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QSAR TOOLBOX

Background

®* This is a step-by-step presentation designed to take the
Toolbox user through the SMARTS Editor functionalities for
substructure search;

* The SMARTS substructure search is useful when the user does
not have a specific chemical in mind but rather wants to find
a group of chemicals containing the same structural
characteristics.
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QSAR TOOLBOX

Aims

* To introduce to the Toolbox user the SMARTS Editor;,

* To familiarize the user with the new query fragments for
substructure search.
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QSAR TOOLBOX

Overview of SMARTS language
SMARTS vs. SMILES

« SMARTS (SMiles ARbitrary Target Specification) - A language
for describing molecular patterns used for fragment matching;

« SMARTS allows you to specify substructures using rules that are
straightforward extensions of SMILES™

*http://www.daylight.com/dayhtml/doc/theory/theory.smarts.html
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http://www.daylight.com/dayhtml/doc/theory/theory.smarts.html

QSAR TOOLBOX

Overview of SMARTS language
SMARTS vs. SMILES

Any valid SMILES is valid SMARTS.

Input : clcccecl

Smiles Interpreter: Smart Interpreter:

define hydrogens just processing
define valence
additional processing

4 C
CH PR
V4H(|3©(|3H . C| - (|3
v4 HC /CHv4 C I\\\ ,’, IC
“CH. ~c”
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QSAR TOOLBOX

SMARTS Editor
Overview

« The new editor is developed to be compatible with the
SMARTS language;

« Editor fragments of the previous Toolbox versions are
updated and extended to facilitate the users in writing
SMARTS;

« The SMARTS Editor can be used for substructure search as
well as for creating of custom profiles.
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QSAR TOOLBOX

SMARTS Editor window

The SMARTS Editor window includes:

« Action toolbar (1)
- Fragments toolbar (2)

« Auxiliary toolbar (3)

« Additional features
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QSAR TOOLBOX

SMARTS Editor window
Action toolbar

The Action toolbar includes:

+ Selection tool (1) - allows to define atom characteristics, to mark or rotate a
structure, to start new activity, etc;

+ Pencil button (2) - allows drawing of hydrocarbon structures (scaffolds);

« Eraser button (3) - removes selected bonds or other parts of a drawn structure;

+ Magnifying glass button (4) - allows to zoom in (zoom out) with the mouse scroller;
+ Blank page (5) - clears all in the drawing pane;

« Arrows buttons (6) - allow to undo any action or redo right after undo.
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QSAR TOOLBOX

SMARTS Editor window
Fragments toolbar

The Fragments toolbar includes:

« "[1" button (enumeration) (1): allows enumeration of atoms

which could be bonded to a given atom in the molecule; E'F\Tm

- "$" button (recursive SMARTS expression) (2): allows to describe

the surrounding of an atom. For example it could be used to 3 s

describe N -atom, which is not part of nitro group; _|_
«  "Rpt" button (repeat fragment) (3): allows to specify how many 5 —

times an atom or a fragment could be repeated in the molecule; |

«  "Rpc" button (replace fragment) (4): gives an option to replace
a given atom in the molecule with different chemical elements;

« "Exh" buttons (exhaust fragment) (5): allows only those atoms
or fragments listed in the exhaust fragment to be bonded to a
given atom.

>

2K | | Cancel

The OECD QSAR Toolbox for Grouping Chemicals into Categories April, 2020 13



QSAR TOOLBOX

SMARTS Editor window
Auxiliary toolbar

=) SMarTS Ean The Auxiliary toolbar includes:

1. Some of the frequently used hydrocarbon structures, which can
be used as scaffolds;

2. Periodic table - allows to select any chemical element.
The new developed periodic table is more colorful and
informative. It also allows the user to see the physical state of the
elements at different temperature.

Select element
1 2 3 4 5 6
T

1
6

“Ba

Barm
7 o

59.103 Uun

0 L D S N -
0 e N e W -

3. Some of the frequently used atoms.
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QSAR TOOLBOX

SMARTS Editor window
Additional features

Some additional features are:

° Buttons

1. Templates button - opens fragment browser, which contains list of
templates of cyclic structures and list of fragments. The user can also add
their structures and to make own fragment library;

2. Wrench button - corrects all angles in the structure;

3. Buttons allowing to delete or insert SMARTS;

4. Red bar - includes some different additional secondary options;
5

Buttons allowing to execute or cancel the search;

* Object explorer

See on the next two slides.
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QSAR TOOLBOX

SMARTS Editor window
Additional features

« Buttons

21 SMARTS Editor — O >

=]

EEEERBEEREDO00
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QSAR TOOLBOX

SMARTS Editor window
Additional features

« Object explorer

(2] SMARTS Editor - o X
@
[smerts [ ctectcectic.ele [x]-]
1. The Object explorer shows what NFBEEN @ —-=-=---- -
information stays behind an atom or a 0 ' —Em
fragment by click on the corresponding 0 '
object in the drawing pane; 0
I Rpc
. E . E\Emenf: o ’Ci"u I
2. In the Object explorer the user can ) e
) - i Explicit connections (D) undefined v
specify details for the selected object. N 1 et [y |
Implicit hydrogens (h} W O I
n Ring membership () ’W 0 I
Ring size () undefined »0
Valence {v) undefined ¥|a I
Total conne; ctions (X) undefined v .I:I I
Ring atom cannections (%) | jndatined ~0
n Charge (+/-) unspecified » 0 I
Atomic number (£] ’7 I
Chirality (@) undefined + 0O
E Atomic mass: ’7 ’
n ( ) V \ Radical: ’W"_ /
-
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QSAR TOOLBOX

The exercise

®* In this exercise we will demonstrate how to construct different
queries for structure searching;

* We will use each of the new fragments for the current purposes;

* Aguatic OASIS database will be used.
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QSAR TOOLBOX

Workflow process
Overview

Step 1: Select database(s)/inventory(ies) Step 2: Click on Substructure (SMARTS)
th - =

[ S
QSAR TOOLBOX @ I'I'l
» Input P Profiling P Category definition P Data Gap Filling » Report

¥ Input P Profiling ata | Category definition

Data Import Export Delete

w S0 O & &

Gather Import  IUCLID6 IUCLID6 Database Inventory

Single Chemical ‘Chemical List

mm e § 6. - EEE- H ¢

CAS#¥ Name  Structure Composition Select Delete ChemlDs Database Inventory List Substructure (SMARTS) Que

° Documents.

& Document 1
B [C: 14;Md: G;P: 0] Chemical name: containin
& Document 2

Step 3: Specify criteria for searching structures

SMARTS Editor - o x
®
[smarts + | cecteectiicigelFl [x]-]
OEDR 058 B8

° Databases
Options 4 1 Selected
f Select All Unselect All Invert
W Phys-chem EPISUITE
RFACH Binaccumulation database (nof

Z(E -
T|A

We will use Aquatic OASIS database for all examples. Searching o ]
criteria will be different only.

H Acute Oral

- IC D

ERRDEREO000
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QSAR TOOLBOX

Workflow process
Structures search

Example 1: Searching for Aryl halides

| SMARTS Editor - O X

R.@ X =F,Cl Br| 5

R = aryl

f

.C]
OB BN

g

1. Click on the benzene template and then
click in the drawing pane;

2. Click on the pencil button and then
draw a bond;

3. Click on the “[ 17 (enumeration) button
and then click over the new carbon
atom.

Iy

EEREEREOO0

OK | | Cancel
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QSAR TOOLBOX

Workflow process
Structures search

Example 1: Searching for Aryl halides

R X=F,ClBr | ® _
-@ R = aryl Smarfy 1 el [x]-]
(2] f o= = F =]
n Rectangle - i
L] |
(= il
1. Click on the selection tool and then ® i
1
click on the new object; [ ] |
2. Object explorer appears; |
3. Right click over the “OR” expression N | |
node and select Add child. Repeat this B i
step again. :
F I
L] |
| © O
N | 5
-QQHQQQQEQEQQQHQE
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QSAR TOOLBOX

Workflow process
Structures search

Example 1: Searching for Aryl halides [= === 1=
YoF ol Bl BEOE OBA B8
FHE:J' - Ul b m% : ?
R = aryl E s 5
. ot E
g @ . O
H ,-"'-f.h""‘* m
©
1. Click on the first element which ] S :'@':‘G e 06
corresponds to the first “child” query. The E e L, —
panel with the atom characteristics | ] e lelel (=
P opears {| |DmoROosEs -
2. Select Cl from the Element drop-down -
menu; =
3. The part of the SMARTS fragment o]
corresponding to the first element have H RN ol
colored. el S =
4. Click on the next elements selecting Br, I, B s 0
F successively. e e
Tt?hl nnnnn ctions (X} .»"\.ny»\m.r 3 2
=] —
n Radical: undefined
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QSAR TOOLBOX

Workflow process
Structures search

Example 1: Searching for Aryl halides

R€X)  X=F,CLBrl ®

R = ﬂr‘_.fl [ smarts + | eteetecctiiclBrLF] [x]-]

4 OR
Element: CI
Element: Br 1
Element: |
Element F

Element: ’Fiv ]
Aromatic or aliphatic: ’m

Explicit connections () ’m [m}
Totalhydrogens ) [indetrea  © |0
Implicit hydrogens (h) ’W [m]
Ring membership (R) ’W [m]

Ring size 1) undefined +0
Valence () undefined ~.a

Total connections () ,m ]
Ring atem connectiens (%) ,W O
Charge (+/-) m [m]
Atomic number (%) ]

Chirality (@) undefined » 0
Atomic mass: E—

v Radical;
< >

OBE B8

When all elements are selected (1) click on
OK (2) to execute the search.

=)
BEEEE

FEEEFEEE =N e
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QSAR TOOLBOX

Workflow process
Structures search

Example 1: Searching for Aryl halides

415 chemicals are found in the selected database. Click on Select all button (1) and then OK (2) to load all
of them on the data matrix. You can see that all of the chemicals fulfill the criteria.

(2] Select chemicals - O X

01010
0o
QSAR TOOLBOX @ 10100 %
¥ Input

lected 415 of 415 |

Il
selectAll | Unselect Al | [ Invert Selection,

¥ Profiling » Data ¥ Category definition ¥ Data Gap Filing P Report

cAS 2008-58-4

SMILES  NC(-O)clo(Cliccec]Cl
CSRelation  High

Substance  Mono constituent

Document Single Chemical Chemical List Search Target Endpoint

B & X a3 m > § 6. ) E | ¢

New  Open  Close e S Name  Structure Composition ~ Select a s sase or s Substructure (SMARTS)  Query Define

Documents Filter endpoint tree...

Composition. o
Name 2,6-Dichlorobenzamide Benzamide, ’|

NICNAS
NgoTn

Structure j, ™ ) Pl C

[ structure info.

5] Parameters.

[ Physical Chemical Properties

[3] Environmental Fate and Transport

[ Ecotoxicological Information
[ Human Health Hazards

Sources

<

CAS 586-76-5 'J_

SMILES  OC(=O)cleec(Bricel
CSRelation High

(%) Depiction - o x

CAS #2008-58-4
2,6-Dichlorobenzamide
Benzamide, 26-dichlora-

Substance  Mono constituent
Composition
Name “p-bromobenzoic acid:4-bromo-benz|

Sources =
NICNAS
“apada NG -
:
SN

CAS 324743
SMILES  Felece(cel)-cleccec]
CSRelation High INH Cl

Substance ~ Mono constituent

Composition

Name 4-Fluorobiphenyl

Sources
DSSTOX

ECHAPR
FINFCS v
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QSAR TOOLBOX

Workflow process
Structures search

Example 2: Searching for Five-membered heteroaromatic compounds

®

TN
@%O 9‘) R=C(1to4),S,N,O =1 SMARTS Editor - o >
®O—®

@ [

Element: any atom

Smarts ~ | cicecect

'U 4
1. Use the pentane template; .
2. Click on one of the carbons; scomstic orsgnatc
3. Specify the atom to be ot erectons 0
AnyAtom and Aromatic from mH :
the drop-down menus; l
4. Click on a bond;
5. Change the bond to Aromatic.

Repeat these steps for each of the
atoms and bonds in the structure.

Change bond

Bond: Aromatic

IHEEEEEEEEOOD0 B
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QSAR TOOLBOX

Workflow process
Structures search

®

TN
®ROP R=Cc(1to4),5,N,0
®—®

Example 2: Searching for Five-membered heteroaromatic compounds

N

Click on the Rpc (replace)
fragment and paste it in the
drawing pane;

Click on the selection tool;

Click on the red R (Rpc)
fragment;

Click on Add button three times
to include three elements. The
elements are aliphatic carbons
by default.

Click on Edit button.

The OECD QSAR Toolbox for Grouping Chemicals into Categories

! SMARTS Editor

®

| Smarts ~ | [a]1[a][al[a]la]1.S[C}{~1}

1IDEEEEEREOODO

088 BN

A\

ltem repeat

® no restriction

) restriction . 5

|
| Add

40
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QSAR TOOLBOX

Workflow process
Structures search

Example 2: Searching for Five-membered heteroaromatic compounds

®/ ®\ ® (=) SMARTS editor X
{(OP R=C(1to4),S,N,0 5
®—® [smarts ~ | Il x] -]

1. Select N symbol and put it over the

C atom;
2. Click on selection tool;
3. Define the nitrogen atom to be

The OECD QSAR Toolbox for Grouping Chemicals into Categories

April, 2020

Ring atom connections {x)

Charge (+/-}

Atomic number (#)
Chirality (@)

aromatic; et fhmmmmmld
4. Click OK to confirm Aromatcoraionaic ¥ aromating ]!

Explicit connections (D) Tn:ﬂ"l-m?d
Total hydrogens (H) [undefined | 3
mpict hydrogers ) [undefined |
Ring membership (R} W O
Ring size (1} ’W a
alence (V) ’W O
Total connections (] W a

undefined ~ 1O
uns "

nspecified a

29



QSAR TOOLBOX

Workflow process
Structures search

Example 2: Searching for Five-membered heteroaromatic compounds

@%O 9‘) R=C (1 to 4), S, N, 0 (=] SMARTS Editor _ o x
O—® [Smarts ~ | laltlallaalial SIC.C.00I-1) x[-]
OBEE BN

Rectangle ~ ILYERIE:
[ ] 2 Replace fragment
Replace fragment 1.10]
! 2.0
3.[n]

Change the rest aliphatic carbons
to aromatic sulphur and oxygen in
the same way;

[tem repeat ltem repeat
@) no restriction ®) na restriction

) restriction ) restriction

1EEEEEREEOOSN
Fan ’
\ )ﬁ\
4
( \
-’\,«\/ -
\_~
I—‘w =
i ;]
wl g
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QSAR TOOLBOX

Workflow process
Structures search

Example 2: Searching for Five-membered heteroaromatic compounds

®

TN
@%O 9‘) R=C (1 to 4), S, N, @) (=] SMARTS Editor - o x
®—® ©

| smarts ~ | rallelallallalt S

1. Click on Link button to show the
atoms, which will be replaced,;

2. Click over one of the atoms;

3. Press OK to confirm the criteria,
In this way we say that we want
the found structures to have at
least one heteroaromatic atom;

4. Execute the search by the main
OK button

—
BEE0E

1IEEEEEEEECOODO
’
\
Y
L i)
HEEEE=SE008
N
=0
W
- =~
L]
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QSAR TOOLBOX

Workflow process
Structures search

Example 2: Searching for Five-membered heteroaromatic compounds

60 chemicals are found in the selected database. Click on Select All button (1) then OK (2) to load all of
them on the data matrix. You can see that all of the chemicals fulfill the criteria.

(5] Select chemicals - 0 x
______ HenR . S

=)

(@
¢ )

[ selectAll || UnselectAll | [ Invert Selection"| Selected 600f60 | =)
7 T
" |
CAS 19335-11-6
1 SMILES  Nelocc2[nH]necZel : = ; Fe] S
CS Relation High - Ds Databa b A a D
Substanc Mono constifuent NH " . Filter endpaint tree.. Y 2 3 4 5 6 I 8
« = /@QN .
d: O:P: 0] Chemical na 2
Name 1H-indazol-5-amine:5-Aminoindazol [ ) @ @L . C[ C]:> C]: e CK
: or o | | g o— o 0o 0o Qo -0 Qo

SMILES Brclnc(Bryc(Br)[nH]1
CS Relation  High
Substance  Mono constituent

(3] Human Health Hazards Depiction _ O X%

Do
Sources . 60:Md: 0:P: 0] Search b R
gmoﬁfz (3 Structure info
FINFCS (2] Parameters
(] Physical Chemical Properties
CAS 2034-22-2 [ Enviros ital Fate and Transport
[3] Ecotoxicological Information
r
H-indazol
. inoi

‘Composition
Name 1H-Imidazole, 2,4,5-tribrome-;2,4.5-1

Sources

DSSTOX
Cua pe

[Cox ]
The OECD QSAR Toolbox for Grouping Chemicals into Categories
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QSAR TOOLBOX

Workflow process
Structures search

Example 3: Searching for aryl compounds with three or more methyl groups
®

® ®
R = CH; (3 to 6); any atom - : - 0 X
® ®

® bclc10)CIcICICIC

.\ I Iﬂ: ‘

1. Select benzene template and put it in
the drawing pane;

2. Select the pencil and draw bonds to

each of the benzene atoms;

Click on selection tool;

Click over a bond;

Select “Out” of the new appeared

buttons in the red bar;

Click over the same bond again;

Write “1” in the Bond ID field.

ok w

oo

Repeat the steps above (from 4 to 7) for
each of the bonds. oK

HEEEEEEOOE0
=

H Cancel
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QSAR TOOLBOX

Workflow process
Structures search

Example 3: Searching for aryl compounds with three or more methyl groups
®

® ®
R = CH3 (3 to 6), any atom (=) SMARTS Editor - o x
® ®

O]
® Smarts 2 of>-rol>-lof>-lof>-1}1 SICH 1} [x]-]
OBEE BN

1 [ o ' 1

1. Select Rpt (repeat) fragment and
put it in the drawing pane;

HE

.
O
O
H I —
2. Click on the selection tool;
3. Click over the green R (Rpt); N |
4. Click on the Edit button. E
< C‘r:s::ltior:
| - |
N [
4
n . @® restriction | 1 |ignoreditems | |

|
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QSAR TOOLBOX

Workflow process
Structures search

Example 3: Searching for aryl compounds with three or more methyl groups

®
® ® ) s et N ovr oo IOW
R = CH; (3 to 6); any atom
® ®
© S
iy a
1. Select the pencil and draw a bond; - -
2. Click on the selection tool; —
3. Click over the bond,; T
4. Select “In” of the new appeared l m
buttons in the red bar; '
5. Click over the same bond again;
6. Write “1” in the Bond ID field. R
7. Click over the carbon atom; g B oot = 8 f
8. Define total hydrogens to be three; T T 2
9. Confirm with OK. / il ==
Ring size (1 — =]
S 0
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QSAR TOOLBOX

Workflow process
Structures search

Example 3: Searching for aryl compounds with three or more methyl groups

® ® (=] SMARTS Editor — [m] x
®
R — CH3 (3 to 6); any atom ‘C;r)narts vlC{>1}1c(>—1}c{>1:}c{>—1}c(>—1}c{>—1}1$[[CH.3]{<—1}](3} lel
® ® & OE8 BN
5 0O s — ] 5]
n ,@ p1.[CHzg]{<—1}
n L}
H T
1. Type 3 in the restriction field for the []
Total count. Structures with at o
least three methyl groups will be
searched; =
2. Click on Save;
3. Execute the search by click on OK o
]
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QSAR TOOLBOX

Workflow process
Structures search

Example 3: Searching for aryl compounds with three or more methyl groups

15 chemicals (1) are found in the selected database. Click on OK (2) to load all of them on the data matrix.
You can see that all of the chemicals fulfill the criteria.

| (=] Select chemicals - u] X
i )
J,’ Select Al |[ Unselect All_|[ Invert Selection | le_lemdﬂn:ﬁ e
CAS 700-13-0 -
SMILES  Celee(0)c(C)e(C)clO
CSRelation High oH
Substance Moo constituent Hy
Composition
Name 2,3 5-trimethylhydroquinone™:1,4-B| HyC Hy
H
Sources
2416-94-6
SMILES Ccleeo(C)e(0)c1C
CSRelation High
CH3
Substance ~ Mono constituent
Composition
"2,3,6-trimethylphenol”;2.3,6-Trimet| H3C OH
H3

Sources

108-67-8
SMILES  Celee(C)ee(C)el
CSRelation High

Substance Mono constituent
Composition

1,3,5-Trimethylbenzene;Benzene, 1.3

Sources

oK Cancel

The OECD QSAR Toolbox for Grouping Chemicals into Categories

qsAR TooLeox O o % H

» Input ¥ Profiing P Data P Category definition P Data Gap Filling » Report

Document Single Chemical Chemical List Search Target Endpoint

B & XE mm. § &. | E H ¢ 0

New Open Close Save CAS#  Name Structure Composition  Select ChemlDs Database Inventory List Substructure (SMARTS)  Query

° e Filter endpoint tree...
& Document 1
[ [C: 14;Md: 0;P: 0] Chemical name: conta ,L

& Document e
63 [C: 415;Md: 0;P: 0] Search by SMARTs

b =
& Document 3
&3 [C: 60;Md: O;P: 0] Search by SMARTs
& Document4 [ Structure info
63 [C: 15;Md: O;P: 0] Search by SMARTs =[BT P

[#] Physical Chemical Properties (=] Depiction - o X

(%) Environmental Fate and Transport CAS #700-13-0 ~
"2,3,5-trimethylhydroguinone”
[#) Ecotoxicological Information 14-Benzenedi

-trimethyl-

33 S-trimeth

[ Human Health Hazards

April, 2020 37



QSAR TOOLBOX

Workflow process
Structures search

Example 4: Searching for hydrocarbon structures with 3 to 6 atoms and at least one

hydroxyl group

=] SMARTS Editor — ] =
[smarts | sene [x]-]
1. Select Exh (exhaust) fragment DHEE
and put it in the drawing pane; e 01
2. Click on selection tool; E L@
3. Click over the X (Exh); I
4. Click on Add button; -
5. Click on Edit button. EH ), TG g m
3
w ol
n ltem rEpeal. )
D i T
4 5
Save |
Add | Remove [ Neait |
m Tntal count | || |
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QSAR TOOLBOX

Workflow process
Structures search

Example 4: Searching for hydrocarbon structures with 3 to 6 atoms and at least one

hydroxyl group

~| SMARTS editor = O x

1. Select oxygen symbol (O) and put
it over the carbon atom;

ﬂ OB BR

[ e v | [prin |

2. Click on selection tool; u Atom: O m
3. Click over the oxygen; n
4. Define number of Total hydrogens | [_]
(H) to be one; ,.i ! 3
5. Confirm with OK. H A4 i i
emen ’D_ “_D
Aromatic or aliphatic ,?y 4 [ V]
Biplct comections O)_ | yrgZ €l — 101
“ 1 Total hydrogens {H) ’?@ID
| 1 TR R T T
E‘I_ Ring membership (R} ’m O
Ring size {1} T “| 0
Valence (v) v

Total connections (X}

-
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QSAR TOOLBOX

Workflow process
Structures search

Example 4: Searching for hydrocarbon structures with 3 to 6 atoms and at least one

hydroxyl group

1. Click on the second item (hydroxyl
group) in the exhaust fragment;
Uncheck All possible;

Define range from 1 to 254 (or to
present at least one time in the
structure);

Click on Save;

Go back to the Exhaust fragment.

e

o~

The OECD QSAR Toolbox for Grouping Chemicals into Categories

HEEBRE

e
4 Exhaust fragment
1. €] 1
1
Tgwyl
= 2 Repeat set:
From: 0 To: 254
All possible
[ Edit | Save

4 Exhaust fragme 5
1.10]
2. [#8H]

April, 2020
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Repeat set: — o 1
From: 1 lIl To: 1
] an possilma __________

| Edit |

hall: Tz T=T-1
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QSAR TOOLBOX

Workflow process
Structures search

Example 4: Searching for hydrocarbon structures with 3 to 6 atoms and at least one

h I
ydroxyl group OBEE BN

[ ]

I

. . Rpt

1. Set total restriction of the
atoms to be from 3 to 6.; E

Exh

Click on Save;
Execute the search by OK

e

r \
(J

EEEEEREEERE0000

I
[] Multiple connections 3
w [] Ignore nested
>
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QSAR TOOLBOX

Workflow process
Structures search

Example 4: Searching for hydrocarbon structures with 3 to 6 atoms and at least one

hydroxyl group

52 chemicals (1) are found in the selected database. Click on Select All (1) button and then OK (2) to load
all of them on the data matrix. You can see that all of the chemicals fulfill the criteria.

() Select chemicals P - o x — ]

SelectAll__| [ Unselect Al | [linvert Selection | Selected 52 of 52 | 01 0
1

10100

» Category definition  » Data Gap Filling

4-pentyn-1-ol Pent-4-yn-1-ol

DSSTOX.
ECHAFR

0] Search by SMARTs

Substance  Mono constifuent

: 0] Search by SMARTs (*] Depiction
and Tran:

CAS #10229-10-4
3-Pentyn-1-ol
pent-3-yn-1-cl

10229104
SMILES  CC#CCCO

—— H3C
3-Pentyn-1-o peat-3-yn \/\
OH

DSSTOX
ECHAFR
FINFCS
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QSAR TOOLBOX

Workflow process
Structures search

Example 5: Searching for chemicals having primary or secondary amine group, but not

amide
R¢.H
\ R1 any atom or group
/N_ except Cc=0 =] SMARTS Editor - o x
R4 ®

[Smarts - [ [5(€] [x]-]

208 OB8E8 BN
A

4 NONE
Recursive SMARTS

1. Select $ (recursive SMARTS)
fragment and put it in the drawing
pane;

Click on the selection tool;

Click over the $ fragment;

Right click over the $ in the Object
explorer panel and select Convert
to > Expression node

o OY

‘|| Convert to 3 Property node
| /Expression node

4 (|

EEEREREEREOC
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QSAR TOOLBOX

Workflow process
Structures search

Example 5: Searching for chemicals having primary or secondary amine group, but not amide

Ry.H
\ R1 any atom or group _—
/N_ except C=0 1 M
R, 2
—)
o AND
1. Right click over the ball and select e G
Change operator > AND 1 | EECET—
2. Right click over the AND operator \| 2
| _

and select Add child. l
3. Repeat the 2" step three times to

obtain three “child” queries. 3
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QSAR TOOLBOX

Workflow process
Structures search

Example 5: Searching for chemicals having primary or secondary amine group, but not amide

RyH

\N—H R1 any atom or group :n E

except C=0
" P T
1

4 AND m
Q
Element: C .
1 =
i1t flRec
'@l I Element: [ .M
. . . e 0 &=l ,I Aromatic or aliph
1. Click on the first item of “AND”; I Supic connecti [a = ]
- - - I emen - D
2. Atom characteristics window appears; 2 || = h_ri;:._,ers S ”i:-.,h - |
. implici roger | Iiphatic V.
3. Select Element to be nitrogen from I g membrsn spicteond Q| [unaetres+ |0
the drop-down menus; : rg s ) Total hycrog [onasied ~|O0
i Valence (v) Implicit hydrogens (h) un w
4. Select Total connections to be three | o connesr N LE
B undefined -
from the drop-down menu. : Rresom corng Ring size () [undefned  ~| 0]
Charge (+/-] |
! Atu:l'c:‘um]her Valence () undefined « O
1 Criraiity (@) otal connections (X} / 3 " }:I
1 Atomic mass: Ring atom cg = i l undefined = l O
R
Chirality (@) I O
Atomic mass: |
Radical: [undefinea  ~]
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QSAR TOOLBOX

Workflow process
Structures search

Example 5: Searching for chemicals having primary or secondary amine group, but not amide

Ry H
! \ R1 any atom or group o m
NTH exceptc=0 s 1
R1 Element: [o
j

=

Go back to the “AND”;

2. Right click over the second query and select
Convert to > Expression node;

3. Right click over the OR and select Add

child. Add two child queries.
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QSAR TOOLBOX

Workflow process
Structures search

Example 5: Searching for chemicals having primary or secondary amine group, but not amide

iR R1 any at 5 hi : -
any atom or group s AND
N_ — Element: N l
except C=0 “
/ P —Tl .>E/|_
R1 3 lement: C
Element: C
™
- . . FErrrrrEEEEEE (Tl gk o i & & &
1. Click on the first item of “OR” pement [N fuiemens N
- - - i i ic: [ Aromatic or aliphatic:
2. Define primary amine group by select Fromatc oralpnatc | Alphatic o
Explicit connections (D) |, ndefined Bxplicit connections (D) — Undefine
the Element to be N and Total TIXLLES - - - imaoge )5 =
hydrogens to be 1; Tpicit hydrogens B [unasfireg < | Implicit hydrogens (h) 0
3. Click on the second item of “OR” Ring membership R) | yndefined Ring membership ®) " undefined O
4. Define secondary amine group by Ring size 1 undefined i‘?g ( ‘;’ undefined O
alence (V)
select the Element to be N and Total | | “"" undefined e gy e H
h d t b 2 Total connections (X) undefined 0tal connections undefined O
y rogens 0 be ! Ring atom connections () |, ndefined Ring atom connections (x) \ndefined O
5. Go back to the AND root. Charge (<11 e Charge (+/-) anspecified 0
Atomic number (#) Atomic number (#)
Chirality (@) —— O Chirality (@) undefined O
Atomic mass: Atomic mass:
Radical: undefined Radical: undefined
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QSAR TOOLBOX

Workflow process
Structures search

R¢.H
\ R1 any atom or group
/N_ except C=0
R;

Right click on the last query and
select Convert to > Expression
node;

Right click on the new OR
expression node and select Change
operator > NOT;

Right click on the NOT query and
select Add child;

Right click on the new child query
and select Convert to > Recursive
smart node.

The OECD QSAR Toolbox for Grouping Chemicals into Categories

Example 5: Searching for chemicals having primary or secondary amine group, but not amide

S EaY () | — T =i
! Element 2 n
Element: N n on
" lamant: 1 e m
lement: Rpt oR
Element: IS
Rpc
[ Exh [1] Exh
. P . LN
SR SV — S
O O, ifer
= w|  Changeoperatr | [anD
P |— Convert to >” gExpression node | “, .\ E— N ‘ S
¥ b .
s —4 Recursive smart node 0 m Add child NONE
LN N 1 o
L ||
Exh \ ||
4 3L
PPN o)
<N N
o 4 SN
-
@ @ .
NOT,
v \ 1 1
v Y H Change operator
© 0 @A Sy | cmen
Comertto +| | Expression node m |_z/add chid
A _w7'Rm.|rsive smart node Remave

5

April, 2020

48




QSAR TOOLBOX

Workflow process
Structures search

Example 5: Searching for chemicals having primary or secondary amine group, but not amide

RyH

\ R1 any atom or group AT e
/N_H except C=0 ‘C;im o
R :
1 BEER 088 B8
O
O
1. Click on the Recursive SMARTS o IR ™
label. New SMARTS Editor window 4| Oe \'Tz
appears; ’
2. Draw amide group (NC=0);
3. Click over the nitrogen (N) of the
amide group;
4. Select Make first;
5. Confirm with OK.
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QSAR TOOLBOX

Workflow process
Structures search

Example 5: Searching for chemicals having primary or secondary amine group, but not amide

RyH

\ R1 any atom or group

/N_ except C=0 |'”"3?“”—””23‘“f‘c=°)] [x]-]
R 108 OBE BN
Now we are ready to execute the search. , et
Element: N

. ND‘II:]em nt: N
Rec ap : Recursive SMARTS M
1. We defined that we will search for

chemicals with nitrogen atom with three

connections to other atoms; ©)
2. We defined that the nitrogen to be part of 1’,2{. 3
primary or secondary amine functional a1 <O
1 1
group; 0" @)1
3. We defined that the nitrogen to be not part VAN : I :
of amide functional group. ' P
0.0\

Click on OK (1) to execute the search.
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QSAR TOOLBOX

Workflow process
Structures search

Example 5: Searching for chemicals having primary or secondary amine group, but not amide

346 chemicals (1) are found in the selected database. Click on Select All button and then click on OK (2) to
load all of them on the data matrix. You can see that all of the chemicals fulfill the criteria.

(2] Select chemicals - o X
—— = -

SelectAll | [ UnselectAl || Invers Selection fpSelected 346 0f 346 |

~ 01010
o8 == QSAR TOOLBOX @ rh $6100 %
ZI;[:::MH ;Z » Profiling » Data » Category definition ¥ Data Gap Filling » Report
Substance  Mon © Document Single Chemical Chemical List Search Target Endpoint
o - O 2 IEN S T E=2EE H ¢ O
Aame e e . C Name Stucture Composition  Select  ChemiDs Database Inventory  List Substructure (SMARTS) Query Define

DSSTOX -
i

<

Filter endpoint tree...

Sources

: 0] Chemical name: conta

Structure 0 Sy i ‘/\/Q:/« ey kol N /@T‘" """"" =

cas 141435 Search by SMARTs o g )
SMILES  NCCO
: 0] Search by SMARTs
osReaton i O Stscureinto [
Substance  Mono constituent = Search by SMARTs [#] Parameters
. HoN X . .

Composition 2NN [#] Physical Chemical Properties

I OH 52 Search by SMARTs v pert

P Depiction - O X
Document 6 [#] Environmental Fate and Transport () Depi

EN PRI A A B A TV Al ) Ecotoxicological Information CAS # 634-83-3
' : [%] Human Health Hazards 23,4,5-Tetrachloroaniline

Name -;1-amino-2-hydroxy-ethane; ISIC

Sources

NICNAS
~apada D)

<

CAS 106-40-1

SMILES  Nelcce(Breel cl
CSRelation High C
Substance  Mono constitucat
Composition
Name 4-bromo-aniline;4-Bromoaniline;4-B;

B HoN C
Sources

NICNAS 's
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QSAR TOOLBOX

Workflow process
Overview

 Five examples illustrating searching for structures by SMARTS
editor fragments were represented:

[ ] - Searching for Aryl halides;

o Rpc - Searching for Five-membered heteroaromatic compounds;

o Rpt - Searching for aryl compounds with three or more methyl
groups;

o Exh - Searching for hydrocarbon structures with 3 to 6 atoms and at
least one hydroxyl group;

o $ - Searching for chemicals having primary or secondary amine

group, but not amide

O
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QSAR TOOLBOX

Congratulation

®* You have completed the tutorial on the substructure search by
SMARTS editor;

®* You have now been introduced to each of the general TB
SMARTS fragments;

* Note proficiency comes with practice.
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