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Abstract-The crystal and molecular structure: of all c~-l,6dichlortxyclodcca-1.3,6,84ctracne was 
determined by X-ray dafraction. The crystals are monoclinic, F?,/c, a = 7.577, b = 7.878, c = 8.397A, 
j = 109~05”. There are two amtrosymmetic molecules in the unit all. Diffractometer data were used and 
the analysis terminated at R = 9%. Details of atomic positions and molecular geometry are listed. 

THERE has been considerable interest recentiy 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double bonds have been replaced by triple bonds.‘, ’ 

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) ltelectrons 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,3 
in part for intrinsic interest and in part as a possible precursor in the synthesis of the 

E!Lers are still unknown. 
annulenes-the only series of annulenes for which the unbridged conjugated 

The NMR spectroscopy indicated the presence of six olefmic 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 ditfractometer 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 publish~4 and the present paper gives a more detailed account of 
the experimental methods used and the final results of the analysis. 
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Solution and refurement of the structure 
A point-sharpened, origin-removed, 3-dimensional Patterson synthesis was com- 

puted using (E’ - I) as coefkients. This map gave two alternative positions for the 

TABLE 1. SUMMARY OF REPINE~IEM’ OF ALL Cic- 1,6-DWHLORODFXX-~,3,6,8-TkTRAENE 

1. 
2. 
3. 
4. 
5. 
6. 

7. 

Structure-factor calculation Cl only 
S~~u~fa~or calculation Cl + 5C 
3 Cycles isotropic least squares calculation 
2 Cycles anisotropic least-squares calculation 
Hydrogen atoms located from differena fourier map included 
2 Cycles mixed-mode least-squares calculation (hydrogens 

isotropic) 
New weighting scbemc Ccordinnta from 1st anisotropic 

cycie, hydrogens included 
8. 4 Cycles mixed mode least-squares refinement 

R 
-- 

53.8% 
24.8% 
15.6% 
11.2% 
98% 

96% 

142% 

9.0% 

TMLB 2. FINAL IRACT~ONAL ATOMlC COORDINATH) AM) ISTIMATED 

STANDARD DEVlATIOh3 FOR ALL c~Y-~.~-DICHMRODECA-~ ,3.6,8-rrrra~a~~? 

X Y r 

a(l) O-2977 (2) 01428 (2) @5094 (2) 
c(l) O-2160 (6) O-3528 (7) @4902 (6) 

co 00284 (7) &3764 (8) 0.3555 (6) 

c(3) -@1271(7) 02808 (71 03899 (6) 

co - 02772 (7) O-3497 (8) 04127 (7) 

c(5) -0.3223 (7) @5299 (8) @4123 (6) 

H(l) m (7) Q500 (8) 0333 (7) 

H(2) 0049(10) 0299 (10) 0.247 (10) 

H(3) -@128(10) 0.173 (9) O-383 (9) 
H(4) - @378 (8) @271(7) @422 (7) 

W5) -@449 (8) O-558 (7) @331(7) 

TALILE 3. Ccnet’o~ OF WlEtMAL VIBRATION CXMFFICIBN’B @,,) AT THB CONCLUSION OF THE ANISOTROPIC 
REFl_ 

WI 0.1329 00169 00187 a0024 00053 O-c010 
W) oQO79 00110 00102 -0WO6 0.0039 oooO8 
c(2) 0+-)099 00185 081 -0WI20 OW25 -waI5 

c(3) 00112 OQfM oQl19 -01)(114 Ml0 -O-M20 
C(4) 00095 00201 Oils39 -0oo50 OQO23 -0+X26 
C(5) Qoo90 0.0202 00126 -0-0019 ooO27 -O-OOCB 

T = exp - (fk,,hs + S22k2 + Sss12 + 2&,hI + 2S,,hk + 2B,,k0 
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T~~LB 4. Orsmcw am CALCL~A TPD SIRUCIURE ~LI’KIDES KIR AIL &-~,~-DKxLoRODBCA-~,~,~,~- 

COLUMNS ARE1 101F,I Am 1opJ. RimmmsmF,<2uF,~~~- WITH A N%.ZATIvH SK%4 IN 
lHBF.coLuMN. 
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Cl atom, at fractional coordinates (-0*25,0*15,025) and (0*29,036,041). 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, j, 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 wAz as a function of 1 F, ) and sin 0, which indicated 
that a more appropriate form of the weighting scheme would be : 

02(F) = A + BF + C/o + DF2 

where o is the weighting factor. 
The following parameters were chosen A = 1.20, B = 0.50, C = 1.00, 

D = 2 x 10-4. 

TABLE 5. MOLECULAR DIMENSIONS FCR ALL &1,6-~1c~m~o~~~~-1,3,6,8- 
TETRAENB. hdTER.4TOWC DISTANCBS AM) STANDARD DEVlATIOI’S IN i, UNITS. 

BOND ANGLE3 IN DgtREES 

Interatomic distances and standard deviations 

Cl(ltc(l) 1.755 (6) C(2)-H( 1) 1.00 

c(lM2) 1.512 (6) C(2)_H(2) 1.15 

c(2)--c(3) 1.504 (7) C(3F-H(3) 0.85 

c(3M4) 1.329 (8) C(4k-H(4) 1.01 

c(4)--c(5) 1460 (9) C(S&H(S) 100 

c(s)-c(i) 1.320 (7) H(1). . H(i) 2.84 

Bond angles 

93)--41)-C(2) 
cl(l)---91X(2) 
c~(l)-w)-c(~) 

w--c(2)-c73) 
H(l)--C(2)--C(3) 
H(lkC(2) -1) 
H(2)--C(2)--C( 1) 
~(2)kc(2b~3) 
H(2)--C(2bH(l) 

127.8 c(G’2o)W-M 125.7 
113.7 C(2)-‘3~-H(3) 118.4 
118.5 WP3)-W 115.4 

113.5 c(3Pw45) 127.4 

115.5 W)--C(4VW) 117.8 

108.8 H(4k-W--C(5) 114.6 

101.0 c(4)-5b-W) 125.8 

101.8 C(4)-‘J5tH(5) 112.8 
115.3 c(T) *5)-H(5) 121.4 

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 007 and the maximum 047. 
The average standard deviation was OGOSA for the carbon and 0*0-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(2) = 6.20, H(3) = 3.31, H(4) = 2.53, H(5) = 2*18A2. 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 

a 

L b 

0 Cl 

0 C 

0 H 

FIG. 1 Peqectiw view of all cis-l,6-dichlorodeca-l,3,6,8-tctracw and values of bond 
lenghts CA). 

sets of planes, the first defined by atoms C(2), C(3), C(4), C(S), H(4), H(3), which are 
coplanar to within ONMA (r.m.s.A) and the second by atoms C(4), C(5), C(T), CQ), 
H(5), Cl(l), which are coplanar to within WA (r.ma.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 T(C,) of the molecule as a 
whole, the symmetry of the lO-membered carbon ring skeleton approximates to a 
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Cl 1 

CI i 

FIG. 2 Chemical formula for all tic-1,6dichlorodeca-1,3,6,8-tetraene 
some of the bond and torsional angles (“). 

showing values of 

Fm. 3 Projection of the crystal structure of all cis-1,64ichlorodcca-1,3,6,8-t~tmcnc per- 
pendicular to the crystallographic c axis. 
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symmetry of 2/m (Cd. Bonds (312)-C(3) and C(2)-C@ 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 563” about 
C(4)-C(5) (Fig. 2). The two bonds C(3)-C(4) and c(r)-co-C() are equivalent and in good 
agreement with the accepted value for a simple Sp2-Sp2 bond. 

As discussed by Dunitz in a recent review’ of the conformation of medium rings, 
the ring skeleton in l$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(i), C&c@> and C&C(l) 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(i), 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-1,6dichlorocyclodeca-l,3,6,8-tetraene C,,,H,&l,; F.W. = 201.1; m.p. = 88-89 
dec (green melt) Chunky, colourless prisms. Monoclinic a = 7.577& b = 7-878k c = 8.397& av. 
u = OQO~A, f~ = 109.050, u = 005” v = 471.07A’, z = 2, ~(ca~c) = 1.43 g.~m-~. space group P~,/c 
from absences. Unless the structure is disordered the molecule must possess a ccntre 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 tilled with N,. This crystal, 
which was used for the analysis, had dimensions of 0.15 x 03 x @8 mm and a mosaic spread, estimated 
from peak breadth, of @2”. 

The cell dimensions were determined by measuring the 0 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 < 20 < 136.5” with a Picker 
4-circle dilfractometer in the 20-scan mode using Ni-filtered CuKa radiation at 32 KV and 4 mA. A 28 
range of f 1.25” was scanned at a rate of Z”/min with 20-w 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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