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Since the DENDRAL project [1] started in 1965, computer generation of chemical
structures has become an important tool in chemical research, and it is applied for struc-
ture elucidation in science as well as in industry. Of course not only computers, but.
algorithms and programs too, have evolved since then, and nowadays the most powerful
structure generator appears to be MOLGEN [2].

At present, efficient generation programs like MOLGEN can generate tens of thousands
of structures per second. Nevertheless, not every task can be solved by general purpose
programs. A standard example is the task of generating all those 3-valent molecular
structures with 60 atoms which can be embedded into the sphere in such a way that all
faces are pentagons or hexagons and no two pentagons share an edge. It is known that
there is exactly one such structure, namely the structure of the famous buckyball Cgp: vet.,
generating all 3-valent structures and filtering them for those with the required properties
would require millions of years even with the most efficient structure generation programs.
Another example is CyoHg. For this compound, there are 488 125 isomers. Yet., if we knew
that we are searching for a planar polycyclic hydrocarbon. there is just one possibility.
In this case, generating all possibilities and filtering for the suitable ones would still he
possible. Yet, for planar polycyclic CyaoHso, it would be completely impossible - i spite of
the fact that there are “only” 12 683 planar polycyclic isomers. Consequently, additional
requirements need to be included already into the generation process in such cases. So,
we need algorithms developed especially for the particular class of structures in question.

Calie has been designed to provide a user interface for some such programs. All of
thesc programs deal with planar structures — that is with structures than can be embedded
into the 2-dimensional sphere. At present, CaGe comprises four generation programs:



Fullerenes: Here the user can choose the number of atoms and whether he wants all
lullerenes or only the [PR-lullerenes (that is, fullerenes that satisly the isolafed-
pentagon rule) to be generated. The generation can also be rest

ictod to certain
symmetry groups — though at the moment this is only implemented as a filter. so it
is very incfficient for most symmelry groups.

Nanotubes: Running around a cap of a nanotube and following this path in the hexag-
onal lattice, we get a vector that is characteristic for the tube. LFor the nanotube
program, the two compouents of this vector — called perimieter and ~hiff - and the
length of the tube are vequired as input. Furthermore, the user can optionally re-
strict the program to generate only IPR-tubes or to generate only halltubes with a
pregiven number of hexagonal rings.

Hydrocarbons: Here the number of C atoms, I atoms and pentagons (al most H) must
be given. The program generates all planar polyeyelic hydrocarbons correspond-
ing to these numbers, with all non-pentagons being hexagons. The user can also
restrict the program to structures obeying the isolated-pentagon rule, strictly peri-
condensed structures or structures with an upper bound for the mumber of successive

carbon atoms in the boundary without a hydrogen bond.

Cubic planar graphs: For this program, the user must give the number of atoms and
the face sizes that are allowed. The generation can also be restricted to 1- 2- or
3-connected graphs, but this is implemented as a filter only. Optionally. the dual
structures (triangulations) are generated.

The structures generated by these programs can be visualized in 3 dimensions or in 2
dimensions (as Schlegel diagrams) and can be written to a file or to a pipe, so thatl other
programs can use the structures for additional analyses. Examples for windows displaying
the 2D and 3D output are given in Figures 1(a) and (b). To display the 30 output. we
use the program Rasmol [3], a public domain program for visualizing molecular structure,

For these visualizations, we took advantage of the specific properties of our structures,
which allowed us to develop a very efficient and accurate embedding routine.  Conse-
quently, the resulting embeddings can be used not only for visualization, hut also as a
starting point for molecular dynamics programs.

Two principal requirements have guided the design and implementation of CaCic: case
of usage and fastness of responses. Though [or advanced use of the program (c.g. piping
structures into programs developed by the user) it is necessary to read some pages of the
manual, it is also possible to use the program by just following the instructions in the
windows that arc displayed on the screen.

The development of ('aGe is still al its beginning, and improvements regarding the
generation and embedding programs as well as the user interface arc in progress. Nev-
criheless, first versions can be obtained by E-mail from the authors. CaGe is free for
scientific use and can be installed on any Unix platform. The authers will be gratefu! for
any hints and suggestions as to how to improve the program.
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formula | structures | CPU Linux Pentiumn 133 Mhz
() 1 0 sec
a0 3 () sec
"0 40 0.2 sec
o 271 2 sec
Ceo 1812 14.1 sec
Clan ipr 1 0.3 sec
(g 8 149 70 sec
g ipr 1 1.4 sec
Cao 31 924 284 sec
Clsg 1pr 7 5.8 sec
Clan 99 918 961 sec
Clyg ipr 46 20 sec
Choo 285 914 3 017 sec
oo 1pr 450 63 sec
10 1pr 2 355 189 sec
C'y9p Ipr 10 774 558 sec
Ciap ipr | 39 393 1 550 sec

Table 1: Sample running times for fullerenes

formula, pentagons | structures | CPU Linux Pentium 133 Mhz

C'QQII]-;, 2 56 0 sec
C’gngz, 4 1553 0.3 sec
CQgHu;, 1 570 0.1 sec
CypHig, 1 111 0.1 sec
ClanHyg, 1 892 0.1 sec
Captlg, 2 4 950 0.7 sec
Cigllyy, 2 31 444 1.1 sec
Canllzg, 1 69 163 8.8 sec
CSOHIG: 2 1913 7.4 sec
Ceoflag, 1 15 916 31 sec
CooHzz, 2 392 153 165 33.9 h
Cirotia, 2 852 308 sec
Chsollog, 1 120 2.3 sec
CiasoHie, 5 17 661 73 sec
Canalzg, 3 2599 94 sec
ClyooHzo, 0 12 683 7.5 sec
Can i, 2 31 676 1 917 sec

‘T'able 2: Sample running times for planar polycyclic hydrocarhons
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