
4476 J. Am. Chem. Soc. 1995, 117, 4476-4478 

The Central Bond Length in 1,2-Diphenylethanes 

Jun Harada, Keiichiro Ogawa,* and Shuji Tomoda 

Contribution from the Department of Chemistry, The College of Arts and Sciences, 
The University of Tokyo, Komaba, Meguro-ku, Tokyo, 153 Japan 

Received July 18, 1994. Revised Manuscript Received December 30, 1994s 

Abstract: Crystal structures of 1,2-diphenylethane (1) and l,2-bis(2-methylphenyl)ethane (3) were determined at 
different temperatures by X-ray diffraction. The observed length of the central C-C bond in 1 at 240 K (1.506(5) 
A) appears to be considerably shorter than the standard value of a C(sp3)-C(sp3) bond (1.541(3) A). The observed 
length, however, substantially increases with lowering of the temperature. On the contrary, the ethane bond length 
in 3 (1.534(5) A and 240 K) is normal and remains constant at different temperatures. It is concluded that the 
anomaly in the ethane bond length of 1,2-diphenylethanes, which has been attempted to be explained in terms of 
various electronic effects, is an artifact caused by the torsional vibration of the C-Ph bonds in crystals. 

The central bond length in 1,2-diphenylethane (1) has been 
a subject of considerable interest for more than half a century 
because of its remarkable shortening in the X-ray structures.1-5 

It might be expected to be elongated by the through-bond 
interaction of the o orbitals of the ethane bond with the Jt orbitals 
of the benzene rings in the antiperiplanar conformation, in which 
this interaction can operate effectively because both phenyl rings 
are nearly perpendicular to the plane made by the three central 
C-C bonds.6 The length determined by X-ray diffraction 
(1.48—1.517 A),2-4 however, was significantly shorter than the 
standard length of the C(sp3)-C(sp3) bond (1.541(3) A).7 

Jeffrey pointed out that the shortening is commonly observed 
for the central bond in a system in which two unsaturated groups 
are separated by three single bonds.5'8 The phenomenon seems 
to be closely related to the ethane bond length problem of 
hexaphenylethanes, which has been a subject of much contro­
versy.9 Although considerable efforts were devoted to elucida­
tion of the origin of the shortening, it still remains unclear. 
Winter and co-workers attributed the shortening to "a so far 
unrecognized electronic effect of the 7r-systems on the" ethane 
bond.4 One of the difficulties of the problem is to give a rational 
explanation for the remarkable difference in the ethane bond 
length between 1 and a similar compound l,2-bis(2-bromophe-
nyl)ethane (2). The observed length of the ethane bond in 2 is 

® Abstract published in Advance ACS Abstracts, April 1, 1995. 
(1) Robertson, J. M. Proc. R. Soc. London, A 1934, 146, 473-482. 

Robertson, J. M. Proc. R. Soc. London, A 1935,150, 348-362. Although 
the first structure determination showed an unusual bond lengthening of 
the central bond, it was later revealed that the measurement did not have 
sufficient accuracy. 

(2) Jeffrey, G. A. Nature 1945, 156, 82-83. Jeffrey, G. A. Proc. R. 
Soc. London, A 1947, 188, 222-236. 

(3) Cruickshank, D. W. J. Acta Crystallogr. 1949, 2, 65-82. 
(4) Winter, W.; Butters, T.; Rieker, A.; Butsugan, Y. Z. Naturforsch. 

1982, 37b, 855-862. 
(5) Kahr, B. Dissertation, Princeton University, 1988. 
(6) Gleiter, R. Angew. Chem., Int. Ed. Engl. 1974,13, 696-701. Osawa, 

E.; Kanematsu, K. Molecular Structure and Energetics; Greenberg, A„ 
Liebman, J. F., Eds.; Verlag Chemie International, Inc.: Deerfield Beach, 
FL, 1986; Vol. 3, Chapter 7, pp 329-369. 

(7) International Tables for X-ray Crystallography; Kynoch Press: 
Birmingham, England, 1968; Vol. ITJ (present distributor D. Reidel, 
Dordrecht). 

(8) Jeffrey, G. A. Proc. R. Soc. London, A 1945, 183, 388. Bateman, 
L.; Jeffrey, G. A. J. Chem. Soc. 1945, 211. 

(9) Stein, M.; Winter, W.; Rieker, A. Angew. Chem., Int. Ed. Engl. 1978, 
17, 692-694. Osawa, E.; Onuki, Y.; Mislow, K. J. Am. Chem. Soc. 1981, 
103, 7475-7479. Kahr, B.; Van Engen, D.; Mislow, K. J. Am. Chem. Soc. 
1986, 108, 8305-8307. Yannoni, N.; Kahr, B.; Mislow, K. J. Am. Chem. 
Soc. 1988, 110, 6670-6672. 

almost normal (1.54(1) A) in sharp contrast to that in I.5,10 It 
seems to be difficult to explain the phenomenon by any 
electronic effect. 

We wish to report here an answer for the long-standing 
problem based on the X-ray crystal analyses of 1 and a model 
compound of 2, l,2-bis(2-methylphenyl)ethane (3), at different 
temperatures.11 

Experimental Section 

Materials. Compounds 1 and 3 were purchased from Tokyo Kasei 
Co. and Aldrich Co., respectively. Single crystals of 1 and 3 for the 
X-ray diffraction were obtained by slow evaporation of the hexane and 
the methanol solution at room temperature, respectively. 

X-ray Crystallography. All diffraction measurements were made 
on a Rigaku AFC-6A diffractometer with graphite-monochromated Cu 
Ka radiation (X = 1.541 84 A). An Oxford Cryostream cooler was 
used for the low-temperature measurements. The integrated intensities 
were collected in the 26—co scan mode with an w rate of 8.0 deg min -1. 
The intensities were corrected for Lorentz and polarization effects but 
not for absorption. The structures were solved by direct method and 
refined by full-matrix least-squares method using the XTAL system.12 

AU the hydrogen atoms were located from difference maps and refined 
isotropically. All the carbon atoms were refined anisotropically. The 
function Zw(IF01 — \FC\)2 was minimized, where w = [C^(F0) + gF0

2]~l. 
Calculations of geometrical parameters and drawings of ORTEP 
diagrams were performed by XTAL system. Full details for the 
crystallographic analysis are described in the supplementary material. 

(10) Corey, E. R. Acta Crystallogr. 1979, B35, 201-203. Corey reported 
a remarkable shortening for the central bond (1.49(2) A) at room 
temperature. Kahr redetermined the structure with substantially higher 
accuracy and obtained an almost normal length (1.54(1) A) for the central 
bond (ref 5). 

(11) Compound 2 itself is not suitable for accurate determination of the 
position of carbon atoms because of the too large X-ray scattering factor 
of bromine atoms. 

(12) Hall, S. R.; Flack, H. D.; Stewart, J. M. XTAL3.2, Universities of 
Western Australia, Geneva, and Maryland, 1992. 

0002-7863/95/1517-4476$09.00/0 © 1995 A m e r i c a n Chemica l Society 



Central Bond Length in 1,2-Diphenylethanes J. Am. Chem. Soc, Vol. 117, No. 16, 1995 4477 

Table 1. Selected Geometrical Parameters for 1 and 3a 

compd origin 

1 X-ray 

MM3(92) 
3 X-ray 

MM3(92) 

temp 
(K) 

24(1 
180 
100 

240 
90 

dist (A), 
do 

1.506(.S) 
1.522(3) 
1.529(3) 
1.538 
1.534(5) 
1.541(3) 
1.539 

dist (A), 
ch 

1.508(4) 
1.510(3) 
1.513(3) 
1.511 
1.515(5) 
1.512(3) 
1.513 

bond angle 
(deg). 0 

113.9(3) 
113.4(2) 
113.2(2) 
111.7 
112.1(3) 
112.4(2) 
111.8 

torsion angle 
(deg), to 

±72.0(4) 
±69.5(3) 
±65.3(2) 
±90.3 
±86.4(5) 
±86.5(3) 
±86.4 

" Definitions of the geometrical parameters are as follows: do, Cl-
CJ'; du CX-Ql, CV-CT; 6, CT-CJ-Cl, Cl-CT-CY; to, C6-
C1-C7-C7', C6'-C1'-C7'-C7. 

C4' U C5' 

C5 ~ C4 

C4' ^ C5' 

Figure 1. ORTEP drawings. The thermal ellipsoids of the carbon 
atoms are scaled to the 50% probability level; the hydrogen atoms are 
shown as spheres of a fixed, arbitrary size, (top) 1 at 240 K. (bottom) 
3 at 240 K. 

Crystallographic Data for 1: CI4HI4, MW = 182.27, monoclinic, 
space group Pl1Jn, Z = 2. At 240 K: a = 7.6203(8), b = 6.186(1), 
and c = 11.645(1) A, B = 100.336(8)°, V = 540.1(1) A\ R (flw) = 
0.053 (0.059). At 180 K: a = 7.526(1), b = 6.185(2), and c = 11.631-
(1) A, B = 100.66(1)°, V = 532.0(2) A\ R (Rw) = 0.044 (0.049). At 
100 K: « = 7.424(2), b = 6.158(1), and c = 11.637(1) A, B = 101.36-
(1)°, V = 521.5(2) A', R (Rw) = 0.042 (0.048). 

Crystallographic Data for 3: Ci6H18, MW = 210.32, orfhorhombic, 
space group Pbca, Z = A. At 240 K: a = 12.829(1), b = 6.9962(7), 
and c = 14.018(1) A, V = 1258.2(2) A3, R (Rw) = 0.062 (0.073). At 
90 K: a= 12.784(1), b = 6.9592(7), and c = 13.790(1) A, V= 1226.9-
(2) A3, R (rtw) = 0.048 (0.059). 

Results and Discussion 

Single crystal X-ray diffraction measurements were carried 
out for 1 at 240, 180, and 100 K and for 3 at 240 and 90 K. 
The selected geometrical parameters are listed in Table 1, and 
the ORTEP diagrams are shown in Figure 1. 

The molecular structure of 1 observed at 240 K is essentially 
identical with that so far reported. The molecule lies at the 
crystallographic inversion center. The two phenyl rings are 
parallel to each other. The dihedral angles between the phenyl 
rings and the plane made by Cl, C7, CT, and C l ' are nearly 
right angles, as shown by the torsion angles in Table 1. The 

16 Figure 2. Vibration model for 1, drawn by the program MindTool. 

length of the ethane bond C7-C7 ' (1.506(5) A at 240 K) is 
considerably shorter than the value predicted by the MM3 
calculations13 (1.538 A) and substantially increases with lower­
ing of the temperature. The length at 100 K is significantly 
longer than that at 240 K, but still shorter than the MM3 value. 
The torsion angles strongly depend on the temperature. The 
absolute values of the angles decrease with lowering of the 
temperature. Other geometrical parameters are almost un­
changed with variation of the temperature. 

An apparent shrink of interatomic distance has usually been 
interpreted by libration of the molecule regarded as a rigid body 
(the rigid body model).14 The results for 1, however, cannot 
be explained by the rigid body model because the temperature 
dependence of the observed geometry appears only in the central 
part of the molecule. A similar phenomenon was observed for 
(E)-stilbenes and successfully explained in terms of intramo­
lecular motion in crystals.15 The results for 1 can also be 
explained by assuming the vibration in the direction nearly 
perpendicular to the plane made by the central four carbon atoms 
Cl , C7, C7', and Cl ' , as shown in Figure 2. 

According to this model, the observed molecular structure is 
an average of the two conformers that are interconverted by 
the torsional vibration of the C-Ph bonds during which the 
movement of the benzene rings is restrained to be minimum. 
The ethane bond length in the averaged structure is shorter than 
that in the true structure. The lower the temperature, the smaller 
the vibration amplitude. As a result, the observed length of 
the ethane bond appears to become longer with lowering of the 
temperature. The temperature dependence of the torsion angles 
is attributed to the anharmonicity in the potential describing 
the torsional vibration of the C-Ph bonds in crystals. 

This interpretation is substantiated by the calculations in 
which the observed molecular structure is assumed to be an 
average of a 1:1 mixture of the two conformers in the above 
model (Table 2). Molecular structures of all of the conformers 
were refined by MM3 calculations except for the torsion angles 
of the C-Ph bonds (<w\s). The ethane bond of all of the MM3 

Q 

structures has nearly the same length (1.538-1.539 A). The 
calculations well reproduced all of the X-ray structures and their 
temperature dependences: the average structure of the two 
conformers with a>'s of ±60° and ±85° is almost identical with 

(13) Allinger. N. L. MM3(92), University of Georgia. 
(14) Cruickshank, D. W. J. Acta Crystallogr. 1956, 9, 754-756. Busing, 

W. R.; Levy, H. A. J. Chem. Phys. 1957, 26, 563-568. Busing, W. R.; 
Levy, H. A. Acta Crystallogr. 1964. 17, 142-146. Dunitz, J. D.; 
Schomaker. V.; Trueblood, K. N. J. Phys. Chem. 1988, 92, 856-867. 
Dunitz, J. D.; Maverick, E. F.; Trueblood. K. N. Angew. Chem., Int. Ed. 
Engl. 1988, 27, 880-895. 

(15) Ogawa. K.; Sano, T.; Yoshimura, S.; Takeuchi. Y.; Toriumi, K. J. 
Am. Chem. Soc. 1992, 114, 1041-1051. 

(16) Tirado-Rives. J.; Blake. J. MindTool; Yale University: New Haven, 
CT, 1990. 
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Table 2. Molecular Structure Calculated from the Vibration 
Model" 

structure 

A 
B 
C 
D 
(A + D)/26 

(B + D)/2C 

(C + D)/2<< 

* ( A ) 
1.538 
1.538 
1.539 
1.539 
1.510 
1.520 
1.534 

rfi(A) 

1.511 
1.511 
1.511 
1.511 
1.511 
1.512 
1.512 

6 (deg) 

112.1 
112.1 
112.3 
113.2 
113.1 
112.9 
112.8 

(o (deg) 

±85.0 
±80.0 
±70.0 
±60.0 
±72.6 
±70.1 
±65.1 

" Definitions of the geometrical parameters are given in the legend 
of Table 1. * Average of a 1:1 mixture of structures A and D. c Average 
of a 1:1 mixture of structures B and D. d Average of a 1:1 mixture of 
structures C and D. 

the X-ray structure at 240 K (d0 = 1.506(5) A, co = ±72.0-
(4)°); the average structure of the two conformers with co's of 
±60° and ±80° and that with co's ±60° and ±70° also 
reproduce the X-ray structure at 180 K (d0 = 1.522(3) A, to = 
±69.5(3)°) and that at 100 K (d0 = 1.529(3) A, w = ±65.3-
(2)°), respectively. 

The observed molecular structure of 3 is essentially identical 
with that of 1. The molecule lies at the crystallographic 
inversion center. The two phenyl rings are parallel to each other. 
The absolute values of the torsion angels C6-C1-C7-C7' and 
C6'-C1'-C7'-C7 are almost 90°. The ethane bond length is, 
however, normal (1.534(5) A at 240 K) and remains constant 
with lowering of the temperature. The molecular structure does 
not depend on the temperature and agrees fairly well with that 
predicted by MM3 calculations. The results make a sharp 
contrast with those of 1 and are almost the same as those of 2. 

Harada et al. 

The difference in the observed molecular structures between 
1 and 3 is ascribed to the difference in the amplitude of the 
torsional vibration. The amplitude in 3 as well as 2 is expected 
to be much smaller than that in 1 because the torsional potential 
in the former must be steeper than that in the latter due to the 
steric congestion caused by the methyl or the bromo group on 
the ortho position of the benzene ring. As a result, the apparent 
shortening of the ethane bond and the temperature dependence 
of the observed molecular structure become negligibly small. 

It is therefore concluded that the unusually short ethane bond 
of 1,2-diphenylethanes in the X-ray structures is an artifact 
caused by the torsional vibration of the C-Ph bonds in crystals. 
The true length of the ethane bond is safely estimated to be 
1.54 A. Thus, it is not necessary to consider an electronic effect 
to explain the anomaly in the ethane bond length of 1,2-
diphenylethanes. 
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