The client node 6024 may be any type of wireless device,
information appliance, tablet computer, personal digital
assistant, cellular phone, handheld device, or other portable
computing device that is capable of both presenting infor-
mation/data to, and receiving commands from, a user of the
client node 6024 (e.g., an analytical chemist). Similarly, the
client node 6025 may be any type of personal computer,
Windows-based terminal, network computer, wireless
device, information appliance, RISC Power PC, X-device,
workstation, mini computer, main frame computer, set top
box, or other computing device that is capable of both
presenting information/data to, and receiving commands
from, a user of the client node 6025. The client nodes 602
may include, for example, a graphical display device (e.g.,
a touch screen or a computer monitor), a data entry device
(e.g., akeyboard, a touch screen, or a mouse pad), persistent
and/or volatile storage (e.g., computer memory), and a
processor. In one embodiment, the client node 602 includes
a web browser, such as, for example, Internet Explorer®
developed by Microsoft Corporation of Redmond, Wash., to
connect to the World Wide Web.

For its part, the server node 604 may be any computing
device that is capable of receiving information/data from
and delivering information/data to the client nodes 602, for
example over the network 608, and that is capable of
querying, receiving information/data from, and delivering
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information/data to the server node 604. For example, as
further explained below, the server node 604 may receive
input (e.g., a multi-touch gesture) from a user of the client
node 602, create or edit a chemical structure representation
according to the input, and present or display the chemical
structure representation to the user at the client node 602.
The server node 604 may include a processor and persistent
and/or volatile storage, such as computer memory.

The server node 604 may be any computing device that is
capable of storing and managing collections of data, such as
data relating to chemical structure representations. The
chemical structure representations may be, for example, of
the type described in related U.S. patent application Ser. No.
13/100,217, filed May 3, 2011, titled “Systems, Methods,
and Apparatus for Processing Documents to Identify Struc-
tures,” and related U.S. application Ser. No. 13/239,069,
filed, Sep. 21, 2011, titled “Systems, Methods, and Appa-
ratus for Facilitating Chemical Analyses,” and related Inter-
national Patent Application No. PCT/US12/26574, filed Feb.
24, 2012, titled “Systems, Methods, and Apparatus for
Drawing Chemical Structures Using Touch and Gestures,”
the disclosures of each of which are hereby incorporated by
reference herein in their entireties.

As used herein, the term “server node” is broadly used to
refer to any repository of information. The data stored within
the server node 604 may be harvested from the server node
604 in any manner. In one embodiment, the harvesting is
performed utilizing indexing and structure recognition algo-
rithms, and the harvested data is connected together by
examining and correlating the disjointed information that is
found.

The drawing module 610 of the server node 604 may be
implemented as any software program and/or hardware
device, for example an application specific integrated circuit
(ASIC) or a field programmable gate array (FPGA), that is
capable of providing the functionality described herein. It
will be understood by one having ordinary skill in the art,
however, that the illustrated module 610, and the organiza-
tion of the server node 604, are conceptual, rather than
explicit, requirements. For example, it should be understood
that the drawing module 610 may in fact be implemented as
multiple modules, such that the functions performed by the
single module, as described herein, are in fact performed by
the multiple modules.

Although not shown in FIG. 6, any or all of the client
nodes 602, the server node 604, and the database 606 may
also include its own transceiver (or separate receiver and
transmitter) that is capable of receiving and transmitting
communications, including requests, responses, and com-
mands, such as, for example, inter-processor communica-
tions and networked communications. The transceivers (or
separate receivers and transmitters) may each be imple-
mented as a hardware device, or as a software module with
a hardware interface.

It will also be understood by those skilled in the art that
FIG. 6 is a simplified illustration of the system 600 and that
it is depicted as such to facilitate the explanation of various
embodiments of the present disclosure. Moreover, the sys-
tem 600 may be modified in a variety of manners without
departing from the spirit and scope of the present disclosure.
For example, rather than being implemented on a single
server node 604, the drawing module 610 may instead be
implemented on a different computing device (not shown)
and such computing devices may communicate with one
another directly, over the network 608, or over another
additional network (not shown). In yet another example, the
functionality of the server node 604 may in fact be resident
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on the server node 604 (e.g., be implemented in the com-
puter memory thereof). Additional options are for the server
node 604 and/or the database 606 to be local to the client
node 602 (such that they may all communicate directly
without using the network 608), or for the functionality of
the server node 604 and/or the database 606 to be imple-
mented on the client node 602 (e.g., for the drawing module
610 and/or the server node 604 to reside on the client node
602). As such, the depiction of the system 600 in FIG. 6 is
non-limiting.

In certain embodiments, the system 600 allows a user to
draw and edit a chemical structure representation using one
or more fingers on an input interface, such as a touch pad or
touch screen, at the client tablet node 602a. The system 600,
in some embodiments, allows a user to draw and edit a
graphical representation of a chemical structure using a
mouse, stylus, keypad, trackball, or other input interface,
such as an input interface at a client personal computer 6025.
The input interface, in some implementations, may include
a natural language processing module capable of converting
utterances to a series of commands for activating controls of
the user interface.

In general, the drawing module 610 in the server node 604
is configured to draw or revise the chemical structure
representation according to the input from the user, as
explained above with respect to the prior figures. The
drawing module 610 may then provide an image (e.g., a
collection of pixels) of the graphical representation of the
chemical structure for presentation to the user on the graphi-
cal display of the particular client node 602. Additionally,
the drawing module 610 may present one or more candidate
molecular scaffolds for amendment to a graphical represen-
tation of a chemical structure. The candidate molecular
scaffolds, for example, may be identified from molecular
scaffolds stored within the database 606. In general, the
system 600 may be used to perform any of the methods
described herein.

FIG. 7 shows an example of a computing device 700 and
a mobile computing device 750 that can be used to imple-
ment the techniques described in this disclosure. The com-
puting device 700 is intended to represent various forms of
digital computers, such as laptops, desktops, workstations,
personal digital assistants, servers, blade servers, main-
frames, and other appropriate computers. The mobile com-
puting device 750 is intended to represent various forms of
mobile devices, such as personal digital assistants, cellular
telephones, smart-phones, and other similar computing
devices. The components shown here, their connections and
relationships, and their functions, are meant to be examples
only, and are not meant to be limiting.

The computing device 700 includes a processor 702, a
memory 704, a storage device 706, a high-speed interface
708 connecting to the memory 704 and multiple high-speed
expansion ports 710, and a low-speed interface 712 con-
necting to a low-speed expansion port 714 and the storage
device 706. Each of the processor 702, the memory 704, the
storage device 706, the high-speed interface 708, the high-
speed expansion ports 710, and the low-speed interface 712,
are interconnected using various busses, and may be
mounted on a common motherboard or in other manners as
appropriate. The processor 702 can process instructions for
execution within the computing device 700, including
instructions stored in the memory 704 or on the storage
device 706 to display graphical information for a GUI on an
external input/output device, such as a display 716 coupled
to the high-speed interface 708. In other implementations,
multiple processors and/or multiple buses may be used, as
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appropriate, along with multiple memories and types of
memory. Also, multiple computing devices may be con-
nected, with each device providing portions of the necessary
operations (e.g., as a server bank, a group of blade servers,
or a multi-processor system).

The memory 704 stores information within the computing
device 700. In some implementations, the memory 704 is a
volatile memory unit or units. In some implementations, the
memory 704 is a non-volatile memory unit or units. The
memory 704 may also be another form of computer-readable
medium, such as a magnetic or optical disk.

The storage device 706 is capable of providing mass
storage for the computing device 700. In some implemen-
tations, the storage device 706 may be or contain a com-
puter-readable medium, such as a floppy disk device, a hard
disk device, an optical disk device, or a tape device, a flash
memory or other similar solid state memory device, or an
array of devices, including devices in a storage area network
or other configurations. Instructions can be stored in an
information carrier. The instructions, when executed by one
or more processing devices (for example, processor 702),
perform one or more methods, such as those described
above. The instructions can also be stored by one or more
storage devices such as computer- or machine-readable
mediums (for example, the memory 704, the storage device
706, or memory on the processor 702).

The high-speed interface 708 manages bandwidth-inten-
sive operations for the computing device 700, while the
low-speed interface 712 manages lower bandwidth-inten-
sive operations. Such allocation of functions is an example
only. In some implementations, the high-speed interface 708
is coupled to the memory 704, the display 716 (e.g., through
a graphics processor or accelerator), and to the high-speed
expansion ports 710, which may accept various expansion
cards (not shown). In the implementation, the low-speed
interface 712 is coupled to the storage device 706 and the
low-speed expansion port 714. The low-speed expansion
port 714, which may include various communication ports
(e.g., USB, Bluetooth®, Ethernet, wireless Ethernet) may be
coupled to one or more input/output devices, such as a
keyboard, a pointing device, a scanner, or a networking
device such as a switch or router, e.g., through a network
adapter.

The computing device 700 may be implemented in a
number of different forms, as shown in the figure. For
example, it may be implemented as a standard server 720, or
multiple times in a group of such servers. In addition, it may
be implemented in a personal computer such as a laptop
computer 722. It may also be implemented as part of a rack
server system 724. Alternatively, components from the com-
puting device 700 may be combined with other components
in a mobile device (not shown), such as a mobile computing
device 750. Each of such devices may contain one or more
of the computing device 700 and the mobile computing
device 750, and an entire system may be made up of multiple
computing devices communicating with each other.

The mobile computing device 750 includes a processor
752, a memory 764, an input/output device such as a display
754, a communication interface 766, and a transceiver 768,
among other components. The mobile computing device 750
may also be provided with a storage device, such as a
micro-drive or other device, to provide additional storage.
Each of the processor 752, the memory 764, the display 754,
the communication interface 766, and the transceiver 768,
are interconnected using various buses, and several of the
components may be mounted on a common motherboard or
in other manners as appropriate.
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The processor 752 can execute instructions within the
mobile computing device 750, including instructions stored
in the memory 764. The processor 752 may be implemented
as a chipset of chips that include separate and multiple
analog and digital processors. The processor 752 may pro-
vide, for example, for coordination of the other components
of the mobile computing device 750, such as control of user
interfaces, applications run by the mobile computing device
750, and wireless communication by the mobile computing
device 750.

The processor 752 may communicate with a user through
a control interface 758 and a display interface 756 coupled
to the display 754. The display 754 may be, for example, a
TFT (Thin-Film-Transistor Liquid Crystal Display) display
or an OLED (Organic Light Emitting Diode) display, or
other appropriate display technology. The display interface
756 may comprise appropriate circuitry for driving the
display 754 to present graphical and other information to a
user. The control interface 758 may receive commands from
a user and convert them for submission to the processor 752.
In addition, an external interface 762 may provide commu-
nication with the processor 752, so as to enable near area
communication of the mobile computing device 750 with
other devices. The external interface 762 may provide, for
example, for wired communication in some implementa-
tions, or for wireless communication in other implementa-
tions, and multiple interfaces may also be used.

The memory 764 stores information within the mobile
computing device 750. The memory 764 can be imple-
mented as one or more of a computer-readable medium or
media, a volatile memory unit or units, or a non-volatile
memory unit or units. An expansion memory 774 may also
be provided and connected to the mobile computing device
750 through an expansion interface 772, which may include,
for example, a SIMM (Single In Line Memory Module) card
interface. The expansion memory 774 may provide extra
storage space for the mobile computing device 750, or may
also store applications or other information for the mobile
computing device 750. Specifically, the expansion memory
774 may include instructions to carry out or supplement the
processes described above, and may include secure infor-
mation also. Thus, for example, the expansion memory 774
may be provide as a security module for the mobile com-
puting device 750, and may be programmed with instruc-
tions that permit secure use of the mobile computing device
750. In addition, secure applications may be provided via the
SIMM cards, along with additional information, such as
placing identifying information on the SIMM card in a
non-hackable manner.

The memory may include, for example, flash memory
and/or NVRAM memory (non-volatile random access
memory), as discussed below. In some implementations,
instructions are stored in an information carrier. that the
instructions, when executed by one or more processing
devices (for example, processor 752), perform one or more
methods, such as those described above. The instructions
can also be stored by one or more storage devices, such as
one or more computer- or machine-readable mediums (for
example, the memory 764, the expansion memory 774, or
memory on the processor 752). In some implementations,
the instructions can be received in a propagated signal, for
example, over the transceiver 768 or the external interface
762.

The mobile computing device 750 may communicate
wirelessly through the communication interface 766, which
may include digital signal processing circuitry where nec-
essary. The communication interface 766 may provide for
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communications under various modes or protocols, such as
GSM voice calls (Global System for Mobile communica-
tions), SMS (Short Message Service), EMS (Enhanced
Messaging Service), or MMS messaging (Multimedia Mes-
saging Service), CDMA (code division multiple access),
TDMA (time division multiple access), PDC (Personal
Digital Cellular), WCDMA (Wideband Code Division Mul-
tiple Access), CDMA2000, or GPRS (General Packet Radio
Service), among others. Such communication may occur, for
example, through the transceiver 768 using a radio-fre-
quency. In addition, short-range communication may occur,
such as using a Bluetooth®, Wi-Fi™, or other such trans-
ceiver (not shown). In addition, a GPS (Global Positioning
System) receiver module 770 may provide additional navi-
gation- and location-related wireless data to the mobile
computing device 750, which may be used as appropriate by
applications running on the mobile computing device 750.

The mobile computing device 750 may also communicate
audibly using an audio codec 760, which may receive
spoken information from a user and convert it to usable
digital information. The audio codec 760 may likewise
generate audible sound for a user, such as through a speaker,
e.g., in a handset of the mobile computing device 750. Such
sound may include sound from voice telephone calls, may
include recorded sound (e.g., voice messages, music files,
etc.) and may also include sound generated by applications
operating on the mobile computing device 750.

The mobile computing device 750 may be implemented in
a number of different forms, as shown in the figure. For
example, it may be implemented as a cellular telephone 780.
It may also be implemented as part of a smart-phone 782,
personal digital assistant, or other similar mobile device.

Various implementations of the systems and techniques
described here can be realized in digital electronic circuitry,
integrated circuitry, specially designed ASICs (application
specific integrated circuits), computer hardware, firmware,
software, and/or combinations thereof. These various imple-
mentations can include implementation in one or more
computer programs that are executable and/or interpretable
on a programmable system including at least one program-
mable processor, which may be special or general purpose,
coupled to receive data and instructions from, and to trans-
mit data and instructions to, a storage system, at least one
input device, and at least one output device.

These computer programs (also known as programs,
software, software applications or code) include machine
instructions for a programmable processor, and can be
implemented in a high-level procedural and/or object-ori-
ented programming language, and/or in assembly/machine
language. As used herein, the terms machine-readable
medium and computer-readable medium refer to any com-
puter program product, apparatus and/or device (e.g., mag-
netic discs, optical disks, memory, Programmable Logic
Devices (PLDs)) used to provide machine instructions and/
or data to a programmable processor, including a machine-
readable medium that receives machine instructions as a
machine-readable signal. The term machine-readable signal
refers to any signal used to provide machine instructions
and/or data to a programmable processor.

To provide for interaction with a user, the systems and
techniques described here can be implemented on a com-
puter having a display device (e.g., a CRT (cathode ray tube)
or LCD (liquid crystal display) monitor) for displaying
information to the user and a keyboard and a pointing device
(e.g., a mouse or a trackball) by which the user can provide
input to the computer. Other kinds of devices can be used to
provide for interaction with a user as well; for example,
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feedback provided to the user can be any form of sensory
feedback (e.g., visual feedback, auditory feedback, or tactile
feedback); and input from the user can be received in any
form, including acoustic, speech, or tactile input.

The systems and techniques described here can be imple-
mented in a computing system that includes a back end
component (e.g., as a data server), or that includes a middle-
ware component (e.g., an application server), or that
includes a front end component (e.g., a client computer
having a graphical user interface or a Web browser through
which a user can interact with an implementation of the
systems and techniques described here), or any combination
of'such back end, middleware, or front end components. The
components of the system can be interconnected by any
form or medium of digital data communication (e.g., a
communication network). Examples of communication net-
works include a local area network (LAN), a wide area
network (WAN), and the Internet.

The computing system can include clients and servers. A
client and server are generally remote from each other and
typically interact through a communication network. The
relationship of client and server arises by virtue of computer
programs running on the respective computers and having a
client-server relationship to each other.

It should also be noted that embodiments of the present
disclosure may be provided as one or more computer-
readable programs embodied on or in one or more articles of
manufacture. The article of manufacture may be any suitable
hardware apparatus, such as, for example, a floppy disk, a
hard disk, a CD ROM, a CD-RW, a CD-R, a DVD ROM, a
DVD-RW, a DVD-R, a flash memory card, a PROM, a
RAM, a ROM, or a magnetic tape. In general, the computer-
readable programs may be implemented in any program-
ming language. Some examples of languages that may be
used include C, C++, or Java. The software programs may
be further translated into machine language or virtual
machine instructions and stored in a program file in that
form. The program file may then be stored on or in one or
more of the articles of manufacture.

Certain embodiments of the present invention were
described above. It is, however, expressly noted that the
present invention is not limited to those embodiments, but
rather the intention is that additions and modifications to
what was expressly described herein are also included
within the scope of the invention. Moreover, it is to be
understood that the features of the various embodiments
described herein were not mutually exclusive and can exist
in various combinations and permutations, even if such
combinations or permutations were not made express herein,
without departing from the spirit and scope of the invention.
In fact, variations, modifications, and other implementations
of what was described herein will occur to those of ordinary
skill in the art without departing from the spirit and the scope
of the invention. As such, the invention is not to be defined
only by the preceding illustrative description.

In view of the structure, functions and apparatus of the
systems and methods described here, in some implementa-
tions, systems and methods for creating graphical represen-
tations of chemical structures using a draw-ahead utility are
provided. Having described certain implementations of
methods and apparatus for creating graphical representa-
tions of chemical structures using a draw-ahead utility, it
will now become apparent to one of skill in the art that other
implementations incorporating the concepts of the disclo-
sure may be used. Therefore, the disclosure should not be
limited to certain implementations, but rather should be
limited only by the spirit and scope of the following claims.
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The invention claimed is:

1. An apparatus for creating a graphical representation of
a chemical structure using a draw-ahead feature, the appa-
ratus comprising:

a memory for storing a set of instructions; and

a processor for executing the set of instructions, wherein

the instructions, when executed, cause the processor to:
provide a representation of at least a portion of an
in-progress chemical structure for presentation on a
graphical display;
receive an input corresponding to an amendment to the
portion of the in-progress chemical structure;
identify a review portion of the amended in-progress
chemical structure for comparison with a collection
of stored molecular scaffolds;
identify, by comparing the review portion to the col-
lection of stored molecular scaffolds, one or more
candidate molecular scaffolds, wherein each molecu-
lar scaffold of the one or more identified candidate
molecular scaffolds is determined to, upon one or
both of (i) appending to the review portion of the
in-progress chemical structure and (ii) replacing or
partially replacing the review portion of the in-
progress chemical structure, provide at least a por-
tion of a molecular scaffold from the collection of
molecular scaffolds, wherein identifying the one or
more candidate molecular scaffolds comprises:
identifying one or more matching molecular scaf-
folds from the collection of molecular scaffolds by
determining the review portion to be a sub-struc-
ture of each matching molecular scaffold; and
for each matching molecular scaffold, identifying
one or more respective candidate molecular scaf-
folds, wherein each of the one or more respective
candidate molecular scaffolds is a sub-structure of
the matching molecular scaffold distinct from the
review portion;
provide the one or more identified candidate molecular
scaffolds for presentation on the graphical display as
option(s) for selection by a user in creating the
graphical representation of the chemical structure,
wherein providing the one or more candidate
molecular scaffolds for presentation on the graphi-
cal display comprises visually rendering at least
one of the candidate molecular scaffolds as an
extension of the in-progress chemical structure;
receive an indication of user selection of a selected
molecular scaffold of the one or more identified
candidate molecular scaffolds provided; and
append the selected molecular scaffold to the review
portion of the in-progress chemical structure or
replace or partially replace the review portion of the
in-progress chemical structure with the selected
molecular scaffold, thereby updating the representa-
tion of the in-progress chemical structure.

2. The apparatus of claim 1, wherein the instructions,
when executed, further cause the processor to, prior to
providing the one or more candidate molecular scaffolds for
presentation, determine that a total number of the one or
more candidate molecular scaffolds does not exceed a
threshold number of molecular scaffolds.

3. The apparatus of claim 1, wherein the input corre-
sponding to the amendment to the portion of the in-progress
chemical structure comprises at least one of addition of an
atom, ring, chain, bond, and/or substituent to a structure
having at least a minimum specified size.
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4. The apparatus of claim 1 wherein the one or more
candidate molecular scaffolds comprise one or more com-
monly used molecular scaffolds.

5. The apparatus of claim 4, wherein the commonly used
molecular scaffolds are scaffolds input and/or selected by a
user or group of users at least a threshold number of times.

6. The apparatus of claim 1, wherein the one or more
identified candidate molecular scaffolds comprise one or
more molecular scaffolds selected from an active database of
candidate scaffolds.

7. The apparatus of claim 1, wherein the instructions,
when executed, cause the processor to arrange the one or
more identified candidate molecular scaffolds in a ranked
order prior to providing the one or more candidate molecular
scaffolds for presentation on the graphical display.

8. The apparatus of claim 7, wherein arranging the one or
more candidate molecular scaffolds in the ranked order
comprises identifying a usage count associated with each
molecular scaffold of the one or more candidate molecular
scaffolds.

9. The apparatus of claim 7, wherein arranging the one or
more candidate molecular scaffolds in the ranked order
comprises matching a user identifier associated with at least
one molecular scaffold of the one or more candidate molecu-
lar scaffolds to a user identifier associated with the review
portion of the chemical structure.

10. The apparatus of claim 1, wherein receiving the input
comprises receiving the input, over a network, from a
computing device.

11. The apparatus of claim 1, wherein the one or more
molecular scaffolds are stored in the memory.

12. The apparatus of claim 1, wherein the one or more
molecular scaffolds are stored in a database.

13. The apparatus of claim 1, wherein the instructions,
when executed, cause the processor to:

provide the one or more identified candidate molecular

scaffolds for presentation on the graphical display as

option(s) for selection by a user in creating the graphi-

cal representation of the chemical structure,

wherein providing the one or more candidate molecular
scaffolds for presentation on the graphical display
comprises visually rendering at least one of the
candidate molecular scaffolds as an extension of the
in-progress chemical structure; and visually render-
ing said candidate molecular scaffold in a manner
that differentiates the identified candidate molecular
scaffold from the in-progress chemical structure.

14. The apparatus of claim 13, wherein the instructions,
when executed, cause the processor to visually render the
identified candidate molecular scaffold as a semi-opaque
extension of the in-progress chemical structure.

15. The apparatus of claim 13, wherein the instructions,
when executed, cause the processor to visually render the
identified candidate molecular scaffold in a different draw-
ing style than the in-progress chemical structure.

16. The apparatus of claim 13, wherein the instructions,
when executed, cause the processor to visually render the
identified candidate molecular scaffold in one or more ways
selected from the group consisting of

(1) using dashed lines,

(i) using a different color than the in-progress chemical

structure,

(iii) using a spatial separation from the in-progress chemi-

cal structure,

(iv) highlighting the identified candidate molecular scat-

fold in a different color than the in-progress chemical
structure,
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(v) outlining the identified candidate molecular scaffold in
a different color than the in-progress chemical struc-
ture, and

(vi) filling in the identified candidate molecular scaffold in

a different color than the in-progress chemical struc-
ture.
17. The apparatus of claim 13, wherein the instructions,
when executed cause the processor to visually render the
identified candidate molecular scaffold as partially removed
from the in-progress chemical structure.
18. The apparatus of claim 1, wherein the instructions,
when executed cause the processor to:
prior to visually rendering at least one of the candidate
molecular scaffolds as an extension of the in-progress
chemical structure, provide a preview pane; and

visually render at least one of the candidate molecular
scaffolds as an extension of the in-progress chemical
structure within the preview pane.

19. The apparatus of claim 1, wherein the instructions,
when executed, cause the processor to render a graphical
control allowing toggling between different candidate
molecular scaffolds of the one or more identified candidate
molecular scaffolds.

20. The apparatus of claim 19, wherein the instructions,
when executed, cause the processor to:

receive an activation of the graphical control; and

responsive to the received activation of the graphical

control, replace a current visual rendering of the at least
one candidate molecular scaffold with a visual render-
ing of a second identified candidate molecular scaffold.

21. The apparatus of claim 19, wherein the instructions,
when executed, cause the processor to, responsive to the
received activation of the graphical control cause presenta-
tion of a preview window for presentation of at least one of
the candidate molecular scaffolds.

22. The apparatus of claim 19, wherein the graphical
control comprises a bi-directional toggle control.

23. The apparatus of claim 1, wherein the collection of
molecular scaffolds includes one or more chemical struc-
tures that have been previously rendered and/or one or more
chemical structure fragments that have been previously
rendered.

24. The apparatus of claim 1, wherein the collection of
molecular scaffolds includes one or more chemical struc-
tures from a database of graphical representations of known
chemical structures.

25. A non-transitory computer readable medium having
instructions stored thereon that, when executed, cause a
processor to:

provide a representation of at least a portion of an

in-progress chemical structure for presentation on a
graphical display;

receive an input corresponding to an amendment to the

portion of the in-progress chemical structure;

identify a review portion of the amended in-progress

chemical structure for comparison with a collection of
stored molecular scaffolds;

identify, by comparing the review portion to the collection

of stored molecular scaffolds, one or more candidate
molecular scaffolds, wherein each molecular scaffold
of the one or more identified candidate molecular
scaffolds is determined to, upon one or both of (i)
appending to the review portion of the in-progress
chemical structure and (ii) replacing or partially replac-
ing the review portion of the in-progress chemical
structure, provide at least a portion of a molecular
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scaffold from the collection of molecular scaffolds,

wherein identifying the one or more candidate molecu-

lar scaffolds comprises:

identifying one or more matching molecular scaffolds
from the collection of molecular scaffolds by deter-
mining the review portion to be a sub-structure of
each matching molecular scaffold; and

for each matching molecular scaffold, identifying one
or more respective candidate molecular scaffolds,
wherein each of the one or more respective candidate
molecular scaffolds is a sub-structure of the match-
ing molecular scaffold distinct from the review por-
tion;

provide the one or more identified candidate molecular

scaffolds for presentation on the graphical display as

option(s) for selection by a user in creating the graphi-

cal representation of the chemical structure,

wherein providing the one or more candidate molecular
scaffolds for presentation on the graphical display
comprises visually rendering at least one of the
candidate molecular scaffolds as an extension of the
in-progress chemical structure;

receive an indication of user selection of a selected

molecular scaffold of the one or more identified can-
didate molecular scaffolds provided; and

append the selected molecular scaffold to the review

portion of the in-progress chemical structure or replace
or partially replace the review amended portion of the
in-progress chemical structure with the selected
molecular scaffold, thereby updating the representation
of the in-progress chemical structure.

26. The non-transitory computer readable medium of
claim 25, wherein the review portion of the in-progress
chemical structure is all of the in-progress chemical struc-
ture.

27. A method of creating a graphical representation of a
chemical structure using a draw-ahead feature, the method
comprising:

providing a representation of at least a portion of an

in-progress chemical structure for presentation on a
graphical display;

receiving an input corresponding to an amendment to the

portion of the in-progress chemical structure;

identifying, by a processor of a computing device, a

review portion of the amended in-progress chemical
structure for comparison with a collection of stored
molecular scaffolds;

identifying, by a processor of a computing device, by

comparing the review portion to the collection of stored
molecular scaffolds, one or more candidate molecular
scaffolds, wherein each molecular scaffold of the one or
more identified candidate molecular scaffolds is deter-
mined to, upon one or both of (i) appending to the
review portion of the in-progress chemical structure
and (ii) replacing or partially replacing the review
portion of the in-progress chemical structure, provide at
least a portion of a molecular scaffold from the collec-
tion of molecular scaffolds, wherein identifying the one
or more candidate molecular scaffolds comprises:
identifying one or more matching molecular scaffolds
from the collection of molecular scaffolds by deter-
mining the review portion to be a sub-structure of
each matching molecular scaffold; and
for each matching molecular scaffold, identifying one
or more respective candidate molecular scaffolds,
wherein each of the one or more respective candidate
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molecular scaffolds is a sub-structure of the match-
ing molecular scaffold distinct from the review por-
tion;

providing the one or more identified candidate molecular

scaffolds for presentation on the graphical display as

option(s) for selection by a user in creating the graphi-

cal representation of the chemical structure,

wherein providing the one or more candidate molecular
scaffolds for presentation on the graphical display
comprises visually rendering at least one of the
candidate molecular scaffolds as an extension of the
in-progress chemical structure;

receiving an indication of user selection of a selected

molecular scaffold of the one or more identified can-
didate molecular scaffolds provided; and

appending the selected molecular scaffold to the review

portion of the in-progress chemical structure or replace
or partially replacing the review portion of the in-
progress chemical structure with the selected molecular
scaffold, thereby updating the representation of the
in-progress chemical structure.

28. The method of claim 27, wherein the user computing
device is the computing device.

29. The method of claim 27, wherein the amendment
comprises addition of at least one of an atom, hydrocarbon
ring, hydrocarbon chain, bond, and/or substituent.

30. The method of claim 27, wherein the amendment
comprises removal of at least one of an atom, hydrocarbon
ring, hydrocarbon chain, bond, and/or substituent.

31. An apparatus for creating a graphical representation of
a chemical structure using a draw-ahead feature, the appa-
ratus comprising:

a memory for storing a set of instructions; and

a processor for executing the set of instructions, wherein

the instructions, when executed, cause the processor to:

provide a representation of at least a portion of an
in-progress chemical structure for presentation on a
graphical display;

receive an input corresponding to an amendment to the
portion of the in-progress chemical structure;

determine a point of amendment to the portion of the
in-progress chemical structure;

identify a set of common chemical structure fragments
corresponding to frequently occurring sub-structures
of the molecular scaffolds in the collection of
molecular scaffolds;

identify represented chemical structure fragments cor-
responding to chemical structure fragments from the
set of common chemical structure fragments that are
represented in the in-progress chemical structure;

identify a review portion of the amended in-progress
chemical structure for comparison with a collection
of stored molecular scaffolds, wherein the review
portion comprises at least a portion of the repre-
sented chemical structure fragments based at least in
part on their proximity to the point of amendment;

identify, by comparing the review portion to the col-
lection of stored molecular scaffolds, one or more
candidate molecular scaffolds, wherein each molecu-
lar scaffold of the one or more identified candidate
molecular scaffolds is determined to, upon one or
both of (i) appending to the review portion of the
in-progress chemical structure and (ii) replacing or
partially replacing the review portion of the in-
progress chemical structure, provide at least a por-
tion of a molecular scaffold from the collection of
molecular scaffolds;
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provide the one or more identified candidate molecular
scaffolds for presentation on the graphical display as
option(s) for selection by a user in creating the
graphical representation of the chemical structure,
wherein providing the one or more candidate
molecular scaffolds for presentation on the graphi-
cal display comprises visually rendering at least
one of the candidate molecular scaffolds as an
extension of the in-progress chemical structure;
receive an indication of user selection of a selected
molecular scaffold of the one or more identified
candidate molecular scaffolds provided; and
append the selected molecular scaffold to the review
portion of the in-progress chemical structure or
replace or partially replace the review portion of the
in-progress chemical structure with the selected
molecular scaffold, thereby updating the representa-
tion of the in-progress chemical structure.

32. The apparatus of claim 31, wherein the review portion
comprises a predetermined threshold number of chemical
structure fragments.

33. An apparatus for creating a graphical representation of
a chemical structure using a draw-ahead feature, the appa-
ratus comprising:

a memory for storing a set of instructions; and

a processor for executing the set of instructions, wherein

the instructions, when executed, cause the processor to:
provide a representation of at least a portion of an
in-progress chemical structure for presentation on a
graphical display;
receive an input corresponding to an amendment to the
portion of the in-progress chemical structure;
identify a review portion of the amended in-progress
chemical structure for comparison with a collection
of stored molecular scaffolds;
identify, by comparing the review portion to the col-
lection of stored molecular scaffolds, one or more
candidate molecular scaffolds, wherein each molecu-
lar scaffold of the one or more identified candidate
molecular scaffolds is determined to, upon one or
both of (i) appending to the review portion of the
in-progress chemical structure and (ii) replacing or
partially replacing the review portion of the in-
progress chemical structure, provide at least a por-
tion of a molecular scaffold from the collection of
molecular scaffolds, wherein identifying the one or
more candidate molecular scaffolds comprises, itera-
tively:
creating a modified review portion wherein the
modified review portion is the review portion with
one or more additional elements added and/or
removed;
identifying one or more partially matching molecular
scaffolds from the collection of molecular scaf-
folds by determining that the modified review
portion is be a sub-structure of the partially match-
ing molecular scaffold; and
for each partially matching molecular scaffold, iden-
tifying one or more respective candidate molecu-
lar scaffolds, wherein each of the one or more
respective candidate molecular scaffolds is a sub-
structure of the partially matching molecular scaf-
fold distinct from the modified review portion;
provide the one or more identified candidate molecular
scaffolds for presentation on the graphical display as
option(s) for selection by a user in creating the
graphical representation of the chemical structure,



US 9,535,583 B2

27

wherein providing the one or more candidate
molecular scaffolds for presentation on the graphi-
cal display comprises visually rendering at least
one of the candidate molecular scaffolds as an
extension of the in-progress chemical structure;
receive an indication of user selection of a selected
molecular scaffold of the one or more identified
candidate molecular scaffolds provided; and
append the selected molecular scaffold to the review
portion of the in-progress chemical structure or
replace or partially replace the review portion of the
in-progress chemical structure with the selected
molecular scaffold, thereby updating the representa-
tion of the in-progress chemical structure.
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