Tetrahedron, Vol. 26, pp. 607 tu 613, Pergamon Press 1970, Printed 1 Great Britain

THE CRYSTAL AND MOLECULAR STRUCTURE
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Abstract—The crystal and molecular structure of all cis-1,6-dichlorocyclodeca-1,3,6,8-tetracne was
determined by X-ray diffraction. The crystals are monaclinic, P2,/c, a = 7-577, b = 7-878, ¢ = 83974,
B = 109-05°. There are two centrosymmetric molecules in the unit cell. Diffractometer data were used and
the analysis terminated at R = 9%. Details of atomic positions and molecular geometry are listed.

THEeRE has been considerabie interest recently in the annulenes, a family of monocyclic
hydrocarbons formally made up of alternating double and single bonds and in the
dehydro-annulenes, an analogous group of compounds in which one or more of the
double bonds have been replaced by triple bonds.!* 2

The two simplest and best known annulenes are benzene and cyclooctatetraene, but
series of these compounds containing 12, 14, 16, 18, 20, 24 and 30 C atoms have been
prepared. Members of this series, which contain (4n + 2) n-electrons and are reason-
ably planar, have been shown to be aromatic in that they possess a measurable degree
of cyclic delocalization in the ground state. However, some members of the series that
have been shown by NMR spectroscopy to be aromatic in that they are able to sustain
a diamagnetic ring current in an applied magnetic field, do not possess the kind of
stability and the ability to undergo substitution reactions usually associated with the
aromatic nature of benzene.

Dichlorocyclodeca-1,3,6,8-tetraene was prepared by Sondheimer and Grohmann,>
in part for intrinsic interest and in part as a possible precursor in the synthesis of the
{10}annulenes—the only series of annulenes for which the unbridged conjugated
members are still unknown.

The NMR spectroscopy indicated the presence of six olefinic and four aliphatic
protons. Chemical methods were used to establish the locations of the double bonds
but could provide no information about the stereochemistry of the two trisubstituted
double bonds.

We have determined the detailed geometry and crystal structure of dichlorocyclo-
deca-1,3,6,8-tetraene by X-ray diffraction methods, using crystals supplied by Sond-
heimer and Grohmann. Because of the instability of the compound, the X-ray
measurements were taken from a crystal sealed in a capillary tube filled with nitrogen.
The data were collected on an automatic diffractometer and the structure was solved
by the usual heavy-atom method. The analysis has shown that the molecule is centro-
symmetric with cis stereochemistry at each double bond. A preliminary note about
this work has been published* and the present paper gives a more detailed account of
the experimental methods used and the final results of the analysis.

* External Staff. Medical Research Council.
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Solution and refinement of the structure
A point-sharpened, origin-removed, 3-dimensional Patterson synthesis was com-
puted using (E? — 1) as coefficients. This map gave two alternative positions for the

TABLE 1. SUMMARY OF REFINEMENT OF ALL cis-1,6-DICHLORODECA-1,3,6,8-TETRAENE

R

1. Structure-factor calculation Cl only 53-8%,
2. Structure-factor calculation Cl + 5C 24-8%,
3. 3 Cycles isotropic least squares calculation 15:6%,
4. 2 Cycles anisotropic least-squares calculation 11-2%,
5. Hydrogen atoms located from difference fourier map included  9-8%,
6. 2 Cycles mixed-mode least-squares calculation (hydrogens

isotropic) 9-6%
7. New weighting scheme. Coordinates from 1Ist anisotropic

cycle, hydrogens included 142%,
8. 4 Cycles mixed mode least-squares refinement 90%

TABLE 2. FINAL FRACTIONAL ATOMIC COORDINATES AND ESTIMATED
STANDARD DEVIATIONS FOR ALL ¢is-1,6-DICHLORODECA-1,3.6,8-TETRAENE

x y z
cI1) 02977 (2) 01428 (2) 0-5094 (2)
) 02160 (6) 0-3528(7) 0-4902 (6)
) 00284 (7) 03764 (8) 03555 (6)
i) —01271(T) 0-2808 (7) 03899 (6)
@) ~02772(7) 03497 (8) 0-4127(7)
as) —03223(7) 0-5299 (8) 04123 (6)
H(1) 0-006 (7) 0-500 (8) 0333(7)
H(Q) 0049 (10) 0-299 (10) 0247 (10)
H(3) — 0128 (10) ¢173(9) 0383 (9)
H(@4) —0:378(8) 0271 (D) 0422(7)
H() —0449 (8) 0-558 (7) 0331(7)

TABLE 3. COMPONENTS OF THERMAL VIBRATION OOEFFICIENTS (8;) AT THE CONCLUSION OF THE ANISOTROPIC

REFINEMENT
Bi: Ba2 Bss B2 Bis Bas
ClY1) 0-1329 00169 0-0187 0-0024 0-0053 00010
c(1) 0-0079 00110 00102 —0-0006 0-0039 00008
c2) 00099 00185 00081 —00020 0-0025 —0-0005
c3) 00112 00136 00119 —0-0034 00010 —0:0020
C4) 00095 00201 00139 —0-0050 0-0023 - 00026
C(5) 00090 00202 00126 —0:0019 0-0027 —0-0008

T = exp — (By1h% + By2k? + Basl® + 2By3hl + 2B, hk + 2B25kD)
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Cl atom, at fractional coordinates ( —0-25, 0-15, 0-25) and (0-29, 0-36, 0-01). The latter
position gave more reasonable intermolecular Cl distances and was used in a phasing
calculation. The Fourier map based on these phases indicated the position of the five
C atoms in the asymmetric unit, which were related to the complete molecule by the
operation of the centre of symmetry at (0, 4, 4). The positions were refined as shown in
Table 1 using least-squares calculations first with isotropic and later with anisotropic
temperature factors. The hydrogen positions were located and refined in the isotropic
mode.

The weights used in the least-squares calculations were initially based only on
counting statistics and the refinement converged at an R value of 9-6% with an
average shift/error of 0-12 and maximum shift/error of 0-60. At this stage we wrote a
new program for the analysis of wA? as a function of | F,| and sin 6, which indicated
that a more appropriate form of the weighting scheme would be:

6%F)= A + BF + C/w + DF?

where w is the weighting factor.
The following parameters were chosen A4 =120, B =050, C = 100,
D=2x 1074

TABLE 5. MOLECULAR DIMENSIONS FOR ALL cis-1,6-DICHLORODECA-1,3,6,8-
TETRAENE. INTERATOMIC DISTANCES AND STANDARD DEVIATIONS IN A UNITS.
BOND ANGLES IN DBGREES

Interatomic distances and standard deviations

CI(1)—C(1) 1-755 (6) C(2)—H(1) 1-00
C(1)—C(2) 1-512 (6) C(2)—H(2) 1-15
C(2)—C(3) 1-504 (7) C(3)—H(3) 0-85
C(3)—C4) 1:329 (8) C(4)—H@4) 1-01
C(4)—C(5) 1-460 (9) C(5)—H(5) 1-00
c(5)—c() 1320 (7) H(1)...HD) 284

Bond angles

C5)—C(1)—C(2) 1278 C(2)—C(3)—C4) 1257
Cl(1)—C(1)—C(2) 1137 C(2)—C(3)—H(3) 118-4
Cl(1)—C(1)—C(3) 1185 C(4)—C(3)—H(3) 1154
C(1)—C(2)—C(3) 1135 C(3)—C(4)—C(5) 1274
H(1)—C(2)—C(3) 1155 C(3)—C4)—H@#) 117-8
H(1)—C(2)—C(1) 1088 H(4)—C(4)—C(5) 1146
H(2)—C(2)—C(1) 1010 C4)—C(5)—c(h 125-8
H(2)—C(2)—C(3) 101-8 C(4—C(5)—H(5) 112-8
H(2)—C(2)—H(1) 1153 C(1) —C(5)—H(5) 1214

The positional and thermal parameters were again refined to convergence to give
an R-value of 9-0%, for the 860 reflexions including the 25 unobserved reflexions. The
reflexions 020, 110 and 200 had apparently been affected by extinction and were
excluded from the refinement. The average shift/error was 0-07 and the maximum 0-47.
The average standard deviation was 0-005A for the carbon and 00" A for the hydrogen
positions.
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The final atomic positions are listed in Table 2 together with the individual standard
deviations. The anisotropic temperature parameters for the C and Cl atoms are shown
in Table 3. The final isotropic temperature factors for the H atoms were H(1) = 2:38,
H(Q2) = 620, H(3) = 3-31, H(4) = 2:53, H(5) = 218A2. The observed and calculated
structure factors are listed in Table 4.

Molecular geometry and description of the structure
The shape and dimensions of the molecule are illustrated in Figs 1 and 2 together
with the numbering system used. The entire molecule can be defined in terms of two

1-460(9)

b or

F1G. 1 Perspective view of all cis-1,6-dichlorodeca-1,3,6,8-tetracne and values of bond
lenghts (A).

sets of planes, the first defined by atoms C(2), C(3), C(4), C(5), H(4), H(3), which are
coplanar to within 0-004A (r.m.s.A) and the second by atoms C(4), C(5), C(@), C(),
H(5), CI(1), which are coplanar to within 0-006A (r.m.s.A). These planes are related to
similar planes defining the second half of the molecule through the operation of the
centre of symmetry.

In addition to the crystallographic centre of symmetry 1(C) of the molecule as a
whole, the symmetry of the 10-membered carbon ring skeleton approximates to a
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(]

cIi

FiG. 2 Chemical formula for all cis-1,6-dichlorodeca-1,3,6,8-tetraene showing values of
some of the bond and torsional angles (°).

e —

FIG. 3 Projection of the crystal structure of all cis-1,6-dichlorodeca-1,3,6,8-tetraene per-
pendicular to the crystallographic ¢ axis.
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symmetry of 2/m (C,,). Bonds C(2)-C(3) and C(2)-C(T) are equivalent within ex-
perimental error and significantly shorter than bond C(4)-C(5). This shortening is
unlikely to be due to a conjugation effect in view of the torsion angle of 56-3° about
C(4)-C(5) (Fig. 2). The two bonds C(3)-C(4) and C(1)-C(5) are equivalent and in good
agreement with the accepted value for a simple Sp?-Sp? bond.

As discussed by Dunitz in a recent review® of the conformation of medium rings,
the ring skeleton in 1,6-dichlorodeca-1,3,6,8-tetraene corresponds to an extreme
distortion of the stable cyclodecane conformation in which the torsion angles about
the four bonds C(3)-C(4), C(5)-C(1), C(3)-C(@) and C(3)-C(1) have been reduced to zero
while the 2/m symmetry was preserved.

The resultant arrangement allows for a separation of 2:84A between the intra-
annular H atoms H(1) and H(T), a value considerably greater than the H .. . H distance
calculated for cyclodecane.

The molecules are held in the crystal lattice by van der Waals forces only. No
unusually close intermolecular approaches were found. The packing is illustrated in
Fig. 3.

EXPERIMENTAL

Crystal data. All cis-1,6-dichlorocyclodeca-1,3,6,8-tetraene C,oH,,Cl,; F.W. = 201-1 ; m.p. = 88-89°
dec (green melt) Chunky, colourless prisms. Monoclinic @ = 7-577A, b = 7-878A, ¢ = 83974, av.
o = 00014, B = 10905°, 6 = 005° V = 47107A3, Z = 2, D{calc) = 1'43 g.cm~>. Space group P2,/c
from absences. Unless the structure is disordered the molecule must possess a centre of symmetry in the
crystal.

Dichlorocyclodecatetraene is unstable both in soln and in the solid state. The crystals show diagonal
extinction on prominent diamond-shaped faces. By examining the crystals under plane polarized light and
correlating the observations with X-ray photographs, it was shown that the b-direction of the crystal is the
direction of higher refractive index. It was possible to cut one of the chunky prisms under the polarising
microscope with its sides parallel to the b axis and seal it in a capillary tube filled with N,. This crystal,
which was used for the analysis, had dimensions of 0:15 x 0-3 x 0-8 mm and a mosaic spread, estimated
from peak breadth, of 0-2°,

The cell dimensions were determined by measuring the 8 value of a number of reflexions on the diffracto-
meter and carrying out a least-squares calculation on these. The value of the wavelength used was 1:5418A.

Intensity data were collected for 863 independent reflexions in the range 0 < 260 < 136-5° with a Picker
4-circle diffractometer in the 20-scan mode using Ni-filtered CuKa radiation at 32 KV and 4 mA. A 26
range of + 1-25° was scanned at a rate of 2°/min with 20-sec background counts at the extremes of the scan
range. Only 25 reflexions were too weak to be of significant intensity. The diffractometer data were corrected
for the usual factors other than absorption.
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