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Crystal Structure of 2,12-;Dibromo-cyclododecanone

J. DEHLI and P. GROTH

Universitetets kjemiske institutt, Blindern, Oslo 3, Norway

The crystal structure of 2,12-dibromo-cyclododecanone has been
solved by the heavy-atom method at room temperature. The crystals
are monoclinic with lattice parameters a=»5.00, A, b= 19.59, A,
¢=14.59, A, and f=106.4,°. The space group is P2,/c and the cell
contains four molecules. Full-matrix least squares refinement gave
the R-value 9.6 9, for 1484 observed reflections. The conformation
of the 12-membered ring corresponds approximately to the idealized
model with 422-symmetry, containing 8 synclinal and 4 anti-periplanar
partial conformations. The carbonyl group is pointing inward making
angles of 80.8° and 82.2° with the two ring planes.

2,12-Dibromo-cyclododecanone

CHy= CHy= CHy=CHy = GHBr

CH c=0
P2 /

CHy=CH,— CH,- CH,-CHBr

has been synthesized by T. Ledaal at this university. The present structure
analysis was carried out as part of a study of the orientations of the carbonyl
group in 5—12 membered cycloalkanones,»? and also with the intention of
obtaining information about the molecular geometry of the carbon skeleton
of cyclododecanone.?:$

CRYSTAL DATA

2,12-Dibromo-cyclododecanone belongs to the monoclinic system, the
systematic absences leading to space group P2, /c. The following cell parameters
with their estimated standard deviations were obtained from a Guinier powder
photograph:
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588 DEHLI AND GROTH

a= 5002 A o(A) = 0.003
b= 19.590 » o(A) = 0.008
c = 14.592 » o(&) = 0.009
B = 106.42° o(°) = 0.05

The unit cell contains four molecules (gale==1.61 g-cm™3, gops=1.58 g-cm™3).

The intensity material was obtained from photometric measurements of
integrated Weissenberg diagrams corresponding to Okl---3kl (CuKe«-radiation).
The number of reflections accessible from these diagrams is 2048, 1484 of
which were strong enough to be measured. The intensities were statistically,
layer by layer, put on absolute scale. Since the maximum number of reflec-
tions handled by the available least squares program was 1500, accidentally
absent reflections were excluded in the refinement.

No corrections have been made for absorption or secondary extinction
effects.

DETERMINATION AND REFINEMENT

The Okl-projection of the molecule was determined by the heavy atom
method; the R-value arrived at after least squares refinement (with anisotropic
temperature factors for Br-atoms) being Rou=8.0 %, The corresponding
Fourier map, which is reproduced in Fig. 1, was used together with a model of
the molecule in deriving approximate relative x-coordinates of all the atoms.

Fig. 1. Fourier projection along a-axis.
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2,12-DIBROMO-CYCLODODECANONE 589

The absolute values, corresponding to the minimum Ry-value obtained by
allowing the molecule to move in small steps parallel to the x-axis and cal-
culate the R-factor for each step, were used as starting parameters in a three-
dimensional full-matrix least squares refinement.? The weighting scheme
No. 1:

for F,,<FB W = AL(F ,.)B!
for ¥ ,.>FB W = A2(F )"

- obs

was adapted by taking A1=10.0, A2==20.0, B1=0.0, B2=—0.5 and FB=4.0.
The form factors calculated by Hanson, Herman, Lea and Skillman were
used.? Anisotropic temperature factors were introduced for the bromine atoms.
The hydrogen atom positions were calculated assuming tetrahedral C—H
bonds of lengths 1.03 A. Hydrogen parameters (isotropic B=5 AZ%) were not
refined. The R-value arrived at for 1484 observed reflections was 9.6 9.
The final fractional atomic coordinates and the thermal vibration parameters
are given in Table 1 (a) and (b). The expressions for the anisotropic and
isotropic vibrations, respectively, are:

exp[— (B 22+ Book?+- Byyl2+ B ohk -+ B shl+ Bygkl)]
exp[— B -sin20/1%)

A comparison between calculated and observed structure factors is presented
in Table 2. The principal axes of the thermal vibration ellipsoids given by the
components in (A) along the crystallographic axes, U,, U » Us the corre-
sponding r.m.s. amplitudes, and the B-values, for the two bromine atoms are:

U, (&) U, (A) U, (4) (@) (A) B (A

0.127 0.107 —0.203 0.288 6.56

Br, 0.102 —0.240 —0.029 0.265 5.56
0.178 0.044 0.157 0.206 3.35

—0.357 0.093 —0.079 0.356 9.99

Br, 0.030 0.030 0.321 0.316 7.86
—0.055 —0.197 0.008 0.206 : 3.34

The pseudo equatorially bonded Br, has large thermal motion approximately
parallel with the a-axis.

RESULTS

Interatomic distances and angles with their estimated standard deviations
may be found in Figs. 2 and 3. The dihedral angles are listed in Table 3. The
2,12-dibromo-cyclododecanone ring has almost the same conformation as
azacyclododecane hydrochloride and {rans 1-13,13-dimethyl-13-azoniabicyclo-
[10,1,0]-tridecane iodide,®:¢ and may be described (Table 3) in terms of four
roughly planar 4-atom chains, each sharing two ‘““corner’” atoms with adjacent
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Table 2. Calculated and observed structure factors.
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Table 2. Continued.
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Table 2. Continued.

AL K £ Hr L hrt A £ b AL hrl
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Table 3. Dihedral angles of the carbon skeleton of 2,12-dibromocyclododecanone.

©)

C, —C, —Cy —C, 61.6
¢, —C, —C, —C, —171.6
C, —C, —C, —C, 68.6
¢, —C, —C, —C, 68.9
C, —C, —C, —C, ~150.2
C, —C, —C, —C, 73.5
¢, —C, —C, —C,, 63.0
Cy —C, —Cp—C1, —170.7
Cy —Cpp—Cyy—Chy 64.9
Cro—Cry—Cy—C,y 68.1
Cy;—Cpy—C, —C, —153.8
Cy—Cy —Cy —Cy 79.0

Fig. 2. Schematical drawing of the molecule showing interatomic distances.

chains. The mean value of the C—C—C angles in the cyclododecanone ring is
114.1°, somewhat larger than the corresponding values for the two compounds
mentioned.

110.1(1.0)
f 17.4(1.2)

103.8 (08) % ~ |
. %]39.7(0.8)
B
(82

Fig. 3. Schematical drawing of the molecule showing interatomic angles.
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In order to decide whether this compound corresponds to an ‘‘inside-
carbonyl” conformation or not, the distance from the oxygen atom to the
“plrane” defined by C,;—C,—C;,—C,, was calculated, and found to be 0.41 A
inside.

The orientation of the carbonyl group is often expressed in terms of the
angle between the C==0 direction and the ‘“ring plane”.? In 2,12-dibromo-
cyclododecanone two least squares “‘ring planes” defined by C;—Cy—Cy—C/,
and C,—C,—C,—C,, (indicated in Figs. 2 and 3) gave the following fit:

Atoms defining the plane Dist. (4) Atoms defining the plane  Dist. (A)
c, 0.047 c, 00.79
c, —0.048 C, —0.078
C, 0.049 c, 0.076
C, —0.048 C, —0.077

The angles between the C=0 direction (pointing inward) and these two
planes were found to be 80.8° and 82.2°, values which agree with recent results
obtained by NMR investigations.” '

The shortest intra molecular distance between hydrogens not bonded to
the same carbon atom is about 2.0 A. Fig. 4 shows the packing of the mole-

|

Fig. 4. The packing of the molecule
viewed along [100].

[>.

cules viewed along [100]. The shortest infer molecular distances compared
with the corresponding van der Waals values are:

Acta Chem. Scand. 23 (1969) No. 2 17
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Distance (A) v.d. Waals contact (A)
Br—Br 4.71 3.90
Br—-0 3.72 3.35
Br—H 2.96 3.15
O—H 2.44 2.60
H—-H 2.5 2.4
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