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The Crystal Structure of Bicyclopropyl

JAN ERAKER and CHR. ROMMING

Universitetets K jemiske Institutt, Blindern, Oslo 3, Norway

The crystal structure of bicyclopropyl, C;H,,, m.p. —83°C, has
been determined by a three-dimensional X-ray diffraction analysis.
The crystals are orthorhombic, space group Cmca; the unit cell,
containing four molecules, has the dimensions

a=28904 A, b=5137T A, ¢=11.807T A

A trial structure was obtained by Patterson methods. Refinement was
carried out by least-squares methods yielding & final R-factor of
0.066.

The molecules were found to have the trans conformation with
2/m symmetry. In contrast to what is the case in the gas phase, the
molecules in the crystals show no large amplitudes of torsional
vibration about the central carbon-carbon bond. The average cyclo-
propyl carbon-carbon bond length was found to be 1.506 A and the
centralAbond to be 1.487 A with estimated standard deviations of
0.004 A.

As part of their investigation of the conformations of bicycloalkyl homo-
logues Liittke et al.! examined bicyclopropyl by infrared and Raman spec-
troscopic methods. They were able to conclude that whereas the molecules
exist in the centrocymmetrical ¢rans conformation in the crystals, there is
another conformation present in equilibrium with the trans conformation in
the liquid state.

Bastiansen and de Meijere 2® employed electron diffraction methods in
order to analyse the conformations of bicyclopropyl present in the vapour
phase and also to determine bond lengths and angles in the molecule. The
presence of both the trans and the gauche conformations was established and
an estimate of the relative amounts of the two was given, the amplitudes of
torsional vibration about the central bond were shown to be large. The carbon-
carbon bonds were of too similar length to be resolved, however, and only
the average bond length of 1.517 A could be determined.

In order to obtain supplementary data a three dimensional X-ray crystal-
lographic analysis of bicyclopropyl was undertaken.
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EXPERIMENTAL

Since the melting point of bicyclopropyl is —83°C, the compound was kept at tempera-
tures of —100 to —110° during the X-ray exposures, sealed off in thin-walled pyrex
capillary tubes with diameters of 0.1—0.2 mm.

The dimensions of the crystallographic unit cell were determined from Debye-Scher-
rer diagrams. CuK« (A=1.5418 A) was employed and powdered KCl (a—100°c = 6.265 A)
was used as a standard. 13 strong lines from bicyclopropyl were measured; the axes of
the (orthorhombic) unit cell were determined by the least-squares method.

The intensity data were obtained using the multi-film, integrating equi-inclination
Weissenberg technique. Several attempts to freeze out single crystals were made; the
crystals formed appeared to have no preferred orientation relative to the capillary tube
axis. It was thus possible to obtain a nearly full, three-dimensional set of reflections
from intersecting reciprocal layers. These were obtained from crystals rotating about
the [100], [010], [110] and [310] directions. The intensities were measured photometrically
except for the weakest reflections which were estimated visually with use of a calibrated
scale. CuK«-radiation was used for the intensity experiments. Out of the 323 independent
reflections obtainable with this wave length, 261 were actually observed whereas 45
were too weak to be measured, and 17 the (15!) and (26!) reflections were not obtained.

The intensities were corrected with the Lp~-factor and put on a common, arbitrary
scale. No absorption corrections were applied, the uR value of the cylindrical specimen
being only about 0.04. Prior to the last stage of the refinement procedure the intensities
were corrected for secondary extinction effects by the method given by Zachariassen.*

The full-matrix least-squares program used in the refinement procedure was written
by Gantzel, Sparks and Trueblood (IUCr World List No. 384), modified to include a
weight analysis and adapted for UNIVAC 1107 by Chr. Remming. The program minimizes
the function Tw(F,—G-F.)%; the weight (w}) applied to the structure factors was constant
for |F,| < 3 and proportional to | F |- for larger values of | F,|. Non-observed reflec-
tions were included with a structure factor corresponding to the most probable value ®
and assigned a weight of one third of the weight given to the observed reflections. These
weight assignments turned out to give satisfactory results in the weight analysis.

The program for three-dimensional Fourier calculations was written by Gantzel and
Hope, the program for secondary extinction corrections was written by A. Christensen.

The atomic form factors used in the calculations were those given by Hanson et al.®
for hydrogen and by Hoerni and Ibers ? for carbon atoms.

CRYSTAL DATA

Bicyclopropyl, CgH,4, m.p. —83°C
Orthorhombic, unit cell constants at —100°C:
a = 8.904 (0.007) A; b = 5.137 (0.004) A; ¢ = 11.807 (0.005) A.
Figures in parenthesis are estimated standard deviations.
V = 540.05 A3, M = 84.16, F(000) = 184, Z = 4.
Calculated density: 1.035 g cm™ at —100°C.
Absent reflections: hkl when b + k = 2n 4 1
hkO when b = 2n + 1 (and k = 2n + 1)
ROl whenl = 2n 4+ 1 (and A = 2n + 1)
Space group: C2chb or Cmca. (Cmca is indicated by the present analysis).

STRUCTURE DETERMINATION

There are two space groups, C2¢b and Cmca, both compatible with the
systematic absent reflections. The spectroscopic evidence, however, showed
that the molecular symmetry is C,,, indicating that Cmca probably is the
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correct one; during the structure analysis nothing was found to contradict
this conclusion.

In the space group Cmca there are 16 equivalent general positions, it follows
that with four molecules in the unit cell the molecular symmetry is 2/m.There
were only 13 positional parameters to be determined, approximate values of
which were found by standard methods in the a and b projections. The result-
ing model was then refined by least-squares methods using the three-dimen-
sional data set. In these calculations thermal vibrations were assumed to be
anisotropic for carbon atoms and isotropic for hydrogen atoms. Successive
cycles of refinement reduced the conventional R-factor to 0.08; correction for
secondary extinction effects and further least-squares calculations resulted
in a final R-factor of 0.066.

‘Table 1. Final atomic coordinates with estimated standard deviations.

x Y 2z
c() 0 —0.0022 (0.0005) 0.0630 (0.0002)
C(2) 0.0848 (0.0002) 0.2017 (0.0004) 0.1278 (0.0002)
H(1) 0 —0.180 (0.008) 0.094 (0.003)
H(2) 0.143  (0.003) 0.327 (0.006) 0.081 (0.002)
H(3) 0.139 (0.003) 0.149 (0.006) 0.202 (0.002)

Table 2. Anisotropic thermal parameters, By X 10*, for carbon atoms according to the
expression exp— (B;h? + Bgk? + Byyl? + Bighk + Byghl + B,gkl), and isotropic thermal
‘ parameters for the hydrogen atoms.

B,, By, By, B, B, B,
c(1) 92 (3) 268 (11) 47 (2) 0 0 4(7)
C(2) 95 (3) 379 (10) 59 (2) —8 (7)) —20(3) —55 (5)
B
H(1) 2.0 (0.7)
H(2) 2.3 (0.5)
H(3) 2.4 (0.5)

The calculations were based on 306 reflections. The scale factor, 13 posi-
tional and 13 thermal parameters were varied in the least-squares procedure.
The final parameters are listed in Tables 2 and 3, a comparison of observed
and calculated structure factors is given in Table 3.

A three-dimensional Fourier synthesis and a partial difference synthesis,
with the carbon atoms subtracted, were finally calculated. A composite
electron density map as viewed down the b-axis is shown in Fig. 1. Sections
through hydrogen atoms are taken from the partial difference synthesis.

The bond distances and interbond angles calculated on the basis of the
parameters of Table 1 are listed in Table 4 together with their estimated stand-
ard deviations. They are also shown in Fig. 2.
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Table 3. Observed and calculated structure factors. The columns are k, k,1, 10 x | F,| and
10 x F.. Non-observed reflections are denoted by an asterisk.
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Table 4. Bond lengths and interbond angles with estimated standard deviations.

Bonds (A)
C(1)—C(3) 1.487 (0.004) C(1)—H(1) 0.99 (0.04)
C(1)—C(2) 1.501 (0.003) C(2)—H(2) 1.04 (0.03)
C(2)—C(2") 1.510 (0.004) C(2)—H(3) 0.99 (0.03)
Angles not involving hydrogen atoms (°)
C(3)—C(1)—C(2) 120.0 (0.2y
C(2)—C(1)—C(2) 60.4 (0.2)
C(1)—C(2)—C(2) 59.8 (0.1)
Angles involving hydrogen atoms (°)
C(3)—C(1)—H(1) 113 C(2')—C(2)—H(2) 119
C(2)—C(1)—H(1) 117 C(1 )—C(2)—H(2) 113
H(2)—C(2)—H(3) 113 C(1) —C(2)—H(3) 123
C(2)—C(2)—H(3) 122 Standard deviations approximately 2°.
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Fig. 1. Composite electron density map as  Fig. 2. Bond lengths and inter-bond angles.
viewed down the b-axis. Contour intervals
are 2 eA-® for carbon and 0.5 eA-* for

hydrogen atoms.

Intermolecular distances were calculated and found to be of magnitudes
normal for the packing of this type of molecules.

DISCUSSION

The conformation of bicyclopropyl molecules in the crystals is found to be
trans about the central carbon-carbon bond which was to be expected from
the spectroscopic evidence. The thermal vibrations of the molecule do not
appear to be unusually large. The principal axes of the ellipsoids of vibration
were calculated for the two independent carbon atoms. The C(1) atom was
found to vibrate almost isotropically with a root mean square amplitude of
0.19 A. For the C(2) atom the root mean square amplitudes were found to
be 0.18, 0.21, and 0.24 A along the principal axes, respectively, the axis of
largest amplitude being approximately normal to the a axis. The number of
independent atoms is too small to allow a closer analysis of the molecular
oscillations, but certainly no large amplitude of twist motion about the central
bond is indicated.

The carbon-hydrogen bond distances were all found to be close to the
value normally obtained by X-ray methods.

The two independent C—C bonds in the cyclopropane ring were found
to be 1.501 A and 1.510 A, respectively. With respect to these bond lengths

Acta Chem. Scand. 21 (1967) No. 10



2726 ERAKER AND ROMMING

the value of ¢ = |l,—0,|/(0,® + 0,%)} is 1.8, corresponding ® to a probability
of 4 9%, that the bonds actually are of equal lengths. The values of ¢ when
comparing the ring carbon-carbon bonds with the exocyclic carbon-carbon
bond of 1.487 A, are 2.8 and 4.0, respectively, with corresponding probability
values of 0.3 ¢, and 0.003 %, Using the usual significance levels we must
conclude that the carbon-carbon bond joining the cyclopropane rings is
shorter than the ring bonds by a highly significant amount, whereas the
difference observed between C(1)—C(2) and C(2)—C(2’) bond lengths is
possibly significant.

The central carbon-carbon bond is shorter than the aliphatic C—C single
bond. This observation is in accordance with the fact that the cyclopropane
ring chemically behaves much like a double bond, the central bond in bicyclo-
propyl is thus to be compared with a single bond in a conjugated system, and
the bond is indeed found to be only about 0.01 A longer than such a bond.

The weighted average carbon-carbon bond length is 1.502 A. This is the
value to compare to the one of 1.517 A found by electron-diffraction methods
for bicyclopropyl in the vapor phase. The authors consider the difference too
small to justify a discussion of the possible reasons for this discrepancy.
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