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2-[2-Hydroxyimino-2-(3-methyl-3-phenyl-

cyclobutyl)ethyllisoindole-1,3-dione

The molecules of the title compound, C,;H,,N,03, are linked
by O—H---O and C—H-:--N hydrogen bonds, and by n-m
interactions. The cyclobutane ring is puckered, with a dihedral
angle of 11.55 (3)° between the two planes. The phenyl ring
shows positional disorder.

Comment

3-Substituted cyclobutane carboxylic acid derivatives exhibit
anti-inflammatory and antidepressant activities (Dehmlow &
Schmidt, 1990), and also liquid crystal properties (Coghi et al.,
1976). Phthalimide derivatives exhibit anticancer activities,
with current and potential applications including erythema
nodosum leprosum, renal cell carcinoma, Kaposi’s sarcoma,
and other cancers (Sampaio et al., 1993; Eisen et al., 2000).
Oximes show geometric isomerism due to the double bond
between the N and C atoms (Mixich & Thiele, 1979; Migrdi-
chian, 1957). Because of the great differences in physical,
chemical and biological properties of the geometric isomers,
determination of the configuration of the isomers is important
(Mathison et al., 1989). Oximes and oxime ethers have also a
broad pharmacological activity spectrum, encompassing anti-
fungal, antibacterial, antidepressant and insecticidal activities,
as well as activity as a nerve-gas antidote, depending on the
pharmacophoric group of the molecule (Polak, 1982; Balsamo
et al., 1990; Holan et al., 1984; Forman, 1964). Taking into
account these important features of the cyclobutane, phthal-
imide and oxime groups, we have undertaken the
X-ray diffraction study of the title compound, (I), which
contains all three groups.
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A view of the title compound with the atom-labelling
scheme is shown in Fig. 1. The crystal structure of (I) can be
described as being built from essentially planar fragments, viz.
a cyclobutane ring (C1-C4), a phthalimide group (O1/02/N1/
C5-C12), an oxime group (C14/N2/0O3), a phenyl ring (C16-
C21) and a four-atom bridge (C1/C14/C13/N1) linking the
cyclobutane ring with the phthalimide group. The maximum
deviation of the phthalimide group from planarity is
0.0239 (18) A. Although close to planar, the cyclobutane ring
is slightly puckered. The C4/C1/C2 plane forms a dihedral
angle of 11.55 (3)° with the C2/C3/C4 plane. The mean plane
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Figure 1

An ORTEP-3 (Farrugia, 1997) drawing of the title compound, (I),
showing the atomic numbering scheme. Displacement ellipsoids of non-H
atoms are drawn at the 50% probability level. The two disordered
components are represented with full and dashed lines. H atoms have
been omitted for clarity.

of the cyclobutane ring forms a dihedral angle of 71.55 (10)°
with the mean plane of the phthalimide group. The C1—C14—
C13—NI1 torsion angle is 3.9 (4)° and the plane of the four-
atom bridge is almost perpendicular to the plane of the
phthalimide group, with a dihedral angle of 83.15 (9)°.
However, the plane of these four atoms is twisted by
57.56 (13)° out of the mean plane of the cyclobutane ring.

The bond lengths and angles found for both the cyclobutane
ring and the phthalimide group are close to those reported in
the literature (Zhu et al., 2001; Swenson et al., 1997). The
dihedral angle between the plane of the oxime moiety and the
phthalimide group is 82.23 (14)°, indicating that these two
planes are almost perpendicular to each other, while the plane
of the oxime moiety forms a dihedral angle of 57.06 (20)° with
the mean plane of the cyclobutane ring.

Two types of intermolecular hydrogen bonds, O—H---O
and C—H- - -N, are observed in the structure (Table 2). In the
first of these intermolecular interactions, atom O3 acts as
donor to the symmetry-related O2 at (1 —x, $+y, 1 —2z)
[2.814 (3) A]. In the second type, atom C9 acts as hydrogen-
bond donqr to the symmetry-related N2 at (x, 3 — y, %+ Z)
[3.522 (4) A]. Hydrogen bonds in the structure link molecules
into infinite chains. The crystal structure is also stabilized by
m—m stacking interactions between the N1/C5/C6/C11/C12 and
C6-C11 rings [symmetry code: (iii)) 1 —x, 2 —y, 1 — z]. The
distance between the centroids of these rings is 3.9987 (17) A.

Experimental

To a solution of 1.471 g (10 mmol) of phthalimide in 20 ml of absolute
ethanol, a solution of 2.225 g (10 mmol) of 1-phenyl-1-methyl-3-(2-
chloro-1-oxoethyl)cyclobutane, which was synthesized according to
the literature method of Akhmedov ez al. (1991), in 20 ml of absolute
ethanol was added dropwise at 333-343 K with continuous stirring

Figure 2

PLATON plot (Spek, 1997) illustrating the hydrogen-bonding network
and the stacking of molecules. The two disordered components are
represented with full and dashed lines.

and with monitoring of the course of the reaction by IR. Since
monitoring of the CH,—Cl group of 1-phenyl-1-methyl-3-(2-chloro-
1-oxoethyl)cyclobutane or the N—H group of phthalimide is easy, it
is also easy to determine the reaction time. When the reaction was
finished, 0.33 g (10 mmol) of NH,OH was added and the resulting
solution refluxed for a further 2 h. After cooling to room tempera-
ture, water (30 ml) was added to the mixture and it was extracted with
ether (3 x 40 ml). The combined extracts were washed several times
with water and dried (Na,SO,). The solvent was evaporated to give
crude (I). The product was crystallized from aqueous ethanol (1:3).
Yield and melting point of the substance are 82% and 410K,

respectively.

Crystal data

Cy1Hz0N,05

M, = 348.39
Monoclinic, P2, /c
a = 14.6497 (14) A
b =5.6976 (3) A
c=21.965(2) A

B =109.095 (7)°
V =17325(3) A®
Z=4

Data collection

Stoe IPDS-2 diffractometer

@ scans

Absorption correction: none
5446 measured reflections
2824 independent reflections
1590 reflections with 7 > 20([)

Refinement

Refinement on F?

R[F? > 20(F?%)] = 0.055

wR(F?) = 0.134

§=1.01

2824 reflections

264 parameters

H-atom parameters constrained

D, =1336 Mgm™

Mo Ko radiation

Cell parameters from 9229
reflections

6 =1.5-29.6°

n=0.09 mm~

T=2932)K

Plate, colourless

0.80 x 0.34 x 0.08 mm

1

Ry = 0.071
Omax = 25.0°
h=-17— 16
k=—-6—>6
[=—-18 — 26

w = 1/[0*(F,?) + (0.0555P)?]
where P = (F,” + 2F.2)/3

(A/0)max = 0.001

APmax =019 A3

Apmin = —0.18 ¢ A3

Extinction correction: SHELXL97

Extinction coefficient: 0.0115 (19)
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Table 1 .

Selected geometric parameters (A, °).

01-C5 1.197 (3) Cl—Cl4 1.475 (4)
02—C12 1.208 (3) Cl—-C2 1538 (3)
03—N2 1.408 (3) Cl—C4 1.549 (4)
N1—C12 1.384 (3) 2-C3 1.553 (4)
N1—Cs 1.397 (4) C3-Cl6 1.517 (4)
N1-CI13 1.458 (3) C3—Cl15 1525 (4)
N2—Cl4 1.266 (4) C3—C4 1.560 (3)
C12—N1-C5 111.8 (2) C2—-C3-C4 8832 (19)
C12—N1—C13 1245 (2) Cl1—C4—C3 90.3 (2)
C5—N1—C13 1233 (2) 01-C5—N1 124.9 (3)
C14—N2—-03 111.1 (2) 01-C5—-Co 129.2 (3)
Cl4—Cl1—C2 118.6 (3) N1-C5—C6 105.9 (2)
Cl4—Cl1—C4 1151 (2) 02—CI2—N1 125.4 (3)
C2—Cl—C4 89.24 (18) 02—Cl12—Cl1 1287 (3)
Cl—-C2—-C3 91.0 (2) N1-Cl2—C11 105.9 (2)
C16—C3—Cl5 113.4 (2) N1—CI13—Cl4 1143 (2)
Cl16—C3—C2 116.5 (2) N2—Cl14—Cl1 119.0 (2)
Cl15—-C3—-C2 111.9 (2) N2—-C14—C13 120.3 (2)
Cl6—C3—C4 113.1 (2) Cl—-C14—C13 120.6 (3)
C15—C3—C4 1112 (3)

Table 2 .

Hydrogen-bonding geometry (A, °).

D—H --A D—H H--A D---A D—H--A
03—H3.--02' 0.82 2,01 2.814 (3) 165
C9—H9- - N2 0.93 2.59 3.522 (4) 176

Symmetry codes: (i) 1 —x,3+y,3—z: (i) x,3 —y, 3+ z.

H atoms were positioned geometrically and treated using a riding
model, fixing the bond lengths at 0.82 A for atom 03, at 0.93 A for
both the phthalimide group and the phenyl ring, at 0.96 A for the
methyl group, at 0.97 A for atom C2, C4 and C13, and at 0.98 A for
atom Cl. The displacement parameters of the H atoms were
constrained as Uj,(H) = 1.2U.q (1.5U.q for methyl) of the carrier
atom. Three of the six atoms of the phenyl ring are disordered with a
nearly statistical distribution over two sites [0.52 (3)/0.48 (3)].

Data collection: X-AREA (Stoe & Cie, 2002); cell refinement:
X-AREA; data reduction: X-RED32 (Stoe & Cie, 2002); program(s)
used to solve structure: SHELXS86 (Sheldrick, 1990); program(s)
used to refine structure: SHELXL97 (Sheldrick, 1997); molecular
graphics: ORTEPIIIL for Windows (Farrugia, 1997) and PLATON
(Spek, 1997); software used to prepare material for publication:
WinGX (Farrugia, 1999).
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