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Abstract
New uniform and reversiblepectrum-likerepresentation of 3D chemical structures is
explained. On a simple example of 3D structure of ethane, both the coding and decoding
procedures are explained in detail. Togectrum-lile representation is based on the
projection of atoms specified by co-ordinate triplptg y;, z] on an arbitrarily large

sphere using a Lorentzian shaped function dependent on atoms’ position in the space. The
new structure representation of a molecule Wtlitoms is defined asdimensional vector
S = (s,S,,--5,--.§) with each component defined as a cumulative intersgitgt a given

pointi on the circle with and arbitrary radius. The cumulative interssityiei-th point on
the circle at anglg;.) is a sum oN contributionss; of each atonj in the molecule.

N N )

s=N5s. = Pi , i=1...number of divisions on a circle

EOLTED S
= S (9 —-¢,) +0;

The intensity functiors; can be any bell shaped function. In our case the Lorentzian shape
with maximum at anglq‘bj, maximal intensity proportional to the, and having the width,

g, related to the type of the new representatitom was chosen. The new representation

is suitable for studying (modeling) various properties on a series of molecules having
common skeletons or common structural parts. The changes of a new representation if a
substituent on a given molecule is rotated is shown on an examples.

Introduction

Coding of chemical structures encompasses many different ways and different
strategies for distinguishing different compounds, solutions, and materials. The computer
era has initiated many different structure representations for efficient computer handling:

J. Zupan, M. Vracko, M. Novi¢: New Uniform and Reversible Representébn of 3D Chemical...



20 Acta Chim. Slov200Q 47, 19-37.

from fragment codes (Wiswesser-Line-Notation or WLN [1]), atom connectivity tables
and topology indices [2] to sophisticated coding enabling 3-D similarity searches [3].
Unfortunately, many of such notations, notably chemical names, WLN, and the
connection table representations are not uniform. This means that the representation
cannot be expressed as a vector in the sadimensional space (fixed n for all structures

in the study). Additionally, most of the nowadays used uniform molecular representations
(topology indices, gnomic projections and Kohonen maps, for example) are not
reversible.

An interesting aspect of structure coding history is that most dttéepts to find
a new structure code were driven by a specific property elucidation goal in mind. With
other words, the representations are mainly not proposed or invented just for its own
sake, but with an aim to explain a property, or a set of properties, for which it is believed
that is (are) related to the complete structure or at least to specific parts of it. For
example, the choice of fragments is usually accomplished in such a way that they could be
easily recognized by an appropriate analytical or spectroscopic method. Similarly, the
hydrogen atoms in the connection tables are omitted because it is believed that in most
applications hydrogen atoms are not needed or can be easily "attached" to the structure
representation when such a need occurs. A good structure representation for modeling
(be classicalia analytical functions or by means of artificial neural networks) should
fulfill the following four demands:

1. each compound should have one and only one code; with different codes for
different structure (unigueness),

2. each compound should be represented by the same number and type of variables
(uniformness),

3. the structure should be possible to retrieve back from the codesieigy, and

4. the rotated and/or translated structures should have the same code (translation and
rotational invariance).

It is not difficult to fulfill each of the above four cdihons separately, however, to
fulfill all of them using the same representation is a very difficult task which has not yet
being solved satisfactorily. The crucial property of any representation for modeling is its
uniformness, i.e., all objects in the study (in our case the objects are molecular structures
of compounds) must be represented with the same number of variables. For example,
regardless of how many atoms the molecules consist off, all of them must be described by
the same number of variables. This requirement is hard to fulfill, especially if the 3-D
structural features of each molecule have to be incorporated into the representation.
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In the present paper we shall discuss a method for representing 3-D chemical
structures which is uniform, unique and reversible, but lacks the translation and rotational
invariance. In general, the lack of the origin or rotation invariance may be regarded as a
drawback when judging a representation. However, in some cases (one exdnhge w
shown later on) this property, namely the dependence of the representation on the choice
of co-ordinate origin, offers quite a useful property which should be explored to the
maximal benefit. If a structure representation depends on the choice of the co-ordinate
origin it can be used only for comparative studiessets of structures that can be
somehow aligned to each other either by overlapping the skeletons or some other larger
structural parts. The liberty to chose any co-ordinate origin offers a possibility tibdind
position of the origin from which the representation is most useful for a given task, i.e.,
the position from which the most relevant structural features could be characterized or
"seen" best.

Uniformness as the most important aspect of any structure representation for
handling a set of structures enables direct or inverse modeling of structure-property
relationships. Without uniform representation no modeling (direct or inverse) is possible.
There are immense variations of the problems that can be solved by modeling: from
spectra-structure elucidation and structure-to-spectra simulation to the quantitative
structure activity relationship (QSAR) problems (see for example ref.[4]). For solving
this kind of problems the uniformity of the structure code is mandatory. The reason for
this is that models (achieved either by the analytical functions or by artificial neural
networks) require uniform code of objects. In formal words: mapping of chemical
structures into the space of the sought property (or propéffies.y»)) can only be
achieved from a measurement space having well defined metrics. Any faxai be
built only if all objects in the study (chemical structures) are represented by v&gtors
having the same number of variables (axasfor each object:

Yo(Ystr - ¥or) = A[Xg(Xo1, X2 1. Xen), &11,-..8...] /1/

The symbolA labels any modeling system (be a set of equations, the ensemble of
neurons, or any other operator). The mo#letefined by the parametees;, called
coefficients, weights, pointers, or similar, performs the required mapping fromm-the
dimensional measurement space of structure representidonso the n-dimensional
space of propertie¥s,
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Because the ultimate goaf modeling (for prediction) the properties of chemical
compounds is to obtain knowledge how different structural parts (substituents, radicals,
fragments, substructures, skeletons, etc.) influence the properties of interest, a 3D
structure representation must be reversible. This means that it should be possible to
decode the complete 3D structure from the representation. Unfortunately, any of the
existing uniform structure representations that fulfils the condition of uniformness
(gnomic projection [5], Gasteiger's approach [6] and several coding based on different
topological indices [7] do not allow such an inversion. For example, from a set of either
topological indices or any other set of descriptors (physico-chemical, biological or other)
the structure cannot be reconstructed. $ipectrum-likerepresentation of 3D chemical
structures discussed in this paper assures the uniformness and the reversibility.

Structure representation by projection
The main idea of thespectrum-likerepresentation [8],[9] is to mimic a "light

source" placed somewhere close to the molecule which casts "shadows" of atoms on the
surface of an imaginary sphere drawn around the light source (Figure 1).

Figure 1 The molecule is placed into a sphere with an arbitrary radium R. At the centrum of the sphere is
a light source which casts shadows of atoms on thereg’ surface. The intensity of the shadow
of each atom is described by the 2D Lorentzian bell-shape function and depends on the distance
of the atom from the light source and on the paranwetes described by Equation /2/ For the
actual calculation of the structure representation the shadows' projections into three
perpendicular equatorial rings are calculated.

The positions and intensities of atoms' shadows on the surface of the sphere depend
on the relative positions between the atoms and the light source. The compulete sha
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all atoms on an arbitrary equator of the imaginary sphere resembles a spectrum (Figure
2), hence, the name of the representation. The intesj]sioj the shadow of an atom
(described by polar co-ordinatpsand¢;) on the equator at the poinfexpressed by the

polar anglep)) is evaluated by the Lorentzian function /2/:

P

S = 12/
(¢ -9,) +o7

The parametey; enables each atom to be described by an additionally property,
charge, for example. The Lorentzian function is chosen because of its simplicity. Any
other appropriate function could be selected, if that would matter. In order to acquire the
entire 3D information of the structure the shadows of atoms are projected onto three
mutually perpendicular circles. For the complete representatibintialets [Xj,yj,q] the
co-ordinateq, Yi ande, of atoms are set to zero in sequence, hence, defining three
"planar molecules" described by tBN twoplets[xj-,yj], [Xj,q], and [yj,q]. The obtained
three planar molecules are projected onto circles in(xhg, (x,z) and (y,z)}planes,
respectively, forming three equivalent sets of the new represent3tidfor the
explanation of the Lorentzian projections of atoms on the circle the polar co-ordinates
are more plausible than Cartesian ones. In the actual calculations when the atoms are
described by twoplets of Cartesian co-ordinates the Equation /2/ is used in the rewritten
form with Cartesian co-ordinates (see Equations /3/ and /4/. Figure 2 shows how for
each aton its shadow's intensit;ji depends on the anglegon one circle.

The position of atomis described by a polar co-ordinate p@irqt(j) in the internal
coordinate system of the "light source". In all three notation of 2D-planes, i(&,y)n
(x,2),and(y,z}planes, the first axis is abscissa while agls between the abscissa and
the vectorp. The Lorentzian peak width parameufn'n Equations /1/ and /2/ is used to
describe any individual property of the atgrtatomic or ionic radius, atomic number,
ionization energy, electron affinity, charge, etc.). In many of our applications the
parametersj are set tag = 1 + charge on atom |.If the charge on atoflnis negative
qj is less tharl, otherwise it is larger thah Due to the fact that parameteyr can be
specified for each atom the new proposed coding scheme is flexible enough to be
adaptable to various types of problems for which "problem-specific" structure code is
preferred. If only the space geometry and the shape of molecule has to be described, the
parameten; (Eq. /1)) is set equal to one for all atoms.
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Light source

Atom 1 (Ol,q)l)

Atom 2 (021‘1)2) C

Shadow Shadow of atoﬁﬁ 2
of atom 1

4 intensities in four among
360 intervals

Figure 2 Contribution of atoms No. 1 and No. 2 (at the positiong1) and(ro,¢-) to the intensitys at

the interval (position)i on the circle with radiunR, Each individual contribution has a
Lorentzian bell-shape function. Circular trajectory with radigrto which the projections are
made is divided intm intervals (360 in our example).

The intensitieﬁi of spectrum-likerepresentations at all positiogs are clearly
additive. The cumulative formula for each variafl®f the spectrum-likerepresentation
for the whole structure consisting fatoms can be written as a sum:

N N
P , _
S=)Si = with ¢ running from¢q to ¢ /3/
JZ J JZl(d’i_d’j)Z"‘O'jz I 1 360

The number of variables in each representation depends on the number of angles
Jj which divides the equator around the molecule - the finer the division, the more precise
the description. If the resolution @P radial degree is chosen for the projection on each
equator one spectrum hag0intensities. Hence, a completpectrum-likerepresentation
of each structure (projections of its structure into three perpendicular equatot§Bbas
intensities. In general, the division of the circles should be adapted to the number of
atomsN in the largest molecule of the study. After the divisiois chosen, the new
representation should be able to map each molecule, regardless of the number of its
constituent atoms, into the sarBie-dimensional space. In many studies where only
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approximate positions of the substituents with the respect to the skeleton are sought the
division n can be as low a36 or evenn=18. On the other hand, in cases when small
differences in space positions of atoms are important, or for precise recoveries of
structures back from thepectrum-likerepresentations can be as large &20 (division

to 0.5), thus making the fulspectrum-likerepresentatior2160 intensities (variables)

long.

For actual evaluations of spectral intensities from Cartesian co-ordinate twoplets the following
transformations are substituted into the Equation /2/:

P Y) =X +Y] . o (D) =Y +Z], pi(x2) =X +2Z] 14l

X Y, X
cosp; (X y) =——, cosp(y,) =——, cCcOp(X,2)=—— /5
| VY J VY tZ J VX +Z
hence:

(xy)=S Y, /6l
s(0y) =
N 20 X d

ﬁtrccos%’)—cbi(x, Y)ﬁ +o?

2 2
X Y]

and equivalent forms for the intensities((yz) and(y,z) projections.

Because it is evident that tepectrum-likerepresentation depends on the position

of the light source there is of course a question how this position should be defined or
found. For a modeling of properties applied in a connection with a class of compounds
having identical skeletons or at least identical small substructure (a group of atoms), all
molecules under study are first brought into such position that the common skeleton or
substructure overlaps as much as possible. After this is achieved, the co-ordinate origin is
either set at one of the atoms or at the center of gravity of the skeleton, or is found by
any more sophisticated optimization method. The optimization criterion in a search for
the optimal position of the co-ordinate origin is usually the broadest distribution of
variances among all variables of the representation.
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Coding of structure

As an example how the suggested represent&mrn(s,s,..s,...$) can be obtained
from the structure'lx,y,z] co-ordinates, the entire procedure for calculating the variables
g will be explained on a simple molecule ohame (Figure 3).

The|[x,y,z] co-ordinates of all eight atoms are given in Table I. Using Equation /2/
the Cartesian co-ordinates are transferred into the polar ones and the corresponding radii
and angles of atoms in each of the three projections are calculated. For each atom the
angular positiondj) at which the Lorentzian bell-shaped curve has its maximum and the
maximal intensityp; calculated from Equation /2/ are given for all three projections.

Table I. The co-ordinates of eight ethane atoms are in columns 3-5. In columns 6 to 11 are maximal
intensities p, and peak positionsi)i calculated according to Equations /5/ for all three

projections.

i Atom XAl YAl Z[Al pkxy) 4y px2)  §x2) P2 0j(v.2)

1 C 0.77 0.00 0.00 0.77 0. 0.77 0. 0.00 -

2 H 1.13 -0.74 0.74 1.35 327. 1.35 33. 1.05 135.

3 H 1.13 -0.27 -1.00 1.16 347. 151 318. 1.05 256.
4 H 1.13 1.00 0.27 151 42. 1.16 13. 1.05 15.
5 C -0.77 0.00 0.00 0.77 180. 0.77 180. 0.00 -
6 H -1.13 -1.00 -0.27 151 222. 1.16 193. 1.05 195.
7 H -1.13 0.27 1.00 1.16 167. 151 138. 1.05 76.
8 H -1.13 0.74 -0.74 1.35 146. 1.35 213. 1.05 316.

In order to obtain the complespectrum-likerepresentation as many Lorentzian
curves as there are atoms in the molecule have to be added. All three repeltingm-
like representations and the corresponding projectiotisecéthane molecule in thg,y),
(x,2),and(y,z)planes are shown in Figures 3a, 3b, and 3c. By projecting any number of
atoms onto a circular line of leng®, the uniformity of the code is achieved. The actual
resolution used for a specific application depends on the needs and computational
capability of the user.

J. Zupan, M. Vracko, M. Novi¢: New Uniform and Reversible Representébn of 3D Chemical...



Acta Chim. Slov200Q 47, 19-37.

27

(x,y)-projection

o

(x,2)-projection

(y,2)-projection

A

7

120

J. Zupan, M. Vracko, M. Novi¢: New Uniform and Reversible Representébn of 3D Chemical...



28 Acta Chim. Slov200Q 47, 19-37.

Figure 3Spectrum-likestructure representations of ethane projected, iy, (x,z),and(y,z)planes. The
assignments of the peaks to eight ethane atoms are shown with figures standing next to the
peaks. The intensities and fimss arelisted in Table I.

The smaller2r7n ratio the larger the resolution of the representation. The more
atoms has the largest molecule in the study, the finer is the resolutionspieitteum-like
representation (division of tl&rcircle inton intervals) is.

The translation invariance of the code is assured by setting the oaterdigin of
the sphere within which the molecules are placed into the center pf\ait] co-
ordinates of the molecule. In many applications a certain atom (for example, atom
common to all structures) is set into a center of co-ordinate origin. If any atom is in the
central position it has no peak in thgectrum-likerepresentation (s€g,z)projection in
the following example - Fig. 3c).

Decoding thespectrum-likerepresentation

The basis for the reverse evaluationxpfy, and z co-ordinates of atoms are
locations of peak positions spectrum-likerepresentations, i.e. the anglgs ¢; where
maximal intensitie®, (X,y), p(y,z),andp(x,z) can be easily calculated using Equation /3/.
In the next step the Cartesian coordinates are obtained:

X=pi(X,y) coso;(x,y)

y=pi(y,z) cosp;(y,2)

2= pi(x,2) sing;(x,2)
17/

The last thing to dois to assign the obtained,andz co-ordinates to the correct
atoms. This assignment is not always straightforward because due to the symmetry of
molecule some ambiguities can arise. Nevertheless, such cases can be easily handled by
following a step-by step evaluation of th@ndy co-ordinates and after that the eventual
multiple choices for the assignment of theo-ordinates can be resolved by logical
elimination. An example of the decoding procedure is shown in Tables Illana this
example the orientation of a molecule for which, due to its symmetric position, several
possibilities for assignments dk, y] pairs to thez co-ordinate arises, has been
intentionally chosen. For the casesohplidty theg; values were taken to be 1.

Tables II-IV contain the information available for decoding, i.e., if all three
spectrum-likerepresentations of an unknown molecule are given. It should be noticed
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that there is a small variation in coordinates’ recovery due to the uncertainty of the
resolution of 1 radial degree in alpectrum-likerepresentations. Therefore, the average

values for recoveredoeordnates with only two ecimal paces areigen.

Table Il. The information available from thpectrum-likerepresentation in the (x,y)-plane
(see Figure 3a).

Peak Peak position Peak intensity X . y
bi(x.y) 168Y) cosgi(x.y)  pcosh;  singi(xy)  psing

j [degd [A] [A] [A]
1 0 0.77 1.000 0.77 0.000 0.00
2 42 151 0.743 1.12 0.669 1.01
3 146 1.35 -0.829 -1.12 0.559 0.75
4 167 1.16 -0.974 -1.13 0.225 0.26
5 180 0.77 -1.000 -0.77 0.000 0.00
6 222 151 -0.743 -1.12 -0.669 -1.01
7 327 1.35 0.839 1.13 -0.555 -0.75
8 347 1.16 0.974 1.13 -0.225 -0.26

Table Ill. The information available from tlspectrum-likeepresentation in the (x,z)-plane
(see Figure 3b).

Peak Peak position Peak intensity X z
j i(x.2) pi(x.2) cosgi(x,z)  pcosy;  sing(xz)  psing;
[ded [A] [A] A
1 0 0.77 1.000 0.77 0.000 0.00
2 13 1.16 0.974 1.13 0.225 0.26
3 33 1.35 0.839 1.13 0.545 0.74
4 138 151 -0.743 -1.12 0.669 1.01
5 180 0.77 -1.000 -0.77 0.000 0.00
6 193 1.16 -0.974 -1.13 -0.225 -0.26
7 213 1.35 -0.839 -1.13 -0.545 -0.74
8 318 1.51 0.743 1.12 -0.669 -1.01

Table IV. The information available from tkpectrum-likerepresentation in the (y,z)-plane
(see Figure 3c).

Peak Peak position Peak intensity y z
, i(y.2) pi(y:2) cospi(y,z)  pcosy;  sing(y.z)  psing
i [ded [A] [A] [A]
1 15 1.05 0.966 1.01 0.259 0.27
2 76 1.05 0.242 0.25 0.970 1.02
3 135 1.05 -0.707 -0.74 0.707 0.74
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4 195 1.05 -0.966 -1.01 -0.259 -0.27
256 1.05 -0.242 -0.25 -0.970 -1.02
6 316 1.05 0.719 0.75 -0.695 -0.73

Two peaks (1 and 5) in Tables Il and Ill are uniquely defined (having the>same
coordinates in both tables) yielding the complete positions of two atoms: (0.77A, 0.00A,
0.00A) and (-0.77A, 0.00A, 0.00A). For the other sixoordinates in Table 1l:  1.12A,
-1.12A, -1.13A, -1.12A, 1.13A, and 1.13A, eachoordinate is different: 1.01A, 0.75A,
0.26A, -1.01A, -0.75A, and -0.26A. The same is true forxsiwordinates in Table IlI:
1.13A, 1.13A, -1.12A, -1.13A -1.13A, and 1.12A; yiledirgoordinates of: 0.26A,
0.74A, 1.01A, -0.26A, -0.74A, and -1.01A.

Within the tolerance o£0.01A among varioug-coordinates (1.12 and 1.13A for
example) the correct combination gfand z co-ordinates is easily resolved by the
inspection of Table IV wherg andz co-ordinate pairs uniquely determine the complete
triplets [X,y,z] of the remaining six atoms (Table V). The obtained values are in fair
agreement with the original co-ordinates of eight atoms shown in Table I. The maximal
discrepancy 0#0.01 comes from the low resolution of the initial division. If the division

was twice the original one (i.e., one intensity pef hstead per 1%, the error would
be even lower.

Table V. The recovered coordinate triplets from the tepeetrum-likerepresentations as given on

Figure 3a-3c.
Calculated Actual

X y z X y z
[ Al [A] [A] [ Al [A] [A]
0.77 0.00 0.00 0.77 0.00 0.00
-1.13 -0.75 -0.74 -1.13 -0.74 -0.74
1.12 -0.26 -1.01 1.12 -0.27 -1.00
1.13 1.01 0.26 1.13 1.01 0.26
-0.77 0.00 0.00 -0.77 0.00 0.00
-1.13 -1.01 -0.26 -1.13 -1.00 -0.27
-1.12 0.26 1.01 -1.13 0.27 1.001
1.13 0.75 0.74 1.13 0.74 0.74
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Applications

One of the advantages of the propossgzkectrum-like 3D representation of
structures is its additivity with the respect to the constituent atoms. The second
advantage is a strict dependence on the actual position of each atom. If one combines
these two properties it is easy to perceive that any conformation of a single compound
can be coded differently. Nevertheless, the differences between the representation of two
conformations are directly proportional to the distortion (rotation or stretching) of the
substituent in question with the respect to the remaining skeleton.

Most conformers of a given molecule can be generated by rotating a part of a
molecule (a substituent) around an axis (a bond defined by two fixed atoms) for a certain
angle. For more complex conformers a combination of several rotations around different
axes can be combined. In order to show how the method works and how the
correspondingspectrum-likerepresentations change from conformer to conformer, a
simple case of rotation of a methyl group at one end of the ethane will be shown. See
Appendix for the mathematics of the rotation (evaluation of the new coordinates)
procedure.

From the new co-ordinates the nepectrum-lile representation is calculated using
Equation /6/. In order to show how the procedure works the methyl substituent (atoms
No.: 2, 3, and 4 on the left-hand side of Figure 3) is rotated with the respect to the fixed
methyl group (atoms No.: 6, 7, and 8). The rotation of the substituaatis around the
bond between both carbon atoms No. 1 and No. 5 fora@@ 40 in the clockwise
direction (Figure 4a). The change, or better the shifts of the corresponding peaks in the
two spectrum-likerepresentations (contributions in the (y,z)-plane only) of the two
conformers compared to the representation of the original ethane molecule are shown in
Figure 4b. Because the rotation around the bond between two carbons is in the clock-
wise direction the peaks corresponding to hydrogen atoms No. 2, 3, and 4 are shifted
towards smaller angle.

It is evident that the other two partial contributions (from the (x,y) and (x,z)-
planes) to the new pectrum-like representation of the conformers are changed
correspondingly. On Figure 5a and 5b the (x,y)-plane projection of the same two ethane
conformers and the accompanying parts ofsihectrum-likerepresentations are shown.
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Figure 4. The (y,z)-projection of the three ethane conformers each with the rotated methyl group
(hydrogen atoms No. 2, 3, and 4) for°2in the clock-wise direction (above). The
corresponding shifts in thepectrum-likerepresentation are shown in (bottom). Dashed and
dotted lines line represent “spectra” of two conformers rotated for 20 &nde4pectively,
from the full line spectrum-likerepresentation of the original molecule (compare the
representation on Figure 3 bottom).

Additionally, when coding the structures having the same skeleton or the same
backbone structure (group of derivatives, analogues, etc.), all peaks in the new
representation obtained for atoms of the common substructure can be simply subtracted
from the representation. The subtraction of common peaks makes the representation
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more sensitive to those parts of the structures that are actually relevant to the study. Due
to the fact that most of the QSAR and other structure-property relationships, notably
spectra-structure relationships, are made for the families of compounds, this
representation can be an excelleml tfor such purpose.

4 for 20°
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@ 2 for 20°
@ 3 for 20°

2
® 3 for 40°

15

| 2 for 20°
1.0

noos| .l‘ l i
00 j — — j}‘[\j
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Figure 5 The (x-y)-plane projection of the same three ethane conformers (b). The arrow shows the
direction of the coding of thepectrum-likerepresentation. Bellow it can be seen that the
small change of the atom No 4 position results in a small change of the corresponding peak
positions in the second quadrant. On the other hand, relatively large changes of positions of
atom No 2 result in largethanges of the peakit.

Alternatively, a molecule can be represented by a single spectrum, which represents
an ensemble of conformers. Such a spectrum can be easily calculated as an average over
the spectra describing all different conformers. The average is the sum of all spectra
divided by the number of conformers.
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Figure 6. The (x-y) projection of six ethane rotamers (a). The atom Nos. 2, 3, and 4 are rotated edch for 20
around the axis C1-C2. The average spectrum of six rotamers in the (x-y) plane exhibits clearly
distinguished peaks for each rotated ataom (b). In the limit case the separate peak are merged into a
continous concave shoulder (c). The peak in the middle of the shoulder corresponds to the atom No.
1.
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As an example the three hydrogen atoms of the ethane (No. 2, 3, 4) are rotated
around the C1-C2 bond for 204C°, 6¢°, 8¢, and 108, and projected into the (x-y)
plane (Figure 6a). The average spectrum of the six rotamers is shown in Figure 6b.
Comparing Figures 5 and 6b one can see that the peaks corresponding to the fixed atoms
remain unchanged, while the peaks corresponding to the flexible atoms are spread over
the space window. In the (x-y) projection, this window results in two intervals: one
between 0 and 4%nd the second one between 315 and.36€he number of rotamers
is increased the resulting peaks merge into a broader parabolic shaped shoulder (see
Figure 6¢). Due to different density of atom projections in the (x-y) plane the shoulder
features two separate maxima at each end. The only shortcoming of the average
representation is the loss of the reversibility for the free rotated atoms of the structures.

Conclusion

The describedpectrum-likerepresentation of the structures is important for two
reasons. First, it offers a uniform, i.e., a fixed-dimensional representation in which a wide
variety of different structures can be coded and second, it offers the possibility for
decoding of the structure in the backward direction from the representation. Most of the
contemporary uniform structure representations are based on a group of several
topological, shape/form, electronic, hydrophobic and other single variable properties from

which decoding of the structures is practically impossible.

We are aware that with this representation the problems of rotational invariance
still remain. However, if the proposed representation is used on a set of structures that
are previously oriented or aligned in the same way, the code of the structures can easily
be compared to each other. Even more, if structures in question are aligned to the same
external co-ordinate system the feed-back information from the model about the parts of
the structures and their spatial distributions responsible for the modeled property (for

example a biolagal adivity) can be deduced.
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Povzetek

Predstavljena in razloZena je nova enotna in reverzibilna spektralna predstavitev 3D kemijskih struktur.
Celoten postopek kodiranja in dekodiranja nove predstavitve je razloZen na primeru molekule etana.

Nova spkralna predstavitev je zasnovana na projekciji vsakega posameznega atoma opisanega s trojico

koordinat[x,y,z] na povrSino poljubno velike krogle. Projekcija je narejena z zvonasto krivuljo, katere
intenziteta in §irina sta odvisni od poloZaja atoma v prostoru in vrste atoma. Nova strukturna predstavtev
molekule zN atomi je definirana kot n-dimenzionalni vekt&=(s,s,...s). Vsaka komponenta
predstavlja kumulativ-no intenziteto v tocki i na ekvatorju omenjene poljubne krogle. Kumulativna
intenzitetas na mestu je vsotaN prispevkovs; od vsakega atimpv molekuli :

N N p . . .
s = Zs_. = Z ! , i=1..8tevilo razdelkov na
1 Il 2 2

= S (9 —-¢,) +0;

ekvatorju

Funkcija s katero raunamo intenziteto, je naceloma lahko vsaka zvonasta krivulja. V naSem primeru
smo uporabili Lorentzovo funcijo. Nova predstavitev je posebej uporabna za modeliranje razli¢nih
lastnosti druZin molekul z istim skeletom. Sprememba predstavitve molekule pri zasuku substituente je
prikazana na primeru.
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Appendix

The mathematics for obtaining the new co-ordinates if only a part of a structure is rotated around an
arbitrary bond is the following (for numberingatoms see Figure 3):

1. select the bond, i.e., two atorAs and A; described by the coordinate triplgks,ys,zs] and
[X1,Y1,21] , around which the substituent will be rotated,

2. translate the coordinate system to athen This done by subtracting the triplpts,ys,z)

from coordinate triplets of all atoms. The new coordinates of #pnx-Xs, Y1-Ys, z-Zs) is
written asAs(Xo, Yo, %),

3. using matrixT rotatate the coordinate system with the origin in the atgnm/Auch a way

that the newk-axis will point in the direction fron®\s to A, (X" andX stand for any rotated

and old coordinate triplet of each atom in the molecule, respectively),

X'=TX

X Yo %
T :i _ XOyO _ yOZO
R

r
r r
YR/t =x,R/r O

4. rotate all atoms of the substituent on the bogd\Awith coordinates X" for angié:

where r=yx;+y? and R=\/X.+y,+2:
5. rotate the new coordinates of the entire molecule back to the original position:

1 0 0
X =[0 cosp sing| X
0 -sing cosp

_ %% YR
% r r
x=Lly Y& _XR -
R r r
z, r 0
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