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THE CENTRAL C-C BOND LENGTH IN THE BI(ANTHRACENE-9,10-
DIMETHYLENE) PHOTOISOMER: UNUSUAL ELONGATION AND CRYS-
TALLINE STATE REACTION!

JUN HARADA, KEIICHIRO OGAWA,* AND SHUJI TOMODA
Department of Chemistry, The College of Arts and Sciences, The University of
Tokyo, Komaba, Meguro-ku, Tokyo 153

Abstract  Crystal structure analysis of bi(anthracene-9,10-dimethylene) photoi-
somer (1) revealed that the anomalous elongation of the central C-C bond in the
previously reported X-ray structure is an artifact caused by partial cycloreversion
of 1 to no-bonded isomer in crystalline state.

INTRODUCTION

The central C-C bond (C9-C10') of the photoisomer (1) of bi(anthracene-9,10-
dimethylene) (2) has been known as one of the longest C(sp3)-C(sp3) bonds. Its length
was determined to be 1.77(1) A by Ehrenberg using X-ray diffraction.2 The anomalous
bond elongation provoked great interest among organic and theoretical chemists, and
several attempts to rationalize it have been made.3-5

Allinger and his co-workers estimated the bond length to be 1.64 A from the mo-
lecular mechanics and the ab initio calculations.® They state "it seems clear that the X-ray
results are unreliable.” Very recently Siegel and his co-workers redetermined the X-ray
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structure of 1 and showed that the C~C bond length is 1.648(3) A.7 This value closely
agrees with the structures obtained from HF and DFT calculations.” We independenty
carried out single crystal X-ray diffraction measurements for 1.‘8 This paper discusses
the origin of the anomalous bond elongation in the previously reported X-ray structure in
terms of crystalline state reactions.

RESULTS AND DISCUSSION

The ORTEP drawing of 1 is shown in Figure I. In contrast to Ehrenberg's observation,
no significant fluctuation in the intensity of standard reflections was observed during the
data collection.

FIGUREI ORTEP drawing of 1 with hydrogen atoms omitted for clarity. The thermal
ellipsoids are scaled to the 50% probability level.

The observed molecular structure (which is referred to as Structure A hereafter) is
essentially identical with the structure reported by Ehrenberg (which is referred to as
Structure B) except the central C(sp3)-C(sp3) bond C9-C10'. Its bond length in Struc-
ture A (1.663(4) A) is considerably shorter than that in Structure B (1.77(1) A) and
agrees fairly well with the length obtained by Siegel and his co-workers.? It is therefore
established that the true length of the central C(sp3)—C(sp3) bond is not 1.77 A but 1.66
A

Now there is a question: Why did the C9-C10' bond appear to become extraordi-



Downloaded by [Tomsk State University of Control Systems and Radio] at 11:01 18 February 2013

CENTRAL BOND IN B{ANTHRACENE-9,10-DIMETHYLENE) [481)/121

narily long in Structure B? Our answer is as follows.

It has been reported that compound 1 gradually changes into compound 2 in the
solid state in the dark.? We found that this cycloreversion proceeds with retention of
the single crystals: Having been left in the dark for a few months after X-ray diffraction
measurements, the piece of the single crystals of 1 changed into a single crystal of 2, the
X-ray structure 10 of which was found out to be identical with that reported by Wada and
Tanaka.!! The ORTEP drawing of 2 is shown in Figure II.

FIGUREII ORTEP drawing of 2 with hydrogen atoms omitted for clarity. The thermal
ellipsoids are scaled to the 50% probability level.

The results suggest that isomer 2 could coexist in the crystal of 1 during the cy-
cloreversion reaction. Coexistence of 2 would cause a disorder in the X-ray structure.
If the population of 2 is much smaller than that of 1, the disorder would be unresolvable
in difference density maps. However, its effect would appear in the observed molecular
geometry. A comparison of geometrical parameters for Structures A and B, and 2 re-
vealed that there was an unresolved disorder ascribable to the coexistence of 2 for Struc-
ture B (Table I).

One of the most characteristic differences in the geometry between 1 and 2 is in the
arrangement of two anthracene rings within a molecule (See Figures I and IT). While in
1 two anthracene rings are arranged nearly symmetrically with respect to a pseudo mirror
plane that bisects C9-C10' and C9'-C10 bonds, in 2 they are displaced in the direction
along the longest axes of the rings. Thus, in 1 the distance (d) between C13 and C14'
is equal to that (dy) between C12 and C11' within experimental error. Similarly the
distance (d3) between C1 and C4' is equal to that (d4) between C8 and C5' and the dis-
tance (ds) between C2 and C3' is equal to that (dg) between C7 and C6'. In contrast,
in 2, each of the corresponding distances is distinctly different. Thus, dj-dp
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amounts to 0.900(5) A, d3-dy 1.242(6) A, and d5-dg 1.345(6) A. If isomer 2 coex-
ists in the crystal of 1, it is expected that each of dy-dj, d3 -dy4, and d5-dg would have
apositive value. This is just the case for Structure B by Ehrenberg.

TABLE I Selected interatomic distances indicating an unresolved disorder due to the
crystalline state reaction

Distances (&)
1at296K 1 by Ehrenberg 2 at90K

(Structure A) (Structure B)
C9-C10' (d,) 1.663(4) 1.75° 2.773(3)
C13-C14' (Zil) 3.744(4) 3.81 4.413(3)
Cl12-C11' (d,) 3.733(5) 3.74 3.5144)
d-d, 0.011(5) 0.07 0.900(5)
C1-C4' (d;) 6.026(5) 6.01 6.634(3)
C8-C5' (d,) 6.019(6) 5.94 5.392(4)
dy-d, 0.007(8) 0.07 1.242(6)
C2-C3' (d) 8.362(6) 8.34 8.879(4)
C7-C6' (dg) 8.357(7) 8.29 7.534(5)
de-d; 0.005(9) 0.06 1.345(6)

" The reported value 1.77 A was corrected to be 1.75 A by recalculation using the atomic
coordinates reported in ref. 2.

In view of these findings, the instability of the crystals reported by Ehrenberg is in-
terpreted in terms of the partial cycloreversion of 1 to 2 during and/or before the data
collection of X-ray diffraction intensities. The observed molecular structure was, ac-
cordingly, an average of two isomers 1 and 2. The interatomic distance between C9 and
C10' of 2 (2.773(3) A) is much longer than that of 1. Even if the population of 2 is
much smaller than that of 1, the observed length of C9-C10' bond would be considera-
bly elongated.

It is therefore concluded that the anomalous elongation of C9-C10' bond of
bi(anthracene-9, 10-dimethylene) photoisomer (1) in the previously reported X-ray struc-
ture is ascribed to an unresolved disorder caused by the partial cycloreversion of 1 to 2 in
the crystalline state and that the true bond length of C9-C10' is 1.66 A.

This work was supported by the Grant-in-Aid for Scientific Research from the
Ministry of Education, Science and Culture, Japan.
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