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Abstroa-SCRIPT is a conversational computer program which reveals the conformers and their relative energies 
for a given organic compound. The exploration of the conformational potential surface is based on a molecular 
mechanics model using a strain energy minimization criterion. The description of the investigated molecule consists 
of the drawing of its chemical formula on a cathode ray tube. The perception of the molecule through transforming 
the chemical formula into all the necessary molecular descriptors (topologic, geometric and energetic) is entirely 
automatic. The logical basis for the generation of the characteristic starting points representing all the possible 
conformers of the molecule is presented, and some spccilic algorithms of general utility in the conformational 
analysis of cyclic moieties are developed. Some features of the program are shown in a study of 17 substituted 
d”-unsaturated steroids in conjunction with Toromanoffs theory of the steric course of the cis addition to 
cyclo-olefins. Our calculations show that bulky substituents at 17a lead to a more stable quusi-cis C/D 
conformation which cannot be constructed with standard Dreiding models and, to our knowledge, would be the first 
example of such an unusual geometry of the C/D moiety of A”-steroids. 

In the course of our theoretical studies on tht con- 
formations and the molecular geometries of organic 
molecules, it appeared necessary to reduce the required 
input data for the computer to the minimum, in order to 
avoid the laborious preparations for encoding the mole- 
cular descriptors and checking the corresponding data. 
The mere drawing of the chemical formula on a cathode 
ray tube connected to a computer appeared to be a 
possible basis aiming at this goal and permitting one to 
conduct subsequent molecular geometrical treatments 
such as that involving a molecular mechanical model. 

In particular we have solved the problem of the con- 
formational treatment of complicated molecules having, 
for example, fused, polycyclic, Spiro and bridged ring 
systems, where the generation of all the representative 
points on the conformational potential surface is entirely 
controlled by the program without any external super- 
vision.’ The logical basis of the method lies on con- 
formational assembly rules presented here as a function 
of the hybridizations of the atoms and the stereochemis- 
tries of the atoms of the molecules concerned, and not on 
empirical time-consuming and inaccurate trials of 
geometrical complementarity.2 

In the present approach which is described here, con- 
formational moieties are vehiculated with the aid of the 
“conformational diagram” symbolism,3 which consists of 
a representation of the compound’s chemical formula, 
with a description of the sign of torsion angles for each 
fragment of the molecule (elementary rings and chain 
fragments). 

For example, Fig. I shows two possible confor- 
mational diagrams of one tricyclic molecule. 

The advantage of this formalism is that it provides a 
logical basis for analysing the conformational possibili- 
ties of the studied compound, which also appears prac- 
tical for the computer manipulation of conformational 
entities. 

The 3dimensional structures which are representative 
points on the conformational potential surface are then 

directly constructed on the basis of the generated con- 
formational diagrams without any trial and error. 

GENERAL pEATtJRF.s W THE XRWr PROGRAM: 
M0LEcuLAR PpAGhQXB AND coMoRMATloWL 

DIAGRAMS 

The molecule is considered in the Script program as 
the assembly of chain and ring fragments, possibly pos- 
sessing geometricaI constraints. 

Chain fragments 
A chain fragment is defined as a four atom sequence 

with possible rotation around the central bond; the 
geometrical constraints in this case are the relationships 
between the torsion angles around the central bond with 
respect to the specific hybridization and stereochemistry 
of its two atoms; for example in Fig. 2 each of the nine 
torsion angles around the 2-3central bond can be expres- 
sed as a function of one of them (i.e. l-2-3-4) and a 
constant of 0, (2II/3) or (4ll/3) value. For example we have 
Q (6,2,3,8) = @( 1,2,3,4) t (4l-I/3). 

Torsional consfrainfs for the constitution of the con- 
formational diagrams for the chains 

In the case of the rotation around bonds the con- 
formational diagrams are represented by the description 
of the normal equilibrium position around the central 

AivS quasi-tram A/B quasi-& 

Fi. I. Conformational diagrams: two possible conformers of 
one tricyclic molecule (Klyne’s convention’ for the signs of dihe- 

dral angles). 
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Fig. 2. Chain fragment. 

Fig. 3. Ring fragment. 

bond. According to the type of fragment concerned+ the 
number of equilibrium positions varies from one (e.g. 
spkp2 double bond) to six (e.g. sp’-aromatic bond) with 
the more frequent value being three (as for example in 
sp3-sp3 Q bonds). 

Ring fragments 

(a) Fused rings. When two fused rings have two atoms 
in common, the general constraints rules for the torsion 
angles which have been considered, are dependent on the 
hybridizations and the stereochemistries of the common 
atoms. Table I illustrates the conformational assembly 
rules of a carbon-carbon junction. Similar constrains 
have been formulated for junction with one or two 
nitrogen atoms with the possible cases: sp’, sp2 or 
enamine nitrogen. 

A ring fragment is defined as a minimum set of in- (b) Sledged ring systems. In the case of bridged ring 
dependent fused rings, and the geometrical constraints systems the fusion’s conditions consist of torsional con- 

are those involving the torsion angles around the junc- 
tions between the rings: for example in Fig. 3 the main 
geometrical constraints are: for the tmns-fused rings, 
@(1,10,5,4) = -@(9,10,5,6); for the c&fused rings, 
0(10,9,8,7) = @(I 1,9,8,14). 

GFNERU TORSIONAL CoNsrpAMs FoR TIE 
CONSTIWTION OF CONNbRMATlONAL 

DLAGRAMS POR THE RINGS 

Ring conformers 
All the conformers of rings from three to eight have 

been introduced in special routines consisting of the 
sequence of the torsion angles of the specific forms 
chosen for these rings. The different forms are described 
in Appendix I, each ring being divided into two con- 
former’s groups: level 1 (the more stable) and level 2 
(higher energy). Level 2 is only activated on demand, 
otherwise Script constructs the conformers merely on 
the basis of level 1 forms. 

For a ring of more than eight atoms (maximum I& 
membered rings) the forms have to be introduced manu- 
ally onto the screen. 

Table 1. Constraints rules for fused rings (C-C junction)* Me: in the particular case of atom J being aromatic, 
only the quasi-tmns diagram (IIb) is considered 

I CONSTRAINTS RULES FOR FUSED (1INGS 

I (C-C JunctIonI 
. . . . . . . . /: Y...... ..j 

HWt?IDlZATIONS Num~r 

Atom Atom Bon0 DIAORAM OF THE CONSTRAINTS 

I J I-J roznr 

I SPJ SP’ 0 
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1 
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f 
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IV SP? sp, 11 1 
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ditions combined with stereochemical conditions. With 
regard to the former, four torsion angles involving the 
bridgehead atoms are considered (see Fig. 4), and the 
corresponding conditions express that the signs of these 
four angles must be altered as given in the following 
expressions: 

Fig. 4. Torsional conditions: the torsion angles involved in a 
bridged ring fragment. 

The stereochemical conditions have to be used for all 
sp3 bridgehead atoms. These conditions relate the sign of 
the torsion angle @ (IA, IB, IC, ID) (Klyne convention) 
to the sign of the rotation angle o (trigonometric con- 
vention) if one follows the sequence IA-IB-IC as des- 
cribed in Fig. 5 and Table 2. 

These stereochemical conditions enable one to reduce 
the set of elementary ring conformers which are 
required, while the torsion conditions permit one to 
obtain the only possible valid ring assembly. 

The combinatory product of the conformational 
diagrams for rings and chains will produce all possible 
conformational diagrams of the molecule, therefore 
identifying all possible conformers. 

Generation of the 3-O entities 
Once the conformational diagrams have been obtained, 

three dimensional structures are subsequently construc- 
ted as follows. A tree,itructure is first generated onto the 
molecular frame. The function of this tree is to define all 
the atoms of the molecule through a set of independent 
internal coordinates (bond lengths, bond angles and tor- 
sion angles). The 3-dimensional construction acomes 
possible if the topological tree is transformed into a three 
dimensional tree. The latter is possible if we associate 
numerical values to the connection’s (bond lengths), to 
adjacent bonds (valency angles) and to four connected 
atom sequences (torsion angles) of this tree. 

The different conformers will depend on the numerical 
values of the torsion angles defining it. 

Fig. 5. Stereochemical conditions: the stereochemistry of the IC 
bridgehead atom is given along the IC-ID bond. 

While there is no particular problem in associating 
numerical values to the “bonds” and ‘*valency angles” of 
the tree, it is necessary to pay some particular attention 
to the generation of the “torsion angles” values (the 
conformational diagrams do not have all the necessary 
torsion angles; for example in the case of Fig. 3 the 
torsion angle a@-i0, 14) is not known, and all the torsion 
angles of the tree are not included in the torsion angles 
of the conformational diagram). Any torsion angle of a 
given conformer can be obtained on the basis of the 
conformational diagram with the knowledge of the 
stereochemistries, the orientations of the substituents 
(axial, equatorial) and the hybridizations of the central 
atoms. Specific algorithms have been conceived to this 
end and are of such general importance in confor- 
mational analysis that we describe these algorithms in 
detail in Appendix II. 

Calculating the energies of the conformers 
When the three dimensional conformers are con- 

structed, it is possible to calculate the corresponding 
molecular energy. The energy used in the actual SCRIPT 
version is the sum of diflerent terms such as stretching, 
bending, torsional, van der Waals, electrostatic and 
hydrogen bond, as generally used in molecular 
mechanics theoretical models.’ A force field atomic code 
has been used to simplify tbe calculation of these energy 
contributions. 

Minimization 
Any of the rough generated structures can then be 

relaxed according to.all its degrees of freedom in order to 
reach the corresponding minimum on the wnformational 
potential surface; the, precise details of the minimized 

Tabk 2. Stereochemical co&ions for bridged rings 

4glA-H4C) . . + I + stgn of #(IA-tt3-tC-ID) 

+ 

+ 
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conformer are given geometrically and energetically onto 
the printer. 

Manipulations 
It is possible to manipulate any of the three dimen- 

sional entities interactively on the screen: perspective 
views in a Dreiding representation, stereoviews or space 
filling drawings (for the molecular shape) are produced or 
particular answers to specific geometrical questions can 
be obtained. The solvent effect is calculated from the 
atomic exposed surface areas contributions in the inter- 
action of the conformer with the molecules of the 
solvent. Our solvent model at the present time is water.6 
Some aspects of the screen are shown in Figs. 7-13. 

EXAMPLE 

The example we have chosen to present some of the 
possibilities of the program concerns 17 substituted un- 
saturated A” A-nor steroids such as I and II whose 
conformations were studied in conjunction with 
Torotianoff’s theory of the steric course of the 
suprafacial cis-addition to cyclopentenes.‘b 

This theory requires, in particular, that compound II 

I II 

Fig. 6. 

should be in a C/D quusi-cis conformation which is very 
unusual and, moreover, impossible to construct with 
molecular Dreiding models. 

With the Script program we have calculated the stable 
conformer of both compounds and the results are as 
follows. In the case of compound I, the expected C/D 
quasi-trans conformer has been found to be the more 
stable, whereas the C/D quasi& form has not been 
found as a minimum in the conformational potential 
surface, but as a set of points belonging to the same 
valley of the previously identified quasi-tmns conformer 
and whose minimization always leads to this form. We 
have estimated the C/D quasi-cis forms to be ap- 
proximately 5 kcal mole-’ over the stable conformer. In 
the case of compound II, the two distinct conformers 
have been found with the unusual result that the more 
stable conformer has a C/D quasi-cis fusion, the quasi- 
trans conformer being 2.4 kcal mole-’ over the preceding 
one. The calculations show that, in this case, the pref- 
erence of the isopropyl substituent to be in an equatorial 
position has been determinant in stabilizing the C/D 
quasi-& form. In passing, one should notice that the 
impossibility of constructing such a form with Dreiding 
models is due to the fixed standard values of the valency 
angles of the sp3 and sp’ carbons of the C/D junction. 
With these constraints, the fusion torsion angle of ring C 
wouId be about -70” in this conformation. Our cal- 
culations show that subtle valency angle deformation is 
sufficient to allow the construction of such a conformer 
having reasonable torsion angle values at the C/D ring 
junction. 

To our knowledge the only X-ray study published on 
molecules of this type is the recent study on a A”-178- 
hydroxy steroid’ related to structure 1 where the expec- 
ted C/D quasi-tram conformation has been found. 

Some aspects of the screen are shown here in the 
study of compound II. It shows, in particular, what the 
screen looks like when the drawing of the chemical 

Fig. I. 
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Fig. 11. 
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formula is complete {Fig..?), the persptctive viewf of the 
generated ~o~ormers (Fii 4) with ‘the cqrrespondiqg 
co~orrna~o~l dials (FQ. 91, 
of one coroner (Fig. IO), the cz2 

mi~rn~tio~ phase 
I’- ~~~ &&-am 

of the mi~i~d C/D ~~~~~-~~ ~~o~~r (Fig. II), 
stereoview~ of this form (Fig. 12) together with its 
overall molecular shape (Fig. 13). 

The pro~am described here has been implemented on 
an IBM 3032 with a TSU operating system and operates 
in a 350k byte region; the terminal is a TEK~ONIX 
4015 screen having a joy stick acting as a “light pen”. 
SCRIPT is essentially written in FU~~N: only 
one function is written in the IBM Assembly Ianguage. 

$A list of some current interactive molecular modeling systems is 
given in the recent paper of P. Gund, J. D. Andose, J. B. Rhodes 
and G. M. Smith, &&ce 2&l, 142S (1980). 

hW. C. Still, Emory University, Ph.D.; University Micro~ms, 
Ann Arbor, Michigan No. 72.25,946 (1972); bW. C. Still and A. 
J. Lewis, C~e~f~c~ February 1974, p. 118. 

‘R. Bucourt, To&s in ~~ere~~~e~~i~ (Edited by E. L. Eliet and 
N. L. Allinger), Vol. 8, p. lS9. ~nte~cie~e, New York (1~4~. 
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‘W. Klyne and V. Prelog Expericnfia 16,521(1960). 
SN. C. Cohen, TLtmMton 2’7,789 (1971). 
‘N. C. Cohen and G. Regnier, Bull. Sot. Chim. Fr 2834 (1976). 
‘E. Toromanoff, Trfmkdmn 35.893 (1979). 
‘E. J. Brunke, R. Bahm and H. Wolf, TefrrrM~n Lifters 3137 
(1976). 

%. L. Duax, P. D. Strong and D. C. Rohrer, Acra Cwt. Jl.36, 
824 (1980). 

In Table 3 the elementary conformations of the rings, which 
have been included in the Script program, are described 

When a general ring R is found in fusion with a planar ring 
(e.g. when the atoms concerned are both sp2 hke in benzene, etc.) 
a homologous ring R’ is constructed which differs from the R ring 
in that its common bond with the planar ring has been generated 
as a double bond. 

*...*- 
:’ (R ;,I 

a. D ‘...... 

R#R’ RZFI 

Fig. 14. 

AnKNDtxtI 

Algorithms for establishing the values of any torsion angIe of a 
given conformer using the knowledge of its conformational 
diagram. 

We define a conformational diagram as representing the chem- 
ical formula with torsion angles associated to all isolated frag- 
ments of the molecule: elementary rings and chain fragments. 

Fig. 15. 

This diagram defines entirely the conformation of the compound, 
but there are some torsion angles, in particular those necessary 
for the tree, the values of which are not yet known, however, by 
using the appropriate algorithms, these values can be calculated 
as a function of the known ones. These torsion angles can exist 
within the following situations: 

(A) Two bonds of the lhrcr bond sequence are in tht same hg R 
(Fig. IS) 

Tht problem lies in the attribution of a numerical value to the 
torsion angie aO=@(lA, IB, IC, ID) with the knowledge of the 
value of the cyclic torsion angle d$ = @((IA, IB, IC, IE). 

(a) If the hybridization of atom IC is sp2 we simply have: 

Q0 = ac + II (algorithm a) 

(b) If the hybridization of atom IC is sp3, Q0 can be calculated 
as a function of U$, A, o and IOR with the following definitions: 

A=4c-4: if 0<0) @;:=@(IB,IC,IE,IF) 
A=@:-4, if o>O 

u = m, * @& (0, MI and M2 being the middle of segments 
IB-IE, IB-IC and IC-IE, respectively) 

Table 3. Ihe elementary conformations of the rings 

0 0 0 

Planar rings such as n membered rings 
with more than n-4 double bonds are 

generated by the program 
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Table 4. b al@rithms. Nore: F120 and F~UI arc constant depending on the size of the ring, the exact values are given in 
Tabk 5 

4C A u IOR #DA-IB-E-ID) 

+ + 1 +c + F240 

+ 1 +c + F 120 

+ + 0 4c + F 120 

+ - 0 rc+F 240 

+ 1 l c t F 240 

1 l c + F 120 

+ 0 l c t F 120 

0 l c + F 240 

+ + + t be + F 120 

4 - + 1 4c + F 240 

+ + + 0 l c + F 240 

+ + 0 4c + F 120 

+ + 1 l c + F 120 

+ 1 l c + F 240 

+ + 0 l c + F 240 

+ 0 l c +F 120 

Tabk 5. Angular values of the algor&mic constants accmdii 
totbcsizBoftbcring 

*am 3 L *r 

CM 72.1 828 aa 

PIlO 146.0 127.e 110 

Fl20 107.1 llS2 120 

c240 2lS.O 232 4 240 

F240 262 I 20.8 240 

P200 2t7.5 292.2 SW 
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Table 6. d aIgorithms. iVo:e: For PI20 and P240 constants see Table 5 

IOR 
A 

IOR 
0 % AA ‘0 40 

1 0 + + *c 

1 0 + + + 'c t P240 

1 0 + + l c 
1 0 + *C + P120 

1 0 - + *c 

1 0 - + + *C + P240 

1 0 + *C 

1 0 - +c + Pl20 

0 1 + t 4c 

0 1 + + t *c + P120 

0 1 + + be 

0 1 + cc + P240 

0 1 + ec 

0 1 + + *c t Pl20 

0 1 + cc 

0 1 l c + P240 

1 1 + + +c + P120 

1 1 + + + ‘C 

1 1 + + bf + P240 

1 1 + ‘C 

1 1 + l c + P240 

1 1 - + + l c 

1 1 + 'c + Pl20 

1 1 - - l c 

0 0 + t l C + P240 

0 0 + + + 45 

0 0 + + l C + P120 

0 0 + l C 

0 0 - + l c + PlZO 

0 0 - + + ,C 

0 0 - + ,C + P240 

0 0 - - l C 

IOR A function of the two parameters: A and the stereochemis- 
try. It has the value 0 if the IC-ID bond is equatorial to R 
and 1 if IC-ID is axial. 

with IORA and IOR, the orientations of the two bonds IFLIA and 
IC-ID (equatorial = 0, axial = 1) 

The corresponding relations are shown in Table 4 (algorithms 
b). 

(B) On/y the central bond bdong~ lo ting R (Fig. 16) 
(a) If the hybridization of the two atoms of the central bond is 

sp’ the torsion angle 4 is given by: 

4 = @c (algorithm c). 

(b) If the hybridization of the two atoms IB and IC is sp3, I&, 
can tx calculated as a function of IORA, IORD, $,. A*,. Ao and Y 

In the Script program the situation is organized in order to 
always have a positive (I) angle and the corresponding algorithms 
are given in Table 6 (d algorithms). 

(c) If one of tht two atoms of the central bond is sp’ and the 
other sp*, similar algorithms to those established in Table 4 can 
be used provided the two constants F120 and F240 are replaced 
by P300 and P&l respectively, and so long as in the case of IB sp3 
or IC sp3, the o) rotation angle, which must be used is that 
involving atoms (IB. IC, ID) or (IC. IB, IA) respectively. 


