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The title compound 9, C38H62, was prepared by dehalogenation of 2,4,6-tri-£er£-butylbenzyl chloride (7a). It crystallizes in the monoclinic space group C2/c with Z = 4.
a = 10.923(7), b = 17.910(3), c = 17.395(3) A and ß = 91.87(3)° (the cell constants refer to
173 K). The structure was solved by direct methods and refined by full-matrix least
squares to 7? = 0.073 for all 3853 reflexions (|Fo| > 0). On account of steric repulsions, the
central ethane bond, which lies on a twofold crystallographic axis, is stretched to 1.567(4) A.
Close packing of the molecules in layers parallel the ac-plane leads to boat-deformations of
the benzene rings. Room-temperature data sets of weakly diffracting crystals [a = 10.948(0),
b= 17.97(1), c= 17.52(2) and ß = 91.9(1)°] do not give rise to an artificial shortening of
the central ethane bond of 9. Evidently, poor data quality or lack of resolution have not to
be considered as an explanation for the unusual short ethane bond [1.47(3) A] in the first
undamped hexaphenylethane [Stein, Winter, and Rieker (1978)].
Historical Background
Since about 1967 we are interested in the dissociation of properly substituted ethanes 1 and the
association of the corresponding carbon free radicals 2 [1, 2],
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(2,4,6-tri-£er£-butylphenyl)ethane (9) being reported
here.
Already in 1969 we [20] synthesized carbinols of
the type 5 a - c via the Grignard route ( 3 - > 4 - > 5 ) .
"Oxidizing" aldehydes (a, c) gave esters in addition [21]. In the case of R = H the same observations have been made by Barclay et al. [22, 23].
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W e succeeded to synthesise the first undamped
hexaphenylethane [hexakis(2,6-di-£er£-butyl-biphenylenyl)ethane] (la) [3, 4]. In contrast to results
obtained on other sterically strained ethanes (see for
instance [5-16]) and to calculations [17-19] the
central ethane bond length in 1 a was found to be
shorter than expected. In order to collect more
informations we investigated a series of strained
alkanes bv X-rav analysis, the results on 1.2-bis* Reprint requests to Doz. Dr. W. Winter (X-ray
analysis) or Prof. Dr. A. Rieker.
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Olah et al. [24], on the other hand, did not mention
the formation of the esters. From the carbinols 5 a. b
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1.0 g (3.4 mmol) of 7a. dissolved in 5 ml benzene
(dried over sodium wire), was mixed with 2.5 g
(23.2 mmol) of silver powder [25] in an atmosphere
of dry nitrogen. The mixture was heated (refluxing)
with stirring for 8 h and filtered, after cooling to
room temperature. The filtrate was evaporated in
vacuo to give 0.86 g (98%) of crystalline 9; m.p.
190-210 °C. After recrystallization from petroleum
ether 0.7 g (80%) of 9 with m.p. 220-221 °C were
obtained (see Introduction). - I R (KBr): 2957. 1601.
1463. 1393, 1361, 879, and 768 cm-1. - 1 H - N M R
(CDCI3): 1.22 (br.s,36H), 1.25 (s, 18H),3.31 (s.4H).
and 7.21 (br.s, 4 H ) . - M S : [m/e] (rel. int.): 518(1) M+.
259(72) M+/2, 57(100) C(CH 3 ) 3 .

Although the authors [26] reported a melting
point of 228 °C for 9 (with respect to 220-221 °C of
our sample), they state that their compound showed
"poor"' elemental analysis and was not pure. Therefore, we present our synthetic procedure (giving
also a higher yield) and analytical data in the
experimental part.

C38H62 (518.9)
Calcd
C 87.96
Found C 87.96
X-ray

Experimental

H 12.04,
H 12.02.

investigation

From a sample of 9 small colourless crystals had
formed by slow evaporation of CDCI3. A specimen of
approximate dimension of 0.08 x 0 . 1 7 x 0.30 mm 3
was selected and examined by precession photographs. Monoclinic diffraction symmetry and systematic extinctions indicated the space groups Cc
or C2/c. Accurate cell dimensions were determined
by centering 25 reflexions 011 an automatic fourcircle diffractometer (NONIUS CAD 4. MoK a .
graphite-monochromator)at 1 8 ± 2 C : a = 10.948(6).
b = 17.97(1), c = 17.52(2) A . ß = 91.9(1)° and V =
3440 A 3 . Intensities were collected within a 20-range
of 6 to 50 3 with variable scan width ( lco = 1.0 -j0.35 tan 0) and variable scan speed (max. 30 s) in
the co/6-mode. Due to the small crystal volume, the
MoKa-radiation (see also [27]) and the diffraction
quality of the crystal used only 1319 reflexions out
of 3349 had intensities twice as high as the background. Although the unit cell volume indicated
7J — 4 [28]. the molecules could adopt C2- or Ciconformations, and we therefore tried to solve the
structure in the centrosymmetric space group C2/c.
The phase problem could be solved with the
MULTAN-version of the SDP-program system
( E N R A F NONIUS) on a P D P 11/60 computer. All
carbon atoms could be located in the first E map.

General methods. VH-NMR spectra were taken
with a Varian A 60 spectrometer with TMS as
internal standard. IR spectra were recorded on a
Perkin-Elmer 21 spectrometer. Mass spectra were
taken with the MÄT-711 spectrometer (inlet temperature 200-250 °C, ionisation energy 70 eV).
Melting points were obtained by using a Tottoli
apparatus and are reported uncorrected. Solvents
for crystallization were freshly distilled before use;
petroleum ether had b.p. 50-70 °C.
2,4,6-Tri-tert-butylbenzyl

(9)

1,2-Bis(2,4.6-tri-tert-butylphenyljethane

the chlorides 7 a. b could be prepared [20] (see
also [24]) with thionyl chloride. Chloride 7a reacted
with active silver powder [25] in benzene to give,
presumably via the benzyl radical 8. 1.2-bis(2,4,6tri-/er/-butylphenyl)ethane (9), which did not show
redissociation into benzyl radical 8 even at temperatures up to 300 °C [20]. This was also reported
by Griller. Barclay, and Ingold [26]. who prepared 9
by a different procedure.

chloride (7 a)

3.0 g (25.2 mmol) of thionyl chloride (freshly
distilled from linseed oil) were added to 2.0 g
(7.25 mmol) of the alcohol 5a [21]: a heavy evolution of gases (HCl. SO2) occurred. After standing for
about 12 h at room temperature, the excess of
thionyl chloride was evaporated in vacuo. The
residue (2.0 g, 9 4 % ) was recrystallized from petroleum ether to give 1.65 g (78%) 7a: m.p. 140-142 °C
(lit. [24]: m.p. 141.5-143.5 °C). - I R (KBr): 2959,
1603, 1475. 1362, 880, and 713 cm 1. - 1 H - N M R
(CDCla): 131 (s. 9H). 1.53 (s, 18H), 5.29 (s, 2H).
and 7.41 (s, 2H).
Table I. Crystal and data collection parameters (173 K).
Formula
Mr
Space group
Z
a (A)
b (A)
c (A)
ß Q3

v (A )

C38H62
518.91
C2/c
4
10.923(7)
17.910(3)
17.395(3)
91.87(3)
3401.0

fi (MoK a , mm - 1 )
Scan mode
Scan width A co (°)
Maximum scan time (s)
2 0 range (°)
Number of measured reflexions
Number of independent
reflexions with FQ > 0

to/0

0.03

0.8 + 0.35 tan 6
30
6-00
5104
3853
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Isotropie refinement with 761 independent reflexions
( I > 2 f f ( I ) ) led to R = 0.147 and a subsequent
difference Fourier synthesis showed most of the
hydrogen atom positions.
Table II. Positional parameters ( x 104 for carbon
atoms, X 103 for hydrogen) and Ueq values (A2 X 104)
with e.s.d.'s in parentheses.
The common isotropic temperature factor for the
hydrogens refined to U = 0.050(2) A 2 . Those hydrogen
atoms without e.s.d.'s have been refined as rigid
methyl groups.
Ueq = (U11U22U33 1/3
x
y
2
0(1)
C(2)
0(3)
0(4)
0(5)
0(6)
0(7)
0(8)
0(9)
0(10)
0(11)
0(12)
0(13)
0(14)
0(15)
0(16)
0(17)
0(18)
0(19)
H(l)
H(2)
H(4)
H(6)
H(91)
H(92)
H(93)
H(101)
H( 102)
H( 103)
H(lll)
H( 112)
H( 113)
H(131)
H(132)
H( 133)
H( 141)
H( 142)
H( 143)
H(151)
H( 152)
H( 153)
H(171)
H(172)
H( 173)
H(181)
H( 182)
H( 183)
H (191)
H( 192)
H(193)

137(2)
- 853(2)
- 578(2)
— 1543(2)
— 2700(2)
— 2999(2)
— 2079(2)
— 2559(2)
— 3195(2)
— 3523(2)
— 1608(2)
-3777(2)
— 5048(3)
— 3635(3)
— 3615(3)
740(2)
745(2)
1372(2)
1527(2)
86(3)
27(3)
—139(3)
— 384(3)
— 382(3)
— 260(3)
-359(3)
-320(3)
-427(3)
— 378(3)
— 113(3)
-102(3)
— 203(3)
— 512
— 566
— 517
— 379
— 283
— 423
— 266(3)
— 384(3)
— 433(3)
32(3)
36(3)
160(3)
148(3)
87(3)
216(3)
157(3)
116(3)
231(3)

4496(1)
4889(1)
5580(1)
6024(1)
5821(1)
5118(1)
4629(1)
3842(1)
3877(2)
3582(1)
3213(1)
6352(1)
6044(2)
7104(2)
6483(2)
5862(1)
6517(1)
6163(1)
5254(1)
475(2)
400(2)
651(2)
495(2)
427(2)
397(2)
339(2)
359(2)
390(2)
307(2)
320(2)
323(2)
275(2)
598
639
557
699
731
746
672(2)
594(2)
689(2)
639(2)
697(2)
664(2)
581(2)
658(2)
637(2)
479(2)
512(2)
541(2)

7945(1)
8387(1)
8761(1)
8991(1)
8885(1)
8592(1)
8364(1)
8119(1)
7317(1)
8695(1)
8129(2)
9137(2)
8996(3)
8759(2)
10022(2)
8951(1)
9524(I)
8233(1)
9360( 1)
802(2)
812(2)
922(2)
857(2)
730(2)
092(2)
718(2)
922(2)
870(2)
856(2)
865(2)
770(2)
810(2)
845
916
924
822
883
893
1018(2)
1027(2)
1019(2)
999(2)
936(2)
968(2)
783(2)
800(2)
837(2)
913(2)
985(2)
949(2)

L eq
179(8)
165(7)
181(8)
217(9)
228(9)
227(9)
186(8)
226(9)
326(12)
323(11)
312(12)
364(12)
598(20)
634(20)
613(19)
218(8)
345(11)
294(10)
275(10)

At this stage, we decided to grow larger and
better crystals. By vapor diffusion of n-hexane into
a solution of 9 in ethvlacetate, good crystals could
be obtained, which had identical crystal data when
compared to the original sample. A crystal of
dimensions 0.31 x 0.50 x 0.72 mm 3 was mounted on
the diffractometer and cooled to 173 K in a stream
of nitrogen (low-temperature device of E X R A F X O X I U S ) , in order to increase the number of
observations and to improve counting statistics.
Table I summarizes the crystal and data collection
parameters at 173 K , which were obtained similarly
to those of the room temperature experiments.
After isotropic refinement ( S H E L X ) with the lowtemperature data set, all hydrogen atoms were
included with a commonly refining isotropic temperature factor. The hydrogen atoms of the C(13)and C(14)-methyl groups (44erM)utvl groups) behaved not very well, presumably because those
groups were subject to considerable anisotropic
thermal motion (see below). In the further refinement steps, we treated both methyl groups as rigid
groups with ideal geometry (C-H 0.96 A ) . After R
had converged to 0.114, the carbon atoms were
allowed to refine anisotropically and convergence
was reached at R = 0.073 and RG = 0.070 (R G =
[Ew/l 2 /2coFo 2 ] 1 / 2 with unit weights). The variance
of S w ( F o - F c ) 2 VS. ( F / F m a x ) 1 ' 2 and sin 0 / 2 showed
that the weighting scheme was good, and a final
difference Fourier synthesis revealed two minor
peaks with 0.30 and 0.18 e A - 3 in the neighbourhood
of the highly anisotropically vibrating C(13) and
C(14) atoms. All other peaks were found between
connected C-atoms and they demonstrated the
limits, which were imposed by the model of spherical
electron distributions.
Scattering factors were taken from [29]. The
calculations were performed on P D P 11/60, Telefunken T R 440 and UNIVAC 1100/80 computers
with the programs SDP
(EXRAF-XOXIUS),
S H E L X (G. Sheldrick). X A X A D U (J. Roberts and
G. Sheldrick) and PLUTO (S. Motherwell). Final
fractional coordinates, interatomic distances and
angles are given in Tables I I - I V * .
Results and Discussion
General
The analytical and X-ray data show that compound 9 has the expected structure. The LH X M R
spectrum (60 MHz) at 32 °C in CDC13 reveals broad
signals for one type of tert-buty\ groups and for the
meta-ring protons. In the latter case a splitting is
indicated under best resolution. Taking into account
this line broadening, the assignment of the signals
of the tert-lrntyl groups given in literature [26] has
* Lists of thermal parameters and structure factors
may be obtained from one of the authors ( W W.).
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to be interchanged. The effect apparently can be
attributed to hindered internal motion in 9. A
detailed analysis of the iff and 1 3 C - X M R spectra
will be given elsewhere.
Table III. Bond lengths (A) with e.s.d.'s in parentheses.
C(l)-C(l)'
C(l)-C(2)
C(2)-C(3)
C(2)-C(7)
C(3)-C(4)
C(3)-C(16)
0(4)-C(5)
C(5)-C(6)
C(5)-C( 12)
0(6)-0(7)
C(7)-C(8)

1.567(4)
1.518(2)
1.426(2)
1.417(2)
1.390(3)
1.557(2)
1.392(3)
1.379(3)
1.532(3)
1.399(3)
1.559(3)

0(8) -0(9)
0(8) -0(10)
0(8) -0(11)
C(12)-C(13)
C(12)-C(14)
C(12)-C(15)
C(16)-C(17)
C(16)-C( 18)
C(16)-C( 19)
0(1) - H ( 1)
0(1) -H(2)

1.540(3)
1.550(3)
1.532(3)
1.506(3)
1.508(4)
1.562(4)
1.541(3)
1.540(3)
1.543(3)
0.92(3)
0.95(3)

Table IV. Bond angles (°) with e.s.d.'s in parentheses.
C(l)'-C(l)- 0 ( 2 )
0(1)-0(2)- 0(3)
0 ( 1 ) - 0 ( 2 ) - 0(7)
C(3) -0(2)- •C(7)
C(2) -0(3)- 0(4)
C(2) -0(3)- 0(16)
0(4) —C(3)- 0(10)
C(3) —0(4)- 0(5)
0(4)-0(5)- 0(6)
C(4) -0(5)- C( 12)
C(6) -0(5)- 0(12)
C(5) -0(6)- •C(7)
C(2) —C(7) C(6)
C(2) —0(7)- •C(8)
0(6)-0(7)- 0 ( 8 )
0(7)-0(8)- 0(9)
0(7)-0(8)- -C(10)
0(7)-0(8)- 0 ( 1 1 )
C(9) -0(8)- •0(10)

112.6(3)
119.3(2)
121.5(2)
118.8(2)
118.6(2)

123.9(2)
117.4(2)
123.0(2)
116.9(2)
119.8(2)
123.2(2)
123.4(2)
118.3(2)
127.8(2)
113.9(2)
110.4(2)
109.0(2)
116.1(2)

107.6(2)

C(9) - •C(8) - 0(11)
C(10)- - 0 ( 8 ) - 0(11)
C(5) - -0(12)- 0(13)
C(5) - -C( 12)-•0(14)
C(5) - -C( 12)--0(15)
0(13)- -0(12)- 0(14)
0(13)- -0(12)- -0(15)
0(14)- -0(12)- -0(15)
C(3) - 0(16)- -0(17)
C(3) - 0(16)- -0(18)
C(3) - -0(16)- 0(19)
C(17)- -0(16)- 0(18)
C(17)- -0(16)- 0(19)
0(18) -0(16)- 0(19)
C(2) - 0 ( 1 ) - H(l)
C(2) - 0(1) - -H(2)
0(1)'- -0(1) - H(l)
C(l)'- - 0 ( 1 ) - -H(2)
H ( l ) - - 0 ( 1 ) - -H(2)

109.0(2)
104.3(2)
113.2(2)
110.2(2)
108.4(2)
111.3(3)
106.8(3)
106.6(3)
111.3(2)
112.1(2)

111.4(2)
105.5(2)
104.5(2)
111.6(2)
109(2)
112(2)
100(2)
110(2)
108(2)

Description

of the molecular -structure

A view of 9 with the atom numbering is shown in
Fig. 1. The molecule has a crystallographically
imposed C2 symmetry. With respect to the torsion
angle of 119.9 between carbon atoms 1 and 1'. the
conformation is nearly eclipsed and the length of
the ethane bond is 1.567(4) A (see below). The
distances between H ( l ) and 0(2') [and consequently
0(2) - H ( l ' ) : 2.46(3) A. and H(2)•••H(2/): 2.22(5) A ]
suggest some degree of repulsion. Further strain
between the two halfs of the molecule is imposed by
close intramolecular contacts, which are depicted in
Fig. 2 and numerically listed in Table V.
Several dibenzyl structures have been determined
by X - r a y diffraction: Dibenzyl [30-32], 4,4'-dimethyldibenzvl [33], 1.2-bis-(4-formylphenyl)ethane
[34], 1,2-bis-(2-bromophenyl)ethane [35] and, with
some structural relationship. tetrafluoro-l,2-diphenvlethane [36].
Except for the latter tetrafluoro compound, all
central ethane bonds are shorter than the expected
value of 1.54 A for sp 3 -sp 3 -hybridized carbon atoms:
1.48 (1.51, corrected for finite series [32]). 1.53,
1.52(1), and 1.49(2) A given in the above order. All
these dibenzyl structures have Ci point group symmetry, and the midpoints of the ethane bonds are
located on crystallographic centers of inversion.
The accuracy of these structure determinations are
hard to judge, since some of them have been performed in "earlier" days of X-ray crystallography.
Especially the history of dibenzyl itself (1935-1949)
has prompted us. to redetermine the dibenzyl struc-
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Table V. Selected short contact distances (A).
Atoms a have coordinates (x, y, z) of Table I ; atoms b
are related by the given symmetry code. E.s.d.'s for
C - C, C - H and H • H distances are ~ 0.003, 0.03 and
0.05 A.
a

b

Distance Symmetry

Intramolecular C(l)
C(2)
C(2)
C(7)
H(l)
H(2)
H(2)
H(112)
H( 182)

C(7)
H(l)
H( 181)
H(l)
H(92)
H(92)
H(112)
H( 112)
H( 182)

3.172
2.40
2.75
2.80
2.30
2.50
2.17
2.35
2.53

I

Intermolecular C(3)
C(4)
H(101)
H(103)
H(lll)
H(lll)
H( 151)
H( 153)

H( 192)
H( 192)
H( 173)
H( 172)
H( 171)
H( 143)
H( 142)
H( 172)

2.82
2.90
2.58
2.00
2.00
2.50
2.49
2.47

II

Symmetry
relationships

•x
•x
0.5 + x
— 0.5 + a;
— 0.5 — x

(I)
(ID

(III)
(IV)
(V)

III
II
IV
V
V

y
1.0 — y
0.5 + y
0.5 + y
1.5 — y

1.5—z

2.0—2
z

z

2.0 — 2

ture with modern facilities: High-angle refinement
with low-temperature data leads to 1.517(3) A for
the central bond [37].
The highly substituted dibenzyl 9 is to our knowledge the first example, in which steric hindrance of
the substituents in the o-position of the phenyl
rings leads to a transition from the usual Ci- to the
C-2-point group symmetry. This anticlinal conformation apparently allows a better packing of the tertbutyl groups in a single molecule (see stereoscopic
view in Fig. 2).

Besides the slightly lengthened C(l) s p 3 -C(l') s p 3
bond of 1.567(4) A, the resulting geometry of the
ethane moiety shows nothing unusual: a quite
normal C(2) sp 2-C(l )sp3 bond of 1.518(2) A together
with a C(2)-C(l)-C(l')-angle of 112.6(3)Ä.
Most recently, the aza- and phospha-analogues of
9. 2,2',4,4',6,6'-hexa4er£-butylazobenzene (10) [38]
and bis(2,4,6-tri-ter£-butylphenyl)diphosphene (11)
[39], have been synthesized and studied by X-ray
crystallography.

The aza-analogue 10 has no crystallographicallv
imposed symmetry, the molecules occupy general
positions in Pbca with Z — 8. Nevertheless, 10 has
approximate Co-symmetrv as 9. but with a different
torsion angle at the central bond ( C - N - N - C :
— 161.5° compared with 119.9° in 9).
Disphosphene 11 crystallizes in the same space
group as 9 (C2/c). which is known to enable optimal
packing for molecules with Co-symmetry [40], The
twofold crystallographic axis intersects the P = P bond, but the conformation of the C - P - P - C unit
[torsion angle 172.2(1)°] is here nearly antiperiplanar.
The 2.4,6-tri-^er^-butyl-benzene parts of 9 show
bond distances and angles in the expected range:
within 2a, chemically equivalent bonds and angles
are identical (see Tables I I I and IV). The bonds
C(2)-C(3) and C(2)-C(7) in the benzene ring are

Fig. 2. Stereoscopic view of 0. The thin lines represent the close intramolecular contacts, which are listed in
Table V.
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stretched slightly by ca. 0.02-0.03 A, compared to
the remaining aromatic bond lengths, presumably
as a consequence of the strain in the ethane part
and/or from the ring deformation (see below). The
C - C distances concerning the tert-butyl groups show
the expected values between 1.532(3) and 1.562(4) A .
with the exception of C(12)-C(13) [1.506(3) Ä ] and
C(12)-C(14) [1.508(4) A j . Clearly, the latter values
arise from the large temperature factors of C(13)
and C(14): the tensor components U33 are 0.127(3) Ä 2
for C(13) and 0.114(3) A 2 for C(14) and are abnormally high for this low-temperature data set. As
mentioned in the experimental section, a final
difference Fourier synthesis showed some residual
electron density ( < 0.3 e • A 3 ) near these atoms, but
introduction of a disordered C(12)-£ert-butyl group
was not possible. The same effect has been observed
in the analogous tert-butyl group of the aza compound 10: Two C - C bonds show exactly the same
short distances, and the U e q-values of the corresponding C atoms (115 K data set) are atypically
high, like in 9 (see Table II). Except for these C(13)and C(14)-methyl groups, all hydrogen atoms refined
without rigid-group constraints to reasonable positions with C - H distances of 1.00 ± 0.08 A.
Finally, as can be seen in Fig. 1 and 2, the benzene
rings in 9 are distorted significantly to boatconformations. The same effect is obvious in the
stereoscopic views of the aza- and phospha-analogues
10 and 11. and in all three cases the folding direction
is towards the central bond. In our case, packing
forces are probably responsible for the deformation
of the benzene ring: Close packing "compresses" the
whole molecule, and the large tert-hutyl substituents
operate as lever-arms. In the crystal, the molecules
are arranged in layers parallel to the ac-plane
(thickness: b/2) and the ethane bond, and therefore
the long axis of the molecule lies parallel to the
layer direction. A quantitative description of the
benzene ring deformation is given in Table VI by
means of torsion angles.
Ethane bond length and quality of the data
Whereas the central CC bond in 9 is slightly longer
than that in dibenzyl, the central ethane geometry
found for hexaphenylethane 1 a [4] was opposite to
chemical expectations and force field calculations
(see Historical Background): 1.47(3) A for the
C s p M V - e t h a n e bond and 1.65(2) A for the
CSp2(phenyl)-CSp3 bonds. Unfortunately, the quality
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Table VI. Torsion angles in the benzene ring [C(2) to
C(7)]. E.s.d.'s are 0.3°.
C(2)-C(3)-C(4)-C(5)
C(3)-C(4)-C(5)-C(6)
C(4)-C(5)-C(6)-C(7)
C(5)-C(6)-C(7)-C(2)
C(6)-C(7)-C(2)-C(3)
C(7)-C(2)-C(3)-C(4)

1.0°
5.3 :
— 3.5°
— 4.4°
10.7°
— 9.1°

of the crystals allowed no higher precision than the
given estimated standard deviations. We have tried
to find crystallographic reasons of our surprising
results [41J. Extensive work in the past years [42J
however revealed that a possible artificial shortening
of the ethane bond would only be relevant, if a
systematic accumulation of experimental errors
occurred near the crystallographic symmetry element (the ethane-CC bond of l a contains an inversion center; P2i/c, Z = 2).
In the present dibenzyl study, the crystal quality
allowed an accuracy of bond lengths and angles,
which is by an order of magnitude better (with
respect to e.s.d.'s) than in the hexaphenylethane
study. So. we "simulated" the hexaphenylethane
case, i.e. we determined the structure of 9 with
small and weakly diffracting crystals.
In addition to the two room temperature data
sets already mentioned, we collected two further
data sets at room temperature (MoK a ) with crystals
of approximate dimensions 0.09 X 0.16 X 0.17 mm 3
( = crystal III) and 0.12 x 0.3 x 0.36 mm 3 ) ( = crystal IV). Set III had a relative low resolution (1.2 A .
1002 reflexions with |Fo|>0), set IV was nearly
equivalent to the hexaphenylethane data sets (resolution 0.9 A . 1814 reflexions with |Fo| > 0) collected
in the past years. As a further "complication" both
crystals have been sealed in 0.3-mm-Lindemann
capillaries. In analogy to 1 a the structural model
from the low-temperature data set was then refined
with carbon atoms only (isotropic). Three cycles of
least-squares refinement led to convergence in all
cases. The resolution was further reduced stepwise
from sin Oj/. = 0.5947 to 0.3045. The most interesting
results are summarized in Table VII.
The conclusion is that no artifical shortening of
the central ethane bond at the twofold crystallographic axis can be observed for 9. Within 2 cr, all
bond lengths and angles in the whole molecule have
identical values as given in Tables I I I and IV. Of
course, these results cannot generally disprove the
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argument of artificial error accumulation at crystallographic symmetry elements in other molecules.
Nevertheless, it is reasonable to assume that also
in 1 a artificial shortening of the central ethane bond
Table VII. Refinement of carbon atoms (isotropic
temperature factors) with "poor" data sets (77 parameters).

(sin 0/A)max

Crystal III
a
b
c
d

Crystal IV
a
b
c
d
1.601(18)
1.530(13)
0.169
1515

0.5947

0.4812

1.509(47)
1.571(32)
0.174
573

1.592(23)
1.549(16)
0.154
1081

0.4231

1.591(49)
1.562(33)
0.154
458

1.587(28)
1.559(20)
0.154
783

0.3640

1.592(53)
1.583(37)
0.138
332

1.602(34)
1.566(25)
0.157
533

0.3045

1.592(57)
1.553(43)
0.118
242

1.617(43)
1.564(33)
0.143
341

must not necessarily be the consequence of the poor
quality of the investigated crystals*.
A key to the solution of the problem might
eventually be found in a fact already mentioned,
i.e. the short central CC-bond in the unsubstituted
dibenzyl. Here, the two phenyl rings are located
parallel to each other, the .t-systems lying in the
plane of the central CC-er bond, and a so far unrecognized electronic effect of the rr-systems on the
latter bond would be possible. Interestingly, 1 a
shows the same pairwise arrangement of the inner
phenyl rings with respect to the central bond - and
again a "short" ethane bond distance is observed.
We have started a program, in which more examples
of molecules with crystallographically imposed symmetry are investigated in order to get further
experimental support of the concepts developed in
this section.
The one of us (W. W.) likes to thank Professors
I. Bernal, H. Hope, G. M. Sheldrick and Drs.
A. Gieren, E. Hädicke and E. F. Paulus, who
took part in the crystallographic aspects of the
hexaphenylethane problem bv correspondence and
discussions. Financial support by the Fonds der
Chemischen Industrie is gratefully acknowledged.

a = C(l)-C(l') in A, b = C(l)-C(2) in A, c = R-value,
d = number of reflexions with I > 1 c(I).

* One could argue, that in the "poor-data-set study"
being under discussion the absence of systematic
errors like absorption lead to correct values in any
case. However, this argument is valid for the hexaphenylethane case too, in which small crystals of
cubic shape have been measured with MoK a -radiation.
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