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Abstract

A structure generator for the generation of all structures from given structural fragments
is presented. The applications of two different systems that include the described gen-
erator will be described and discussed. These two systems can use up to 30 structural
fragments with free bonds defined to a different extent of completeness. The generator
can consider different constraints like molecular weight, molecular formula, or structural
fragments, etc. The generation is fast, exhaustive, irredundant, and effective. Qur gen-
erator is compared to some other generators’=® with respect to the number of generated
output structures and required generation times. The generator is implemented on IBM
personal computers and compatibles.

1 Introduction

The structure gencration problem is one of the most common problems in chemist’s
everyday work. A lot of analytical methods in the organic chemistry are based on the
decomposition of the sample on smaller structural parts, on the combination of structural
fragments, or on the suggestion of some. These structural parts, called also fragments,
are usually analysed separately.

The size of fragments depends on the analytical technique which is performed. The anal-
ysis of elements gives the smallest fragments. These fragments consist of only one atom
and have no additional information about the connections among themselves. Spectro-
scopic and spectrometric methods like NMR, IR, mass, etc., give the information about
larger fragments or functional groups which usually consist of two or more carbon or
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hetero atoms with hydrogens attached to them. The modern spectroscopic tehniques
give also some suggestions about the connections between these atoms’ groups within
the structure.

Usually, the chemists use more than one of the mentioned methods and as the result they
obtaine the sets of fragments of different sizes which are more or less accuratelly defined.
Afterwards, the chemist seeks the structure in which these fragments are connected
together to give the solution of the analysed sample.

Many fragments can overlap each other and many different constraints can complicate
the conditions under which the fragments link together. The connection of fragments
together on all possible ways is a combinatorial problem, which usually can not be
efficiently solved by the humans. All possible combinations of fragments should be
tried and the generated structures must be checked against all suggestions about the
connections (constraints) derived from different analyses. Such complex procedure can
be efficiently made only by a computer program called the structure generator?.

A good structure generator must be:

o exhaustive: to generate all possible chemical structures consistent with a given
set of fragments and various constraints,

irredundant: to avoid the generation of identical structures,

effective: to percieve the generation of chemically or topologically impossible,
identical, or non-connected structures in advance or as soon as possible, and

o fast: to generate as many structures as possible per time unit.

Due to the fact that during the fast generation process the generation of identical struc-
tures cannot be completely avoided, the final elimination of duplicate structures must
be added at the end of the process.

By now, a lot of structure generators and systems in which the generators are incorpo-
rated are known. Some of these systems are DENDRALS—®, CHEMICS3%1¢ CASE'!-15,
Robien’s system'®, MOLGRAPH?, ISOGEN", etc. They have incorporated the genera-
tors like CONGEN®-8, GENOA®, ASSEMBLE!"2, COCOA'®, ete. They use different
input fragments and constraints, generate different types of structures, and they are
made for different computers, etc. Some of them are designed for special purposes
(for generation of the macromolecules, large biological systems'®, for generation of only
aliphatic® or only ring systems'®) and are mainly implemented on large computer sys-
tems or specific mini/microcomputers®*~'% what prevents their much wider use. Some of
them use only predefined fragments®®1%2, the others use only one-atom fragments!” or
large fragments®~%. The fragments can overlap or not, can be with or without connected
monovalent atoms, etc. They also differ regarding to the constraints they consider and
the generation methods they use.
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In order to achieve the wide applicability of our generator, called GEN, we were try-
ing to consider as many ’good’ characteristics of the mentioned generators as possible.
Therefore:

¢ it can be used for the generation of arbitrary structures and also substructures,

® it can generate the structures from the input set of arbitrary fragments of any sizes
with free bonds defined to a different extent of completeness,

¢ it can use many different input data which can be regarded as constraints,

e it is designed for personal computers, etc.

2 Generation with Generator GEN

The generation process consists of three parts:

1. the preprocessing procedure which prepares the input data for the generation per-
formed by the generator GEN,

2. the generatlion procedure performed by the generator GEN, and

3. the procedure for o display of generated structures.

In the continuation the first two parts will be described in detail.

The preprocessing procedure is used for the preparation of any input data for the gener-
ation in the narrow sence. The input data may consist of any fragments with free bonds
defined to a different extent of completeness, a molecular formula, molecular weight,
and/or other constraints. On the basis of the available input data the preprocessing
procedure determines all possible fragments, distributes them into one or more sets, and
rewrites each set of [ragments and all constraints in the standardized form acceptable
for the generator GEN.

Due to different types of input data required by different generation systems, various
preprocessing procedures are used. The generator GEN generates the structures from
the sets that were previously determined by the preprocessing procedure. The generation
process, performed by the generator GEN, is further divided into three steps which are
implemented in turn:

1. determination of all possible connections between fragments — making the connec-
tion matriz,

2. generation of all possible structures — the filling of the matriz and considering the
constraints, and

3. checking of the generated structures against constraints in order to eliminate the
duplicates.
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2.1 Preparation of Sets of Fragments

How different preprocessing procedures obtain the sets of fragments from different types
of input data will be described in detail at the 'Applications’. At this point, the prepro-
cessing of already determined set of fragments into various sets useful for the generator
GEN will be explained.

Each set of fragments must consist of at least two or more different or identical fragments.
The set, which is going to be used in the generation process, is called the actual set.
The actual set is a sub-set of the complete set of possible fragments obtained by the
preprocessing procedure,

The fragment is a part of a chemical structure and contains one or more non-hydrogen
atoms with attached hydrogen atoms and free bonds. Fach fragment has one or more
free bonds available for forming connections to other fragments.

Free bonds can be of different types: single, double, or triple. They can or cannot be
strictly defined. During the generation process the non-strictly defined free bonds can
be merged into multiple bonds (for example, two single bonds into one double bond).
The free bonds of the same type, which are on the same atom in the fragment, are
called the equivalent free bonds. In some cases the free bonds, which are not on
the same atom, are also equivalent, since they are in the same environment within the
(symmetrical) fragment. In GEN, such free bonds are not treated as equivalent,.

Before starting the generation of structures with the generator GEN, all fragments from
the actual set must be given in a uniformed representation which we called a connection
table of fragments®'. Besides the standardization of the input format, the connection
table of fragments has another very important role. It provides the necessary data for
checking the final structures and all structural constraints. This is particularly important
because some of the constraints may involve more fragments or even overlapping of some.

The connection table consists of as many rows as there are non-hydrogen atoms in all
fragments from the actual set. Each row has the following information:

identification number (D) of the atom i,

chemical symbol of the atom,

identification numbers of neighboring atoms and the corresponding bond types (1,
2, or 3),

free bonds and their bond types.

Free bonds are labeled as b;. The maximal number of all free bonds is B,y. By is the
sum of all single, double, and triple free bonds in all fragments from a given actual set:

B, = B*+ B + B (1)
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where B*, BY, and B are total numbers of single, double, and triple free bonds in the
actual set, respectively.

The link between two free bonds of the same type is called a bond. The result of the
connection of two single free bonds is the single bond, while the result of the connection
of two double or triple free bonds are the double or the triple bonds, respectively.

B, is the exact number of bonds which are necessary to form the structure from a
given set of fragments:

B* Bt B

s op 2l 2 2
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[n the connection table of fragments, all atoms are arranged alphabetically (C, N, O,
etc.) and within this sequence the atoms of the same type having larger number of free
bonds have the priority. If, after following these rules, the ambiguity exists, the atoms
are arranged arbitrarily.

The set of five fragments a, b, ¢, d, and e and the corresponding connection table is
displayed in Figure 1. Fragments ¢ and d are equal and have only one free bond. Each
of the fragments a, b, and e are different and have two free bonds. Within the fragment
a and the fragment e both free bonds are equivalent, while the two free bonds in the
fragment b are not, because they are not on the same atom. The 1D determine also the
sequence of non-hydrogen atoms’ data in the connection table of fragments.

e
v BT KL b G by b
(a) (b) (c) (d) (e)
Chemical | Neighbors Free bonds
Fragment 1D Symbol | Atom Bond | Bond Type Bond Type
a 1 [§] 7 2 b 1 by 1
b 2 C 3 2 by 1
b 3 C 9 2 by 1
[ 4 (& b5 1
d 5 6 bs 1
e 6 N b‘r 1 bg 1
a il 0 1 2

Figure 1: The connection table of fragments a, b, ¢, d, and e. Up to six neighbors and
free bonds can be attached to each atom

The set of fragments, rewritten in a form of the connection table of fragments, enters
into the generator GEN. The generator should connect free bonds between themselves
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to form the structure. After the generation process the labels b; are exchanged with the
identification numbers of atoms to which the particular bond is attached. Therefore,
at the end of the process the connection table of fragments represents the topological
connectivity of atoms in the generated structure.

From the connection table (Figure 1) some other valuable information about the free
bonds can be retrieved (Table 1). These information are:
e the identification number of the atom on which the free bond b; is attached and

¢ the sequential number k distinguishing the equivalent free bonds on the atom.

Table 1: Data for eight free bonds from the fragments shown in Figure 1. The sequential
number k of equivalent free bonds goes from 1 to the maximal number of equivalent free
bonds on the same atom

i Label | ID[1] k
1 by 1 1
2 b 1 2
3 ba 2 1
4 by 3 1
5 bs 4 1
6 be 5 1
7 br 6 1
8 bs 6 2,

To generate all possible structures from the given actual set the generator has to try all
possible connections of free bonds. In order to achive the fast and efficient gencration
the connection matriz of bonds is used.

2.2 Connection Matrix of Bonds

The connection matrix of bonds E is a matrix of the free bonds. Each row and each col-
umn in E corresponds to exactly one free bond, so the size of the matrix E is B,y x Bay.

The values of the elements e;; of the matrices E are either T' (true) or F (false). The
element e;; is T if the connection between the free bond b; and the free bond b; exist.
Otherwise, e;; is equal F'. E is symmetrical across the main diagonal because the clements
¢;; and ¢j; represcent the same connection.

Four types of the connection matrices E are distinguished:

» an empty connection matriz E,: a matrix without connections (with all elements
equal F),
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o a full connection matriz Ey: a matrix with all possible connections,

o a basic connection matriz Ey: a matrix with all chemical meaningful connections,
and

o a connection matriz with a final structure E,: a matrix with exactly one T (true)
element in each row and in each column.

The process of obtaining the basic connection matrix F; starts with the full connection
matrix Ey. Ej is obtained after the elimination of some meaningless and useless connec-
tions in the Ey. The elimination of any connection e;; is made by turning its T value to
F.

The elimination of the connections is related directly to the strategy of the generation of
structure, Therefore, the detail description of the eliminations will be given in a special
section “Elimination of the Useless Connections — Obtaining a Basic Connection Matrix”
after the description of the generation strategy.

The basic connection matrix £, for the set of fragments (Figure 1) is shown in Figure 2a.
The connections e,; in the [, are marked with the consequtive numbers from 1 to 20
(Figure 2b). The eliminated connections are not marked.

The connections between the free bonds on different atoms of the same type are treated
as identical. Each group of identical connections is labeled with a number called
identity parameter EQ (Figure 2c). The parameter EQ|e;;] is calculated for all elements
e;; using the values I D[i] and ID[j] given in Table 1:

EQ(ei;) = (ID[i] = 1)Bay + 1D[j] — 1 3

Once the EQ values are substituted into the connection matrix E, (Figure 2¢) it can be
seen that some ¢;; have identical values of EQ. For example, ;4 and 34, €57 and es5.

When the basic connection matrix £, is defined and all consequtive numbers of connec-
tions and parameters EQ are stored in special arrays, the generation can start.

The number of connections in the Fy has the greatest effect on the generation time. If
there are many connections e;; with 7' values in the Ej, a lot of time is needed for the
generation. Therefore, the E, must contain only the connections which are necessary for
the generation of all structures.

2.3 Generation

The generation of structures is a combinatorial process of linking the fragments from a
given set together in such a way that all possible structures are obtained. In order to
generate only one structure from the set shown in Figure 1 four (B, = 4) connections
from Ej, (Figure 2a) should be used. All sets of four connections among 20 possible ones
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by by by by bs bs br bs by by bs by bs bs br bs by by by by bs bs by bs
b 4 203

by T[T[T] |T 1 1]2]3 by 1 5
by T[T|T[T by 5/6[7]8 by 2[3[4[5
by T|T|T[T| & 9f10[11l12] b, 1112)13[13
by T|T[T[T] & 13[14[1516] b4 19[2021[21
bs T|T| b5 17)18] b5 20(29)
be T|T| b 19[20] s 37(37
by by by

bs bs bs

(a) (b) (<)

Figure 2: a) the basic connection matrix K obtained from the connection table of frag-
ments shown in Figure 1, b) possible connections substituted with consequtive numbers,
and c) possible connections grouped with respect to the dentity parameter EQ

are established during the process of generation. Therefore, to find all possible final
structures 2295 combinations (combinations of the fourth order of 20 elements) should
be tried.

The number of combinations increases very quickly with the number of free bonds, i.e.,
with the increasing B, (equation 2) and the number of possible connections.

In order to avoid the combinatorial explosion a controlled combinatorial process is used.
During the controlled combinatorial process, the empty connection matrix E, is filled
with the connections from the basic connection matrix £y according to some rules. The
rules in question are called the rules for filling the matriz. The goal of filling the empty
matrix is to obtain the connection matrix with a structure E,. When B, connections
are added into the matrix on such way that in each row and in each column exactly one
T element is placed the connection matrix with a structure FE, is obtained. During the
process of filling the connection matrix is neither empty (like F,) nor is equal to the
matrix with a structure E,. Therefore, we should mark it as E.

Each new generated stucture has its own F,, e.i., the structure is uniformly defined by
the E,.

The rules for filling the matriz E in order to obtain the E, are:
1. each free bond should be used exactly once for forming the hond, i.e., in cach row
and column exactly one connection should exist,

2. the filling starts in the first (upper) row (the free bond &, should be the first free
bond counected to any other free bond) and then continues to the lower rows,

3. the next connection to be added to the matrix must be in the first lower row with
no connections,
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4. each new added connection should have the same or larger £Q parameter com-
pared with the previous connection. The same EQ is allowed only when merging
of single bonds into multiple ones takes place.

By the consideration of the above rules, all possible rearrangement of connections should
be tried to obtain all possible E,, i.e., all possible structures. It is evident from the rules
that each connection added into the matrix, reduces the posibility for placeing another
connections. Therefore, the number of connections in the upper rows in £, which have
more possible positions for placing the connections than the lower ones, have the greatest
effect on the number of possible rearrangements of connections, i.e., on the number of
possible E,. This also effects on the generation time. This means, that from the upper
rows of Ey as many connections as possible should be eliminated.

By adding a new connection into the matrix E two fragments are linked into a larger
one. In order to continue the generation each new fragment and the remaining ones
must satisfy the following three conditions:

1. each fragment must have at least one free bond, i.e., it should not be a complete
structure,

2. the number of fragments with one free bond must be smaller than or equal to the
number of still allowed connections, and

(X

. none of the atoms should have more free bonds than there are still allowed con-
nections to complete the final structure.

If the fragments satisfy all above conditionds, the generation can continue. Otherwise,
the last established connection must be erased and in the same row of the matrix the
next one should be tried.

An example of filling an empty matrix E, with the connections from E; (Figure 2b)
is shown in Figure 3. The filling starts in the upper (first) row of the matrix shown in
Figure 2b and 3a. The first possible connection is the connection €, 3 with the consequtive
number 1. This connection is input into the matrix E,. From two free bonds, b; and by,
a new bond is formed. The !-st and 3-rd row and column of E cannot accept any further
connections, so the clements in these rows and columns are marked with ’x’ (Figure 3b).
The added connection is marked with a circle '()".

The next connection must be placed in the second row of E, i.e., the free bond b; should
used in the next bond. The first useful connection in the second row is the connection
5 (Figure 3b). The generated fragment does not satisfy the condition 1 which prohibits
the generation of fragments with no free bonds. The connections €;3 and e;4 with
consequtive numbers 1 and 5, respectively, would make from fragments a and b (Figure 1)
a small structure.

The next possible connection in the second row is the connection 6. It passes all tests
and it is added into the matrix E. The elements in the 2-nd and 5-th rows and columns
in E are marked as useless (Figure 3c).
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b by by by bs by br bg by by by by bs bs b7 bg
by 1/2]3 4 b 1] x[x] [x
by 5(6[{718 by 5[6]7]8
by 9|10{11{12 by X [x[x|x
by 13]14]15|16 by 13]14(15]16
bs 17|18 bs 17[18
b 19(20 b| 19(20
bs b
bg bs

(a) (b)

by by by by bs b by b by bs by by bs bs by bg
by 1]x|x % by 1)]x|x X
byl x (6] x]|x [ x[6]x[x
by x| x| x|x bs x| x|x|x
by x [14]15]16 by x| x [i5] x
bs x| = bs X | X
be 19120 be % |20
bs by
by bg

(c) (d)

by by by by bs b by by

b 1]x|x %

by MORE

by X[x|x|x

by x| x [15] x

bs x| x

b x [20

br

bg

()

Figure 3: The example of filling the empty connection matrix £, with the connections
from Ej in order to obtain the matrix with a final structure E,. The connections which
should or should not be used for the generation of a final structure are marked with
the consequtive numbers from the Ej or with *x’, respectively. The connections with
the consequtive numbers in the circles '()’ are added into the matrix E. Empty places

(el ts) represent useless connections eliminated during the process of obtaining the
By
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The procedure is repeated in the 4-th row, where the connection 14 would cause the
generation of a small structure. It is eliminated and the next connection 15 is tried
successfully (Figure 3d).

The last possible connection is 20 (Figure 3e). After adding this connection into the
matrix the final structure, consisting of all fragments, is generated.

To examine all possible combinations of connections the procedure of finding the
next structure starts with the already established E, in the following actions:

1. all B, connections from E, are ordered as a list,
2. the last two connections from the list are erased,
3, the next connection in the row with the last but one erased connection is tried,

4. if at least one connection in a row was already examined, the next connection in
this row must have larger £Q than the examined one,

5. after all connections in one row were tried, the procedure is finished if this row is
the first one. Otherwise, the search for a new connection continues with action 2.

For example, the connections from Figure 3e with consequtive numbers 1, 6, 15, and 20
form the list of all B, connections (action 1). The last two connections 15 and 20 from
the list are erased (action 2) and the next connection following the connection 15 in the
same row (4-th row) is tried (action 3). This is the connection 16, but it has the same
parameter EQ as the connection 15 (action 4). Because all connections in the 4-th row
are examined, the procedure is repeated with action 2: the connections 16 and 6 are
erased and the next connection (connection 7) in the 2-nd row is tried, etc.

The final result of this generation are three different K, which represent three different
structures. All E,, matrices with structures are shown in Figure 4.

The number of the output structures and the speed of the generation process depend
on the number, type, and symmetry of the input fragments. In the case of completely
different and non-symmetrical fragments, each new combination of connections (bonds)
leads to a new structure. On the other hand, if the input set consists of many identical
and/or highly symmetrical fragments, many identical structures should be generated.
The generation of all duplicates should be avoided as early as possible.

In GEN, two actions are applied to prevent the generation of identical structures. First,
some connections are erased during the determination of the basic connection matrix
E;. And second, during the generation process the parameter EQ is examined before
the addition of each new connection into the matrix.
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by by by by bs bs by bs by by by by bs bs by bs
1 1

by bz by by bs b br bs
by by by 3
by 6 b, 8 by 8
by by by 10
by 15| by 13| by 16|
bs bs 65
bg 20| b 20[ b
by by br
bg bs bs

(0]

I Il [
H3C-C-CH=CH-NH-CH3  H3C-NH-C-CH=CH-CH;  H3C-CH=CII-NH-C-CHs

Figure 4: All possible structures generated from fragments shown in Figure 1
2.4 Checking of Output Structures

Due to the fact, that during the fast generation process the generation of identical
structures cannot be completely avoided, the final elimination of duplicate structures
is included at the end of the process. The elimination of duplicates is based on the
substructure search??. The same substructure search routine is used also for checking of
the output structures if they comply with the structural constraints (if there are any).

3 Elimination of the Useless Connections — Obtain-
ing a Basic Connection Matrix

As mentioned before, the basic connection matrix E; is obtained after the elimination
of meaningless and useless connections from the full connection matrix £;. The number
of connections that remain in the Ej, specially those on upper rows, influences the
generation time. Therefore as many connections as possible should be eliminated to
establish the exhaustive and irredundant, but also a fast generation.

The elimination process is divided into two parts: the general eliminations performed
on all fragments and the speeific ones which are performed on the identical fragments
only. The more equivalent bonds the fragments have and the more identical fragments
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are in the set, the better are the effects of both types of eliminations (more connections
are eliminated). The eliminations are tightly related to the generation process, i.e., to
the rules for filling the matrix, and to the sequence order of atoms with free bonds in
the connection matrices.

All types of eliminations are explained and illustrated in Figures 5, 6, 7, and 8. The
empty places mark the useless and already eliminated connections (the elements e;; with
F values). The places marked with points 'e’ are elements ;; which represent the possible
and meaninful connections between the free bonds b; and b;. The places marked with
the encircled points '(®)’ or the circles *()’ represent the connections which are going to
be or have already been eliminated by some of the previously described eliminations,
respectively. Parenthesis at the top of matrices mark the equivalent free bonds.

The general eliminations are explained on the actual set of fragments shown at the top
of Figure 5.

The general eliminations involve seven cases:

1. All &;;, where 1 > j. The connections e;; and e;; form the same bond (Figure 5a).
2. All e;;, where i = j. Free bonds cannot be connected to themselves (Figure 5b).

3. The free bonds on the same initial fragment. For example, the connections e 3,
€13, €23, and ey 5 represent the connections between the free bonds on the same
fragment (Figure 5c).

4. All e;; connecting two fragments having only one free bond (Figure 5d). Such
connections generate small structures,

(=

. Some identical connections e;; leading to the generation of the identical interme-
diate fragments. Basically, these are the connections between the first and any
other atom from the set providing the connections have the identical parameters

EQ (Figure 5e).

6. All e;; connecting the first equivalent free bond on the last atom having such bonds
and all fragments having only one free bond. If not eliminated, such connections
would lead to the generation of small structures (Figure 5f).

7. All connections e;; between the last free bond in the set and the all but the last
equivalent free bonds on any atom. The same is true also for the connections
between the last but one free bond in the set and to the last or to the last but one
free bond on any other atom from the set, etc (Figure 5g).

The first four eliminations are obvious, while the 4-th, 5-th, 6-th, and 7-th will be bricfly
discussed. The actual execution is shown in Figures 5d-5g.
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by
brC"<b3 b.,—CHz—h bﬁ—CHa b_,“NHi b!"OH
| e,
by by by by bs bs by bg by by by by bs bs by bs
by [e]e]e]e byl@fe|e[e[e]e]e]e
by [(@e]e]e b, olele|e|s|e]e
by (W@ e e by (®eleee]e
by (@) by ®)[s[e|e]e
bs [(@j®]®)e bs o)le|e]e
bg [Wl@[®fe bs oo
by [@®l®)(®)fe by o
bs [®|®)|(®)fe bg O
( (b)
~—~
by by by by bs by by by by by bg by by
by [ @) e by ele|e|e]e
by oD by olefefe]e
bs . by s|eje|ale
by by elele
b bs o|e|e
: e
b-p by
b b 1]

(c) (d)

—_—— ——

by by bs by b bg br bs by by b3 by bs be br bg
by [e[@)]e]e]e b . ale]e
by ofe)e]e]e by olele
by 00 OTE] by .o
by ole]e by ®®le
bs olefe bs olefe
be be
by by
bs by

(e) ()

—— ——

hl b’; bab bs bs 67 bl b‘l 63’6-;?5 bﬁ b”! 68
b o] Je[@®[0) by o |eo
b oo by ole
by ole by ol
by O by
bs olefe bs olole
be be
by [ by
ba | bs

(g) (h)

Figure 5: The general eliminations of connections
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fragments consist of more than one non-hydrogen atom having free bonds lower
number of identical connections should be eliminated. For example, if the struc-
tures with double bonds are allowed to be generated from the fragments shown in
Figure 5, the connection e; 5 must not be eliminated.

ad 6) In Figure 5f the connections e44, €47 and ey s are eliminated, because, together
with allowed connections esg, €57, and esg, they lead to the generation of small
structures like HO—CH;—CH;, HO—CH,—~NHj,, or NH,—CH,—CHs.

ad 7) In Figure 5g the connections e; g and ez 5 are eliminated because bg is the last free
bond in the set but & and b; are not the last free bonds on the first atom. The
connection e, 7 is eliminated, becanse the free bond br is the last but one free bond
in the set and b is the last but two equivalent free bond on the first atom, etc.

Besides the general eliminations the specific eliminations should be considered even more
thoroughly. They are particularly successful on the sets having a considerable number
of small and identical fragments, i.e., fragments consisting of only one carbon atom
with attached hydrogens and equivalent free bonds. In the continuation, this type of
eliminations will be exaplained on three different sets of such fragments:

1. set: >C<, —Cll<, and five —CH; (Figure 6),
2. set: —CIl<, three —CH;—, and three —CHj; (Figure 7),
3. set: five —CH;— and two —CH, (Figure 8).





































































