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N and C(methyl) atoms of DMM, the disorder was accounted for
by increase of thermal tensor U, and for each of the DMM ring
C atoms by use of two fractional atoms, each with occupancy
0.5. Computations were carried out on a Cyber 170/760 with
the XRAY (1976) system and local crystallographic programs.

Lists of structure factors, anisotropic displacement parameters, H-atom
coordinates and complete geometry have been deposited with the British
Library Document Supply Centre as Supplementary Publication No.
SUP 71739 (24 pp.). Copies may be obtained through The Technical
Editor, International Union of Crystallography, 5 Abbey Square, Chester
CH1 2HU, England. [CIF reference: SH1060]
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Abstract

The cyclopentene ring has an envelope conformation
with the C atom carrying the carboxyl group lying
0.355 (2) A out of the best plane of the other four C
atoms. The cyclopentene torsion angle along the
fusion of both rings has a magnitude of —2.5 (3)°.
The carboxyl groups adopt synperiplanar conforma-
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tions with C—C—C—O torsion angles of 4.5 (3) and
—20.3 (3)°. The C=C distance at the ring fusion is
1.379 (3) A. The C=O0 distances are 1.207 (3) and
1.215(3) A.

Comment

As part of an ongoing structural study of the inter-
mediates in the synthesis of atipamezole (Garcia &
Enas, 1993), indan-2,2-dicarboxylic acid was
required. The title compound was prepared by con-
densing  a,a’-dibromo-o-xylene  with  diethyl
malonate and sodium ethoxide followed by basic
hydrolysis (Carlson, Quina, Zarnegar & Whitten,
1975).

The carboxyl groups adopt synperiplanar confor-
mations (Klyne & Prelog, 1960) with torsion angles
01—C10—C2—C3 of 4.5 (3)° and O3—CI11—C2—
Cl of —20.3 (3)°. Structural data for cyclobutane-
1,1-dicarboxylic acid (Santarsiero, 1990),
cyclopropane-1,1-dicarboxylic acid (Meester, Schenk
& MacGillavry, 1971), 2,2-dimethyl-4,5-dinitro-
indan (Garcia, Enas & Fronczek, 1993a), 2-ethyl-2-
nitroindan-1,3-dione (Garcia, Enas, Chang &
Fronzek, 1993) and 2-acylindan-1-one (Garcia, Enas
& Fronczek, 1993b) are in agreement with those of
the title compound, (I).

©:><COOH
COOH
@
The cyclopentene ring adopts an envelope confor-
mation [torsion angles w, (C1—C8—C9—C3), w,
(C8—C9—C3—C2), w; (C—C3—C2—Cl), w,

(C3—C2—C1—C8) and ws (C2—C1—C8—C9) of
~-25@3), -11.7(), 205(2), -219(2) and

15.6 (3)°, respectively] that is slightly distorted from
the ideal envelope conformation of cyclopentene
[torsion angles w, =0, w, = — 15, w3 =24, w,= —24
(Bartlett,

and ws = 15°
Watson, 1979)].

Kimura, Nakayama &

Fig. 1. ORTEP drawing (Johnson, 1965) of the title molecule
representing heavy atoms as 40% probability ellipsoids and H
atoms as circles of arbitrary radii.
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Both carboxyl groups engage in normal hydrogen-
bonded dimer formation about centers of symmetry.
The carboxyl group involving Ol and O2 related by
the inversion center at the origin has an O---O dis-
tance of 2.669 (2) A and an angle about H of
172 (3)°. That involving O3 and O4 related by an
inversion center at 3,3,0 has an O--O distance of
2.656 (3) A and an angle about H of 173 (3)°. Thus,
molecules are arranged in hydrogen-bonded chains
in the [110] direction as illustrated in Fig. 2.

Fig. 2. Stereoview of the unit cell illustrating the hydrogen bond-
ing. H atoms not involved in hydrogen bonding are omitted.

Experimental
Crystal data
C11H1004 Mo Ko radiatéon
M, =206.2 A=071073 A
Triclinic Cell parameters from 25
P1 . reflections
a=58127(4) A 0 =8-12°
b=93602 (7) A g =0.10 mm™!
c=95880 (5 A T=294K
o = 98.172 (5)° Lath
B8 = 106.609 (5)° 0.55 x 0.10 x 0.05 mm
. v =90.770 (6)° Colorless
V =494.0 (2) A3 Crystal source: crystallized
Z=2 from ethanol
D, = 1.38¢ Mg m~®
M.p. = 454-456 K (sub.)
Data collection
Enraf-Nonius CAD-4 Omax = 25°
diffractometer h=0—-6
w-20 scans k=—-11—11
Absorption correction: l=-11-10
none 3 standard reflections

1729 measured reflections
1729 independent reflections
1219 observed reflections

frequency: 166 min
intensity variation: 2.4%

> o}
Refinement
Refinement on F Apmax = 0.19 ¢ A:3
R =0.045 Apmin = —0.16 ¢ A3

CiiH1004

wR = 0.044
§=1453
1219 reflections
177 parameters
All H-atom parameters
refined
w = 4F|[a*(])
+ (0.02F})1
(A/0)max = 0.02

Extinction correction:
(1 + gl.)~! applied to F.
Extinction coefficient:
g=13(3)x 107
Atomic scattering factors
from International Tables
for X-ray Crystallography
(1974, Vol. IV)

Table 1. Fractional atomic coordinates and equivalent
isotropic displacement parameters (A?)

Beg = (8#2/3)2,'2,‘U,:,'a;a;ai.aj.

x y z Beq
01 1.0170 (3) 0.1072 (2) 0.8816 (2) 355@)
02 0.6949 (3) 0.0634 (2) 0.9537 (2) 3.82(4)
03 0.3794 (3) 0.3897 (2) 0.8450 (2) 4.04 (4)
04 0.7558 (3) 0.3961 (2) 0.9879 (2) 4.41(4)
Cl1 0.4184 (4) 0.1283 (2) 0.6745 () 2.72(5)
c2 0.6462 (4) 0.2172(2) 0.7769 (2) 2.40(5)
C3 0.7664 (4) 0.2804 (4) 0.6719 (3) 325(5)
" C4 0.5603 (5) 0.3363 (3) 0.4077 (3) 4.29 (6)
Cs 0.3530 (6) 0.3153 (3) 0.2888 (3) 5.24(8)
C6 0.1561 (6) 0.2371 (3) 0.2947 (3) 5.12(7)
(o7) 0.1611 (5) 0.1728 (3) 0.4156 (3) 3.91(6)
C8 0.3685 (4) 0.1914 (3) 0.5345 (2) 2.99(5)
C9 0.5648 (4) 0.2736 (3) 0.5310 (2) 3.04(5)
C10 0.8094 (4) 0.1240 (2) 0.8765 (2) 2.57(5)
Cl1 0.5780 (4) 0.3419 (2) 0.8741 (2) 2.70 (5)

Table 2. Selected geometric parameters A, °)

01—-C10 1207 3) c—cl 1.518 (3)
02—C10 1.305 3) Cc3—C9 1.507 (3)
03—Cl11 1.215 (3) C4—C5 1.391 3)
04—cCl1 1.303 (2) C4—C9 1.386 (4)
c1—c2 1.551 (3) Cc5—C6 1.370(5)
C1—C8 1.497 3) c6—C7 1373 (4)
©—C3 1.553 (4) c7—C8 1.391 (3)
©—C10 1.522 (3) Cc8—C9 1379 3)
c2—C1—C8 1038 (2) C1—C8—C7 1283 (2)
Cl—C2—C3 105.2 (2) C1—C8—C9 111.2 (2)
Cl—C2—Cl10 1112 (2) C7—C8—C9 120.4 (2)
Cl—C2—Cl11 110.7 2) C3—C9—C4 1283 (2)
C3—C2—C10 1134 (2) C3—C9—C8 1112 2)
Cc3—C2—Cl1 108.4 (2) C4—C9—C8 120.5 (2)
C10—C2—Cl11 108.0 (2) 01--C10—02 1247 (2)
C2—C3—C9 103.6 (2) 01—C10—C2 124.1(2)
C5—C4—C9 118.5 (3) 02—C10—C2 1113 Q2)
C4—C5—C6 120.7 (3) 03—C11—04 123.6 2)
C5—C6—C7 121.0 2) 03—Cl11—C2 1230 2)
C6—C7—C8 118.8 3) 04—C11—C2 113.4 (2)
C7—C8—C9—C4 —14(@) Cl0—C2—CI1—03 —1422(2)
C10—C2—C11—04 4053) Cl1—C2—C10—01 —115.6(2)
C11—C2—C10—02 65.3(2)

Programs used include MolEN (Fair, 1990), RANTAN (Yao,
1981) and ORTEP (Johnson, 1965).

We thank DOE for support of this research through
grant No. DE-ACO03-76SF00098.

Lists of structure factors, anisotropic displacement parameters, H-atom
coordinates and geometry, least-squares-planes data and torsion angles
have been deposited with the British Library Document Supply Centre
as Supplementary Publication No. SUP 71829 (15 pp.). Copies may be
obtained through The Technical Editor, International Union of Crystal-
lography, 5 Abbey Square, Chester CH1 2HU, England. [CIF reference:
CR1076)
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Abstract

The structure of a chromotropic compound, 5,5-
dichloro-3,3’-diphenyl-3,3’-bi(1-benzofuran)-2,2’-
(3H,3’H)-dione  (I), Cy;H;,Cl,04, has been
determined. The C(3)—C(3’) bond, which undergoes
homolysis by mechanical energy such as rubbing, is
lengthened to 1.624 (4) A compared with the average
hexa-substituted C,,-—C,,: bond length. In the crys-
tal, the molecule exists in a nonsymmetric gauche
conformation.

Comment
3,3’-Diphenyl-3,3’-bi(1-benzofuran)-2,2'(3H,3’' H)-
dione (II) was reported to exhibit piezochromism? in

t We proposed a term ‘mechanochromism’ instead of piezo-
chromism based on the fact that the mechanochemical reaction is
caused by rubbing rather than high pressure (Ohkanda, Mori,
Maeda & Osawa, 1992).
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the solid state (Lowenbein & Schmitt, 1927).
Recently it was revealed that this mechanochromic
phenomenon was responsible for the reversible cleav-
age of the C(3)—C(3") bond to give blue-coloured
benzofuranonyl radicals (Watanabe, 1987). There
have been few reports on organic mechanochromic
compounds and investigations from the structural
chemistry viewpoint are very limited (Ohkanda,
Mori, Maeda & Osawa, 1992) since these compounds
were obtained only as powdery solids.

X Ph Ph X X Ph
T o — - 0L
0" 0”70 0" o

M x=a
) X=H

Compound (I), the 5-chloro derivative of (II), also
exhibited mechanochromism and gave a single crys-
tal suitable for X-ray structure analysis. The C(3)—
C(3’) bond is lengthened to 1.624 (4) A compared
with the average length (1.588 A) of hexa-substituted
C,pi—C,,» bonds (Allen er al., 1987). This bond
elongation seems to be caused by steric repulsion and
through-bond interactions between the phenyl
groups at the 3 and 3’ positions. In the crystal, the
molecule is not in a centrosymmetric anti conforma-
tion but is instead in a nonsymmetric gauche confor-
mation (Fig. 2). The corresponding bond angles
around C(3) and C(3’) are somewhat different from
each other, while bond distances and other angles of
the two halves of the molecule coincide within
experimental error.

Fig. 1. ORTEP (Johnson, 1965) drawing of the title molecule with
the atomic numbering scheme. The displacement ellipsoids for
non-H atoms enclose 30% probability.
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