ACTA CHEMICA SCANDINAVICA 24 (1970) 1051—-1058

Crystal Structure of trans-3,10-Dibromocyclodecane-1,2-

dione

P. GROTH

Department of Chemistry, University of Oslo, Oslo 3, Norway

The crystals belong to the monoclinic system and the space
group is P2,. The unit cell, containing two molecules, has the fol-
lowing parameters: a=8.52, 4, b=6.41, A, c=11.04, A, $=105.2,°.
The structure was solved by the heavy atom method and refined
to R=6.3 % (Ryw=>5.19%,) for 873 reflections observed by a four
circle diffractometer. The conformation of the ring is similar to that
previously observed in several cyclodecane derivatives, with the car-
bonyl groups so situated as to minimize the number of short trans-
annular H---H contacts. Distances and angles of the ring skeleton
are normal (mean values 1.51; A and 116.6°). The bromines are
situated at semiaxial positions. The C—C=O0 angles at the bromine
sides are opened to 125° and 126°, respectively, probably due to
repulsions between oxygen and bromine. Transannular distances
between opposite pairs of methylene and carbonyl carbon atoms
are 3.10 A and 3.13 A. The oxygerg are outside the plane through

‘ |
the four carbon atoms of the (C—C—C—C)-group by 0.49 A and
I
0.39 A.

Several X-ray investigations of cyclodecane derivatives! have led to the
conformation shown in Fig. 1 as the energetically stable one. The ring
skeleton possesses 2/m symmetry to a good approximation and thus only
three types of carbon atoms (I, II, III) can be distinguished.

By bromination of 1,2-di(trimethylsiloxy)-cyclodecene in chloroform at
25°C, equal amounts of two stereoisomers of 3,10-dibromo-cyclodecane-1,2-
dione are obtained.2
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1052 P. GROTH

Fig. 1. Energetically favoured conforma-
tion of cyclodecane.

Following the arguments given by Dunitz3 it appears probable that the
carbonyl groups occupy positions corresponding to the shortest transannular
H---H contacts in cyclodecane. Since transannular H---H distances at III
are 0.10—0.15 A shorter than corresponding contacts at I and II, one would
expect the carbonyls to be situated at III.

Under this assumption there are three possibilities for 3,10-substitution
(all of which are extra-annular): (e,e), (e,a), and (a,a), where e and a means

semi-equatorial and semi-axial, respectively.

Infrared spectra (KBr and CCl,) suggest the lowest melting isomer (m.p.
93—95°) to be (e,a), while the conformational problem of the other (m.p.
94 — 96°) is unsettled.

Bromination of cyclodecane-1,2-dione in chloroform yields the lower melting
compound only, and no trace of a third isomer has been observed.?

" The present single crystal X-ray structure determination of the higher
melting isomer has been carried out in order to determine the carbonyl posi-
tions and to settle the conformational problem.

The crystals are monoclinic with two molecules in the unit cell. Cell dimen-
sions, determined by a manual four circle diffractometer, with estimated stand-
ard deviations * are: a=6.522(5) A, b=6.419(4) A, ¢=11.040(6) A,
© p=105.22(2)°. OkO-reflections are systematically absent for k=2n+1. Of the
two possible space groups, P2; and P2,/m, the latter requires that the mole-
cules retain a mirror plane in the crystals.

* All programs used are included in this reference.
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With 20, =55° and MoKa-radiation, about 1400 reflections were measured
by an automatic four circle diffractometer. 873 were recorded as observed
using an observed — unobserved cutoff at 2.3-g(I). The intensities were cor-
rected for absorption effects (crystal size 0.26 mm x0.21 mm x0.08 mm).

Table 1. Fractional atomic coordinates for bromine, oxygen, and carbon atoms with
estimated standard deviations (multiplied by 10°).* Isotropic temperature factors for
oxygen and carbon.

Atom X Y yA B (Ae)
Br, 14692 50000 — 04911
19 0 14
Br, 89072 26033 39488
19 47 14
0, 55740 14676 25160 4.0
126 192 87 2
0, 51056 53282 03631 3.9
116 199 73 2
C, 28180 35802 09394 3.4
192 208 125 3
c, 46248 41867 10789 3.2
175 243 123 3
C, 58956 31814 21746 2.8
166 242 119 3
C, 74697 43088 26496 3.4
176 261 129 3
G, 73786 65339 30707 4.0
223 206 149 4
c, 67089 68628 42127 3.9
236 318 154 4
G, 49289 61591 40709 3.2
209 285 141 3
c, 36693 71554 30156 3.5
199 279 136 3
c, - 21035 58886 26180 3.9
205 270 157 4
Cho 21932 38006 20014 4.0
: 216 313 161 4

% For numbering of atoms, see Fig. 1.
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Table 2. (a) Anisotropic thermal vibration parameters for the bromine atoms with
estimated standard deviations (multiplied by 10%).

Atom Bll B" B” . Bu Bu Bll
Br, 1453 4305 960 447 —172 7156
32 78 17 103 35 71

Br, 1109 2870 1196 686 226 935
27 57 19 91 34 66

(b) The principal axes of the thermal vibration ellipsoids given by the components of
a unit vector in fractional coordinates e,, e,, e,; the corresponding r.m.s. amplitudes,
and the B-values.

Atom o, o e, @) &) B4y
.001 146 031 307 7.42

Br, 072 042 —.054 .268 5.67
.098 033 070 194 2.97

.001 .083 077 288 6.54

Br, .059 114 —.031 238 4.49
.106 —.065 044 179 2.54

The three-dimensional Patterson map was (as expected) consistent with
space group P2,. The structure was solved by the heavy atom method and
refined by full-matrix least squares technique, hydrogen positions being cal-
culated by assuming tetrahedral C — H bonds of length 1.03 A. With a common
B-value of 5.0 A2, hydrogen parameters were included in the structure factor
calculations, but not refined. Anisotropic temperature factors were introduced
for the bromine atoms, and the weights in least squares were calculated from
the standard deviations in intensities, o(I), taken as

o(l)=(Cy+(0.02 'ON)z)*

where O is the total number of counts and Cyx the net count (peak minus
background). The conventional R-value arrived at was 6.3 9, (weighted value
Ryw=5.19%,) for 873 observed reflections. The form factors used were those
of Hanson et al.® Final fractional coordinates and thermal parameters: with
estimated standard deviations are given in Tables 1 and 2. A comparison
between observed and calculated structure factors is presented in Table 3.

Bond distances and angles may be found in Fig. 2 which shows the molecule
viewed along [010]. The standard deviations, ranging from 0.015 A to 0.026 A
and from 1.0° to 1.6° for distances and angles, respectively, were estimated
from the correlation matrix corresponding to the last least squares refinement
cycle.

Fig. 2 shows that the conformation of the molecule is very similar to the
normal conformation of the cyclodecane ring with the trigonal atoms in type
IIT positions, and the bromines substituted in (a,a) at the II positions.
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Table 3. Observed and calculated structure factors on 10 times absolute scale
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Table 3. Continued.

h k1l % IR
3 3 % 198
3 3 19 1
3 3 332 34
3 3 126 133
3 3 215 220
3 3 195 197
3 3 236 239
3 3 385 361
3 3 418 394
3 121 128
3 3 299 300
3 3 A1 322
3 3 220 229
3 3 212 281
| 102 107
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3 2 146 141
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Table 3. Continued

h kL Fo IR h ke t F IR h kL TFo Rl h » ¢t R IR
8 1 4 142 a5 8 3 o 130 j22 9 o 1 143 145 9 3 -3 1s

2 b -4 13 1 8 3 3 145 142 5 1 -1 %% e ° 32 s N
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8 3 -4 137 1% 9 o -2 106 95 9 2 -2 107 109 10 2 -2 107 j2s
8 3 -3 12 99 9 o -1 192 {83 9 2 0 147 165 10 2 o 9 13
8 3 -1 160 178 9 0 0 114 89 9 2 1 127 111

All C—C distances are equal within probable limits of error, the mean value
being 1.51, A. Also the C—C—C angles have normal ! values with an average
of 116.6°.

The angles C, — C, =0, (125°) and C,— Cy= 0, (126°) are significantly larger
than C;—C,=0, (118°) and C,—C,=0, (117°), respectively; an effect which
may arise from repulsions between oxygen and bromine. The observed distances

¥y ¥y

Fig. 2. Schematical drawing of the molecule (viewed along [010]) showing bond distances

and angles. Standard deviations are about 0.02 A and 1° for distances and angles, respec-
tively.
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Table 4. Dihedral angles. Standard deviations range from 1° to 2°.

Angle °)
0, -C, —C, —O —148
C, —C, —C; —C, —156
Cy —Cy —C, —C4 56
C; —C, —Cy —C, 65
C, —C; —C; —C, —62
Cy —C —C, —C4 —58
Cy —C, —C, —C, 159
C, —Cy —C, —Cyy —63
Cs —Cy —Cy0—C, — 58
C, —C)0—C, —C, 65
Cy—C, —C, —C, 52

Br,:-+0, (3.00 A) and Br,---0, (2.96 A) are still considerably shorter than the
corresponding van der Waals contact (3.35 A). Although the distances Br,---0,
and Bry---O, become relatively short with (e,e)-substitution, it appears some-
what surprising that (a,a) is the preferred conformation (as mentioned, the
third isomer was not obtained).

A shortening of the distances between opposite pairs of type III afoms,
Cy++Cg (3.13 A) and Cy-+-C, (3.10 A), compared with 3.29 A in the cyclodecane
ring, corresponds to the results obtained for cyclodecane-1,6-dione! and 2-
oxa-cyclodecane-1,6-dione.3

The dihedral angles listed in Table 4 are in good agreement with earlier
findings.!

The oxygen atoms, O, and O,, are out of the least squares plane through
C;, Cy, Cy, C, by 0.49 A and 0.39 A, respectively, in outward direction.

No unusually short intermolecular contacts are observed.
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