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Crystals of tvmu-l&dichloro-cyclooctatx are monoclinic with spaa group P2,lc and Z = 4. 
The unit all dimchons at - 180” are a = 14.10, b = 5.53, c = 1218A and fl- 113.1”. 

The structw was solved by calculation of a minimum function Mb and r&cd by the least-squares 
method. The ring has the hGchair conformation, its symmctq being approximately C, The one chlorine 
atomatthetopof~~moietypointstotheaxkldiredion,thcothaonetoa(ppudo-)eq~torial 
direction. The mean ring vahcy angk is 1164”. Due to stark interaction the carbon dllorinc bonds arc 
large. their mean value being 1.83A. 

INTRODUCTION 

THB conformation ofcyclooctane has been studied by several workers Hendrickson,Z-* 
Wiberg5 and BixorP have carried out semiempirical enthalpy calculations of a 
number of symmetrical cyclooctane conformations and concluded that the boatchair 

form with symmetry C, has the lowest energy content. Dunitz and his co-workers’* * 
have determined the crystal structures of frcns- and cis-1,2cyclooctane dicarboxylic 
acids and found that these two molecules do have the boat-chair form. Recently, 
Groth’ investigated the crystal structure of 3,6_spirodicyclooctylidene-1,2,4,5- 
tetraoxacyclohexane and concluded that the cyclooctane rings of this compound also 
have the boat&air conformation. 

Henniger et aLlo investigated the transann ular reaction mechanism of several 
cyclooctane derivatives and analysed their NMR, Raman and IR spectm. Henniger” 
synthesised a number of dichloro-cyclooctane derivatives and found that the title 
compound is the rrcms-1,4isomer. In view of the difllcult interpretation of the spectra 
mentioned it was deemed necessaq to determine the crystal structure of tram+1,4- 
dichloro-cyclooctane (hereafter DCC). 
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EXPERIMENTAL 

Crystals of DCC (m.p. 1Oq were prepared from 8 solution (40”/, wt) in n-hexane at -20”. The crystals are 
monoclinic needles elongated along the unique axis [OlO]. The unit cell dimensions were determined from 
zero layer We&se&erg photographs about [OlO] and [Ool] taken ‘with CuK. radiation (1= l+t18A) 
and supupoaed with ahminwn powder linea (a = 40489 A) for calibration purposea. The spacings d(lOO), 
d(OlO), d(oO1) and the angle fl were refined with a least-squarea procedure resulting in the unit cell constants 
listed in Table 1. From the observed density (flotation method) and the cell volume it is concluded that the 
ceil contains four molecules. 

TABLE 1. CRYST~WHIC DATA OF DCC 

trams-1,4-Dichloro-cycyclooctanc, CsH,,Cl,, 
Melting point 10”; 
Monoclinic prismatic, P2 I/~ ; 
a = 14102 f O-005, b = 5.528 f 0+004, c = 12.179 f ooo7 A, 
fl= 113.1 f @l at - 180”, stated errors are three times standard deviations; 

df.“, = 1*34g CIII-“,~;‘~~ = 1.38g.cm-“,Z = 4; 
F(ooO) = 384; Y = 873 A”; p(Cuy) = 593 cm-‘. 

A serka of equi-inclination Weissenberg photographs (N&filtered r&-radiation, multiple film Mque) 
was taken at - 180” about [OlO] with levels k = 0.. .4 and about [OOl] with levels 1 = 0.. .9, the latter 
being of rather a poor quality. The intensities were estimated visually and corrected for Lorentz, polarixa- 
tion, spot shape and absorption (cylindrical approximation) effects. The data of both zones were correlated 
and put on a common relative scale. During the final least-squares cyclea (next section) the c-axis data were 
discarded and sepamte scak factors were refined for the levels k = 0.. .4. A total of 5559 reflexions, 
including 278 non-obecrved ones were used during the refinement. 

Structure detemtination and refinement 
The systematic absent reflexions (ho1 for 1 is odd and Ok0 for k is odd) indicate the space group pZ,/c 

in accordance with the interpretation of the Patterson function p(uuw). The positions of the two independent 
chlorine atoms were derived directly from this vector map. A minimum function” M* was calculated with 
a program developed by Mrs. E. W. M. Rutten and outlined elsewhere.13 Applying the required shifts to 
the equivalent positions of Cl (lO)(cf. Fig. 1 for the numbering of atoms) the complete structure(the hydrogen 
atoms excepted) was revealed. Structure factor calculations based upon the obtained atomic positions 
resulted in a reliability index R = 22%. 

The relinement was carried out in the usual way with the least-squares method in block-diagonal 
approximation to the matrix of normal equations. During the final stage of anisotropic refinement (3 cycles) 
of all heavy atoms the hydrogen atoms were included at calculated positions but not re6ned. The ultimate 
R index* is 11.5% if non-obamed reflexions are included and 8.8% if those reflexions are omitted. 

The average positional standard deviation u(r) (Table 2) is m A for the carbon atoms and O-0015 A 
for the chlorine atoms. Multiplying these numerical values with a factor two according to Hamilton’s 
stringent procedure” we arrived at the averaged standard errors of 0017 A for C-C bonds and Ml3 A 
for C-Cl bonds. Assuming chemical equivalence of the eight C-C bonds we estimated a more optimistic 
value of m A for the standard deviation of the C-C bonds, The estimated standard errors in vaency 
and torsional angles are 1” and 1.5” respectively. The influence of errors of the lattice constants is in our 
case negligible. The positional and vibrational parameters are listed in Tables 2 and 3. 

DISCUSSION OF THE STRUCTURE 

A perspective drawing of DCC is shown in Fig 1. It can be seen that the conforma- 
tion is a boat-chair. The torsional angles which determine the shape of the molecule 
are indicated by numbers along the bonds of the carbon-carbon framework. (cf. also 
Table 4). A careful comparison with the theoretical dihedral angles indicates that the 
agreement is best with Hendrickson’s values The observed deviations between the 

l A list of calculated and observed structure factors is available upon request. 
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FIG. 1. A perspective drawing of the molecule nuns-1&dichlorosyclooctane, showing torsionid angles. 

three sets of experimental values (Table 4) are significant and are due to different 
chemical environment, different functional side groups and, perhaps, packing effects. 
Nonetheless, it is conspicuous that experimental values show better agreement than 
the theoretical values. 

TABIE~. ~SITIONALPPARAHBIHRS (PlucnOWOF~~)AmTHBIllC ALcuLAmDrrmDARD 

DEVIATIONS (lo-* A UNITS) 

Atom X dx) a(Y) Y Z dz) 

c (1) Q3851 52 Q6127 68 08243 56 
c (2) Q3O53 53 Q51% 70 Q7052 50 

c (3) Q#K)5 53 Q6537 67 0.6617 50 
c (4) 01129 52 Q5244 70 06838 57 

c (5) 01269 55 Q4657 71 Q8117 56 

c (6) 02150 61 Q2913 74 Q88Q6 57 

C(7) 0.3140 59 0.4124 73 09678 53 

C (8) Q34% 54 Q6456 70 09264 51 

cl (9) Q433O 13 09062 18 Q8001 13 
Cl (10) 0803 13 Q2436 17 05962 13 

TABLE 3. VIBRATIONAL PARM~BIERS u,,(m lo-*. A2 UNITS) IN THE TEMPERATURE FACTOR 

Atom 

a) 
c(2) 
c(3) 
c(4) 
c(5) 
‘J6) 
c(7) 
c(8) 
a(9) 
WO) 

u 11 

134 
180 
172 
140 
178 
284 
283 
187 
158 
168 

u22 V 33 2u,2 2u2, 

166 222 53 11 134 
225 138 64 48 127 
134 135 24 45 54 
161 253 40 -10 128 
193 205 -8 9 123 
188 193 66 96 202 
206 130 75 99 124 
228 105 -9 -9 40 
179 219 -58 46 96 
184 188 -32 -32 34 

2u,, 
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FIG. 2. A schematic drawing of cranel,44chloro-cyclooctane showing bond distancea and vakocy 

The bond lengths and valency angles are shown in a schematic drawing in Fig 2 
and listed in Table 5. They are not corrected for thermal motion. The mean value of 
the ring valency angles (1169”) is unusually high and seems to be characteristic of 
cyclooctane derivatives. The carbon-carbon bond distances are quite regular. The 
largest deviation from the mean value (1.535 A) is o-014 A. 

The chlorine atoms Cl(9) and Cl(10) are connected to C(1) and C(4) in (pseudo-) 
equatorial and axial directions, respectively. Interestingly, Hendrickson* has pre- 
dicted that this pair of positions and directions belongs to the four favourable combi- 
nations for disubstituted methyl derivatives of cyclooctane in boat-chair confor- 
mations. 

The lengths of the bonds C(l)-Cl(9) and C(4)-Cl(lO) are 1.825 and l-837 A, re- 
spectively. In view of the generally accepted interatomic distance of 1.79 A for the 

ho. 3. Rojtction of the struchue along [NO]. The Roman numerals arc explained in the text. 
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paraffiic C-Cl bond r5*16 the observed lengths seem to exceed the “normal” 
value on a 999 y0 significance level Other exceptions”* ‘s to this rule are found in 
heterocyclic compounds with C-O-C-Cl fragments in gauche form and having 
C-Cl distances in the range of 1.81-1.85 A. Electrostatic, dipole or electron lone pair 
interactions are invoked” to explain the irregularities. It is interesting to note that 
this effect is absent in the equatorial C-Cl bond (1.78 A) of cis-2,3dichloro-1,4- 
dioxanezO and in the two C-Cl bonds of monochloroacetic acid anhydride2’ 
(1.76 and 1.75 A)* 

One might suppose that the lengthening effect is non-existent after all and that 
more careful measurements of paraffinic C-Cl distances are necessary. On the other 
hand, it is also possible to defend the view that the effects are real, but require a 

TABLE 4. CALCULA TPD AND OBS8RVED DMBDRAL ANDLBS OF CYcLoocT ANM IN BOAT-CHAIR CONFORMATION 

Hendrickson” wibcrg’ 

+ 105.2 
-686 

+68* 
- 105-2 

+44.4 
+68* 
-68-6 
-44.4 

+95.2 
-49.4 

+ 494 
- 95.2 
+44*8 
+ 73,3 
-733 
-44.8 

Dunitz’ 

+1009 
-703 
+708 

- 105.9 
+46.8 
+62Q 
-63+l 
-43.4 

GrOth9 

+ 98.4 
-661 

+649 
- 101.3 
+490 
+61.1 
- 69.7 
- 36.5 

BiiOd 

+106 
-72 

+70 
- 105 

+46 
+64 
-64 
-44 

This work A v. Val. 

+1006 101.1 
-603 64.4 
+ 62.6 64.2 

-1oo.o 102*1 
+4@9 45.2 
+ 67.5 66.1 
- 62.2 67-O 
-48.2 43.6 

l-2-3-4 
2-3-4-5 
34-5-6 
4-%A-7 
5-6-74 
6-7-8-l 
7-8-l-2 
8-l-2-3 

TABIE~.(~SIRVBDBONDLBNOTHSANDC ALCUIATBD AND OBSBRVBD VALENCV ANOL5 OF CYcLoocTANB TN 

BOAT-CHAIR CONPORMAl7ON 

Bond Hendrickson3 W&ergs Bixon6 Lhmitz’ GrOth9 This work 

l-2 
2-3 
3-4 

4-5 
5-6 

6-7 
7-8 
S-1 

- - - 
- 
- 

1.547 l-517 1.534 
1.535 1545 1549 
1.551 1.539 1.540 
1.531 1.528 1.526 
1.554 1.535 1.535 
1.527 1.521 1540 
1.498 1.536 l-536 
1.502 1.529 1.524 

- - 
- - 
- - - 
- - - 
- - 

- 
- 

ADgk 
l-2-3 

2-3-4 
-5 
4-5-6 
5-6-7 
6-7-8 
7-8-l 
8-l-2 
mam v. 

113.5 1096 
114.3 1174 
115.2 125.3 
114.3 117.4 
113.5 1096 
114.3 114a 
115.2 114.4 
114.3 114Q 
114.3 115.2 

114 115.6 1167 114.2 

114 115.4 115.3 116-2 
115 115.1 118.8 119-l 
113 112.7 115.8 116.4 

115 115Q 114.8 115.2 
116 117-3 117.3 117-5 
116 118.2 115.2 114.8 
116 118.3 118-l 117.3 
115 1160 1165 116.4 

l In the cxampka of the latter compound nor of the titk compouod conectio~ for thermal moth have 
been applied. ~bwe corrections arc iucrcmcnts of the order of CHn h 
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different explanation in this particular case. As stated before the ring valency angles 
are unusually large and, moreover, the largest values are observed at C(1) (117.3”) and 
at C(4) (119.1”). The conjunction of the largest C-Cl bond (1.837 A) with the largest 
valency angle (119.1”) is conspicuous It is remarkable that this correlation between 
C-C-C valency angle and C-Cl distance also exists in rrua.+2a,3~ and trans- 

\ 
Cl 

2g,3u-dichlorocholestane 22,23 (lOSo, l76A; 112”, 1.82 A; 113”, 1.81 A; 115”, 1.83 A) 
and in achloro-6-valero-lactam13 (114”, 1.82 A). A proper explanation is difficult 
but we suspect that steric repulsions may play a major role. 

The angle between the vectors C(l)-Cl(9) and C(4)-Cl(lO) is 138.3”. Assuming 
partial moments of 2.15 D one calculates a dipole moment of 153 D. Henniger” 
measured the value of 1.83 D for this compound in a soln of CCl, and benzene. The 
higher value is in agreement with the assumption that other conformations might 
play a role in the solution. However, the difference (O-3 D) is too small to arrive at a 
conclusion at this point. 

Packing 

A part of the structure projected along [ 1001 is shown in Fig. 3. Taking as a limit 4.2 A the molecule I 
at x, y, z is surrounded by 13 ncighbours at 

-x, 4 + Y, 14 - z (II) 
-x, -f + y, lf - 2 (III) 
-X, l-y, 1-z (Iv) 

x, f-Y,-f+z 
x, If-Y,-f+z & 
x9 1 + Y, Z (VII) 

x9 - 1 + Y, Z (VIW 

l-x, l-y, 2-z (Ix) 
x, 14 - Y, 4 + z 
x, f-Y, f+z & 

1 -X,-f+y, 14-z o(H) 
1 - x, f + y. 14 - z (XIII) 

- x, - Y, l-z (XIV) 

The lattice rep&ions, glide planes and screw axes always induoc an even number of intermolecular intcr- 
actions and result in this case in 10 contacts. The action of a centrc of symmetry gives, howcvcr, only one 
intcrmolccular contact. In the cast of DCC thcrc arc three inversion operations giving three contacts 
with molecules IV, IX and XIV. 
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