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Introduction and background

During the Fiftieth meeting of the World Health Organization (WHO) Expert Committee on Specifications
for Pharmaceutical Preparations (ECSPP), a possible revision of the general guidance on how to represent
graphic formulae was discussed. The revision of guidance on representation of graphic formulae on/how
to represent graphic formulae in The International Pharmacopoeia (Ph.Int.) and within the-International
Nonproprietary Names (INN) list was developed and adopted by the Expert Committee at its Th{rty—fourth
meeting (Technical Report Series (TRS) 863, Annex 1, 1996). A discussion took placeon Whet/her an update
of this guidance would be useful to bring it into line with current practices. Such up/da/ted guidance could
promote convergence in this area. The Expert Committee supported the propo§al/and recommended that
work should start promptly to update WHO guidance on representation of graphic formulae.
/

During the Fifty-first ECSPP meeting, an update was given on/ the revision of this general guidance.
Different approaches for graphical representation used by different pharmacopoeias may result in a risk
of confusion and mistakes. There is a need to identify a bar:‘nonized approach that can be recommended
for use by all organizations. The Expert Committee expressed its support for ongoing work in this regard

which will enable an update of WHO guidance on representation of graphic formulae.
/
v

The work on the general guidance was resumed in March 2024. The resulting working document is

presented for feedback. e

This guide/is intended to describe rules for drawing structures and to supersede the previous version, entitled Guidelines for
the graphic representation of chemical formulae, published in the 34th report of the ECSPP, TRS 863, Annex 1, 1996,

conderning conventions for chemical structure representation of pharmaceutical substances.
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SCHEDULE FOR DRAFT WORKING DOCUMENT QAS/17.726:

Guidance for the graphic representation of pharmaceutical substances
in the publications of International Nonproprietary Names and The
International Pharmacopoeia

Description of Activity Date
Presentation for discussion on possible revision of existing document on 12-16 Oct 2015
Guidelines for the graphic representation of chemical formulae during the ).
50th meeting of the WHO Expert Committee on Specifications for /
Pharmaceutical Preparations (ECSPP). #
Preparatory work and discussions. < 15 Oct 2016
4
Presentation of the update and provision of practical examples to the 10-16 Oct 2016
51st ECSPP. )
Preparation of new draft working document. y Oct 2016—May 2017
/
4
Circulation for comments to INN experts, Expert Advisory Panel, world Jul-Sept 2017

pharmacopoeias, WHO Collaborating Centres, involved in the
establishment of monographs for the PhlInt.

Collation of feedback. 9 4 Oct 2017
Presentation of update to Fifty-second meeting of the ECSPP. 16-20 Oct 2017
Preparation of a revised version. Oct-Dec

7 2017
Circulation for public.consultation. Jan—Mar 2018
Discussion of feedback in Working Group. Apr—May 2018
Revision of working document. May—Jun 2018
Circulation of working document for public consultation. Jul-Aug 2018
Coflation of feedback. Sept 2018
Presentation to Fifty-third meeting of the ECSPP. Oct 2018
Work on the guidance documents resumed. March 2024

Circulation of working document for public consultation July—August 2024
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Presentation to the Fifty-eight meeting of the ECSPP.

Oct 2024

Any follow-up action, as needed.
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Preface

The programme on International Nonproprietary Names? (INN), The International Pharmacopoeia and
other pharmacopoeias all over the world, use both chemical structures and chemical names with the aim
of defining molecular entities as precisely and as unambiguously as possible.

/
As far as pharmaceutical substances are concerned, the molecular structure is a key factor in/realizing a
particular pharmacological function and, therefore, its pictorial representation, provided/ by sequence
alignments or 2-D graphical plots, should not only give relevant information but also be relatively easy to

/

understand.
4
/
The last publication? of the World Health Organization (WHO) treating structure representation know-
how entitled “The guidelines for the graphic representation of chfmica/ formulae” appeared in 1995. Only
from 2006 on, official recommendations were published by the International Union of Pure and Applied
Chemistry (IUPAC) concerning the graphical represent/atign of chemicals?? as well as their preferred
naming2. The IUPAC conventions for drawing techniques cover a broad range of chemicals with an
exhaustive list of rules and specific styles which are not all applicable and sometimes in contradiction with
the way pharmaceutical substances are cupre/ntly depicted.
4
Whereas several decades ago substances for publication were hand drawn, nowadays they are exclusively
processed by computer—aide/d techniques. As such, and with time, the practice of drawing brought to light
certain depiction styles that became more accepted than others, mostly because of convenience for
interpretation, whether or not assisted with computer-aided analysis. The 1995 specifications were thus
reconsidered.in view of some of the published IUPAC rules applied to pharmaceutical substances and the
progress Dwaﬁe since. Furthermore, several new issues were addressed in order to permit ongoing
harmonization of drawing practices.
/
Specifications described in this guideline are guided by three basic principles. First, a chemical structural
diagram should reflect its associated chemical name. Second, rules should be generally applicable as much
as possible and not be confined to a particular class of structures. Third, compounds belonging to the

same chemical class should be drawn in a similar way to make clear that they are structurally analogous.


http://www.iupac.org/publications/pac/80/2/0277/pdf/
http://www.iupac.org/publications/pac/2006/pdf/7810x1897.pdf
file:///T:/UnitData/st-TSN/QAS/Working%20docs%202017/GUIDELINES%20GRAPHICS_UPDATE_2017.docx%23ref3
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Throughout the document, diagrams are shown with the intention to be representative of the topic being
discussed. Although depiction styles are described, no recommendations are made of several minor
qualitative (font, colour ...) and quantitative parameters (bond lengths, line thickness ...). Only bond angles
are sometimes described with numerical precision but they need not be strictly interpreted. A precise
description is used only to achieve a consistent style and uniform format and may be interpreted in

practice as being approximate. %

/
7~

INN stems, if ever of any relevance, have been provided for substances cited as examples in order to
facilitate searches on the WHO Mednet® platform for compounds belonging to t/he/same chemical

category within a pharmacological related group of substances.

4
Furthermore, hyperlinks have been introduced into the electronic version of this document for the ease

of reading and switching between different sections, background literature, references, websites, etc.
%

4
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I. General issues

1.1. Bond types

Links between atoms are represented by dashes: a single bond is shown as a single dash, a double bond

. . /
as a double dash, and a triple bond as a triple dash. P
/
) /
Fig. 1.1-1 S
Bond types 9
e single bond dashed bond el dative bond = hybrid bond
4
~# double bond ~  filed wedge ~  bold bond v cutbond
ZZ  triple bond ~* wavy bond ~ 7 broken bond

4

To specify the stereochemistry of a centre of asymmetry/, a gingle bond can be replaced by a dashed bond
(bond projecting behind the plane of depiction) or a filled-wedge (bond projecting in front of that plane)
whereas unknown stereochemistry can be indicated‘with a wavy bond. The rules for stereochemical
representation are described in more detail i section 1.5. of this guide.

4
In some rare cases concerning mostly perspective drawings of bridged structures, bold bonds, as well as

broken lines, may be used to avoid crossovers being misinterpreted as tetravalent connecting atoms.
/

/
In the case of coordi/nation complexes (section 1.4.3.) and N-oxides (section 1.3.2), a dative bond may be

used whichiis illustrated by an arrow pointing from the atom donating the lone pair to the atom accepting

it. /
A



241
242
243

244
245

246
247
248
249
250
251
252
253
254
255
256
257

258
259

260

261
262
263
264

Working document QAS/17.726
page 11

Fig. 1.1-2
Structural diagram of (175)-morphine N-oxide illustrated with single, double and dashed bonds, filled

wedges and a broken, a bold and a dative bond

(6]
% ,CHj
N

In order to suggest, to a certain degree, configurational information for any atoem in a structure in general,
at least one, but mostly two, bonds of normal thickness whether single, multiple, dative or broken, are

usually supposed to be in the plane of the depiction surface of that atom.
/

Hybrid bonds may be used to display delocalization of electrons (/séction 1.4.2.1.) A cut bond may be used
to indicate free valences of radicals (section 1.6.1.).

7/
Bonds are drawn using a single consistent length”but for clarity reasons some sterically congested
structures might require singular bond lengths.

/
4

Fig. 1.1-3 Y4

Non-standard bond length as illustrated with nifedipine

/
1.2. Atomic symbols and structural abbreviations

Elements are indicated by their approved atomic symbols except for carbon and hydrogen atoms which
are, most of the time, intentionally omitted to simplify the appearance of the main structure, except for

terminal carbon atoms with the corresponding hydrogens. Atom labels may be modified by adding either
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charges (ionic structures) or mass numbers (isotopically modified compounds). These cases are discussed

separately in section 1.4.2. and section 1.4.4. respectively of this guide.

Although characteristic groups should be shown in full, certain common groups of atoms are shown in a

condensed form.

s/

. /
Fig. 1.2-1

& ~
Groups shown in condensed form y
—CHs methyl —CHO formyl g
—CN cyano —NC isocyano

/
—CO,H carboxy —CO, carboxylate g
Y4
—OH hydroxy — OCHg3 methoxy Y
—NH, amino —NO, nitro
A

—SO0zH sulfo —S0;5 sulfonate K
—Nj3 azido —PO3H, phosphono /

/
A polyatomic group is set out such that the atom directly attached to the rest of the structure is shown

closest to the connecting dash. With a group oriented towards the right or vertically, all other atoms
v
should preferably be on the right of the connecting atom and, if not, the atom label should be inversed.

4
The atom label should always be or/iented to minimize its overlap with any part of structure.
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Fig. 1.2-2
Examples of different ways of representing polyatomic labels

CO,H CO,H

CHs CHs
not
O,N NO,
/
OH HO OH /
PN not PN I .
H3sC”~ “CHs HsC”~ “CHs CH; “CH4
/
/
H
N NH g
[ j not [ ] y /
N NH /
H

/
Single- and three-letter amino acid abbreviations and nonstandard symbols for groups used in

(poly)peptides are discussed in section 2.1.of this guide. Informafl(on on abbreviations characteristic for
nucleotides can be found in references addressed in sectior} 2.3.

/

1.3. Chemical groups

1.3.1. Expanded form

Z
Except for some functional groups which are preferably depicted in condensed form (section 1.2),
characteristic groups sh9u|d/be shown in full. The expanded form should, to some extent, suggest the
corresponding configuration of that group.
Chemical groups containing an element with three explicit adjacent atoms should ideally be drawn with
three eqtgl angles (120 °) separating the bonds to suggest either trigonal planar or, in the case of an

impﬁcit hydrogen, tetrahedral configuration.


file:///T:/UnitData/st-TSN/QAS/Working%20docs%202017/GUIDELINES%20GRAPHICS_UPDATE_2017.docx%23r12ATOMICSYMBOLS
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Fig. 1.3.1-1
Chemical groups drawn with three bonds

@) OH
120° || 120° 120° | 120°

H3C 120° NH2 H3C 120° CH3
/
Chemical groups containing an element with four explicit adjacent atoms in tetrahedral configtration are
/
best drawn with two adjacent bonds separated by a 60 ° angle, an opposing 120 ° angle and, in'between,
two 90 ° angles. A depiction with four equal angles is not recommended to avoid confusion with square

planar configuration, neither graphics with two angles of 120 °, which display geometrically less accurate

information. K
/
Fig. 1.3.1-2 b
4
Chemical groups drawn with four bonds
H /

H_,OH H_ OH

Q% preferred to >< or )<OH /
H3C 20 CHs HsC™ 'CHj, HsC” “CHj

Some chemical groups need special attenti/on/when depicted.

/

1.3.2. Representation of N-oxides

/

Although an N-oxide may be depicted with a single N-O bond, this representation complicates drawing as
separate charges have to be displayed. Using a N=0 double bond is clearly inappropriate from a chemical
point of view as r/1itrogen is not an element with variable valences.! Using a dative bond (arrow pointing
from the D’ tc; the O) not only clearly indicates the amine donating two electrons to an oxygen atom but
impl/icitly suggests separated charges without the need of drawing them and, as such, this may seem the

most obvious way to visualize N-oxides.

1 Official IUPAC naming might however refer to hyper valence in the case when the oxide is on a nitrogen atom of a
substituent of the parent structure; when, on the other hand, the oxide is located on a nitrogen atom of the parent
structure, amine oxides are named by functional class nomenclature using the class name ‘oxide’.
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Fig. 1.3.2-1

Representation of N-oxides

0 i o}
HaC Hsc\ﬁ/o t H3C\N//
or no
HsC™ “CHj HsC~ “CHj HsC™ “CHj

/

1.3.3. Representation of functional groups containing elements with ya/riable

valences N

/

Whereas second-row atoms such as nitrogen and oxygen are supposed to be/ limited by the octet rule,
third-row atoms (and beyond), such as phosphorus and sulfur, can present nénstandard bonding patterns
and may form more than four covalent bonds. Characteristic groups co/ntaining these heteroatoms are
fully depicted using single and double bonds without the addition of charges.

4

Fig. 1.3.3-1 )

Representation of groups with nonstandard bonding patterns

° } 1
I
_R—OH  not _P—OH  nor O/P\t/OH
HO™ “on HO™ “on HO™“om
- 4
o) (0]
I [ 7
- /P\—O not /P\—O
° o YR,
6w’ - -
O O
W \S/ O\ /O
HO” “OH  not " HO” " OH nor HO” TOH
A
4
0
\W/ X\ A
/S\ not /S\ nor —S0,—
p L
? 0
| A
/S\ not PN nor —SO0—
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1.4. Structures

1.4.1. General aspects

The main skeleton should, by and large, be shown in full. Skeletal bonds are to be represented in the iorm
of lines at an angle to one another where each corner represents a carbon atom unless explicitly labelled

/-
as a heteroatom. Where, for reasons of clarity, the skeletal carbon and hydrogen atoms'need to be drawn
/

explicitly - such as in terminal groups, collinear double bonds, or to indicate stereochemistry - they are

/

usually omitted to simplify the appearance of the main structure.

Fig. 1.4.1-1

/
Representation of simvastatin with and without explicit hydrogen atom labels

(@] N

4

CHs 0

The numerical indexing of skeletal-atoms concerning either linear or cyclic structures is consistent with
the established chemical nomenclature and is usually not shown, except for some very rare cases where

/
it is important to empha/size certain structural features.

A
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Fig. 1.4.1-2
Representation illustrating numerical indexing of skeletal atoms; the example shown is fimaporfin, a

mixture of three isomers

SOzH . .
Mixture of three isomers

Mélange de 3 isomeéres
Mezcla de 3 isdbmeros 4

A (7,8-dihydro)
B (2,3-dihydro) 4
C (17,18-dihydro)

/S

4

Large molecules may require size reduction to fit within /tht/a available space but, when possible, it is
preferable to rotate a portion of the structure around a/single bond if doing so will allow the diagram to
fit without resizing. For structures with many identi/cal groups, it may be useful to use square brackets
rather than folding back the structure in the plane. The repeating units, either linear or branched, are to
be placed in square brackets, their numbér being indicated by a subscript on the right. If one of these

4
groups terminates the chain or'bears a heteroatom, it is shown outside the square brackets.
Z
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Fig. 1.4.1-3
Different representations of fluphenazine decanoate illustrating various ways of handling structure

sizes

v

CF4 HsC &
S
N/\/\O\/\ | /
S )J\MCH3 /
0 8
7
CF3

In some rare cases, @ pharmaceutical substance may be defined as a mixture of different but relatively
similar structures that are mostly depicted through a generic formula (section 1.7.) shown along with
information on the varigus compounds making up the mixture.

A

Fig. 1.4.1-4

Representation of a generic structure and accompanying information for acriflavinium chloride

R
H N/ Ill+ NH
2 ~ 2 )
Cl
x
R Mol. Formula M,
H C13H42CINg 2457
CH3 C14H14CINg 259,7
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Different components are sometimes associated with a parent structure to represent a substance. Those
fragments mainly concern water of crystallization, substances of solvation, counter-ions, acids and bases.
Such fragments are normally separated from each other and the principal structure by a distance
approximately equivalent to the structure’s standard bond length. Numerals used to indicate multiple
occurrences of components are always preceded and followed by a space. Bracketed fragments are
subscripted on the right-hand side bracket to indicate multiple occurrences of that fragment. The parent
structure is usually followed in a specific order with the fragment representing an acid/(or t/)as/e) then
water. If any textual information concerning stereochemistry is to be added, it is inserted straight after
the parent structure and before any other component. Positioning of ionic species \yilf be discussed in

section 1.4.2. of this guide.

4
Fig. 1.4.1-5 v
Examples of “multicomponent structures” as illustrated with.chloroquine sulfate hydrate (top) and
e
esomeprazole magnesium dihydrate (bottom) v
o] N )
| = and enantiomer H,SO, H;0 /
/
HN
WNA CH,
H CHj
kCHg, <
v

4
H3CO N ,CHs
M2t NJ\S/,\@OCHS 2 H,0
I
o N
Zch,
/ .

A

1.4.1.1. Distinctive aspects of acyclic structures
/

A

Wherever possible, structures are set out horizontally rather than vertically and are orientated so that the
/
highest numbered atom in an acyclic structure is on the left with the numbering of atoms decreasing from

left to right.
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Fig.1.4.1.1-1

Orientation of linear structures

o}

6 4 2 COZH
H3C 5 3 1

H CH,
/
Simple bonds are to be represented in the form of lines at a regular angle of 120 ° to one another, whereas
double bonds are shown as centered between the two atoms with varying angles dependﬁ\g on the
/
geometry and hybridization of the concerned atoms. Triple bonds are to be drawn in a linear fashion

rather thanin a zigzag format because triple bonds involve sp-hybridized atoms and/ha(/e linear geometry.

/

Fig. 1.4.1.1-2 /

Representation of different linear chain types

CH CH CH
HSC/\/ : not ch/\/ ° nor H3C/\/ s

H3CA\‘ H,C=C=CH, 4

CH3y/
H;C—==—CH;  not HaC/\/

/

When only one substituent attached to an‘atom (carbon or heteroatom) occupying a position in the chain
is depicted in order to represent either/a trigonal planar or tetrahedral (with one implicit hydrogen atom)
configuration, it should ideally be d/rawn with three equal angles (120 °) separating the bonds as in Figure
1.3.1-1. 7
/

Where two substi/tuénts are attached to the same chain atom, they should generally both be at the same
angle to the /bisector of the bonds formed by the “connecting” and adjacent chain atoms. Substituents
should preferably be at a right angle to the chain (substituents separated by a 60 ° angle with an opposing
120 ? angle of the chain). If both substituents are not identical, the larger atom label of the two should

preferably be on the right.
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Fig. 1.4.1.1-3
Representation of substituted chains

H i OH HO H H

/oo OH
chwcm preferred to ch\)Q/CH:; and H3C\/K/CH3

Adjustments of chain angles may sometimes be necessary in congested structures to prevent overlap, or
/

simply for aesthetic reasons, depending on the overall appearance of the drawing. In those cases, it is

often sufficient to modify one particular angle of that structure by orienting a bond either horizontally or

/
vertically or sometimes somewhere in between, mostly nearby a (multiple of a) 30 ° angle.

Fig.1.4.1.1-4 .

Orientation of a linear fragment in congested structures as illustrated with losartan potassium

OH

a / \
4 N N

%
%( SN
preferred to K-y N=
y: CH;

/

1.4.1.2. Distinctive aspects of cyclic structures
v
4
Rings are shown in full as polygons.The symbol of the carbon atoms that form the ring are not shown but
are represented by the vertices of the rings. The hydrogen atoms attached to them are not represented
/
unless they are needed t9 show stereochemistry. The symbols of atoms other than carbon are shown with
all the hydrogen atoms attached to them but without linking dashes. Cyclic double bonds are shown with
a dash'inside thering rather than being centred between atoms and triple bond have a dash outside and
inside the ring and are centred between two atoms.
p
Fig.1.4.1.2-1

Representation of ring skeletons

O & A O

SS
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465 In aromatic systems, a circle should not be used to depict delocalized electrons; instead, alternating single
466 and double bonds are shown (Kekulé representation).

467

468  Fig.1.4.1.2-2

469  Representation of delocalized electrons in ring systems

XN N /
not | not @
w O=Q O /

471

/

472 In monocyclic unsaturated compounds, double bonds should be arranged to have the lowest possible

473 numbering, where practicable, and rings should be numbered in a clockwise direction.

/

474 /
4
475 Fig. 1.4.1.2-3 v
476 Lowest numbering for ring double bonds
1 1 /

5 6 1 CO,H . 6 ‘ CO,H . N\ , s/N/ 2/ 5 & 2 3
477 3 3 )1 y: " 3 2 6 5
478 /
479 In fused polycyclic systems, a double bond should form the fusion bond nearest to the right-hand side.

/

480 ®
481 Fig. 1.4.1.2-4 v

482 Positioning of double bonds in fuséd polycyclic systems

H

J N
483 0

484 )

485 Rings are shown as regular polygons when they consist of up to 8 carbon atoms.
486 R

487 Fig. 2.4.1.2-5

488 Regular polygons of up to eight atoms

489ADQ©©O

490
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Whereas isolated rings of 3,4,5,7 and 8 atoms are preferably drawn with a horizontal bond at the bottom

of the ring, six-membered rings should preferably be represented with a vertex at the base.

Fig. 1.4.1.2-6

Orientation of six-membered rings

CO,H /
e O |

/

/
Wherever possible, the regularity of the polygons is maintained in the drawing of fused eyclic compounds.

/

Fig. 1.4.1.2-7 «

Fused ring systems with regular polygons

ODQOQQOQQQ

7/
However, in fused polycyclic systems the polygons may often be distorted to maintain the symmetry of

the structure or to prevent an overlap of rings.

/

Fig. 1.4.1.2-8

Distortion of rings

@t% @QD

Rings with more than 8 vertices are often shown with re-entrant angles. IUPAC recommends that they

should be drawn like amalgamated rings with 5, 6 or 7 vertices, encircling a maximum of virtual hexagons.
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Fig. 1.4.1.2-9

Rings with more than eight vertices

YNNI SIS

9 10 1 12
/
/
As overlap of groups is to be avoided, and double bond configuration needs to be truly depicted, other
conformations may be considered depending on the constraints imposed by the prese/nce of substituents

/

and double bonds.

Fig. 1.4.1.2-10

Alternative conformations for 11-membered rings /

AR TAT0)S

Care should be given as to avoid depictionswith substitution at re-entrant positions. Substituents and
v
fused rings should be outside the ring as far as possible. Furthermore, double bonds in any large rings
4
should always be depicted in the correct stereochemical configuration. Finally, large heterocycles, in the

absence of other constraints, are to be depicted if possible, with heteroatoms at the re-entrant positions.
/
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Fig. 1.4.1.2-11
Depiction of different types of large rings
o]
(0] preferred to ’;’;2; t::
/
; k
o]

& preferred to & [ j preferred to

SEIFN

4

o
@)

When a substituent is attached to an atom occupying a positiondin a rihg (carbon or heteroatom), the
direction to be taken by the dash, linking it to that atom, can be foynd by extending the line bisecting the

cycle.

Fig.1.4.1.2-12

Orientation of ring substituents

CHj; /
| (0]

I
N

CHj

Where two substituents/are attached to the same ring atom, they should generally both be at the same

angle to the bisector’and preferably at a right angle to the adjacent side.

4

/
Fig. 1.4.1.2-13

Orie/ntation of multiple ring substituents

H3C , CH3

H, co2
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The positioning of substituents in the case of certain congested structures, like steroids, may however
require adjustments, in comparison to the recommendations mentioned above, to avoid an overlap of
structure fragments or simply for aesthetic reasons. In these cases, one (preferably the larger) substituent
may be oriented by extending the line bisecting the cycle to which it is attached, and the second (smaller)

one, to divide in equal parts the angle in between the first substituent and the ring.

Fig.1.4.1.2-14

Orientation of multiple ring substituents in congested structures

Q}//\ i
o O/<
GRS

and """""{;CHs asin
L_/e ’

Vs

The orientation of substituents that are nearly horizontal, veytiéal or nearby a (multiple of a) 30 ° angle
when bisecting the adjacent bonds may be adjusted to such an angle for aesthetic reasons.
7/
/
Fig. 1.4.1.2-15

Adjustment of orientation of ring substituents in congested structures
v

o o}

oo
ReOT e, A
() may be adjusted to

/
/

asin

A
Substituents and/explicit hydrogens are normally placed outside cyclic systems, except for crowded
/
structures/such as steroids and some alkaloids (see sections 3.5.2. and 3.2.) where substituents and explicit
hydrogens attached at bridge heads can, if not enough space, be displayed inside the rings of polycyclic

/
structures.
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Fig. 1.4.1.2-16

Positioning of substituents and explicit hydrogens on crowded ring systems

/

In bridged structures, a non-atomic bridge (direct bond) is represented by a straight Iin/e and-an atomic
bridge by lines at a clear angle to one another. The symbols for carbon atoms are notshown, however, if
the bridge contains one or more heteroatoms, the atomic symbols for those atoms are shown. To give

/

some perspective to the figure or to represent stereochemical features, wedges, thickened lines or broken

X

lines can be used.

e
Fig. 1.4.1.2-17 ‘
Representation of bridged structures 4
7/
/
CHs CHs
O ] ot O /
I rr
CH, preferred to CH,
CHs CHy
Z

Planar representations, if considered clear enough, are in general preferred to perspective drawings.

/
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Fig. 1.4.1.2-18
Planar representations as compared to perspective drawings with adamantane (top left), tropane (top

right) and p-camphor (bottom)

H
, N
’ /
@ preferred to [ NH preferred to /
) pA
H
/
/
CH3 (I:H?: )
: o | o HsC CHs
H3C /
H3C- -CHs preferred to or
H3C /
H H »
b
1.4.2. lonic structures 4

1.4.2.1. General aspects

lonic species are drawn either as neutral C(/)m’ponents or as structures with explicit positive and negative
charges. In the latter case, the cationig part is placed on the left and the anionic fragment on the right.
Cations and anions are separated by space rather than a comma or a dot with a separation distance
approximately equivalent to.the structure’s standard bond length.

/
Fig. 1.4.2.1-1
Representation of the ionic species, potassium clavulanate (left) and losartan potassium (right)

respectively without and with explicit charge symbols

A OH .
H cox N=N

o, N N
=

N/iﬁ\» c— /N O

o OH K" Né&\;
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lonic charges are represented by either a plus or a minus sign for respectively positive and negative
charges which are drawn as such without being encircled. Multiple charges are indicated by using a

numerical multiplier n as in n+ or n- and not by writing the + or - symbol n times.

Fig. 1.4.2.1-2
Numerical multiplier for the representation of multiple charges of calcium. s
ca® not ca* /

/

/

/
Charge symbols associated with specific elements are usually shown on the top.right-handed side of the

(poly)atomic label, unless the label is reversed, in which case the charge is shown as'a superscript on the

left. y
4
/
Fig. 1.4.2.1-3
e
Positioning of charge symbols on atom labels; the example shown is ferrous fumarate
2+ 2+ 2+ - /\/C(/)Z-
Fe or Fe Fe 0,C
7/
/

In some cases, if there is little or no space for a superscripted charge on the right-hand side of the atom,
the charge can be shown immediately above‘the atom concerned. When a ring is involved, the charge is
v
usually placed outside the ring unless it is impossible to place the charge without ambiguity, in which case
4

it may then be shown inside the ring.
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Fig. 1.4.2.1-4
Positioning of charge symbols in congested structures, acetyl choline chloride (top), methylthioninium

chloride (bottom left) and pancuronium bromide (bottom right)

o) o}
HsC , CHs ) HC CHs

N (¢]] not N Cl
Hic” 07 " “CH Hae” 07 " “CH,

3

N
X
HiC L /@ j/ij\ _CH3 -
N S N Cl
| + |
CHj; CHj;

In structures where the positions of the charges cannot betindicated precisely, the structure is put in

square brackets, with the overall charge placed outside them as a superscript on the right.
/

7/
Fig. 1.4.2.1-5 /
Representation of sodium calcium edetate (left) and acesulfame potassium (right)
/
OY\N/_\N /Yo N HaC O\s//go i HaC O\s//go
2 Na* o) I/ \Ca/ \ o) x H,O K* ’,11 or K* | ,11
\O/ \OAO/ O:‘ I
/

1.4.2.2. Distinctive aspects of inorganic metal salts

A

4

Metal salts (f/or example, KMnO,) of inorganic acids are represented by their molecular formula without
net charges. Structural formulas are normally not given for these substances except in the case of
coorgdination compounds for which the stereochemistry of the complexes should be specified (section
1.4.3.). If salts include several metals, the symbols for the metals are shown in alphabetical order (for
example, AIK(SO4)2). In acid salts, the metal precedes the hydrogen as in NaHCOs. Molecules of water of
crystallization or of substances of solvation follow the formula of the salt, from which they are separated
by a middle dot, without a preceding or following space (for example, AIK(SO4);:12H,0 and
NaH,P04-2H,0).
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Metal salts of phosphoric and sulfuric esters are preferably shown in expanded form with the metal

replacing the acid hydrogen.

Fig. 1.4.2.2-1
Representation of the metal salt of betamethasone sodium phosphate %
/
?;/ONa :
o-
\ONa /
/
not
4
/
1.4.2.3. Distinctive aspects of organic metal salts b

/
In the metal salts of organic (carboxylic) acids and the rpetal compounds of alcohols, phenols (and their
sulfur, selenium and tellurium analogues), the metal symbol usually replaces the acid hydrogen but

neither charges nor bonds are shown.

Fig. 1.4.2.3-1 P

Representation of a metal salt of ah organic acid and alcohol, ceftriaxone sodium

31/, Hy0
Metal salts of nitrogen-containing acidic groups like amides are preferably shown with explicit charges
and are usually depicted as their preferred tautomeric neutral counterpart in which the mobile hydrogen

is replaced with a negative charge or the metal atom (section 1.4.5).

Fig. 1.4.2.3-2
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Representation of nitrogen-containing metal salts, sulfacetamide sodium (top), losartan potassium
(bottom left) and omeprazole sodium (bottom right)

o) 0 oo © o o ©

\Y \Y/ \Y
+ N S< S<
Na CH;  preferred to l}l CH; and N CHj;
a
Na
HoN HoN HoN

OH NN 7/
+ A HyCO NF CH; /
K N_ N N B
cl— N ‘ Na NZ S | N OCL—|3/ H,0
= Il
N (0] N e
CHs and enantiomer . CHs

/

Iz

4
lonic forms may be used in case of mixed and acidic salts when substances contain several anionic groups

to which various cations cannot easily be attributed. The larger.charged group should be enclosed in
square brackets to emphasize that there is no precise structural as;ociation between the ionic fragments.
Associated counter ions are separated from each other by.a s/pace. In structural formula, numerals used
to indicate multiple occurrences of counter ions(but also water of crystallization, substances of solvation
and acids) are likewise preceded and followed by a s/pace.

/

Fig. 1.4.2.3-3 4

/
Representation of the acidic salt disodium hydrogen citrate

HO  COy
2Na’ H' |0, coy

/

A
1.4.2.4. Distinctive aspects of amine salts
/
Amine saI{s are shown with the structure of the neutral amine on the left (as if it were in the ammonium

form) and, after a space, the formula of the organic or inorganic acid on the right.

Fig. 1.4.2.4-1

Representation of the amine salts piperazine citrate (top) and acebutolol hydrochloride (bottom)
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ﬁNH HO CO.H
HNJ HO,C coH| XHO
2
3
o) CH,
H OH
,/O H
O\)\/N CH;  HCI
O \l/
CH
H3C/\)J\N 3 /
H and enantiomer y

/

/
Quaternary ammonium salts and other compounds with a positive charge on a heteroatom (P, As, Sb, O,
S, Se and Te) are shown in ionic form with explicit charges, the two ions being sepa/ratéd by space.
Fig. 1.4.2.4-2 <
Representation of the quaternary amine salt oxitropium bromide

/S

1.4.2.5. Distinctive aspects of zwitteri/orfs
4
For zwitterions, the plus and minuscharges are drawn and placed according to the rules described above,

provided that these charges are indispensable. If a choice is possible, a neutral form is preferred.
/
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Fig. 1.4.2.5-1

Representation of zwitterions levocarnitine (left) and alanine (right)

HyC H  NH, H NH; H NHy
H3C—N y: Cco, not ) nor _
(':H H OH H5C CO,H H5C CO, HsC CO,
3
/

1.4.3. Coordination compounds’ ,

/
/

Coordination complexes, other than metal salts discussed above (section 1.4.2), are either depicted with
condensed linear formulas or drawn with expanded diagrams, depending-on the complexity of the

/

structure. /

1.4.3.1. Linear formulas of non-cyclic coordination compounds
e

In the linear formula of a coordination complex, the symbol of the central atom is placed on the left and
is followed by the ionic ligands and then the neutral ligafds.
/

Polyatomic ligands are placed in parenthese/s, with the atom linked to the central atom on the left. If
several identical ligands are attached to the central atom, their number is indicated as a subscript to the
right. In each class of ligands, the symbols of the linking atoms, and then of any other atoms, are shown
in alphabetical order. The completg formula of the coordination entity (neutral group or complex ion) is
placed in square brackets. ~

/

If the entire structure consists of ions, the positive ions are placed on the left and the negative ions on the
right. No speces/ should be left between representations of ionic species within the formula of a
coordinatjon compound. If the charge of the coordination entity needs to be specified, it is placed outside
the square bracket as a right superscript. The individual charges usually carried by the central atom and
the ligands are normally not shown. If a compound contains water, it is cited last and separated from the

rest of the formula by a middle dot without a preceding and following space.
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Fig. 1.4.3.1-1
Representation of diamminesilver(1+) fluoride (left), sodium nitroprusside dihydrate (middle) and the
ion ferrocyanide (right)

[AG(NH3),]F Na,[Fe(CN)s(NO)]-2H,0 [Fe(CN)el*

1.4.3.2. Structural formulas of coordination complexes

/

Some coordination complexes, whether cyclic or not, are best represented with a full depicti9n./Where
possible, the metal atom is placed in the centre of the complex. Square brackets are placed-around every
coordination entity, even if the charge is zero. Coordination bonds are depicted with/plgin bonds unless
filled wedges and dashed bonds are used to indicate stereo chemical configurations. Dative bonds may
be used to avoid depicting atoms with non-standard valences. Individual cbafges carried by the central
atom and the ligands are normally not indicated in structural formulas unless it is difficult to show all the

coordination links.

e
Fig. 1.4.3.2-1 /
Representation of sodium calcium edetate (left), cisplafin (middle) and oxaliplatin (right)
/
y H
0 /N ol? cl NHg Ox0 L'Z
Y\N\ /Nﬂ\f y \Pt/ ;\: \Pt/ D
2Na* o ” ca o) { xH0/ a1’ “NH, o o’ TNT
o}\ O/ \O/J\O Ha 1

4
Z
“Sandwich” structuresare sh/own with the rings connected to the central atom by a solid line starting from
inside the cycle and. passing through one side. Benzene rings and condensed benzene systems in
“sandwich” compounds are drawn with alternating single and double bonds. Pentagonal and heptagonal

rings-are shown with a circle inside.
/

s/
Fig. 1.4.3.2-2

/
Representation of “sandwich” structures bis(benzene)chromium (left) and ferrocene (right)
G-  |[6-D

1.4.3.3. Stereochemistry of coordination complexes



775
776
777
778
779
780
781
782
783
784
785
786
787
788
789
790
791
792
793
794
795
796
797
798

799
800

801
802
803
804
805

Working document QAS/17.726
page 36

The stereochemistry of mononuclear complexes is expressed by means of special descriptors formed from

an abbreviation (system indicator) for the central atom geometry and the coordination number.

Configurations of polyhedral complexes are depicted by using different bond styles in perspective
drawings. Both normal and dative bonds that are linked to the central atom (symbolized by “M” in-the
following figures) are usually supposed to be in the plane of depiction. Perspective drawing/s 6f chiral
structures should preferably be drawn with stereobonds to orient coordination entities aboyve and behind
the depiction plane unless configuration is unknown, in which case only plain bonds are Used: Perspective
drawings of achiral structures should preferably be drawn with stereobond§ ‘to. emphasize three-
dimensional configuration. 4
/

A clear depiction of chelating groups in perspective drawings sometimes necessitates structures to be
rotated and/or angles to be slightly distorted as compared to fhe following theoretical examples of

polyhedral complexes. P

T-4: tetrahedral complexes
/

These are described by the chirality'symbals (R) and (S); they are shown in the same way as stereogenic
carbon atoms, a dashed line denoting/a bond projecting behind the plane of the depiction and a filled
wedge one projectingin front of th;t plane.

/
Fig. 1.4.3.3-1 /
Representation of tetrahedral complexes

4

(e / preferred to 2
MU A MU

p L
SP-4- square planar complexes

The four coordination links are shown in the plane of the depiction.

Fig. 1.4.3.3-2
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Representation of square planar complexes; the example shown below is carboplatin
o)
N S oL N
M Pt
N o] \NH3
o]
TBPY-5: trigonal bipyramidal complexes
/
/

The reference axis is shown in the plane of the depiction; of the three other equatorial Iigar{ds, one is
/

assumed to be also in the plane of the depiction, one in front of it and the other behind jt.

Fig. 1.4.3.3-3

Representation of trigonal bipyramidal complexes

'~

SPY-5: square pyramidal complexes 4

/
The reference axis with its lone coordinating atom“is shown in the plane of the depiction and four
coordination links are assumed to beiina p,la;e perpendicular to the reference axis, two in front and two
behind the plane of the depiction.

7z

Fig. 1.4.3.3-4 )

Representation of square pyramidal complexes

o y

OC-6: octa/hedral complexes

/

Two coordination links are shown as the axis in the plane of the depiction and four are assumed to be in

a plane perpendicular to the reference axis: two in front of and two behind the plane of the depiction.

Fig. 1.4.3.3-5

Representation of octahedral complexes; the example shown is ormaplatin
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H H2 |
| O':N <
M Pt
L B
| ~n7 | Y
H H2 C

PBPY-7: pentagonal bipyramidal complexes

/
Two coordination links are shown as the axis in the plane of the depiction and the five other coordination

links are shown as their projection onto the plane perpendicular to this axis: one in the plane of the
/

depiction, two in front of it and two behind it. %

Fig. 1.4.3.3-6 Y

Representation of pentagonal bipyramidal complexes

\|

B
I~ /

7/
1.4.4. Isotopically modified compounds®

/
In an isotopically modified compound, the isotope used is indicated by its mass number placed as a
superscript on the left of the symbol of the element concerned. Deuterium and tritium are respectively
written 2H (not D) and 3H.(not T). THe carbon atom in a ring or a simplified angular-chain representation is

explicitly designated when it/s mass number is shown.

/
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Fig. 1.4.4-1
Examples of isotope-substituted compounds with (top, from left to right) 3!I-substituted sodium iodide,
32p_substituted sodium phosphate, *™technetium, °O-substituted water, C-substituted sodium
acetate and (bottom, left to right) ®F-substituted analoque of misonidazole, '3l-substituted
iobenguane and '!'C-substituted raclopride

o %

Na'3'| NayH%2PO, 9omT¢ H,'%0 HsC

7/
==\ H OH J cl L
N/\\ wF NH, N ,Z y )

\\7\/ N and enantiomer

Iz

131 Cl

When atomic symbols and formulas are drawn without square brackets, the compounds are assumed to
e

be isotopically substituted (i.e. the atom concerned is completely replaced by the nuclide shown). To

indicate isotopic labelling (partial replacement of the atom by the nuclide shown), atomic symbols in

. 7/
formulas should be enclosed in square brackets.

Fig. 1.4.4-2 Y
Examples of isotope-labelled compou/nds with (top, from left to right) L-[*'Clmethionine,
4
[*8F1fluorodopa, [*°Felferrous citrate and [*'C]lflumazenil (bottom left) and [**™Tc]technetium bicisate
/

(bottom right)

/ [18F]
) H /NHZ p
H C <
3[ ]\S COQH
A
4
/
N
% ¢
N/
/
F N
\
O ["'ClHs

1.4.5. Tautomeric compounds
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Graphical depictions of compounds that may be subject to tautomeric rearrangements represent the
predominant form as based on available structural information concerning the position of mobile

hydrogens and double bonds.

Fig. 1.4.5-1
The preferred depiction (left) of famotidine corresponds to the predominant tautomer %
HoN HN d
>:N NH /
HoN >§N HoN >:N N
S s N_ _NH ferred t S s N_~ _NH
\/\/ \/Y ~go 2 prererread to \/K/ W/ ~go 2
7\ AN
NH NH o

4
Some exceptions may exist though, taking into consideration that compounds belonging to the same

chemical class should be drawn in a similar way to make clear that they are structurally analogous.
e

4

Fig. 1.4.5-2 )
The preferred depiction (left) of sulfathiazole shows analogy with the chemical class of sulfonamides

but does not correspond to the predominant imine tautomer which is shown on the right
00 N/B 00 HNX
N //\ /L / Y //\
N s
H

S ~
/©/ preferfed to /©/ N S
H,N 4 HoN

Compounds that can undergo tautomeric rearrangements are, in the absence of precise structural
information, represented with a single structure which is usually selected among the tautomeric forms
based on the seniority.of both principal groups and substituents. Such compounds, mostly oxygen-, sulfur-
and nitrogen/—con/taining, are depicted with double bonds to oxygen and sulfur atoms rather than to
nitrogen atoms.

/
Fig. 1.4.5-3
The preferred depiction (left) of propylthiouracil shows both oxo-and thioxo-groups which are

respectively senior to hydroxy- and sulfanyl-groups
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H H H
H3C N YS HsC N\(SH H3C N S
| T
’ NH preferred to \/\E’( N or ‘ N
0 o OH

If criteria of seniority do not permit to select a tautomeric form, then locants may be considered, the

lower being preferred. g

Fig. 1.4.5-4 /
/7

The preferred depiction (left) of omeprazole has the lower locant for the indicated hydrogen of the

benzimidazole moiety (1H instead of 3H) )
H3CO HCO 4
3 NH CHj 3 N CHj
A
N)\S | N OCH3 preferred to H)\S | N OCH3
I Il
N __~ b (6] N __~
and enantiomer CHs and enantiomer CHs
/

Metal salts of nitrogen-containing acidic groups.like @mides are usually depicted as their preferred
tautomeric neutral counterpart, in which case the mobile hydrogen is replaced with a negative charge or

the metal atom.
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Fig. 1.4.5-5
The preferred depiction (middle) of sulfacetamide sodium has the mobile hydrogen of the tautomeric

preferred form of its neutral counterpart (left) replaced with a negative charge or metal atom

oo O
N7
+ S\')k
Na /Q/ N~ CHs, y
/
H2N or y
ONa
oo O oo O 0 O
W N7 \ )\
S )’k S\ )k /S\
~ — N CH not N CH
H CHjy Na 3 3
HoN HoN or HoNT 5
/
oo ©
N :
SN TCHy A
|
Na 2
H,N

/S

4

Sometimes structure characteristics may lead to a differen/t representation. The keto-enol tautomerism
in barbituric acid, for example, occurs preferably ‘at the C-2 carbonyl due to the presence of two
electronegative amido nitrogens flanking this group. As the enol (lactim) form is favoured in alkaline
solution, a resulting salt is thus depicted with the metal being associated with the C-2 oxygen and not one

/
of the adjacent nitrogens. .

Fig. 1.4.5-6 s
The preferred depiction (migdle) of phenobarbital sodium has the metal associated with the oxygen of

the favoured enol form ,

o) N o o N ON o) N o)
a
HsC \f v HsC g HaC h
NH > N not NNa
/
¥o o) o)
/
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1.5. Stereochemistry?

1.5.1. General aspects

In the absence of stereobonds, single plain bonds (—) surrounding either stereogenic or non-

stereogenic atoms can represent bonds orientated in any direction, but double bonds(==); triple-bonds(
/-

==) and, with some rare exceptions, dative bonds(—) are usually considered to be in the plane of

/
depiction of the atom concerned. /

Stereobonds are mostly used to indicate configuration of stereogenic atoms.in ?Iattened drawings and,
more rarely, in the case of perspective drawings to emphasize three-dirhensional configuration of a
molecule as a whole. If any stereobonds are attached to a stereogenic cen/tre of tetrahedral configuration,
then two of the additional normal bonds attached to this centre are supposed to be (approximatively) in
the plane of depiction.
7/

Hashed wedged bonds () are used to represent a‘bond projecting behind the plane of depiction, while
a filled wedge (—=) designates that the atom at the wide end of the wedge is above the atom at the
narrow end. In both cases .the narrow/er/1d of the wedge points at the stereocenter. Unknown

configuration can be explicitly indicated with an asterisk (*) or, in the case of some natural products

(sections 2.2. and 3.5.2.); by-using @ wavy bond (.~ ).

/
[Note from the Secretariat. In particular, comments are sought on the proposal to use hashed wedges to
denote a bond that'projects behind the plane of representation. In structures shown in this guideline,
dashed /ines/( / ).or hollow wedges (==) are also used for this purpose. If comments are received
supporting the proposal to use only hashed wedges to indicate a bond projecting behind the plane of
reprssentation, the chemical structures in this guideline that do not currently follow this proposal will be

redrawn.]

If configuration of ring atoms is to be indicated, then stereobonds should preferably be restricted to the
acyclic substituents and not the ring skeleton. Furthermore, stereobonds should not be used between

two stereogenic centres unless unavoidable.


file:///T:/UnitData/st-TSN/QAS/Working%20docs%202017/GUIDELINES%20GRAPHICS_UPDATE_2017.docx%23r22
file:///T:/UnitData/st-TSN/QAS/Working%20docs%202017/GUIDELINES%20GRAPHICS_UPDATE_2017.docx%23r352
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When needed to define the stereochemical configuration, a hydrogen connected to a stereogenic atom

is explicitly represented by its symbol “H".

1.5.2. Cis- and trans-isomerism

1.5.2.1. (EZ) isomerism: carbon-carbon double bonds and imines <

/
7/

Unless constraints exist, such as in cyclic or congested structures, compounds containing double bonds

/

with two sp?-hybridized atoms are mostly depicted by lines at an angle of 120 ° to. one another and

/

hydrogens, if any, are omitted. Y

Fig. 1.5.2.1-1 )

Structure of fenprostalene containing one isolated bond of [(néwn configuration and two consecutive

double bonds with unknown axial chirality 4

For compounds containing double/bonds, it is customary to draw the formula so that the double bond
and atoms attached to'it are lying in the plane of depiction with bonds designated with lines of normal
thickness. Although stereobonds are sometimes used in the case of perspective drawings, they should

usually be avoided whenever a double bond is linked to a stereogenic centre.

/
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Fig. 1.5.2.1-2
Structure of dinoprostone(top) and ascorbic acid (bottom) illustrating customary depiction of double

bonds

Q H
/'WC02H
, CH3  preferred to
ey /Y\/\/ H p
OH H OH y,
7~

preferred to

Specified configuration: (E)-isomers, (Z)-isomers and mixtures of (E)- and (2)-isomers

Isomers are shown with the two sequence-rule-preferred atoms or.groups (each attached to one atom of
e

the double bond) placed on the same side (cis) of the double bond forthe (Z)-isomer and on the opposite

side (trans) of this plane for the (E)-isomer. 4

Fig.1.5.2.1.1-1
Examples of (E)-isomer (left) and (Z)-isomer (right) for dosulepin and cefixime, respectively

vd
N,CH3 COZH com
| K 2
CH,

° Q > H:N\(j)‘\ﬂ/ T_ﬁj/\\

A
Mixtures of (E)- and (Z)-isomers of a compound are usually represented with depiction of the (E)-isomer

in combinatien with the legend “and the (Z)-isomer”. This representation does not necessarily mean that

A . .,
the two isomers are present in the same quantities.

/
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Fig. 1.5.2.1.1-2
Examples of mixtures of (E)- and (Z)-isomers, the compounds shown are crotamiton (left) and

clomifene citrate (right)

H3C O ¢ CO,H
o Yy T

; CO5H
H3C\/ N and (Z)-isomer K 2
’ /
W Cl N CHj, OH
[0} /
O and (Z)-isomer CO,H .
/
/

Unspecified configuration: (E)-and/or (2)-isomers

In cases where the double bond has a single substituent on one or both ent/js,/unspeciﬁed configuration
is preferably depicted with one of those substituents aligned with the double bond.
e
Fig. 1.5.2.1.2-1 X
Examples of compounds with unspecified geometric configuration with norgestimate (top left),

flupentixol (top right) and nizatidine (bottom) ’

/
The information conveyed by this representation is considerably different from that conveyed by the

representation of a mixture of both isomers in that it might concern either the (E)-isomer, the (Z)-isomer,

or a mixture of both.
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1.5.2.2. Cis- and trans-isomerism of rings

Graphical representations of individual isomers, as well as mixtures of cis-trans ring isomers, follow
standard conventions of this guide and are detailed in section 1.5.4.2. Mixtures of cis-trans ring isomers,
however, are sometimes depicted as the cis-isomer in combination with the legend ‘and trans-isomer’

added to the right of the structure. This type of representation does not necessarily mean that the‘two
/

isomers are present in the same quantities. P

Fig. 1.5.2.2-1 )
Mixtures of cis and trans ring isomers are sometimes represented as the cis-isomer in combination with
the legend “and trans-isomer” as illustrated with fentanyl N-oxide. Stand/ard conventions, detailed in
section 1.5.4.2., lead to the representation on the right and are preferred for being consistent with other

rules for graphical representation.

Vs
4

(0] P O
b A
0 N’ 4 o) N

e e

’ or ;

® N 3 N
/
and trans isomer and epimer at N*

4
1.5.3. Compounds with one centre of chirality

/
1.5.3.1. Specified cor}figuration

A
General conventions are applicable in order to represent stereochemistry of either acyclic or cyclic
compounds With one centre of chirality. Whereas, in most cases, configuration of the stereogenic centre
p L
is indicated with both a dashed and a filled wedge, in some cases, only a single stereo bond is used, such

./ . . . . .
as in structural diagrams of chiral sulfoxides and chiral fusion atoms. In the absence of a legend, a

structural diagram represents the single specific molecular entity drawn.
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Fig. 1.5.3.1-1
A structural diagram represents the single specific molecular entity drawn, the optical pure isomers

shown are L-alanine (left), esomeprazole (middle) and apomorphine (right)

H3COQNH CH, OH O

H NH - H HO

N\ N

HsC” CO,H o N__ " /

CHs H | /
CHj; Y,

/
A mixture of enantiomers is usually represented with the sole (R)-isomer followed by/the legend “and
enantiomer” rather than depicting the isomers side by side and joined with the Jeéend “and”. Although
this type of representation may represent a racemic mixture, it does not ngcéssarily mean that the two
isomers are always present in the same quantities. The more restrictive and language-neutral legend “rac”

is not considered clear enough and is rarely used instead of “and enantiomer”.
e

Fig. 1.5.3.1-2 /
/7
A racemic mixture of enantiomers is preferably’ shown with the (R)-isomer in combination with the
/

legend “and enantiomer” as illustrated with pL-alanine (top) and omeprazole(bottom)

H NH; Y H NH, H NH;
and enantiomer » preferred to and
H5;C CO,H H;C COzH H3C CO,H
4
Z

N)\S/\@OCW, preferred to N)\S | N OCHj;
I Il
o /N and enantiomer (6] N rac

4 CHs Z CHs

£

4

1.5.3.2. Unspecified configuration

p L
If thé chirality of the center of asymmetry is unknown or not specified, the bonds adjoining atoms or
groups to the chiral atom are shown as lines of ‘normal’ thickness and an asterisk is used to identify this
chiral centre. In the absence of a legend, chiral centres flagged with an asterisk might concern either the

(R)-isomer, the (S)-isomer, or a mixture of both.

Fig. 1.5.3.2-1
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Unspecified configuration is indicated with an asterisk; the example shown is methethoheptazine

CHs CHs
N Isomer(s) present: N Isomer(s) present:
. (R) or (S) . pure (R) or pure (S)
0. CHs - :r;d s O._-CHs or u:fdgsnggﬁg)ture
o o]

/
Asterisks are positioned so that they clearly identify the chiral centre which concerns either.an implicit

carbon atom or a heteroatom label. /

1.5.4. Compounds with several centres of chirality 4

4
. . . . . / .
In compounds containing several centres of chirality, the same conventions as mentioned above apply to

each of these centres. S

4

Fig. 1.5.4-1 .

Structural diagrams depicted for compounds containing several chiral centres as illustrated with

isoleucine (left) and biotin (right) representing the single specific molecular entity drawn
/

H
A ~_-COH

H

, N
HeC” S O COH o= s

H CHs O\

H NH, H

/

1.5.4.1. Mixtures of two diastereoisomers

A

A mixture of two diastereoisomers that are enantiomers are usually represented with the (R)-isomer at
/

the position with lowest numerical locant and followed by the legend “and enantiomer”.

/
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Fig. 1.5.4.1-1
Structural diagram of diastereoisomers that are enantiomers as illustrated with phenylpropanolamine

which is preferably depicted with (1R,2S) configuration and not (15,2R)

H OH H, OH
NH, 4

NH,

and enantiomer not and enantiomer

H CH, H CH,

/
A mixture of two diastereoisomers that are epimers with the opposite configuration at only/oné of two or
more tetrahedral stereogenic centers, is usually represented with the sole (R)-isomerwith respect to the
centre of asymmetry of interest. The epimeric center is marked with an asterisk a;1d the structure is
followed by the legend “and epimer at C*”. If different from carbon, then legends z:\re adequately adjusted

. . . . Y .
for any heteroatoms at the epimeric centre such as in “and epimer at:$*” or “and epimer at N*”.
/

Fig. 1.5.4.1-2 R

Representation of a mixture of two diastereomers as.illustrated with cefuroxime axetil
/

H CH,4 4 HsC o} CHg,

O *
HaC -

T / oL T
(|3H3 o) C|:H3 o)

o O o ©
N~ N7 O)kNHz 7 not N~ N7 O)J\NHZ
H / H
0 NT g 0 NT g
\ | H H W \ | H H
(0] and epimerat C* (0]
/

and epimer at C*

1.5.4.2. Cis- and trans-isomerism of rings
/
A
By analogy with the above, graphical representations of mixtures of cis-trans ring isomers may be depicted
with the isomer displaying (R)-configuration at the position with the lowest numerical locant and followed
by the Ieg/end “and epimer at C*”. This type of representation does not necessarily mean that the two

isomers are present in the same quantities.
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Fig. 1.5.4.2-1
Standard representation of mixtures of cis and trans ring isomers are represented by flagging the
epimeric centre in combination with a legend and are preferred to representation of the cis isomer in

combination with the legend “and trans isomer”, as illustrated with fentanyl-N-oxide

) b
(0] «N N
HAG \)J\ H.. H-C \)J\ H. /
> referred to >
3 N p 3 N

~
and epimer at N* and trans isomer

1.5.4.3. Mixtures of more than two diastereoisomers
/
A limited mixture of more than two diastereoisomersis is depicted as a subset of enantiomers related to
a set of corresponding epimers. All centres of asymmetry that perr;utate together are grouped and linked
to a marginal centre of asymmetry which is marked with an‘asterisk as the “epimeric” centre.
7/

/
The “epimeric” centre is shown as the (R)-isomer and the legend ‘and epimer at C*’ is added to the

structure, directly followed by the mention ‘and their enantiomers’.
v
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Fig. 1.5.4.3-1
Representation of a limited mixture of more than two diastereoisomers (top) broken down for more

clarity (bottom); the example shown is nadolol

H OH
HO
H-- H OH its epimer at C* and their enantiomers
\)/\/H son épimeére en C* et leurs énantiomeéres
o P N CHs gy epimero al C* y sus enantiémeros P
H;C CHj y
o~
its epimer at C* /
H /OH H son épimére en C*
N CHj; su epimero al C*
H3;C CHj
and their enantiomers
et leurs énantioméres
y sus enantiomeros
H OH
\\ H
O\/Q/N CH,
S
H;C CHj

In case of a mixture containing every possible diastereoisomer, all stereogenic centres are represented
with the (R)-configuration and the structure is followed with the legend “and stereoisomers”.

4

Fig. 1.5.4.3-2 N

Representation of an unlimited mixture of diastereoisomers; the example shown is naftidrofuryl!

and stereoisomers

1.5.4.4. Fully depicted mixtures of stereoisomers

In more complicated cases, it is better to draw each component of the mixture to show all the peculiarities

of the structure.
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Fig. 1.5.4.4-1

Specification of configuration by drawing all the components of the mixture; the example shown is

crilvastatin
HsC  CHs HsC CHj
o) o)
o H
N U\H H and (0] N U\H H
o CH
H 3 L0 CH P
/
7~
1.5.4.5. Unspecified configuration ~

If compounds contain several centres of asymmetry of unknown or unspecified chirality, then asterisks

/

are used to identify all these centres. Centres flagged with an asterisk concern.either (R)-configuration,

(S)-configuration, or both. &

Fig. 1.5.4.5-1

Unspecified configuration is indicated with an asterisk; the examples shown are docusate sodium
7/

(left) and an impurity of amoxicillin (right)

H' co,H

CHs i
(0] SO3Na / H NH, HN CHj
5 H .
)‘\)YO K CHj; > N\(‘\ CH;3

y S

O  CO.H

HO

/
1.5.4.6. Distinctive aspects of stereogenic centres at fusion atoms and at bridgehead atoms
/

A
Substituents. are linked with stereogenic fusion and bridgehead atoms through filled wedges or dashed

bonds to indicate the stereochemistry resulting from the way the cycles are connected. Although
configurationdis mostly shown with just one stereobond associated with three normal bonds, sometimes

a sedond stereobond is used for more clarity by replacing a normal bond of, preferably, the smaller ring.
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Fig. 1.5.4.6-1
Stereogenic centres at fusion atoms and at bridge head atoms; the examples shown are mitomycin

(top left), praziquantel (top middle), dextromethorphan (top right) and hyoscine (bottom)

/ H \ H
\OH OH
Wherever possible, stereogenic spiro fusion atoms are displayed'with two stereobonds attached to them,

unless an adjacent stereogenic centre is present,/in which case only one stereobond is used. Any

7/
stereobonds depicted are preferably associated/with the smaller ring.
/

Fig. 1.5.4.6-2 Y

v
Stereogenic spiro fusion atoms of griseofulvin (left) and spironolactone (right)
4
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1.6. Unbound substituents or radicals

1.6.1. Attachment points

Unbound substituents or radicals are specified by drawing the structural fragment and emphasizing/the
location of attachment with an explicitly specified atom label for the carbon- or heteroatom bearing the
7~
free valence. Any hydrogen atoms are shown right next to the explicitly specified atomsto which they are
/

attached. The free valence is depicted with a single bond displaying a label on oné side.of the bond and

none on the other.

Fig. 1.6.1-1

/
Depiction of the radical bezomil with an explicitly specified atom label for emphasizing the location of

the free valence /~

4

0]

_CH,— 4
o Ve
(benzoyloxy)methyl

For linear structures, the bond indicative f/or/the free valence is usually oriented horizontally unless the

connecting atom is congested with substituents.

7z

Fig. 1.6.1-2
/

Depiction of the radicala alaninate (top) and axetil (bottom)

A ) 0]

H3C H3C ~
o0— preferred to ]
/ H NH, H NH,
A L-alaninate
H 0] HsC o)
’ T \IC"/ and enantiomer not : \”/ \IC"‘_ and enantiomer

O H CHs O H CH,

rac-1-(acetyloxy)ethyl
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In case of cyclic radicals, it might be desirable for aesthetic reasons not to specify the carbon atom bearing
the free valence which is instead indicated as a cut bond with a clearly distinguishable symbol such as a

perpendicular wavy line (—).

Fig. 1.6.1-3

Depiction of the radical guacil for which the free valence is preferably emphasized with a cut bond”
/

instead of an explicitly specified atom label _

Z C/ /
preferred to | and /
OCHj, \ OCHjy OCHj, g

2-methoxyphenyl /

1.6.2. Orientation A

/S

4

Wherever possible, structures are set out horizontally with the free valence either on the left or on the

/
right.

7/
Fig. 1.6.2-1
Depiction of the radical ethyl which is prejer/ably drawn without a bend

4 Ho \ 7

H3C—CHy— or —CHy;—CHs prefirredto H3C/CH2_ and not H3C/C\ nor -C

/
1.6.3. Depiction st\/lle
A

Line formulas, if concise and clear enough to describe substituent groups, are sometimes used for radicals

which are intended as annotations to generic structures.
p L

Fig. 1.6.3-1
The radical phospono as depicted with different drawing styles; conventional (left), as expanded line

formula (middle) and as condensed line formula (right)

o} o
I I
_P— HO—P— P(=0)(OH), —
o~ X | (=0)(OH),
OH OH
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If an expanded linear drawing style is used, then all acyclic chain atoms are depicted explicitly and are
connected through horizontal and vertical bonds exclusively. Polyatomic labels show hydrogen atoms

right next to the atoms to which they are attached if not drawn with explicit bonds.

For a condensed linear drawing style, either no bonds or only horizontal bonds are shown. The order of
the atoms suggests the connectivity and parentheses are used for groups not part of the m/aiﬁ chain.

Square brackets and associated subscripts may be used for repeating units. p
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1249  Fig.1.6.3-2
1250  Explanatory annotation using different drawing styles associated to the generic structure of bleomycin
1251  (top). Among the different styles, the condensed line formula with horizontal bonds only represents a

1252  concise and clear description of the different fragments characteristic for bleomycin A; and B,.

H
/N O
o) R
H NH /
> ‘ HQH; NH NS
\ 2 /
H,N H
" . ‘
e}
N SN N \ %
HO o | ),
o |HN OHC HH CHy S )
e}
A : /
HoN O HO H 4
H OH
HO O /
HsC v
OH OH $
HO
e
4
drawing style : annotation : y
/
bleomycin A, —R = —CH{\/\;/CH3
/ |
conventional CHg
bl inB R CH H NH
eomycin —R= —
y 2 / 2\/\/ T 2
4 NH
e +
bleomycinAs; —R = _CHQ_CHZ_CHZ_SI_CH3
Z
CH3
expanded line formula NH
Il
7"..bleomycinB, —R= —CH,—CH,—CH,—CH,—NH-C—NH,
/
y bleomycin A, -R = -[CH5]3-S*(CH3),
bleomycin B, -R = -[CH,];-NH-C(=NH)-NH,
condensed line formula
with horizontal bonds only or
(preferred) 7 ] .
% bleomycin A, R =[CH,]3-S"(CH3),
bleomycin B, R =[CH;]4-NH-C(=NH)-NH,
/
. bleomycin A, R = CH,CH,CH,S*(CHs),
line f /
1253 condensed line formula bleomycin B, R = CH,CH,CH,CH,NHC(NH)NH,

1254
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1.7. Generic structures

Although it is the policy of the INN programme not to assign names for mixtures of substances, some
exceptions exist that concern either polymer, several substances in fixed proportions and natural products
for which mixtures consist of structurally similar compounds that display comparable activities that are

impossible to separate.
1.7.1. General aspects ),

Mixtures of substances are usually depicted with a generic structure shown along with information on the

centres of diversity using labels or values of repeating units. ‘
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Fig. 1.7.1-1
Depictions of the generic structures of the polymer pentosane polysulfate sodium (top left), fimaporfin,

a 25%, 50%, 25% mixture of three isomers A, B, C (top right) and natural product bleomycin (bottom)

o[ o] (0] SOzH . )
I Il Mixture of three isomers
NaO—S—+O-- mO—S—ONa Mélange de 3 isoméres
I Il - Y
Mezcla de 3 isbmeros

O \ (0]
(0] (0] 7/
| |

0=S=0 R 4
|
L ONa In /
/

chain length n~ 11-16

_.OSO3Na /
A (7,8-dihydro)
= NaO,C 0SO3Na B (2,3-dihydro)
OCH3 C/(17,18-dihydro)
or R= F—0SO;Na %
4
ratio~1:9 p H
v N ©
R
\; H  NH; /
N IS
H,N Hj: 4 \ s
N
HO < | \
o H3C H HoCHs o © S
CH3 N N
HoN H H
HO -OH
SC H
OH OH
HO
Main component : bleomycin A, R = CH,-[CH3],-S*(CHg),
/ bleomycin By R = CH,-[CH,]5-NH-C(=NH)-NH,

/

Generic st/ructures should generally be kept simple with the variable substituent groups of the different
compounds making up the mixture as small as possible. Any information shown along with a generic
structure for specifying diversity should be self-explanatory and may be depicted with drawing styles
(mostly linear condensed formulas) that differ from the general rules described in this paper. Compounds
that make up a mixture are usually specified in tabular form with the main compound mentioned first and

all others classified in order of decreasing content, along with radicals and other structural information.



1281

1282
1283
1284
1285
1286
1287
1288
1289
1290
1291
1292

1293
1294

1295
1296
1297
1298

Working document QAS/17.726
page 61

1.7.2. Symbols for substituent groups and repeating units

Assingle centre of diversity for a given generic structure is designated R. Two centres of diversity are usually
designated R and R, although they may also be designated R1 and R2, in particular in crowded structures
where the prime symbol might not be noticed. When more than two centres of diversity are present, they
are designated R1, R2, R3...Rn. Although the number assigned to a label is independent of its positi6n in
the structure, in simple cases labels are preferably positioned to follow the order of number/iné of the
skeletal atoms, mostly in a clockwise direction for cyclic compounds or from right to Ieft/for linear ones.
Fig. 1.7.2-1 -

Depictions of the generic structures of ivermectin (left) and erythromycin /(riéht) with respectively one

and two centres of diversity as symbolized with different type oflabels”

Vs
4
< CHy
- H3C I CHOo
% 3 \N/ 3 o
HO
CHj
OH
CHj3
Erythromycin  Mol. Formula M, R1 R2
A C37Hg7NO43 734 OH CHj
B C37Hg7NO4, 718 H CHj
/ C C36HgsNO43 720 OH H

/
Specific symbols, X and Y are used in peptides (section 2.1.) to designate up to two varying amino acid

A
residues. Symbols like X1, X2, X3, and so on, are used to represent three residues and beyond with the

numerical indexation corresponding to the residue number.
p L
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Fig. 1.7.2-2
Leuprorelin impurities with the varying residues symbolized by “Xn"”-labels

His—X3—Ser—X5—X6—X7—Arg—GIy—H/\CHg,

: X3 =Trp, X5 =Tyr, X6 = X7 = Leu
: X3 = D-Trp, X5 = Tyr, X6 = D-Leu, X7 = Leu /
: X3 =Trp, X5 = D-Tyr, X6 = D-Leu, X7 = Leu Y

: X3 =Trp, X5 =Tyr, X6 = X7 = D-Leu

C
E
G
H

/

/
Sometimes a combination of different labels is used depending on the structural features and complexity

of the mixture.

Fig. 1.7.2-3 v

Depiction of the generic structure of bacitracin (left) and colistin (right) as symbolized with a
e
combination of different types of labels <

L-DAB ~ L-Thr - L-DAB -~ L-DAB = L-DAB > X > L-Leu;l
L L-Thr <L-DAB = L-DAB

R2
\\-‘/\ L-Leu—D-Glu—=Y - L-Lys > D-Orn—> X > D-Phe
H [( t / ;| H DAB = 2,4-diaminobutanoic acid

© " A an Ve ™ polymyxin X R1 R2 R3  Mol.Formula M,
Name Mol. Formula X R E1 p-Leu CH; CH; H Cs3H100N16013 1170
E2 D-Leu CHj H H C52H98N16013 1155

Bacitracin A CesH103N17016S  L-ll€” L-lle  CHj
Bacitracin B1 ~ CesH101N17016S  L-lle  L-lle  H E3 blew H CHy H Cs2HogN16013 1155
Bacitracin B2 ~ CesH101N17016S . L-Val L-lle  CHj E1-l p-lle  CHz CH; H Cs3H100N16013 1170
Bacitracin B3~ CesH101N1704S L-lle  1-Val CHy E1-7MOA D-Leu H CH; CHs  CssHigoN16O13 1170

A
In some cases, such as polymers, diversity can be indicated using variables for repeating units. These
repeating/uni/ts are placed in square brackets and their number is indicated with a variable n as a subscript
on the right. When more than two repeating units are defined, then the subscript letters used to denote
mulﬁplicities of polymeric sequences vary in function of the type of polymeric fragment they are related

to, see section 2.4.
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Fig. 1.7.2-4
Depiction of the generic structures of cetrimide (left) and simethicone (right), a mixture of a-

(trimethylsilyl)-w-methylpoly[oxy(dimethylsilylene)] and silicondioxide

HsC CH, HsC CH,
HiC, CHs si s
Hac\/\/\/{/\/l/\/\/\/N\ Br’ FsC O/ CH; and  xSiO,
n CH3 n
/
n=0,1o0r2 n=1:Cy7H3gBrN 20 <n <400 y,
/-
. . /

1.7.3. Mixtures of complicated structures 7

/
For certain mixtures of structures (in particular heparins), the complexity is such that it is preferable to

4
describe relevant structural information rather than depicting it.

Fig. 1.7.3-1 .

4

Depiction of the rather complicated generic structure of egokaparin sodium

B OR1 | ’
o /
OR1
coNa R orR
o 0© Y
OH OH NH
NaO,C R2
o) o)
_NH OR1 4
R2 L —n
/
OR1

Structure at the reducing end'

1,6-anhydro/ non 1,6-anhydro

n 0to 20 1to 21
A
4 o [e)
OH
Nao,C_”
s 27039
— OH HN _ —
R SO3zNa H
/
OR1

R1=H or SO3Na R2 = SO3Na or CO-CHj;

Compounds that cannot be represented with a single generic structure are drawn side by side and

shown with a + (plus) sign or preferably with “and” in between.
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Fig. 1.7.3-2

Depiction of tulathromycin, a mixture of two isomers, tulathromycin A (left) and tulathromycin B (right)

H3C

CHs HO -
H3C H3C _CHg;
N o)
HO
and CH;
H3C\/\N H3C\/\N
H CH, H CH, /
/
1.7.4. Structural differences versus common features 4

4

/
A particular application of generic structures in the INN programme concerns formulas which are intended

to represent a group of pharmaceutical substances in accordance with their stem?® definition. In this

4

particular case, the generic structure often covers a large number of compounds and is used for

/
emphasizing common structural features of compound; belonging to the same class and not for giving
details on individual compounds. As such, there are fewer constraints on depicting molecular formulas

and a larger extent of labels and symbols for defining atoms, groups and structural fragments may be

/

used. D
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1350  Fig.1.7.4-1
1351 Depiction of generic structures used for stem definitions, the examples shown are cef-, -fos, -olol and -

1352  terol (from top to bottom)

CO,H
R cef-
H N7 antibiotics,
R' N---- cefalosporanic acid derivatives
\{r s
H H /
(0]
/
X R -fos <
R Il / insecticides, anthelminthics, pesticides etc.,
R _R7© X=0orS phosporous derivatives .
O—R' ),

-olol )
beta-adrenoreceptor antagonists

-terol
bronchodilators,
phenethylamine derivatives

1353
1354 y

1355 /
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II. Main structural classes

2.1. Structure representation of amino acids and peptides??

2.1.1. General aspects g

7~
Amino acids are represented either with a full depiction or, in the case of aIignmenEs ‘of amino acid
residues, with the corresponding 3-letter or 1-letter codes. Stereochemical features and structural
modifications of residues are subsequently indicated in different ways. All linear. sec/quences of amino acid
residues are shown with the amino-terminal residue on the left and the carbo;(y-terminal residue on the

right with residue numbering beginning at the N-terminus. 4

2.1.2. Full depiction

/

Although the species made out of one or several amino acids generally possess amphoteric properties,
amino acids, whether single or in condensed form, are preferably shown as neutral compounds with
respect to the recommendations described Gnder General Issues (section 1.4.2.5.). Single residues and
small peptide derivatives, whether linear or cyclic, are either defined with systematic or semi-systematic

names and are always depicted in full in line with standard conventions.
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1377  Fig. 2.1.2-1
1378  Small amino acid derivatives are represented in full. The examples shown are carbocisteine (top left),

1379  ampicillin (top right), bicozamycin (bottom left) and protirelin (bottom right)

H coH
H. NH, N/'§<CH3
HO,C SQ’\ H
e COH L N & CH;
/
/
/

1380 X
1381

1382  2.1.3. Standard 3-letter code ¢

1383 /

1384  Oligopeptides and derivatives consisting of four residu/es and beyond are, on the other hand, mostly
/

1385  defined with semi-systematic names and are represented with the standard 3-letter code unless
1386  structures or structural fragments necessitate full depiction for clarity.
1387 \

1388
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Fig. 2.1.3-1
Oligopeptides are generally depicted with the standard 3-letter code but, in case of derivatives with

complicated structures, they are represented in full. The examples shown are gonadorelin (top) and

vancomycin (bottom).

N
H

His-Trp-Ser—Tyr-Gly —Leu—- Arg—Pro-Gly —NH, /

/
0= oA
(0] H O /

"Ly R NH L X
N W\)\ CHs
H /
o)
—H
OH y
o o) K
OH )
ol Cl
o /
)
OH /
HO /
°.0
CH, y
HO
v
NH,

Z
The use of the standard 3-letter code for the representation of amino acids in oligo- and polypeptides

/
implies some characteristics as to configurational specifications and structural modifications of residues.
/

A
2.1.3.1. Stereochemical features

/

n o nn

p L
For stereochemical designation, prefixes like ”L”, ”D”, “DL” or “ambo” precede the 3-letter code and are
joinéd to it by a hyphen. The prefix “€” (greek xi) may be used to indicate unknown configuration. The

configuration of amino acid residues in polypeptides is assumed to be “L” when not indicated otherwise.



1406
1407
1408
1409
1410
1411
1412
1413
1414
1415
1416
1417
1418
1419
1420
1421
1422
1423
1424
1425
1426

1427
1428

1429
1430
1431
1432
1433
1434

Working document QAS/17.726
page 69

2.1.3.2. Amino acid modifications

A hyphen on the left, or either above or below the amino acid symbol, generally signifies removal of a
hydrogen atom on respectively the amine group and the side chain, as well as representing the bond
formed by the residue thus produced. In some cases where carboxyl groups are present in side chains,
hyphens above or below may also represent the removal of a hydroxyl group, such as hyphens on the
right of a residue symbol representing loss of the a-carboxylic OH group. If an amino acid;egidue is
substituted on the N-2 atom, the symbol for the substituent is placed directly before the three-letter code
without hyphen, whereas fully depicted substituents at the N-terminal amino group are geparated with a
hyphen. Modifications of the C-terminal carboxyl group are indicated with fully depicted substituents
after the three letter-code, again separated with a hyphen. If a side—chein/ modification occurs, the
substituent may be depicted either in full or by means of its symbol placed above or below the 3-letter
code and joined to it by a vertical line centered on the middle letter. If necessary, a locant is placed beside
the vertical line that represents side-chain substitution. Substi/tuents are generally depicted in full
wherever possible, especially at N- and C-termini, but syrﬁbols like “Ac” “Me”, “Et” and “Bzl” are
sometimes used instead for saving place. Details'on syrﬁbols for substituents can be found in the IUPAC

/
publication on nomenclature and symbolism for aminolacids and peptides.

/

Fig. 2.1.3.2-1 4

v
Structure of buserelin illustrating configurational specification and structural modification of residues
Z

represented with the standard 3-letter code

/% ACHs

H;C
P / ;T;CH3
0 H His—Trp/—Ser—Tyr—D-Ser—Leu—Arg-Pro—H/\CH3
O 4
/

If it is desifed to emphasize lack of substitution, H or OH may be added to the hyphen or vertical line that
represents removal of one of these groups. If the polypeptide occupies more than one line, then a hyphen
is placed at the end of each successive line until the formula has been completed. Numbers may be

indicated underneath the amino acid symbols generally every tenth residue and at the end of the last line.
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Fig. 2.1.3.2-2
Alignment of human glucagon illustrating lack of substitution at N- and C-termini through addition of H

and OH at terminal residues
H—-His—Ser—GIn—Gly—Thr—-Phe—Thr—Ser—Asp—Tyr—
10

Ser—Lys—Tyr—Leu—Asp-Ser—Arg— Arg—Ala—GIn—
20

Asp—-Phe—-Val-GIn—Trp—Leu—Met—Asn—Thr—OH Y
29
/-
If unusual residues are incorporated in sequences, then abbreviations used to represent them should
/
appropriately be defined. An asterisk may be placed above 3-letter symbols to represent such residues.
/s

Fig. 2.1.3.2-3 .

Incorporation of unusual residues as illustrated with colistimethate sodium

L-DAB ~ L-Thr - L-DAB -~ L-DAB = L-DAB = L-Leu— L-Lej . 2
L-Thr =<—L-DAB = L-DAB
R /
CH /
H 3
/
NaO3S SO3Na
N\ [N* /
L-DAB = L-DAB or L-DAB with DAB = 2,4-diaminobutﬁoic acid
4

Colistin E1 derivative: R = CH3
Colistin E2 derivative: R = H /

0 to 5 of the DAB residues are disubstituted at N*

/

. .
2.1.3.3. Homodetic Cyclic Peptides

A

4

Cyclic peptides in which the ring is formed through peptide linkages of amino acids are usually represented
with the residues joined at each end on one line with a lengthened bond which may be placed above or
below the unit chain, according to the constraints of the structure to be represented. In such linear
cyclopeptides, the residues are preferably arranged in alphabetical order (“Ala” before “Leu” and “Ala”
before “D-Ala”). If residues are written on two lines, as in head-to-tail cyclopeptides, the sequence is
reversed on one of them, hence the CO to NH direction within the peptide bond must be indicated by

arrows.
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Fig. 2.1.3.3-1
Ciclosporin represented as a linear and a head-to-tail cyclopeptide with respectively residues on a single

line (top) or two lines (bottom).

H CHj
H
H3C ya

~F ‘<OH

Ala—D-Ala—MelLeu—MelLeu—MeVal—N— C — C — Abu—MeGly —MeLeu— Val—Meleu Y
Eodl
’7 CHs; H O /
7~
/CH3 .
Ala— D-Ala—> MelLeu—~ MelLeu—~ MeVal—-N HH CH3 /
[ { \/CH3 /

MelLeu = Val=<MeLeu=MeGly = Abu

2.1.3.4. Heterodetic Cyclic Peptides

a
Cyclic peptides, in which the ring is formed through one or se\;eral bonds other than peptide linkages
(disulfide, ester ...) are represented with a combination/of/lines in the way substitutions of amino acids
are depicted. Disulfide bridges, for example, are'drawn by:connecting side chains of two cysteine residues
without explicitly showing any of the sulfur atoms. Sulfanyl groups on side chains are symbolized with
vertical lines and are connected with-a hog’zéntal line preferably placed above the unit chain if possible.

Depending on the length of the peptide sequence, bridges can be drawn in between different lines of

residues. Z

Fig. 2.1.3.4-1 ,

Somatostatin, ‘@ side chain-to-side chain cyclopeptide as represented with lines between cysteine
residues as to illustrate a disulfide bridge. Several depiction styles are possible depending whether the
residues or on the same line (top) or not (bottom)
p 2
I

I
H—éla—GIy—Cys—Lys—Asn—Phe—Phe-Trp—Lys—Thr—Phe—Thr—Ser—Cys—OH

H—Ala—Gly —Cys —Lys —Asn—Phe-Phe-Trp—Lys — Thr—
10

—Phe —Thr—Ser—Cys-OH
14
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2.1.3.5. Amino acid 1-letter code

Because of size, polypeptides produced by the condensation of large number of amino acids are more
easily interpreted and analyzed, whether or not computer assisted, if represented with 1-letter codes
rather than with the standard 3-letter codes. The use of the amino acid 1-letter codes is not restricted to
proteins as it is currently used for peptides of about 10 to 20 residues and beyond. Sequences of 1-letter
codes are arranged in five sets of ten letters separated by a space and numbers of amino/aéids are
generally placed at the end of each line. A distinction between residues of different chains can be made
by using single, double and triple prime symbols. One letter codes of modified residyeg are underlined
and defined below the sequence. All structural characteristics of the alignment such as modified residues,
disulfide bridges and glycosylation sites are specified by indicating the posit/ioﬁs of the concerned amino

acids. Y

N
Fig. 2.1.3.5-1 ¢

One letter code representation of nonacog gamma (human coagulation factor IX (rDNA)), a 415-amino

acid protein containing numerous modified residues, disulfide bridges and glycosylation sites
/

Sequence / Séquence / Secuencia

YNSGKLEEFV QGNLERECME EKCSFEEARE VFENTERTTE FWKQYVDGDQ 50
CESNPCLNGG SCKQDINSYE CWCPFGFEGK NCELDVTCNI KNGRCEQFCK 100
NSADNKVVCS CTEGYRLAEN QKSCEPAVPF PCGRVSVSQ& SKLTRAEAVFE 150
PDVDXVN§TE AETILDNITQ STQSFNDFTR VVGGEDEKPG QFPWQVVLNG 200
KVDAFCGGSI VNEKWIVTAA HCVETGVKIT VVAGEHNIEE TEHTEQKRNV 250
IRIIPHHNYN AAINKYNHDI ALLELDEPLV LNSYVTPICI ADKEYTNIFL 300
KFGSGYVSGW GRVFHKGRSA LVLQYLRVPL ,VDRATCLRST KFTIYNNMFC 350
AGFHEGGRDS CQGDSGGPHV TEVEGTSFLT GIISWGEECA MKGKYGIYTK 400
VSRYVNWIKE KTKLT 415

Disulfide bridges location / Position de§ ponts'disulfure / Posiciones de los puentes disulfuro
18-23 51-62 56-71 73-82. 88-99. 95-109
111-124 132-289 206222 336-3501.361-389

Modified residues? Résidus'modifiés / Restos modificados

E 4 H. NH,
7-8-16-17-20-21-26, HOC  H NH, D HO,C /
{ 64 COH
27-30-33-36-40, 2
4-carboxyGlu HO,C CO,H 3-hydroxyAsp oH
A H NH,

: MO0 s Os /O\¢>§\
55 Py H  NH, 158 R CO,H
O-sulfoTyr o O { O-phosphonoSer HO OH
CO,H

Glycosylation sites / Sites de glycosylation / Posiciones de glicosilacién (N, S*, T*)
Ser-53* Ser-61* Asn-157 Thr-159* Asn-167 Thr-169* Thr-172%* Thr-179*
*  potential sites / sites potentiels / posiciones posibles
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2.2. Structure representation of carbohydrates& derivatives??

The simplest carbohydrates, monosaccharides, which can exist in an open chain (acyclic) form or in closed
chain (cyclic) form, are generally represented in a variety of ways. The most commonly used are Fischer

projections and Haworth and Mills depictions.

Fig. 2.2-1 /

Depiction of D-glucose with a Fischer projection and Haworth and Mills depictions (from leftto right)

CHO 4
H—f—OH Ho N
HO——H O OH y
H——OH OH Y
H—f—OH HO X
CH,OH OH
e
2.2.1. Haworth depictions /

/
Within the INN programme, monosaccharides are preferably illustrated in their cyclic form with simplified

Haworth depictions. Pyranose ring hemiacetals are usually represented with the oxygen atom in the ring
drawn in the upper right-hand position of/the hexagon, with the hemiacetal carbon to the right of this
position and thus clockwise numbgriné of the ring atoms. Furanose rings are drawn with the oxygen at
the top in the centre. Carbon atoms are implicit and hydrogens may be omitted for clarity. The lower side
of the ring, assumed to be hearer to the observer, is usually thickened to suggest perspective. Only in
exceptional cases, when there are bulky substituents to be represented, one may consider drawing

A
Haworthdepictions with a different ring orientation.

/
A
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Fig. 2.2.1-1
Depiction of cyanocobalamin(left) with an unconventional Haworth representation due to the
presence of bulky substituents as opposed to a conventional representation of a furanose ring in

sucrose (right)

HO

HO

2.2.1.1. Stereochemical considerations ~
v

4
Substituents attached to the ring carbons are drawn using vertical lines to indicate whether a group is

oriented to the top-face or to the bottom-face of the ring. The orientation of substituents thereby
/
specifies the configuration at stereogenic centres.
/
Fig. 2.2.0:1-1
Specificationof configuration at the anomeric carbon atom with the alcohol group pointed downwards

for a-lactose (left) and upwards for B-lactose (right)

/ HO HO

(0] O _OH
HO HO
OH OH

OH OH OH OH

OH OH
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Unknown or unspecified configuration of the anomeric carbon is preferably indicated with a wavy bond
rather than by using the general conventions which imply an asterisk flagging the chiral centre in
association with lines of normal thickness (section 1.5.3.2.). Wavy bonds of monosubstituted anomeric
carbon atoms are oriented horizontally whereas those of disubstituted ones are inclined as to

differentiate with depictions of known configuration. %

Fig. 2.2.1.1-2 P
Depiction of unspecified configuration of the anomeric carbon atom of galactose/(tép) and fructose

(bottom). Drawings represent the a-anomer, the B-anomer, or a mixture of botb/

HO HO /
v
HO (0] HO (0] v
OH OH preferred to OH *— OH
OH ~OH
/ OH
O OH O +—OH o
/
HO preferred to HO and HO J+
HO OH HO oH .~ HO OH
OH OH 4 OH
/

Mixtures of two anomers are depicted by drawing the (R)-isomer with respect to the centre of asymmetry
of interest marked with an asterisk in-association with the legend ‘and anomer at C*’ or ‘and epimer at

C* joined to the structure. .

Fig. 2.2.1.1-3 /
Depiction of .a mixture of anomers; the example shown is tribenoside with the (R)-isomer of the

anomeric carbon drawn on the left which is preferred to the (S)-isomer (right)

o]
OO
——- O_._.

/ _0_© not _0
(6] *_\CH3 (0] *
O.__CHs
OH

and anomer at C* and anomer at C*

2.2.2. Mills depictions
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In cases of congested structures in particular, the Mills depiction offers an alternative to Haworth
projections to preserve clarity. The main hemiacetal ring is drawn in the plane of the paper and filled
wedges and dashed bonds are used to denote the orientation of respectively substituents above and
below the plane. Hydrogen atoms on ring carbon atoms are omitted and, if necessary, ambiguity in

configuration at stereogenic centres can be shown by using either a wavy bond or an asterisk. %

Fig. 2.2.2-1 )

Alfadex as represented with the Mills depiction (left) and the Haworth depiction (rig/hﬁ

HO
/s
% “OH
OH A
° o O [ oH
HO 0
o OH . OH
“Ho
ol on X o)
0 oH MO ° OH
HO /o o\ ¢
/ HO
OH o
/ OH

Mills depictions are also commonly used for depicting congested derivatives of cyclitols such as

streptamine derived aminoglycosides.
/

Fig. 2.2.2-2

A
Mills depictions of myo-inositol (left) and amikacin (right)

) HO
A o
HO OH NH,
g HoN
2 HO o)
HO-- OH
oH g HPH
3 O HO, _N
HO OH OH NH;
0
HO o ,
OH NH,
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2.2.3. Conformations of acyclic chains: Fischer projections

Fischer projections allow easy classification as either the D-enantiomer or the L-enantiomer and, as such,

generally offer a practical way of representing the acyclic structure of a sugar. In true Fischer projections,

all of the horizontal bonds are oriented out of the plane and all of the vertical bonds are oriented into the

plane as to show the configuration at each stereogenic centre. Modified Fischer projections are sef out
/

horizontally with the carbon C-1 on the right and with all vertical bonds shown as filled wedges.to convey

information on configuration without ambiguity. In the latter case, all horizontal bonds represented with
/

lines of normal thickness point away from the viewer. J
Fig. 2.2.3-1 y
Depiction of D-glucose with a true Fischer projection (left) and with a modified Fischer projection (right)
CHO
H——OH e
HO——H H H OHH
H——OH HOHZC—X—X—X—FCHO 4
H——OH OHOHH OH /
CH,OH /

Although true and modified Fischer projecti/ons have been used within the INN programme, a more
conventional depiction style is preferred in order not to mix different ways of suggesting perspective. The
Fischer projection is therefore converted to show the complete backbone in the plane of depiction with
the use of filled wedgesand gashed bonds to orient substituents. Twisting the backbone may be necessary
for long chains to avoid structure overlap.

A
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Fig. 2.2.3-2
Depiction of erythritol (top) and meglumine (bottom) as converted from true Fischer projections by

drawing backbones in the plane of depiction

CH,OH

OH
H——OH
H——OH \@ —OH
HO .
CH,OH v H /s
H OH
/
NHCHj; /
|
CH, /
H——OH 7
HO——H ’
H——OH ———
HO
H——OH
CH,OH HO

Converted Fischer projections are also preferred to depict non-cyclic fragments that consist of sugar

alcohols that are part of saccharides.

Fig. 2.2.3-3 /
Depiction of lactitol (left) and maltitol (right) with non-cyclic fragments depicted as converted Fischer

/
projections by drawing backbones in'the plane of depiction

4
#. HO
/
4 HO
OH y
4
/
b

2.2./4. Oligosaccharides and saccharide derivatives

Oligo- and polysaccharides are depicted in line with the above-mentioned recommendations. For
structures that are only partly saccharide, only the fragment corresponding to a carbohydrate is depicted
as such, the remaining of the molecule being represented according to the general conventions or

recommendations for specific classes of compounds, were applicable.
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Fig. 2.2.4-1
Different classes of compounds containing carbohydrate moieties as illustrated with actulose (top left),
acarbose (top right), doxorubicin (middle left), glycyrrhizin (middle right), etoposide (bottom left) and

clindamycin (bottom right)

HO HO HO

HO 0] 0) 6] s

2.3. Structure representation of nucleosides and polynucleotides??

/

2.3.1. Nucleosides and small derivatives

/

Nucleosides are, although characterized in the case of purine-derivatives with a non-systematic
numbering of the main skeleton, represented following the standard conventions as described under

General Issues.
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Fig. 2.3.1-1

Orientation of adenosine (left) and aciclovir (right) as compared to the purine skeleton (middle)

NH, (6]
6 7
N7 N INT NN HN N
Ty Uy My e
N N N
HO No N 2 ,;, T No H,NT N N\_O/—/
/
/
OH OH /
/
/
2.3.2. Nucleic acids and derivatives g

Alignments containing nucleoside residues, whether modified or not, are depicted by a sequence of single
capital letters separated with hyphens to represent phosphate residues. ,&diesterified phosphate residue,
represented by a hyphen, is considered to be attached to the oxygen atom of the 3' carbon on its left and
to that of the 5' carbon on its right, unless other numerals are use/:d. When left-to-right direction is not the
case, this must be indicated by appropriate locants pre/ced/ing the chain or by an arrow to indicate the
3'->5' direction. The standard symbols for nucleosides in'case of modified residues may be prefixed by a
symbol of lower-case letter(s) placed immediately before the single capital letter. Additional modifications
may be indicated with lower-case letter syr}ﬂb/ols after the capital letter. Base-modifying prefixes may also
precede a whole chain if applicable to each residue.

7z

Fig. 2.3.2-1
/
Structure representatiop of prexigebersenum as to illustrate the use of a modifying prefix “d” (for 2’-

deoxy) at the beginning of the chain applicable to each residue
(3-5Yd(A-T=A-T=T-T-G-G-C-G-A-T-G-G-C-T-T-C)
/
p L
If the polynucleotide occupies more than one line, then a hyphen is placed at the end of each successive

line Until the formula has been completed.

A noncovalent association between polynucleotide chains, such as that ascribed to hydrogen-bonding, is

indicated by a centered dot between nucleotide units of different chains.
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For complex modifications, capital letters representing residues may be underlined once (or twice or
shown in bold if a further going distinction is required) and defined below the alignment. Modification of

a phosphate residue may be symbolized with a double hyphen instead of a single one.

Fig. 2.3.2-2
Structure representation of cemdisiran as to illustrate the use and definition of modified symbols to
o . /
designate structural complex residues P
(3- 5)A A=G-C-A- A—G—A—u—A—u—u—g—u—u—A—u—A—A—u—A—R1 P
(5-3)Z-Z-U=U= U—U—C—G—U—U—C—U—A—U—A—A—A—A—A—U—A—U—Q:A:U 4
Legend R1— = /
H /
X : 2'-deoxy-2'-fluoro R XN 4
/
X : 2'-O-methyl R R
Z : thymidine
4
O OH Q\
\\P/ CHy—
<N NH HN _
O SH —
\\P/
AN
/

2.4. Structure representation of polymers??

7z

2.4.1. General aspects
/

The pictorial represéntation of polymers is either based on the structure of monomers from which they
are derived or tf/1e preferred constitutional repeating units (CRUs) and, as such, although numerous
exceptions e;ist, it parallels polymer nomenclature which is either source-based or structure-based.

/
Fig. 2.4.1-1
Source-based depiction (left) as opposed to structure-based depiction (right); the example shown is

povidone
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Whereas formula representation of monomers is in accordance with the recommendations described
. ) . . . /
under General Issues, the CRUs are depicted as multivalent radicals which are preferably oriented as’such
/

to show descending order of seniority of subunits from left to right wherever possible. pA

Fig. 2.4.1-2 ;
The preferred depiction of a CRU is characterized with the smallest structural repeating unit showing

/

senior elements first from left to right; the example shown is macrogol

O (0] (0] /
H OH not HO H nor HO OH
n n n

/S

4

Square brackets together with italic subscript letters denote/m/ultiplicity of both monomers and CRUs. The
subscript letters m, n, p, g, etc. denote multiplicities of pelymeric sequences, whereas the subscript letters
a, b, cor x, y, z, and so on, designate repetition units.to characterize linear arrangements of specified
polymer fragments and blocks derived from a/typical species of monomer. Dashes indicating free valences
of CRUs are usually drawn through the brackets. The formulas of end groups, if known, are attached to

the bonds at the ends of the constitutional units, but placed outside the brackets.
/
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The use of square brackets and italic subscript letters to denote multiplicity as illustrated with

delimotecan

HO

(@]
1
J

OH OH
HO

HO,C.__©

HO

o
H J K
O\/\/NWK\N Nj(\N
H H
0 0

i

/

7/

4
O/

/
The graphic representation of polymers depends on what is known about the sequence arrangement of

the constituent monomers and the way they are connected.

4

/

2.4.2. Unspecified topology,

/
Source-based depictions.are employed when it is difficult to specify sequence arrangements of

/

monomers. Thus, theconstituent species from which the polymer is derived are depicted as such.
A

4
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Fig. 2.4.2-1

Source-based representation of carbomer (top), which consists of homopolymers of acrylic acid
crosslinked with pentaerythritol allyl ethers. Leuciglumer (bottom) is an example of a copolymer of
leucine and methylglutamic acid in equimolar proportions but with undefined sequential arrangement

of the different monomers.

OR /
OR P
[HZC\/COZH] RO p
m
carbomer OR g /
7
-R = -H, -CH,-CH=CH, )
/
CH3H  NH, H NH
_0 { /
HaC COH HsC COH Y
n

O n 4

leucigiumer
/
2.4.3. Specified topology )
/

If the sequence arrangement of monomeric units of a/polymer is defined, then structure-based depictions

are preferred.

Fig. 2.4.3-1 ¢

Structure-based representation of/dimeticone (top) and poloxamer (bottom left) which are respectively
defined as a homopolymer-and.a block copolymer of known topology. The latter is composed of a
central chain of polyoxypropylene flanked by two chains of polyoxyethylene, as such its structure-based
depiction is preferred to its source-based depiction (bottom right).

/

HsC CH HsC CH
B B

/ / /
_Si Si
A H3C O/ CHs
dimeticone n
/
CH3 (0] o
° ° A A
H{ alO b Vi,,,\OH preferred to HsC m VA n
polaxamer
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lll. Structure representation of specific chemical classes

3.1. General considerations

Displaying structures as accurately as possible to current best practices implies taking into account IUPAC
nomenclature recommendations, all the more that one of the basic principles is about ;tr/uctures
reflecting their chemical name as closely as possible. In structure representation, the orientation of the
skeleton is generally related to the numbering pattern established for nomenclature pu/rp{)ses. Substances
defined with systematic names are, as such, easily depicted with a consistent style.as described under
General Issues. Natural products? and derivatives however are sometimes Bre/ferably defined with semi-
sytematic names and can be characterized with special (non-systematic) numbering patterns. Such
structures may therefore not always be oriented consistently with respect to their systematic names. In
these cases, priority is given to standardize the orientation of/specific skeletons of closely related
substances to favor easy structural comparison. This sectio;m details the special conventions for such

7/
compounds.

3.2. Alkaloids /

/

Alkaloids are characterized by a great structural diversity and, therefore, may be represented in many
different ways. Similarity of main skeletons, however, has led to several structurally related compounds
/

being favored. ,

A

3.2.1. Preferred orientation based on a stereoparent
/

A

Structural complex alkaloids are considered through a fundamental stereoparent structure with a specific
/

numbering pattern and orientation of the skeleton. Such structural diagrams are used to reflect alkaloids

which are defined with (non-systematic) stereoparent names. Preferred orientations for structures of

stereoparents are listed below together with some relevant examples.
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ajmalan derivatives
(stem: -aj-)

stereoparent: ajmalan

example lorajmine :
(17R)-21a-hydroxyajmalan-17-yl

chloroacetate

morphinan derivates
(stems: nal-, orphan)

stereoparent: morphinan

example dextromethorphan :

ent-3-methoxy-17-methylmorphinan

/
¢

example naloxone.:
4,5a-epoxy-3,14-dihydroxy-17-(prop-2-
en-1-yl)morphinan-6-one

A

A

/vincaleucoblastine derivatives
(stem: -vin-)

stereoparent: vincaleucoblastine

dextromethorphan

H N/\/CHZ

o"L o

vincaleucoblastine
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example vinorelbine :
xample vi i CH,
4'-deoxy-3',4'-didehydro-8'-
norvincaleukoblastine
/
/
/-
yohimban derivatives
(stem: -serpine)
stereoparent: yohimban
H5CO
example reserpine:
methyl 11,17a-dimethoxy-18B-[(3,4,5- o
7/
trimethoxybenzoyl)oxy]-3B,20a- OCHjg
/
ohimban-16B-carboxylate
y B y OCH;
/ OCH3

v reserpine

4
3.2.2. Preferred orientation'based on a core structure, a parent hydride or a

stereoparent.
/

A
Less complex alkaloids are defined with a systematic name and may be depicted with a preferred

orientation of the main skeleton to make clear that (all) the compounds belonging to the same chemical
class are ﬁructurally analogous. The core structure can, but need not be, a fundamental stereoparent or

parent hydride.
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atropine derivatives
(stem: trop)

stereoparent: tropane

example atropine:
(1R,3r,55)-8-methyl-8-
azabicyclo[3.2.1]octan-3-yl (2RS)-3-

hydroxy-2-phenylpropanoate

example benzatropine:
(1R,3r,55)-3-(diphenylmethoxy)-8-

methyl-8-azabicyclo[3.2.1]octane

ergoline derivatives
(stems: erg, ergolide)

stereoparent: ergoline

example cabergoline: Y
(6aR,9R,10aR)-N-[3-(dimethylamino)propyl
(ethylcarbamoyl)-7-(prop-2-en-1-yl)-
4,6,6a,7,8,9,10,1/0a—c/)ctahydroindolo[4,3—

fg]quinoline;9—carboxamide

cabergoline

4

example pergolide:

) ! ﬁCH3
(6/aR,9R,10aR)-9- i N

[(methylsulfanyl)methyl]-7-propyl-
4,6,6a,7,8,9,10,10a-octahydroindolo[4,3-
fglquinoline

quinolineError! Bookmark not defined.

N
. - \
derivatives o
= quinoline

(stem: -quine)
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parent hydride: quinoline
example mefloquine:
(RS)-[2,8-bis(trifluoromethyl)-quinolin-4- and enantiomer
yl1[(2SR)-piperidin-2-ylimethanol
mefloquine
/
xanthine derivatives © " P g
N
. H 1HN~ 6
(stem: fylline) xanthine )\ 5’ 7/8
3
core structure: xanthine O 2 TN s
I o ,0 CH,
example pentoxifylline: M/V K
HsC N
3,7-dimethyl-1-(5-oxohexyl)-3,7-dihydro- ’ By | )
. 02 N N
1H-purine-2,6-dione pentORglline I
CHs
e

4

3.2.3. Orientation based on standard graphical conventions
7/

/
If no, or only a few, compounds share similarity, then most alkaloids of relatively simple structure are

preferably defined with a systematic name and are depicted following the standard conventions described
v
under General Issues. As an example, the systematic name and a standard conventional depiction are

4
preferred for dehydroemitine, as sh/own below.

4

stereopa}rent: emetan

A

emetan
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example dehydroemetine:

dehydroemetine

systematic name: (11bS)-2-{[(1R)-6,7-dimethoxy-1,2,3,4- p

tetrahydroisoquinolin-1-yllmethyl}-3-ethyl-
9,10-dimethoxy-4,6,7,11b-tetrahydro-1H=

/

pyrido[2,1-alisoquinoline

semi systematic name: 2,3-didehydro-6',7',10,11< "
tetramethoxyemetan~
/
1771
1772 3.3. Polyketides e
1773 / \

1774  Antibiotics include numerous substances of relatively 1arge and complicated structures which can be
1775  characterized as polyketides of different types amoﬁg which are marcolides, polyenes and tetracyclines.
1776  These substances are defined with a system/atic name and depicted in a uniform way in line with the

1777  recommendations described under General Issues. Graphic representations are based on that of a parent

1778 structure. ¢
/
1779
/
/
HO 0 (0]
avermectin derivatives CH3
4
(stem:-r.;ctin) OCH;  OCH;,

example ivermectin

lvermectin

HZB1b :R= CH3
H,B1,: R =CyHsg

/
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CHs

H . . H3C N /CH3
erythromycin derivatives N HO
(stem: -mycin) o1 \O-R2

example erythromycin

/
CHj
Erythromycin  Mol. Formula M, < R1 R2
B C37Hg7NO 5 718/ H CHj
Cc CaeHesNO43 720 OH H

/

4
HO HHsOH HO HH OH

/
partricin derivatives

(stem: -tricin)

example amphotericin B

\/\/\\/\)CH
3
y o}
NH, HO
amphotericin B HO
4 HsC
/ 3
4 H3C
Z
rifamycin derivatives
(stem: rifa-) p
example rifabutin
) H4C
/
p L
rifabutin
/
tetracycline derivatives
(stems: -cycline, -rubicin)
example doxocycline
doxycycline H3C/ \CH3
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example doxorubicin

3.4. Prostanoids

doxorubicin NH,

Prostanoids include prostaglandins and prostacyclins and constitute a homogenoué series of compounds

with limited structural diversity closely related to prostane. They are defined with systematic names and

are depicted as the stereoparent, which is in line with the standard conventions described under General

Issues.

prostanoids

stereoparent: prostane

prostaglandins (stem: prost) y

example alprostadil: y

7-{(1R,2R,3R)-3-hydroxy-2-|{1E,3S)-3-
hydroxyoct-1-en-1-yl]-5-
/
oxocyclopentyl}theptanoic acid
/

A

4

example oxoprostol:

(2R,3R)-2-(7-hydroxyheptyl)-3-[3-oxo-4-

~ (phenoxy)butyl]-cyclopentan-1-one

prostacyclins (stem: prost)

L H
OH H OH

and enantiomer

oxoprostol
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example iloprost: COM
2
(5E)-5-[(3aS,4R,5R,6aS)-5-hydroxy-4-
[(1E,3S5,4RS)-3-hydroxy-4-methyloct-1- and epimer at C*
HO -
en-6-yn-1-yllhexahydropentalen-2(1H)- N
. . . H CHj3 CHs
ylidene]pentanoic acid
iloprost 4
/
/
3.5. Terpenoids N

/
Terpenoids present a large and structurally diverse class of compounds. Basic carbon skeletons within this
class of compounds can be distinguished according to the number of terpené/isoprene units necessary to
/

constitute the core structure and the way they are assembled.

3.5.1. Mono- and diterpenoids

/

/
The smaller terpenoids of relatively simple structure,essentially monoterpenoids together with some
diterpenoids such as retinol derivatives, are usually defined with their systematic name and are depicted

following the standard conventions described under General Issues.
4

HsC OH

example thymol
/ CH3

5-methyl-2-(methylethyl)phenol
/ CH; thymol
retinol derivatives (stem: retin)
4
exam}:)le acitretin: CHj CHj CHj

(all-E)-9-(4-methoxy-2,3,6- MCOZH

, trimethylphenyl)-3,7-dimethylnona- H,CO CH, acitretin

2,4,6,8-tetraenoic acid CHs

Diterpenoids of more complicated structure, such as taxane derivatives, are defined with a semi-
systematic name based on a fundamental stereoparent with specific numbering pattern and orientation

of the skeleton. If no stereoparent name has become established for a class of compounds, for example
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1804  pleuromulin derivatives, then substances are defined by their systematic name and are depicted in a
1805 uniform way as to show structural similarity between compounds belonging to the same chemical class.

1806

taxane derivatives (stem: -taxel)

stereoparent: taxane

example paclitaxel:
58,20-epoxy-1,7B-dihydroxy-9-
oxotax-11-ene-2a,4,10B,13a-
tetrayl 4,10-diacetate 2-benzoate
13-[(2R,3S5)-3-benzamido-2-

hydroxy-3-phenylpropanoate]

pleuromulin derivatives
(stem: -mulin)

core structure: pleuromulin K

example tiamulin:
(3aS,4R,5S,65;8R,9R,9aR,10R)-6-eth-1-en-
1—y|-5—hydroxy—476,9,10—tetramethy|—1-

HaC =
HZC :'l ‘\\ N H
propanocyclopenta[8]annulen-8-yl H OH CH3

oxodecah/yd?o—3a,9—
{ltdiethylamino)ethyl]sulfanyl}acetate tiamulin
1807 y;

1808  3.5.2. Triterpenoids

1809
1810 Larger terpenoids concern in some cases substances sharing structural similarity with a considerable
1811 number of compounds. Among such triterpenoids, the cyclic ones containing four rings and beyond are

1812 defined with semi systematic names and are depicted with a specific orientation of the main skeleton.
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Examples are steroids and glycyrrhetic acid derivatives. Secosteroids which bear only three rings in the

core structure are derived by ring opening from steroids and are considered and depicted as such.

Structures are denoted as projections of the carbon framework onto the plane of depiction. Solid wedges
and broken lines are used at stereogenic centers to orient atoms or groups which are designated alpha
(a) if they lay below or beta (B) if they lay above the plane of depiction. Use of this system requires strict
orientation of structures which are normally represented having position 3 at the bottom/léft with
counterclockwise numbering for the first ten skeletal atoms. Unknown configuration of a stereogenic
centre of the ring system is indicated with a wavy bond and designated xi (€). In the caserof a racemic

compound, the enantiomeric structure drawn should be the one that showsthe I/oWest numbered chiral

center in the a-configuration. Graphical specifications of chirality concerning side chains of the ring system
4

follow standard conventions described under General Issues.

steroids — "
various stereoparents?’® ) 4
(stems: andr, -betasol, bol, cort, estr, gest, -
gestr-, -met(h)asone, -olone, pred, -pris-, -

renone, -ster-, -terone) p

general core structure and numbering’

pattern %

example estradiol:
/
estra-1,3,5(10)-triene-3,17p3-diol
/

(stereoparent: estrane)
A

example 5¢-mesterolone:

/
17B-hydroxy-la-methyl-5¢-androstan-3-
one

5¢-mesterolone
(stereoparent: androstane)

example estrazinol:

=CH
rac-3-methoxy-8-aza-19-nor-17a-pregna-
and enantiomer

1,3,5(10)-triene-20-yn-17-ol

estrazinol
(stereoparent: pregnane) H3CO “!
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example cloxestradiol:
17B-[(1RS)-2,2,2-trichloro-1-
hydroxyethoxy]estra-1,3,5(10)-trien-3-

ol(stereoparent: estrange)

secosteroids

(stem: calci)

example alfacalcidol:
(1S,35,57,7E)-9,10-secocholesta-
5,7,10(19)-triene-1,3-diol

(stereoparent: cholestane

glycyrrhetic acid derivatives /
(stem: -olone)

stereoparent: oleanane

/

example enoxolone:
(20B)-3B-hydroxy-11-oxoolean-12-en-29-

oic acid. *
/

enoxolone

A

/

3.5.3. Tetraterpenoids

Tetraterpenoids or carotenoids constitute large molecules of relatively simple structure. Although

fundamental parent hydrides with specific numbering have been established for carotenoids, they are
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commonly defined with a systematic name and depicted in line with the standard conventions described

under General Issues.
carotinoid derivatives

(stem: -carotene)

example betacarotene

systematic name

parent hydride

3.6. Tetrapyrroles

H,C
HsC CHs CHs CHs
C g &
CH CH H3C CHj
CHs : d
/

betacarotene
(aII—E)—3,7,12,16-tetramethy|—1,18-bis(2,6,6-t5imethylcyclohex-l—
en-1-yl)octadeca-1,3,5,7,9,11,13,15,17-nohaene
4

B,B-carotene (trivial name) v

/

Tetrapyrroles or porphyrins are a structurally limited class-of natural products and derivatives related to

porph(yr)in. Both their nomenclature and representation is based on the parent structure porphyrin

which special clockwise numbering pattern consists of the carbon atoms numbered 1 to 20 and the
v

nitrogen atoms numbered 21 to 24.

7z

porphyrin derivatives
(stem: -porfin) /

parent hydriae : porphyrin
/

A

3 5 7
4 6
2 8
1 9
20 10
19 11
18 12
16 14
17 15 13
porphyrin
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example temoporfin:
3,3',3",3""-(2,3-dihydroporphyrin-
5,10,15,20-tetrayl)tetraphenol

1842

1843
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V. Structure index

(17S)-morphine N-oxide, 11

[*Clflumazenil, 39

[*®F]fluorodopa, 39

[*°Felferrous citrate, 39

[®*™Tc]technetium bicisate, 39
Uc-substituted raclopride, 39
Bl.sybstituted iobenguane, 39
18F-substituted analoque of misonidazole, 39
5¢-mesterolone, 95

acarbose, 79

acebutolol hydrochloride, 33
acesulfame potassium, 30

acetyl choline chloride, 30
aciclovir, 80

acitretin, 93

acriflavinium chloride, 18
actulose, 79

adamantane, 28

adenosine, 80

alanine, 34

alfacalcidol, 96

Alfadex, 76

alprostadil, 92

amikacin, 76

amoxicillin, 53

amphotericin B, 91

ampicillin, 67

apomorphine, 48 e
ascorbic acid, 45

atropine, 88 7
bacitracin, 62
benzatropine, 88
betacarotene, 97
betamethasone sodium phosphate, 31
bicozamycin, 67

biotin, 49 »

bis(benzene)chromium, 35

bleomycin, 58, 60

buserelin, 69

cabergoline, 88

carbocisteine, 67

carbomer, 84

carboplatin, 37

cefixime, 45

ceftriaxone sodium, 31

A



1921
1922
1923
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
1941
1942
1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968

cefuroxime axetil, 50
cemdisiran, 81

cetrimide, 63

chloroquine sulfate hydrate, 19
ciclosporin, 71

cisplatin, 35

clindamycin, 79

clomifene citrate, 46
cloxestradiol, 96
colistimethate sodium, 70
colistin, 62

crilvastatin, 53
crotamiton, 46
cyanocobalamin, 74
Dp-camphor, 28
dehydroemetine, 90
delimotecan, 83
dextromethorphan, 54, 86
p-glucose, 73, 77
diamminesilver(1+) fluoride, 35
dimeticone, 84
dinoprostone, 45
disodium hydrogen citrate, 32
pL-alanine, 48

docusate sodium, 53
dosulepin, 45

doxocycline, 91
doxorubicin, 79, 92
enoxaparin sodium, 63
enoxolone, 96

erythritol, 78
erythromycin, 61, 91
esomeprazole, 19, 48
estradiol, 95 /
estrazinol, 96 A
etoposide, 79
famotidine, 40
fenprostalen/e, 44
fentanyl ﬁ-oxide, 47
fentgnyl-N-oxide, 51
ferrocene, 35
ferrocyanide, 35

ferrous fumarate, 29
fimaporfin, 17, 60
flupentixol, 46
fluphenazine decanoate, 18
fructose, 75

galactose, 75
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1969  glycyrrhizin, 79

1970 gonadorelin, 68

1971  griseofulvin, 54

1972  human glucagon, 70
1973 hyoscine, 54

1974 iloprost, 93

1975 isoleucine, 49

1976 ivermectin, 61, 90

1977  L-[*'C)methionine, 39
1978 lactitol, 78

1979 lactose, 74

1980 L-alanine, 48

1981 Leuciglumer, 84

1982 Leuprorelin, 62

1983 levocarnitine, 34

1984 lorajmine, 86

1985 losartan potassium, 21, 28, 32
1986 macrogol, 82

1987 maltitol, 78

1988  mefloquine, 89

1989 meglumine, 78

1990 methethoheptazine, 49
1991 methylthioninium chloride, 30 p
1992 mitomycin, 54

1993 myo-inositol, 76

1994  nadolol, 52

1995  naftidrofuryl, 52 /
1996  naloxone, 86 4
1997 nifedipine, 11 Y4

1998 nizatidine, 46 y

1999 nonacog gamma (human coagulation factor IX (rDNA), 72
2000  norgestimate, 46

2001 omeprazole, 41, 48

2002  omeprazole sodium, 327
2003 ormaplatin, 38 A

2004 oxaliplatin, 35

2005 oxitropium bromide, 33
2006 oxoprostol, 92

2007 paclitaxef 94

2008 pancuronium bromide, 30
2009  pentoxifylline, 89

2010  pergolide, 88

2011 phenobarbital sodium, 42
2012  phenylpropanolamine, 50
2013  piperazine citrate, 33
2014  pleuromulin, 94

2015 poloxamer, 84

2016  potassium clavulanate, 28

/



2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040
2041
2042

2043

povidone, 82

praziquantel, 54
prexigebersenum, 80
propylthiouracil, 41
prostane, 92

protirelin, 67

reserpine, 87

rifabutin, 91

simethicone, 63

simvastatin, 16

sodium calcium edetate, 30, 35
sodium nitroprusside dihydrate, 35
somatostatin, 71
spironolactone, 54

sucrose, 74

sulfacetamide sodium, 32, 42
sulfathiazole, 40

temoporfin, 98

thymol, 93

tiamulin, 94

tribenoside, 75

tropane, 28

tulathromycin, 64
vancomycin, 68

vinorelbine, 87

%k %k
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