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1-(1,2,3-1 H-benzotriazol-1-yl)-2~(4-methylphenyl)-2 H-isoindole (1a) is a stable isoindole derivative in the crys-
talline state. On the basis of the results of X-ray crystallographic analysis, this exceptional stability was explained
as follows: the presence of a typical anti-parallel face-to-face stacking between isoindole rings deprives the two

reactive centers of an intermolecular approach.
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2H-isoindoles are compounds which attract interest as
reactive units in the synthesis of electrically conductive
polymers.” The high reactivity of this heterocycle is
presumably due to its o-xylylene character as is found in
isobenzofuran,® although the compound satisfies the
Hiickel 4n+2 rule for aromaticity. Thus, it has been
believed that isoindoles are stably isolable only when they
possess bulky substituents at both the 1- and 3-positions
(e.g., 2,5-dimethyl-1,3-diphenyl-2 H-isoindole).* Position
1- or 3-unsubstituted and mono-substituted derivatives
were only obtained in situ in the preparation from the
corresponding isoindolines.>

However, the authors have recently found that 1-(1,2,3-
1 H-benzotriazol-1-yl)-2-(4-methylphenyl)-2 H-isoindole
(1a), though it lacks a substituent at the 3-position, is
exceptionally stable in the crystalline state. It was pre-
pared in a moderate yield, together with the 1,3-disubsti-
tuted isoindoline derivative (3a), by a condensation of
o-phthalaldehyde with p-toluidine in the presence of
1,2,3-1H-benzotriazole (Bt-H).®” The purified crystals
of 1a are storable for a year in an open vessel at room
temperature under room light without any noticeable
deterioration. By contrast, in a CDCl; solution, on
exposure to room light, 1a changed the color from lemon-
yellow to deep green within a few minutes, indicating that
a rapid polymerization reaction took place.” These facts
suggest the presence of special stabilization factor(s) in
the crystals of 1a. Thus, we conducted an X-ray analysis
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study on a single crystal of 1a.

Experimental

1-(1,2,3-1H-Benzotriazol-1-yl)-2-(4-methylphenyl)-2 H-isoindole (1a)®
was crystallized from diethyl ether as pale orange prisms of mp 164—
166 °C. A single crystal of this specimen was subjected to an X-ray
analysis.

All measurements were made on a Rigaku AFC-5R four-circle
diffractometer controlled by the MSC/AFC program package, using
MoK, radiation monochromated by a graphite monochromator (A=
0.71069 A) at 296 K. The approximate crystal size was 0.7x0.5x0.3
mm. The data were collected using a w—26 scan mode for 3° <20 <55°
with a scan speed of 6.0°/min. Of the total 4067 reflections collected,
2690 with 7> 30(I) were used for calculations. The structure was solved
by direct methods using MITHRIL® and refined by the full-matrix
least-squares method. Non-hydrogen atoms were refined anisotropically
and all hydrogen atoms were located on a difference Fourier map and

TaBLE 1. Positional Parameters with Thermal Parameters B, for Non-
hydrogen Atoms

Atom x y z B,

N(I) 1.0927 (1) 0.5576 (1) 0.2900 (2) 3.12 (4)
N(2) 0.9980 (1) 0.7672 (1) 0.3205 (2) 3.42 (4)
N@3) 0.9375 (2) 0.8125 (1) 0.4548 (2) 4.37 (5)
N(4) 0.8401 (2) 0.8920 (1) 0.4234 (2) 4.82 (6)
(¢))] 0.8340 (2) 0.5072 (1) 0.1140 (2) 3.63 (6)
C®2) 0.9542 (2) 0.4883 (1) 0.2379 (2) 3.07 (5)
C(3) 0.7031 (2) 0.4372 (2) 0.0635 (2) 4.08 (6)
C4) 0.6886 (2) 0.3477 (1) 0.1339 (2) 3.97 (6)
C(5) 0.8113 (2) 0.3288 (1) 0.2547 (2) 3.88 (6)
C(6) 0.9431 (2) 0.3982 (1) 0.3077 (2) 3.40 (5)
C(7) 0.5445 (3) 0.2728 (2) 0.0776 (4) 6.1 (1)
C(8) 1.2273 (2) 0.5050 (1) 0.3113 (2) 3.43 (5)
C9) [.1138 (2) 0.6848 (1) 0.3228 (2) 3.28 (5)
C(10) 1.2635 (2) 0.7121 (1) 0.3637 (2) 3.45 (5)
C(11) 1.3360 (2) 0.5973 (1) 0.3560 (2) 3.44 (5)
C(12) 1.4918 (2) 0.5967 (2) 0.3878 (2) 4.24 (6)
C(13) 1.5681 (2) 0.7056 (2) 0.4267 (3) 5.36 (8)
C(14) 1.4950 (2) 0.8194 (2) 0.4358 (3) 5.78 (8)
C(15) 1.3464 (2) 0.8252 (2) 0.4062 (3) 4.76 (7)
C(16) 0.9373 (2) 0.8234 (1) 0.2025 (2) 3.52 (5)
C(17) 0.8353 (2) 0.9019 (1) 0.2679 (2) 4.00 (6)
C(18) 0.7488 (2) 0.9736 (2) 0.1775 (3) 5.46 (8)
C(19) 0.7686 (3) 0.9614 (2) 0.0240 (4) 63 (1)
C(20) 0.8730 (3) 0.8818 (2) —0.0403 (3) 6.1 (1)
C(21) 0.9598 (2) 0.8117 (2) 0.0474 (3) 4.83 (7)
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refined with an isotropic temperature factor. The final R values are
R=0.040 and R,,=0.049.

Crystal data: C,,H, 4N,, M.W.=324.38; triclinic; space group PT;
a=9.458H) A, b=113602)A, c=87103)4, «=110.552)°, B=
107.13(3)°, y=86.71(2)°; V'=836.2(5)A3; D, =1288gem™1; Z=2;
F(0 0 0)=340.

The final positional parameters for non-hydrogen atoms are given in
Table I. Dihedral angles between aromatic rings, of which the Least-
squares planes are calculated by the Hamilton method,® are as follows:
phenyl —isoindole = 136.84°; phenyl — benzotriazole = 108.06°; isoindole
—benzotriazole =76.07°. Intermolecular distances between non-hydro-
gen atoms less than 3.6 A are listed in Table IL.'®

Results and Discussion

Molecular Structure The bond lengths and angles of
non-hydrogen atoms are shown in Fig. 1. The bond lengths
of C-H are from 0.94 to 1.01 A. Each of three planes

TasLE II. Intermolecular Distances between Non-hydrogen Atoms
Less than 3.60 A (e.s.d. Values in Parentheses)

Original Another Molecular

molecule molecule code® Length (A)
N() C(6) A 3.477 )
N() C(s) A 3.555 (3)
N@) C(13) C 3.437 (3)
N(4) C(14) C 3.453 (3)
c(l) CE®) B 3.530 (3)
CQ) C(6) A 3.545 (3)
C(3) Cc(11) B 3.443 (3)
C0) C©) A 3.594 (3)
C(6) C(6) A 3.233 (3)
C(6) C(Zl) B 3.512 (3)
C®) C(12) D 3.506 (3)
C(12) C(12) D 3.387 (4)
CQ0) C(20) E 3.450 (5)

a) When the coordinates of the original molecule are defined as (x, y, z), molecules
A, B, C, D, and E correspond to the coordinates of 2a—x, b—y, c—2z), (x—a, , 2),
2a—x,b—y, —z), (3a—x, b—y, c—z), and (2a—x, 2b—y, —z), respectively.
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defined by phenyl, isoindole, and benzotriazole groups
was almost planar but deviated slightly (less than 0.01 A)
from the ideal planes. The bond lengths and angles in
the benzotriazole moiety are compatible to those of
1-(1,2,3-1 H-benzotriazole)-acetic acid'? and those in the
isoindole moiety show similar trends with the values re-
ported for benzotriazole-2-acetic acid,!!” indicating a
cyclohexadienoid character of the latter ring.

The most remarkable feature of this molecule is its
doubly twisted structure (Fig. 2). Three planes (phenyi,
isoindole and benzotriazole rings) form dihedral angles to
one another as 137°, 76° and 108°, so as to gain maximum
steric relief between these groups. This doubly twisted
structure assists the compact packing of the moelcules in
a crystalline state, as shown below.

Crystal Structure In a unit cell of 1a (Fig. 3), the
molecules exist with anti-parallel face-to-face stacking
between two isoindole moieties (related by an inversion
center). The average distance between the two isoindole
planes is 4.4 A. Although there are several other inter-
molecular contacts less than 3.6 A in the crystals (Table
IT), which may play a role in a compact molecular pack-
ing, they are not concerned with the distance of the re-
active centers. The shortest distance between the reactive
centers, C(8) and C(8') or C(9’), in the crystal is 5.2 A.

Explanation of the Stability of 1a in a Crystalline State
The detailed polymerization mechanism of 2 H-isoindoles
has not yet been settled. In the related isobenzofuran
system, a caged dimer has been proven as an intermediate
of polymerization.'® Therefore, it would be reasonable
to assume that the reaction is initiated by a biradical
creation at the 1- and 3-positions [C(8) and C(9) in the
present work] and proceeds through an intermolecular
coupling between them. Thus, the remarkable stability of
1a in a crystalline state is attributable to the presence

&
120 @
13(2) Cqpt
17138
D L Fy 2
2 0 & 2 QN
S\ %\' % N —
O Y
/ o 1s‘°4~““i P 3
H & 2 & Tyl
¥ DA NI
~ TON =
S ‘31%(2\
’ 4283010 Na v
7
5 o “"()0 He Hg
= K7 \ /
& 7 T 1.381(2)
D C1s o Y {42340 Ci— C
H b ~ g, & 9\7,\ C 1 3
S8 TR sy s 0% o H
- & N 9O g © NS 2 & 10
14 ~ [ &5 s o ;
7 - N 7, o T, & RS PR S
o Qee - \'LQ’ @ 0)40 2 S 2)0 Ea /&1506(3)
E \e § <// 108.8(1) N, 1.435¢ C, 119.8(1) 17.7(2) C4— Cy Hyq
A at® e, A NG e, &) > % @ % \
g s L ey oy D A3 Hiz
13 e Ci1 2R 2T R L2 LR
e g E 08 e ” O i
3 Dot & 8 /Ce 173802) Cs
‘ H1 H6 7
Hz

Fig. 1. The Bond Lengths and Angles for Non-hydrogen Atoms of 1a
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Fig. 3.

Packing of 1a in a Unit Cell

of anti-parallel isoindole-isoindole stacking. This effect
enforces two reactive centers in two molecules, prevent-
ing them from approaching each other (>5.2A), thus
preventing the new C-C bond formation, and therefore,
the polymerization. On the other hand, in solutions, a
random array of the molecules would bring two reactive
centers close enough for the bond formation. As a support
for this consideration, 1a in a non-crystalline solid state*
was found to undergo partial polymerization” in a few

weeks at room temperature under room light.

The mono-substituted isoindoles (1b and 2) were also
preparable with moderate yields®” in a manner similar to
1a, and they were also stable in crystalline states. The
reason for the stability of these compounds would also be
explained as mentioned above.
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