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We describe the SESAM program whose aim is to help the
chemist in exploring new synthetic strategies for complex
structures by locating simple, non-obvious but effective
starting materials. The program works at the skeletal level

and attempts to map simply modified starting materials into
the skeletal surface of the target. SESAM has been tested on
taxol and steroid frameworks.

Introduction

One of the key elements in the planning of synthesis of
complex molecules, particularly natural products, is the ap-
propriate choice of the starting material (chiron, in case of
chiral synthesis). If the synthetic endeavour involves con-
struction of intricate carbocyclic skeleta, then it is impera-
tive that the structural features of the starting material (SM)
should be readily recognizable in the target structure.
Identification of such relationship between the SM and the
target structure has been routinely done by synthetic chem-
ists through intuition and visual recognition of structural
patterns. However, in 1969 Corey and Wipke introduced the
use of computers to aid synthetic design!!! (CASD) and
demonstrated the efficacy of retrosynthetic analyses in
identifying the starting materials that bear some of the
structural features of the target compounds. Thus, starting
from the target, their LHASA program generates precur-
sors which, in turn, become targets and new precursors are
generated. The process is repeated until commercial or sim-
ple precursors are found and a synthetic tree is generated .
Several programs based on this approach have been devel-
opedBl. Other strategies, like multiple constructions,
search for the key stepl! and search for very appropriate
starting materials have also been proposed. For example,
Wipke was the first to introduce a program to search for
SM inside the target from the databases of commercially
available starting materials[®l. Similar approaches have been
used again in SYNGENUI CHIRONEI, WODCAP!, and
LHASAMO programs.

In SYNGENTI! the target skeleton is cut into two pieces
which are checked with a catalog of skeletons of SM. The
process is repeated at two levels. When all the pieces have
been found in the catalog, the program creates appropriate
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functions. The main feature of the CHIRON®! program is
the search for appropriate SM from an existing data base
for synthesis. This search is done by a process of pattern
recognition involving carbon skeleton, functional, and
stereochemical convergences. Several options are available:
general search in the database; searching by nature of car-
bon skeleton; searching by functional groups, searching for
precursors to a specific substructure; searching by the num-
ber of stereogenic centers, by the number of carbon atoms;
searching for chiral, achiral or racemic precursors.
WODCAP! is composed by a series of computer methods
for synthesis design. One of the most important aspect of
WODCA is the creation of relationships between a syn-
thetic target or precursor and a starting material. WODCA
provides several retrieval methods such as full structure se-
arch, fragment-oriented similarities measures, numerical
and textual search on names and structures attributes.
WODCA contains 48 different definitions of similarity
which can be divided into two sets. The first one is based
on perceiving common features in the substructures of the
compounds to be compared with each other. The second
one is based on reaction types, that is useful for the design
of organic syntheses, since the program gives an idea of the
reaction to be used to transform the SM into the target.
One strategy developed in the LHASA program is the start-
ing-material-oriented retrosynthetic analysis!!?: this strat-
egy makes it possible to select potential SM and to perceive
the structural changes between the target and the SM and
then to find the reactions that can bring out these changes.

The presently available programs tend to locate direct
structural similarities between the starting materials and the
target. However, in many instances, particularly when ter-
penes are employed as chirons, there are “hidden” structural
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identities between the starting materials and targets. They are
neither obvious to the eye nor indicated through computer
analysis. Recent synthetic approaches to the diterpenes
isoamijiol (1)[' and taxol (2)I'? from (+)-limonene (3) and
(—)-B-patchoulene oxide (4), respectively, are two examples
that illustrate this point (Scheme 1). The presence of 3 and
4 in the skeleta 5 and 6 of 1 and 2, respectively, is not quite
apparent, yet 3 and 4 have served as excellent starting mate-
rials for 1 and 2. This illustrates the importance of recogniz-
ing restructured starting materials into target structures for
which no computer-based protocols are available. When
such “hidden” identities are revealed, the starting materials
can be suitably restructured through routine synthetic ma-
nipulations.

Scheme 1

As part of our continuing efforts to provide the synthetic
chemist with simple, user-friendly programs available on
microcomputersPl3] we report here the development of
a new program that helps in locating restructured starting
materials, particularly from terpenic chirons in the target
structures which we reckon bestows enhanced versatility
and manoeuvrability on the starting materials and provides
new leads for complex synthesis. In this program we do not
use databases of starting materials from commercial sup-
pliers as in other programs©7BIPINOL our aim was not to
rewrite existing programs, but to offer a different and sim-
ple approach, available on microcomputer. This approach
concentrates on the carbon skeleton only. The efficiency of
such an approach has been shown in the field of CASDDI.
One must keep in mind, when using SESAM, that it does
not deal with the stereochemical and the functional aspects
of the target.

Program

This program, called SESAM (SEarch for StArting Ma-
terial), has been developed on a Macintosh microcomputer.
It works at a skeletal level: the target and the starting mate-
rial are described by their skeletons. For example, if the tar-
get is taxol (2), it will be described by its skeleton 6 (Scheme
1). SESAM contains two modules: (i) one for drawing the
skeleta of the target and the SM and (ii) the second to
search for the SM skeleta in the target.

The drawing of structures is done by a user-friendly in-
terface by means of mouse, menus, and icons. Figure 1
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shows this part of the program. The user may save the
structures on disk. Several options allow the user to manage
the files.

Figure 1. View of the screen during the input of the target skeleton
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The target and the SM are described by connectivity
tables and the program compares these tables by an atom/
atom and bond/bond matching using a classical back-
tracking algorithm. The first bond in the SM is between
atoms 1 and 2, and the bond order is 1 (all bonds are sim-
ple, since we work on the skeleton, but the subroutine is
general and can find any substructure). Thus the program
searches for an atom in the target identical to atom 1 of the
SM. When it is found, it searches if this atom is bonded, by
a simple bond, to an atom identical to atom 2, and so on.
When a match is not found the program comes back to the
last found atom and the search continues. The search is fast,
on a Performa 6200 Macintosh, the search of an SM of 10
atoms in the taxol skeleton, and the sorting of 88 solutions
is about 3 seconds and 0.26 seconds for the DOS version
on a 300-MHz PC compeatible.

For the “searching” module, the screen is divided into
three windows: one for the target, one for the starting mate-
rial and one for the results. When the user has selected the
target and the SM, the program also offers the option of
calculating the number of times the SM could be present in
the target. Figure 2 shows the display on the screen during
the search with the SESAM program.

Figure 2. View of the screen during the search with SESAM

SESAM
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SESAM does not use commercially available databases
of starting materials as indicated. The user is free to identify
a particular starting material based on personal knowledge
and preference, research interest, cost, ready availability, re-
quirement of chirality and functionality, etc.

Results and Discussion

We illustrate the use and utility of SESAM through a few
selected examples. For convenience, we have chosen ex-
amples from the terpene area, but the program is of general
serviceability. Monoterpenes based on the p-menthane skel-
eton 7, such as limonene, carvone, pulegone, menthone, etc.
have often been employed as starting materials in synthesis,
particularly of higher terpenes. While the choice of the SM
in most of these cases has been intuitive, based on the re-
cognition of structural patterns and requirements of func-
tionality of the target, these mono-terpene precursors pos-
sess inherent ability to be restructured due to the func-
tionalization present in them. Monoterpenes based on p-
menthane (7) are known to undergo structural modifi-
cations through well-established, restructuring protocols
available in the literature. Thus, skeleta 8—11 (with appro-
priate functionalization), among others, can be presumed
to be readily accessible from 7. As a result, a “basket” of
starting materials based on skeleta of 7—11 is now available.

Table 1. Partial results for the search of some SM for the taxol
framework
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We now choose taxol (2), coded as 6 in the program, as
the target and search the substructures (structural pattern)
of SMs 7—11 present in it. Results are shown in Table 1.
With p-menthane (7), the most commonly recognized skeleton
among monoterpenes, there was no hit. However, when 8 (one
bond removed in 7) was used as the SM, we were delighted
to see that the program found it 88 times! In order to handle
such a large number of unexpected hits, the program was
modified to display the solutions in increasing order of
complexity, i.e., the number of components that will have
to be united to construct the target molecule. The most
interesting solutions are those which involve only two com-
ponents (C;y + Cjp); for 8, the three solutions 8a—c are
displayed in Table 1. Table 2 summarises all the multicom-
ponents solutions elucidated by the program!!'4l,

Table 2. Number of solutions found for 8—11, based on number of

components involved; for example, for SM 8, there are 3 solutions

involving 2 components, 14 solutions involving 3 components, 21
solutions involving 4 components, etc.

Number of component

SM 2 3 4 5 6 7 8 9
8 3 14 21 25 15 9 1 0
9 2 4 8 9 11 5 3 0

10 7 5 27 18 18 8 9 3

11 0 0 1 0 0 0 0 0

Similarly, substructure 9 is present 41 times in 6 with
9a—b representing the two-component solutions. The sub-
structure 10, which incidentally is naturally occuring, is pre-
sent 89 times with as many as seven (10a—g) two-compo-
nent solutions. The Cq substructure 11 is hit only once (11a)
on the taxane framework 6 and the proposed solution in-
volves a 4-component union. Interestingly, an approach
along this line to the taxane A ring has recently been re-
ported!3],

The results in Tables 1 and 2, provide a quite dramatic
illustration of our program that is designed to locate the
restructured starting materials on the target molecule.
While the skeleton based on p-menthane (7) is totally unser-
viceable for taxanes (0 hit), its simple restructured forms
8—11 (one C—C bond cleavage in 7) provide a multitude of
solutions (219 hits). Some of these are insightful and pro-
vide new synthetic leads. For example, in 8¢ the C;, unit
derived from 8 is well poised towards a double Diels-Alder
reaction (see dotted lines) for the framework construction
with the diene and the dienophile moieties imbedded into
it. Similar possibilities exist with 10d and 10e representing
the fragment 10. Noteworthily, in 10d and 10e the taxane
framework is dissected into two identical C;, units, which
could be combined through an inter- and intramolecular
[4+2] cycloaddition cascade!'l. In 10f and 10g, the pattern
of presence of substructure 10 shows that both rings A and
C of taxanes can be constructed from the same C,, unit.
Indeed, attempts to prepare ring A of taxane based on sub-
structure 10 have been reported!!”].

To further test the usefulness of SESAM, we applied it
to the parent tetracyclic steroid skeleton. Monoterpenes
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have not been generally employed for the steroid synthesis
and we thought of exploring the common, abundantly
available skeleton of p-menthane (7) towards this end.
When the skeleton of 7 was traced by the program in the
steroid framework, there were seven hits, none of them in-
volving, however, a simple two-component coupling (Table
3). When restructured precursors 8—10 were employed
there was a major leap in the possible solutions, including
some with two components. These are shown in Table 3.
Once again the program found that modification/restructur-
ing of the starting material (in this case 7) had opened many
new and non-obvious options.

Table 3. Partial results for the search of some SM for the steroid
framework

Total number
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The program SESAM has been tested on a range of other
target molecules employing isoprene, o-pinene, &°-carene,
camphor etc., as the starting materials. The restructured
forms of these terpene synthons provided an enormously
large number of interesting solutions, thereby substantiat-
ing the novelty of our approach and the general utility of
the program[®l,
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Conclusion

SESAM is a new program to help the chemist in ident-
ifying “hidden” precursors for the design of complex struc-
tures. By using simple, restructured forms (usually through
C—C bond cleavage) of commonly used building blocks to
map the skeletal surface of the target, many new synthetic
leads are revealed. By employing a user-friendly interface
at the skeletal level the search is fast and the chemist can
conveniently and rapidly scan the various synthetic possibil-
ities on the screen and select the most appropriate starting
material.
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There are some interesting multicomponent solutions like 8—i

(CIO + C5 + C5) and 10—ii (CIO + C5 + C5) which involve

union of the C;, unit with two identical Cs units. The possibil-

ities of employing the [4+2] cycloaddition for the framework
construction are indicated (dotted lines in i and ii). Less inter-
esting solutions like (8—iii) involving as many as eight compo-
nents have not been shown, but all such solutions are tabulated
in Table 2.
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