710 SEVEN BASIC CONFORMATIONS OF
acids can be put together. A rule in so doing is that
there must be either an odd number of 4 conformers or
an even number of S conformers in a loop. This is be-
cause A conformers effect 180° turns in the direction of
helix propagation and S conformers cause 90° turns.
One example of a possible model for a five-nucleotide
loop is shown in Fig. 5.

Discussion

These seven conformations can be considered as model
basic conformations of nucleic acids. They are by no
means rigid. Indeed, small changes in the sugar pucker
andjor y, ¥', @, ¢', x and x' can give quite noticeable
structural differences in a polymerized form. This is
most clearly seen when one compares polyUpA [Fig.
4(e)] with RNAT11 (Arnott, Dover & Wonacott, 1969)
[Fig. 4(f)] which are both P; polymers. However, the
gross features, as defined by Table 1, of both structures
are similar, and differ quite markedly from those of the
other six conformers. We hope that these conformers,
as we have defined them, will be particularly useful in
model fitting of low resolution Fourier maps of nucleic
acids.
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The Crystal and Molecular Structure of Octachloro-2,4-dihydropentalene

BY GRETCHEN MANDEL AND JERRY DONOHUE
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University of Pennsylvania, Philadelphia, Pennsylvania 19104, U.S.A.
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The unit cell of octachloro-2,4-dihydropentalene (e-CsClg) is orthorhombic, space group Prma (D3}),
with lattice constants a=10-170+0-007, b=7-284+0-006, and ¢=17-281 +0:010 A. With Z=4, the
calculated density is 1-75 g cm~3. Three-dimensional data were collected at 21°C on an automated
diffractometer equipped with a graphite monochromator and Cu K« radiation by the 0-26 scan tech-
nique. Direct phasing methods were used to obtain the trial structure. The final R value was 8-8 %.
The average carbon-chlorine bond distance is 1-79+0-01 A for aliphatic chlorine atoms and 1-69 + 0-02
A for vinyl chlorine atoms. The shortest intermolecular distance is a 3-51 A chlorine-chlorine contact.

Introduction

The series of structures generated by dimerization and
subsequent rearrangement of perchlorobutenyne has
been studied by Roedig, Helm, West & Smith (1969).
One of the reactions involves the thermal rearrange-
ment at 180° of y-C¢Clg (m. p. 172°), (believed to be I
on the basis of ultraviolet, infrared and n.q.r. spectra),

into 6-CgClg (m. p. 86°) and &-C4Clg (m. p. 111°). The
J-C4Clg was thought to be 1I and the structure of
&-CsClg to be 111 or 1V.

L0 40 4



GRETCHEN MANDEL AND JERRY DONOHUE 711

The compounds 6-C¢Clg and e-CgClg undergo a vari- For this reason, and in the hope of finding inter-
ety of transformations, including those to carbonyl esting intermolecular chlorine-chlorine distances, the
derivatives. In order to deduce the correct structures structure determination of e-C3Clg was undertaken. The
for these derivatives, it was important to determine the  structure of e-CgClg was determined to be 11, contrary
structures of d-C4Clg and ¢-CyC,5 unequivocally. to the one originally proposed.

Table 1. Observed and calculated structure factors
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Table 2. Coordinates, anisotropic thermal parameters and their estimated standard deviations (x 10* except those at %)
The form of the temperature factor is exp [— (BB + ... hkBi+ .. )].

X y 4 iy B Ps3 Bz Bis B3
CI(1) 479 (5) 3244 (3) 103 (6) 206 (14) 22 (2) 0 —53(5) 0
Cl(2) 3531 (3) 6) 3409 (2) 108 (4) 208 (10) 22 (1) 67 (10) 23) —59 (6)
CI(3) 5154 (5) 4933 (3) 81 (6) 212 (13) 25(2) 0 —4(5) 0
Cl(4) 2861 (3) 6) 6531 (2) 105 (4) 218 (10) 20 (1) 79 (11) 2(3) 45 (6)
Cl(5) —137 (5) 6881 (3) 95 (6) 206 (15) 25 (2) 53 (5)
Cl(6) — 1402 (5) 5095 (3) 66 (6) 203 (14) 42 (2) —10(6)
C(1) 1521 (14) 4(0) (8) 48 (18) 120 (47) 13 (6) -33(15)
C(2) 2964 (16) 3¢05(9) 88 (21) 128 (46) 16 (6) 37 (18)
C(@3) 3541 (15) 4743 (9) 71 (21) 116 (44) 13 (5) 9317
C(4) 2200 (16) 6041 (9) 102 (24) 82 (43) 10 (5) —14 (18)
C(5) 728 (15) 6060 (9) 50 (18) 83 (40) 23 (6) 31 (17)
C(6) 239 (16) 5331 (10) 73 (22) 57 (38) 29 (7) 17 (19)
C(7) 1287 (17) 4762 (9) 78 (21) 43 (37) 23 (6) 8 (20)
C(8) 2469 (17) 5205 (9) 68 (19) 103 (45) 13 (6) 16 (17)
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Experimental

The sample of &-C4Clg (octachloro-2,4-dihydropenta-
lene) was prepared by Professor Robert West of the
University of Wisconsin. Suitable light-yellow crystals
were grown by slow evaporation from acetone at 6°C.
Two crystal habits appeared. One took the form of
hexagonal plates exhibiting threefold symmetry. The
other consisted of hexagonal rods with angularly trun-
cated ends. The hexagonal rods were rarer, but much
better formed. The one used for the data collection

Q)

Fig.1. (a) Bond distances for e-CgCls (A). (b) Bond angles for
e-CyCls (°).

STRUCTURE OF OCTACHLORO-2,4-DIHYDROPENTALENE

Fig.2. Non-bonded intramolecular distances.

was a rod approximately 0-30 mm long with a mean
diameter of 0-13 mm. The b axis was along the rod
axis and the a axis parallel to the Petri dish as the crys-
tals grow.

Diffraction symmetry proved the crystals to be or-
thorhombic, with refined lattice constants of:

a=10-170 £ 0-007 A
b= 7-284 +0-006
c=17-281+0-010,

as obtained from least-squares treatment of nine ob-
served values of 20 above 25° centered on a Picker
FACS-I automated diffractometer, using Cu Ko radia-
tion.

The systematic extinctions were 0k/, k+I/=2n+1
and hk0, h=2n+ 1. These extinctions indicate two pos-
sible space groups, Pnma(D%5) or Pn2,a(C%). The cal-
culated density with Z=4 is 1-75 g cm~3. With Z=4
and space group Pn2,a, no assumptions of molecular
geometry need be made. In Prma, the four molecules
must contain either a mirror plane or a center of sym-
metry.

There were several experimental problems en-
countered during the preliminary photographic analy-
sis. The orthorhombic cell exhibited pseudohexagonal
spacings giving rise to three orientations of a cell with
the same lattice constants, only one of which had the
correct orthorhombic symmetry. This peculiar geome-
try allows the multiple diffraction phenomenon to be-
come a problem. Another difficulty with the crystals was
that they reacted with thelmounting glue, Ambroid. Crys-
tals which were mounted and not exposed to X-rays de-
veloped the same powdery appearance. These crystals
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decomposed rapidly when exposed to X-rays. The data
were collected from a crystal mounted in Araldite, an
epoxide glue. This crystal also decomposed on ex-
posure to X-rays, but the decay rate was considerably
slower. The intensities of several reflections were care-
fully checked after the crystal was aligned on the
diffractometer to ensure that the orientation matrix of
the crystal was correct. The crystal axes were deliber-
ately set away from the diffractometer axes in order to
reduce the effect of multiple diffraction (Coppens,
1968).

The data were collected at room temperature by the
0-20 scan technique with Cu Karadiation (2 =1-5418 A).
The scan speed was 2° per min, take-off angle 2-5°,
and base width 1-7°. Aluminum attenuators and a
graphite monochromator were used. Three standard
reflections were re-collected every 50 reflections. There
was an overall variation in intensity of 12 %.

The data were reduced in the usual manner. Since
the linear absorption coefficient was 159-8 cm™?!, ab-
sorption corrections were made using the program
ABSTMA, written by J. de Meulenaer, H. Tompa and
N. Alcock. The maximum transmission factor was
0-284 and the minimum 0-127.

The 1052 reflections in the data set are listed in Table
1. The 197 reflections with intensities less than 2:33
o(I) were taken as unobserved and are denoted by * in
the Table.

Structure determination and refinement

The N(z) plot indicated that the space group was the
centric Pnma. Straightforward application of centric
direct phasing methods led to the structure. The refine-
ment by the UCLA full-matrix least-squares program
proceeded smoothly to a final R value of 8:8% and
weighted R of 8-4% based on the observed reflections
only. The atomic scattering factors were taken from
International Tables for X-ray Crystallography (1968).
The function minimized was the usual >w,[F,(k)—
K

(1/k)F(h)?, where w, is defined by [w,=1/o,=
1/{[F2+0a(I)]**—F,}. Final coordinates, anisotropic
thermal parameters, and their estimated standard
deviations are given in Table 2.
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The discussion of the structure

The bond distances and angles are given in Fig. 1.
Table 3 gives a summary of the carbon bond lengths
and angles from this structure determination, together
with comparable values determined by the electron
diffraction investigations of cyclopentadiene (Scho-
maker & Pauling, 1939) and cyclopentene (Davis &
Muecke, 1970). The bond distances C(7)-C(8) and C(6)-
C(7) are not strictly comparable with the values in the
isolated cyclopentene molecule, as they are both con-
jugated, and resonance effects shorten this type of cen-
tral bond. The value of Sutton (1965) for this type of
carbon-carbon single bond is 1-465 A. Apparently the
C(1)-C(2) and C(8)-C(4) bonds are also shortened by
additional resonance in this ring system. The difference
between the C(4)-C(8)-C(7) angle in the two structures
doubtless arises because carbons (7) and (8) are bridge-
heads of the bicyclo system.

The vinyl carbon—chlorine bonds are shorter (aver-

Fig.3. Structure projected down the [010] direction.

Table 3. Comparison of bond distances and angles

Cyclopentadiene

Thiswork S &P
C(1)-C(2) 1-48 A 1-53 A
C(2)-C(3) 1-56 1-53
C(3)-C(8) 1-35 1-35
C(8)—C(7) 1-43 1-46
C(1)-C(7) 1-32 1-35
C(7)—-C(1)-C(2) 107° 109°
C(1)-C(2)-C(3) 105 101
C(2)-C(3)-C(8) 104 109
C(3)-C(8)-C(7) 111 110

C(8)-C(1)-C(1) 112 110

Cyclopentene

Thiswork D &M
C(NH-C(8) 143 A 1-55 A
C(8)-C4) 1-47 1-55
C4)-C(5) 1-50 1-52
C(5)—C(6) 1-36 1-34
C(6)-C(7) 1-40 1-52
C(8)-C(7)—C(6) 105° 103°
C(7)-C(6)—C(5) i 111
C(6)-C(5)-C(4) 110 111
C(5)-C(4)-C(8) 102 103
C(4)-C(8)-C(7) 112 104
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age 1-69 +0-02 A) than the aliphatic carbon-chlorine
bonds (average 1-79+0-01 A). Sutton (1965) gives the
average value of such vinyl bonds as 1:719 + 0-005 A
and these aliphatic bonds as 1:767 +0-005 A.

Fig. 2 shows the non-bonded chlorine- - -chlorine
intramolecular contacts. The CI(2)---Cl(2) (2-89 A)
and Cl(4)- - -Cl(4) (2-88 A) distances are the same as
the 2:89 A chlorine- - -chlorine contacts in carbon te-
trachloride (Bartell, Brockway & Schwendeman, 1955).
The CI(5)- - -Cl(6) contact (3-34 A) is slightly longer
than the value of 3-25 A in cis-1,2-dichloroethane (Hoff-
man, 1958), as is expected. Twice the van der Waals
(Pauling, 1960) radius for chlorine is 3-60 A. Thus, the
short C(1)---Cl(2), Cl(2)---Cl(3), and Cl(4)---CI(5)
distances imply repulsive interactions.

Intermolecular distances less than 40 A are shown
in the packing of the cell down the [010] direction, Fig.
3. There is only one kind of chlorine- - -chlorine con-
tact less than twice the van der Waals radius (Pauling,
1960), the 3-51 A contact between atoms CI(3) and
Cl(6). The molecules pack such that the CI(6) site is
above and below the centers of carbon ring systems of
neighboring molecules. This situation gives rise to sev-
eral short intermolecular carbon- - -chlorine distances.
Pauling (1960) gives the effective thickness of a double-
bonded carbon atom in an aromatic ring system as
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3-4 A. Thus carbon- - -chlorine distances of less than
3-5 A indicate interpenetration of the electron clouds.
There are no such distances in this structure.

This work was supported by the National Science
Foundation, grant GH-33633. We thank Professor
R. West for the sample used.
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Structural Studies of Analgesics and Their Interactions.
I. The Crystal and Molecular Structure of Antipyrine

By T.P.SINGH AND M. VIJAYAN

Department of Physics, Indian Institute of Science, Bangalore-12, India

(Received 14 September 1972; accepted 21 November 1972)

Antipyrine, C;;H;N,O, one of the best known pyrazole derivatives used as pain-relieving medicines,
crystallizes in the monoclinic space group C2/c¢, with eight molecules in a unit cell of dimensions a=
16919, b=7-425, c=17-796 A and f=117-03°. Three-dimensional intensity data from the crystal were
collected on a 4-circle diffractometer. The structure was solved by the symbolic addition method and
the atomic parameters, including those of the hydrogen atoms, were refined to an R value of 0-060 for
1775 reflexions. The molecular geometry of antipyrine in this structure differs substantially from that
observed in some metal-antipyrine complexes. First, the differences in the dimensions of the pyrazolone
ring suggest that antipyrine is considerably less polar in the free state than in the complexes. Secondly,
the two nitrogen atoms in the pyrazolone ring are more pyramidal in free antipyrine than in its com-
plexes. Consequently, the conformation of the molecule is significantly different in the two cases. The
molecular structure of antipyrine is also compared with that of 3-methyl-3-pyrazolin-5-one. Antipyrine
is one of the few molecules without internal symmetry which crystallize in the space group C2/c.
The molecular packing in the structure can be most adequately described as consisting of layers of
molecules parallel to the (204) plane. The molecular coordination number in this arrangement is 11.

Introduction

Several synthetic chemicals, including the derivatives
of salicylic acid, pyrazole and acetanilide are exten-
sively used as pain-relieving medicines. Most of them
have varying degrees of antipyretic and anti-inflam-

matory properties as well. Many of these non-narcotic
analgesics have been in use for several decades and a
great deal of research has been carried out on their
pharmacological properties when administered indi-
vidually and in combination. However, the molecular
basis of their interactions and their mode of action



