Chemical structure drawing editors, coding of chemical
structures. Use of coded chemical structures and various
formula formats for searching in data bases / secondary

resources and for calculation estimations of physico-chemical
properties.
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Why to use structure drawing editors?

it"s difficult to draw structures by means of a general drawing editors (Photoshop, ...)

copying of structures as figures from various resources into your text or presentation
brings differences in the look of individual structures and thus inconsistent and
unsightly appearance

only structures drawn with an structure editor can be transformed to universal codes
or transport formates and / or used for structure searching in data bases or
calculation estimation of physico-chemical or other properties



How to use structure drawing editors?

if they are embedded into a web page, use it at this page and transfer into your
text/presentation in a required format

or, you can download the page and use it locally on your PC

example: JSME Molecular editor by Peter Ertel and Bruno Bienfait
— rather suitable for usage with learning applications such as Moodle
- you may know from Organic, Analytical, Medicinal Chemistry

— can be fond at https://jsme-editor.github.io/



How to use structure drawing editors?

* if they are installable software applications, (download and ) install them on your PC
and use together with your text or presentation editor

* you can use OLE function of your editor, or you can have opened windows with
structure drawing and text/presentation editors simultaneously, draw the formula and
copy it into your text or presentation



How to use structure drawing editors: an example of using the OLE function
ACD ChemSketch + MS PowerPoint

Insert - Object > ACD ChemSketch — OK

- ChemSketch opens a window; now you can draw a structure (or insert or import it from a file)

— when you are done, select File — Update and then File — Close and return to MS Power Point
now, switch back to your presentation and you can continue

if you want to add/change/repair something in your structure:
— double-click the formula in PowerPoint

— you are back in ChemSketch and you can do what you want

— again: when you are done, select File —» Update and then File — Close and return to MS Power
Point

again, switch back to your presentation and you can continue



Examples of some available structure drawing and other chemical editors

 ACD ChemSketch
— available for free 30days trial from webstore.acdlabs.com
* registration required
e Marvin Sketch
 available from https://chemaxon.com/products/marvin/download#download
 the free license needs to be renewed every 2 months
* for Windows, Mac, Linux (Debian, RedHat)
e Avogadro
 available from https://sourceforge.net/projects/avogadro/
* free
 for Windows, Linux, Mac
* enables direct constructing of 3D molecule models by usage several types of molecular
mechanics only
* Molsketch
available from https://sourceforge.net/projects/molsketch/
free
for Windows
only converts molecule codes to 3D models
cannot read SMILES from Chemld



SMILES coding A \ o
SMILES = Simplified molecular-input line-entry I\ )
system N v °
 a specification in the form of a line notation for F
describing the structure of chemical species (= \
compound) using short ASCII strings Q
» developed in late 1980™" (David Weininger, B N\ P
Albert Leo, Corwin Hansch) N\ N\
1N _/N 2 4 @]
1 i 2
o | : S
Brief principles of SMILES code creation: R/
SMILES generation algorithm for ciprofloxacin: N/_\NAC\Q__:,_‘
break cycles, then write as branches off a main = Y= %
backbone F
D

N1CCN(CC1)C(C(F)=C2)=CC(=C2C4=0)N(C3CC3)C=C4C(=0)O
[




An example of use of SMILES: transfer of the structure of a bio-active compound from a

data base to your text or presentation

* open a data base — e.g. Chemld Plus at https://chem.nlm.nih.gov/chemidplus/
* search for a drug by means of INN name: e.g. clarithromycin

U.S. National
N I H Library of Medicine

MLM Home = ChemlDplus Advanced

ChemlDplus

Lite = Browse = Advanced

- Search | | Clear ]  History ] ' Help ] APl Help |

Substance Identification @
Mame/Synonym |~ | equals w
CLARITHROMYCIN [USAN:USP:INM:BAN:-JAN]

Data iz available for 426 584 records.

2

Structure 3§

. Draw I

Powered by ChemaAxon's Marvin

Uze: | Marvin JS v

2

Help

FAQE

Fact Sheet


https://chem.nlm.nih.gov/chemidplus/

* now, you've got the record for clarithromycin

* if you want further work with the structure, you can either enlarge it and copy as the
picture, or, better, you can choose Structure Descriptors

U.S. National
N IH Library of Medicine

Help FACS Fact Sheet

MLM = ChemlDplus > Substance

ChemlIDplus

Lite = Browse = Advanced

Name/Synonym |~ | equals ~ | CLARITHROMYCIN [USA |_Search|

~ Download ] | Start New Query ] | Modify Query l - Search History ]

| Switch to Summary View ]

Substance Name: Clarithromycin [USAN:USP:INN:BAN:JAN]

ya
RN: 81103-11-9 H]:*
UNII: H1250JIKOA ‘-..i,ﬂ
InChlKey: AGOYDEPGAOXOCK-KCBOHYOISA-N —
Note Molecular Formu ‘“a*

E]A semisynthetic macrolide antibiotic derived from ERYTHROMYCIN that  [EC38-HE9-N-013
is active against a variety of microorganisms. It can inhibit protein

synthesis in bacteria by reversibly binding to the 505 ribosomal Molecular Weigh
subunits. This inhibits the translocation of aminoacyl transfer-RNA and 747.9571 e
prevents peptide chain elongation. :

8/l2

| Classifications ” Links to Resources || Mames & Synonyms || Registry Numbers ” Structure Descriptors ” Toxicity ” Physical Properties |

N TET AT e o o




* NOW, You can see some structure codes
* use the Smiles
* you can download and save it as ASCII text file, or simply copy it

All Classifications Links to Resources Mames & Synonyms Registry Mumbers Structure Descriptors Toxicity Physical Properties

Structure Descriptors

InChi

InChl=1S/C38H69NO13
1c1-15-26-38(10.45)31(42)21(4)28(40)19(2)17-37(9, 47-14)33(52-35-29(41)25(39(11)12)16-20(3)48-35)22(5)30(23(6)34(44)50-26)51-2
/h19-27 29-33 35 41-43 45H,15-18H2,1-14H3/t19- 20- 21+ 22+ 23- 24+ 25+ 26- 27+ 20- 30+ 31- 32+ 33- 35+ 36- 37- 38-/m1/s1

Download

InChiKey
AGOYDEPGAOXOCK-KCBOHYOISA-N
Search the web for this InChiKey |

Smiles

CCIC@HNOC(E=0)C@H(CI[C@@H](O[C@HI2CIC@@](C)HOC)C@@HI(O)[C@H](C)O2)[C
(CIC@@HI30[C@H](C)CIC@@H([C@HIBON(C)C)ICa@](C)CIC@@H](C)C(=0)C@H](C)CaaH

Download

@Hl(C)IC@@H]
lO)C@n(c)o)oc



* now, you can paste it into the appropriate input raw in ChemSketch (you must have it already
opened either from an text/presentation editor by OLE function or independently):

* Tools — Generate — Structure from Smiles

Source Text

[EEH]CICIC@@H][CEH]Z0NCICCEE@] CYCEE@EH]CIC=0)[CaH]C)Ca@H 0 CE&[C)0)0C

\/ ] x Cancel ? Help
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* ... It's better; you can try it more times

e you can also try to Flip Top to Botom
or Flip Left to Right or select and

rotate whole molecule either 2D or 3D

* but this all is only improvement of the
appearance of the formula, not a

structure optimization by means of a

molecular mechanics




Further use of the molecule structure imported via SMILES code
 calculation of estimated physico-chemical properties:
* log P (= lipophilicity)

 the green rightmost symbol

LogP (v.14.02) =
Calculated LogP: 316+ 0.78

Ihern etCllecules :@Eéil.'hfmi[ih*l IﬁangP

|nterested how this walue was calculated? Want to compare it with
expenimental data®

; - Learn more about ACDLogP DB
00 110 120 o
[P RPN RPN R RPN Does wour compound contain ionizable aroups? You should
conzider uzsing the pH dependent octanal-water distribution
coefficient, logD

________________________________________ Learn mare about ACDLogD

Wigit our ‘Web site: www acdlabz, com

_________________________________________ 3




Further use of the molecule structure imported via SMILES code
 calculation of other estimated physico-chemical properties:
» useful for QSAR calculations:
* molar refractivity
* molar volume
* parachor
* index of refractivity
* density
* dielectric constant
* polarizability

* Tools — Calculate — Molar refractivity .../|cacustion resuis

kalar Refractivity: 194.00 £ 0.4 cm3

Copy To Editor x Cancel ? Help




How to proceed with SMILES if you have Marvin installed
e simply click on Download

All Classifications Links to Resources Mames & Synonyms Registry Mumbers Structure Descriptors Toxicity Physical Properties

Structure Descriptors

InChi

INChl=1S/C38H69NO13
1c1-15-26-36(10,45)31(42)21(4)28(40)19(2)17-37(9,4 7-14)33(52-35-29(41)25(39(11)12)16-20(3)46-35)22(5)30(23(6)34(44)50-26)51-2
/h19-27 29-33,35,41-43,45H 15-18H2 1-14H3M19- 20- 21+ 22+ 23- 24+ 25+ 26- 27+ 29- 30+ 31- 32+ 33-, 35+ 36- 37-,38-/m1/s51

Download

InChiKey
AGOYDEPGAOXOCK-KCBOHYOISA-N
Search the web for this InChiKey |

Smiles

CCIC@HNOC(=0)C@H(CIC@@H](O[C@HI2CIC@@](C)NOC)C@@HIOIC@H](C)O2)C@HI(C)C@@H]
(CIC@@HI30[C@HI(C)CIC@@HI(C@HISOIN(CICIIC@@](C)CIC@@HI(C)C(=0)C@HI(C)C@@HI(O)C@1(C)O)0C

Download



* Marvin directly opens SMILES as the structure

Substance Name: Clarithrom
RN: 81103-11-9

UNII: H1250JIKOA

InChiKey: AGOYDEPGAOXOC

Note

[i]1A semisynthetic macrolide antibiotic deriv
is active against a variety of microorganis
synthesis in bacteria by reversibly bindin
subunits. This inhibits the translocation of
prevenis peplide chain elongation.

| All || Classifications || Links to Resources |

Structure Descriptors

InChl

INChl=15/C38HB9N0O13

Otevirani 0081103119.smiles

Otevirate soubor:

2| 0081103119.smiles

coZ je: SMILES file
= https://chem.nlm.nih.gov

Co ma Firefox udélat s timto souborem?

|' MarvinView application (vychozi)

() Ulogit soubor

[ Provédét od ted automaticky s podobnymi soubory.

Zrusit

iy | Prosical Propertes )

lc1-15-26-38(10,45)31(42)21(4)28(4

W9(2)17-37(9,47-14)33(52-35-29(41)25(39(11112)16-20(3)4

-35)22(5)30(23(6)34(44)50-26)51-27-

/n19-27 29-33 35,41-43 45H 15-18H2,1-14H3/119- 20- 21+ 22+ 23- 24+ 25+ 26- 27+ 29- 30+ 31- 32+ 33- 35+ 36- 37-.38-/m1/s1

| Download |

InChiKey

AGOYDEPGAOXOCK-KCBOHYOISA-N

| Search the web for this InChiKey |

Smiles

CCIC@H]1 DC(:O)[C@H](C}[C@@H](0[C@H]2C[C@@](C}(OC)[C@@H]§0)[

I(
(CIC@@HBO[C@H](C)CIC@@HI[C@HI30N(C)C)ICe@](C)CIC@@H)(C)C(=0)[C@H](C)IC@@H(O)[C@]1(C)O0)0oC

| Download |

U.S. National Library of Medicine 8600 Rockyille Pike, Bethesda, MD 208594




e Tools Help

* further, you can
get values,

estimated by a ol
calculation, for
properties such S
as:

. pKa

* isoelectric point
(for amphoters)
* log P (different
algorithms to
select)
* logD
e geometrical
descriptors
* polar surface
area
* molecular
surface area N
e van der Waals 3
volume

HO

Z Thines



Main results of pKa estimation: structure
formula with pKa values and plot of distribution
of microspecies in dependence on pH
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Results of log D calculation in Marvin

@ logD
File Edit View

288888388

0,00 320
1050 299 v




From ADMET properties, Marvin can estimate the hERG parameter, characterizing the
affinity of a compound to a principal subunit of a K+ channel and thus the ability to prolong
the QT interval on ECG and thus to cause a tachyarrhytmia of torsade de point type

&4 hERG (Beta) X

;hERG = 5,43 |




MOL files
e a ,portable” format, which enables transfer (eg. MDL molfile)
« of structure formulas from one drawing editor to another
« to an application for making molecular models using molecular mechanics
« from a database such as Chemld to an editor (and to a text or presentation)

An example: Let’s have clarithromycin again...



NLM = ChemlDplus > Substance

ChemlIDplus

Lite - Browse - Advanced

Name/Synonym |~ || equals ~| CLARITHROMYCIN

|search |

| Download | | start New Query | | Modify Query | | Search History |

| switch to summary view |

o

Substance Name: Clarithromycin [USAN:USP:INN:BAN:JAN]
RN: 81103-11-9

UNII: H1250JIK0A

InChiKey: AGOYDEPGAOXOCK-KCBOHYOISA-N

Note

(A semisynthetic macrolide antibiotic derived from ERYTHROMYCIN that
is active against a variety of microorganisms. It can inhibit protein
synthesis in bacteria by reversibly binding to the 508 ribosomal
subunits. This inhibits the translocation of aminoacyl transfer-RNA and
prevenis peptide chain elongation.

Molecular Formula
(EC38-H69-N-013

Molecular Weight
747.9571

SCXBERR S8

Hae ™

H":\\\m“

| Help | | APIHelp |

Structure ‘

| Edit |

Powered by CheméAxon's Marvin

Use: Manin J3 ~

[ import MOL |

Structure Search Options [5]
(O Substructure Search
® Similarity Search | 80 |~ | %
(O Exact (parent only)
(O Flex (parent, salts, mixture)
() Flexplus (parent, all variations)
3D courtesy of MN-AM's CORINA Classic.
Structure data is available for 358,381 records.




Export x

Structure || Image

Format | MDL Malfile ~
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175316000 ©o®c®coocoococoooooo cocoo co®Pocococo0o®c0o0®co %o o H....aggbg8HH$8wHobmwQ‘o»HHHEHggmmm»mpwswaagmgpmmmhpsmwSﬂao
°
15416000 2080092982 2025505022505202002222029009220209099990999900
152710000 §555552558838888885332885255888585553555325555858.88883+
88358838885835585883888388858858888858385885855858858858888
21410000 IT0M0000000R00000000050000 0000000Q[000[0[000000/0000aC
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142210000 ©900000090050000000900400600600000006400060400600060000 08

M END = ©9950000000500000000050000600000000,00060,0000006000049
000500000000 00000000000000600000000,00060,00000000000 ¢

090500000000 00000000050000600000000,00060,00000000000 o

©9050000000000000000060000000000000,500050,00000060000 o

Use Ctrl+C to copy the selected source above. ©0000000000500000000060000600000000a00000000000000000 g
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InChl coding
InChl = International Chemical Identifier
 |Initially developed by IUPAC (International Union of Pure and Applied Chemistry) and
NIST (National Institute of Standards and Technology) from 2000 to 2005, the format and
algorithms are non-proprietary.
* since supported 2010 by the not-for-profit InChl Trust, of which IUPAC is a member.

Format and layers

* Main layer

* Chemical (empirical) formula (no prefix). This is the only sublayer that must occur in
every InChl.

* Atom connections (prefix: "c"). The atoms in the chemical formula (except for
hydrogens) are numbered in sequence; this sublayer describes which atoms are
connected by bonds to which other ones.

* Hydrogen atoms (prefix: "h"). Describes how many hydrogen atoms are connected to
each of the other atoms.

* Charge layer
* charge sublayer (prefix: "q")
* proton sublayer (prefix: "p" for "protons")



InChl coding (continued)

Stereochemical layer

* double bonds and cumulenes (prefix: "b")

* tetrahedral stereochemistry of atoms and allenes (prefixes: "t", "m")

* type of stereochemistry information (prefix: "s")
Isotopic layer (prefixes: "i", "h", as well as "b", "t", "m", "s" for isotopic stereochemistry)
Fixed-H layer (prefix: "f"); contains some or all of the above types of layers except atom
connections; may end with "0" sublayer; never included in standard InChl
Reconnected layer (prefix: "r"); contains the whole InChl of a structure with reconnected metal
atoms; never included in standard InChl



Simple examples of the standard InChl coding

Examples
Structural formula standard InChl
H H
H-C-C-0-H
H H InChI=15/C2H60/c1-2-3/h3H, 202, 1H3
ethanaol

InChI=15/CeHBO6G/cT7-1-2(8)5-3(9)4(10)6(11)12-5/h2,5,7-8,10-11H,1H2/t2-, 5+/m0/=1

L-ascorbic acid &



INChl Key

= 27 character condensed, ,hashed” version of InChl

three parts separated by hyphens, of 14, 10 and one character(s), respectively, like
XXXXXXXXXXXXXX-YYYYYYYYFV-P

the first 14 characters result from a SHA-256 hash of the connectivity information (the main
layer and /q sublayer of the charge layer) of the InChil.

the second part consists of 8 characters resulting from a hash of the remaining layers of the
InChl, a single character indicating the kind of InChiIKey (S for standard and N for
nonstandard), and a character indicating the version of InChl used (currently A for version
1)

finally, the single character at the end indicates the protonation of the core parent structure,
corresponding to the /p sublayer of the charge layer (N for no protonation, O, P, ... if protons
should be added and M, L, ... if they should be removed.)



Use of InChl Key
* afast way to find articles about the structure on the web, mainly patents
An example: clarithromycin at Chemld again

Structure Descriptors

InChi

INChl=15/C38H69NO13
1c1-15-26-38(10,45)31(42)21(4)28(40)19(2)17-37(9,47-14)33(52-35-29(41)25(39(11)12)16-20(3)48-35)22(5)30(23(6)34(44)50-26)51-2
/h19-27 29-33,35,41-43,45H,15-18H2 1-14H3/M19- 20- 21+ 22+ 23- 24+ 25+ 26- 27+ 29- 30+ 31- 32+ 33- 35+ 36- 37-, 36-/m1/s1

Download

InChliKey
AGOYDEPGAOXOCK-KCBOHYOISA-N
Search the weh for this InChlKey

Smiles

CCC@HOCE@IC@H(GIC@@HI(O[C@HI2CIC@@(CHOCTC@@HI(O)C@HI(CIO)C@HI(C)IC@@H]
(CIC@@HISO[C@HI(C)CIC@R@HI(C@HIBOIN(C)CIC@@I(C)CIC@@HI(CIC(=0)C@HIC)IC@Q@HI(O)C@]1(C)0)0C

Download
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