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Introduction

®*RING¥* is a coordinate transformation program written to
provide the quantitative data which aid the interpretation
of ring conformations. These data are termed ring puckering
coordinates for they describe the nonplanar character of a
ring in a unique way: a set of puckering amplitudes 9 and
phase angles ¢m determines the amount and type of puckering.
A ring formed by N atoms has a total of (N-3) puckering
coordinates, i.e. the three-membered ring is always planar
(q1 and ¢1 are not defined), the four-membered ring has just
one possible puckering mode described by the amplitude Ay
the puckered five-membered ring conformations are characterized
by the amplitude-phase pair (q2,¢2), the six-membered ring
forms are defined by the pair (q2,¢2) and an additional
amplitude d3 etc. For odd-membered rings there are

% (N-3) amplitude-phase pairs (q_,¢_ ) with

m=2,3,... (N-1)/2.



For even-membered rings there are

f (N-4) amplitude-phase pairs (q_,¢_) with

m 2,3,... (N-2)/2

and an additional puckering amplitude q(N/2) .

The N perpendicular displacements zj (3 = 1,2,...N) of
a puckered ring from a reference plane, which is chosen

as the mean ring plane, can be expressed in terms of the
puckering coordinates q, and ¢m:

1 L(n-1)
_{ 2 \2 2 s . i
zj —(..;]_) Ez q, cos [¢m + 2m(j 1)/N] ; N is odd
m= .
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+ (-;\]1—) q(N/Z)(_”(j_” ; N is even

The mean ring plane (z=0) is not identical with a least

square plane found by minimization of Z-:."-'. The displacements

d



zj of a least square plane cannot generally be expressed

in closed algebraic equations.

The mathematical procedure to determine the mean ring
plane and to find the puckering coordinates has been

1)

described elsewhere. The interpretation of the
puckering coordinates is straightforward. Each (q,¢)-
pair with g)0 and 0<¢<£27 corresponds to a conformation
on a pseudorotation circuit of the N-membered ring in
question. The single puckering amplitude q(N/2) for
even-membered rings can take both positive and negative
values, the latter of which correspond to conformations
that can be thought of as the result of an inversion

process of a form with positive q(N/Z)'

Every ring conformation is a point of a (N-3)-dimensional
hypersphere for N>7, a point of a sphere for N=6, a point
of a plane for N=5 or a pcint of a line for N=4.

Because of reasons of interpretation it turns out to be
valuable to use the spherical (N=6) or hyperspherical

(N>6) coordinate set (Q,@m,em)rather than the (qm,¢m) set.1)
Therefore, the total puckering amplitude Q and the "polar

angles" Gh are also calculated by program ®RINGX.

If once a mean ring plane is determined the relative
orientations of the ring substituent bonds with regard
to this plane can be calculated. We have suggestedz)
that those bonds which are close to perpendicular to

the mean ring plane are called g-axial (g for geometrical)
and those which are almost parallel to this plane g-equa-
torial. Bonds whose orientation is neither g-axial nor g-

equatorial but intermediate are termed g-inclinal because



they are inclined with regard to the mean plane. Such
a definition generalized the Barton-Hassel-Pitzer-
Prelog terminology of the C-H bonds in cyclohexane3)
for all rings in a well-defined manner. It avoids
those terms which are only useful for certain confor-
mations of certain rings. Program ®RING# evaluates the
parameters o and B which give the orientation of
substituent bond as illustrated by figure 1.

INPUT

The input consists of five parts which are explained
in the following paragraphs.

1. Title card: FORMAT (2024)

The comment chosen by the user to identify the

particular run may be as long as 80 columns.

2. Option card: FORMAT(3I12)
N Number of ring atoms (N is limited
to 4<N<15)
ICELL = 0; the coordinates which will be read

in are already cartesian coordinates.

= 1; cell coordinates will be read in
which have to be transformed to cartesian
coordinates.

ISUB = 0; only the coordinates of the N ring
atoms will be read in.

= 1; the coordinates of the ring substituents
will follow those of the ring atoms. An
additional card (see 4) is necessary to
determine the number of substituent atoms.
This number must not exceed (45-N).



= 2; the polar angles o and B which
determine the orientation of a particular
substituent bond will also be evaluated.

= 3; in addition, the angles o and B of
the ring bonds will be calculated.

3. Cell card (only if ICELL=1): FORMAT (6F10.5)

The cell data a,b,c,a,B and y (in this
order) have to be read in. They are used
for the transformation from crystallo-
graphic cell coordinates to cartesian
coordinates.

4. Substituent card (only if ISUB#0): FORMAT (1512)

If ISUB is equal to 1 the total number of
atoms not incorporated into the ring, i.e.
the number of substituent atoms, has to be
read in. If ISUB is greater than 1 only
those atoms which are directly bonded to
the ring will be considered in the program.
For each of the N ring atoms an integer
value of O, 1 or 2 specifying the number

of atoms directly bonded has to be read in.

5. Coordinate cards: FORMAT (3F10.5)

The final set of cards read in may consist
of two subsets. The first subset of cards
contains the (cell or cartesian) coordinates
of the ring atoms, each atom one card with
the X-, Y- and Z-values. The order of the
cards corresponds to the numbering of the
ring atoms. If ISUB is 1 the second subset
contains the coordinate cards of all
substituent atoms. For ISUB=2 or 3 all those



cards have to be eliminated from this subset
which correspond to atoms not directly bonded
to one of the ring atoms. Only up to 2 atoms,
i.e. NSUB(I) = 0, 1 or 2, can be considered
as directly bonded,

The first data deck can be followed by any number of
further data decks. Termination is affected by $$ in
the two first columns of a title card.

OUTPUT

Depending on the options chosen the user will get output in
varying degrees. The initial output will consist of a header
line giving the seize of the ring and the identification of
the run, the cell parameters if cell coordinates were read
in and the input coordinates.

In the next part the transformed coordinates and the puckering
coordinates are printed out. An additional line shows whether
the two conditions

% 2_ & 2
.z, =0 and qu = sz
m J

3 J
are fullfilled.

For ISUB = 2 (or 3) the third part of the output contains
the polar angles o and B of the substituent bonds (and ring
bonds). For each substituent it is shown whether it has to
be named axial, equatorial or inclinal, The prefix t-
indicates that the substituent is located on the top side,
a b- that it is on the bottom side of the ring.



The last part of the output gives the internal ring
angles, the dihedral angles of the ring and the distance
matrix.

General Description of the Program

Program #RING¥ has been carefully written in standard
FORTRAN which should run under most of the available
compilers today. The present version has been tested on
the Control Data FTN (FORTRAN extended) compiler. Further
tests were carried out with FORTRAN compilers of a UNIVAC
1108, a SIEMENS 4004 and a XEROX SIGMA 5 system.

#¥RING# needs 15 452 g words (= 695410 words) of core. This
amount of core can be easily reduced by overlaying the
subroutines %READIN#, ®TRANSF%, wPUCKER%, %SUBSTI% and
#OUTPUT*.

The following is a brief description of the program and
its subroutines.

PROGRAM RING: This is the main program which calls
the first five of the following sub-
routines.,

SUBROUTINE READIN: This is the input routine. The important

parts of the input are immediately printed.

SUBROUTINE TRANSF: If the input coordinates are cell

coordinates STRANSF#% transforms them

to cartesian coordinates.



SUBROUTINE PUCKER: This subroutine does the actual work.

The mean ring plane and the corresponding

coordinate system is found. The puckering
coordinates of the ring are evaluated.

SUBROUTINE SUBSTI: This subroutine calculates the polar
angles a and 'R of substituent and ring
bonds.

SUBROUTINE OUTPUT: This is the printing routine which gives

all the calculated information (see
output description). It calls the following
subroutines:

SUBROUTINE DISTAN: In this routine the distance matrix
is evaluated.

SUBROUTINE ANGLE: This routine calculates and prints

the internal ring angles.

SUBROUTINE DIHEDL: The dihedral angles of the ring are
calculated and printed.

SUBROUTINE OUTMAT: This is a matrix printing routine

used to output the distance matrix.
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Sample input for program RING
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The degree and type of puckering of the furanoid ring
of sucrose is calculated using the neutron diffraction
data of Brown and Levy, Acta Crystallogr., 29B, 790.



Output of sample 1
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Sample input for program RING

SUCRAZE (MEUTROM DISSmoenT i
1 [
l !( P I
i [
h nnn hh o h h
f' -

ouoo§~uoc*00000:}000000000nnﬁnonaoaUoﬂonoh000000000000000ooonuaooonnououooooooao
LI B Y ree H
IR R RREEE

1 1
[} RHW 2Ry |l|!NM}I727)21252A77252?33]’31!3'31333037331940114243“654647484?505] 515]545555575559606162636‘65“67686970"7273“757677737980
! !

lllllllillIllIIIBIIIIIIlIIIllllYIBIIIIIII]II]]IIII]llll]l]llllllllllll %

it 1 |
hn n RRN

2272;21225zzzzzzzzzzzzzzzzzzzzzzzzgzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz ;
333333;333333333;3333333333;g3333333333333&3&&3333333333333333333333333333333333
44444;444444444;44444‘4444444444444444444444444444444444444444444444c44444444444

5555555555;5;;;5555:55555555555:}55555&5}555555555555555555555555555555555555555

ssssssss;sssssssssqssssassssssgsssssggssssesss5ssea5ssesssssssssssssssssssssssss
77777777777777717777777777777777777777777777777777777777777777777777777777777777
asaaaeeasse8288ssaeessaessesseeeﬁeeaeaasssﬂaeze8eeasesaassaseeaaeeeeeeseseeeaeaa

T23 465678900235 8Y BUORXARANBBTIBINL D 32]33l333637333?40ﬂIZ&JMJSI&U&SGSGSI 52535453565’5857066!52536165565768697071727374757677787950

9999993[999999999L9939[99L999[99939199999999999999999599999999999999999999999999

The degree and type of puckering of the pyranoid ring
of sucrose ‘is calculated using the neutron diffraction
data of Brown and Levy, Acta Crystallogr., 29B, 790.
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