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2,3,4,5,6,7,8�Heptachloro�2�morpholinocarbonyltricyclo[4.3.0.01,3]nona�4,7�dien�9�one
was synthesized by the reaction of the tetrachlorocyclopentadienone dimer with morpholine,
and its crystal and molecular structure was established by X�ray diffraction analysis.
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The readily accessible tetrachlorocyclopentadienone
dimer1 (1) attracted our attention as a promising starting
compound for constructing unusual structures.2,3 The
characteristic structural features of this little�studied com�
pound and data on its functionalization suggest a high
probability of its unique chemical behavior. Actually, as
applied to compound 1, the AdNE reaction with amines
(HNR1R2), which proceeds at position 3 and is most
typical of 2,3�dichlorocyclopentenones studied by us ear�
lier,4 afforded a series of unexpected products containing
the amide residue.

Studies by NMR spectroscopy proved to be insuffi�
ciently informative to establish the structures of the reac�
tion products, because the core (ring moiety) of the start�
ing compound 1 is devoid of hydrogen atoms. For this
reason, we determined the structure of one of the prod�
ucts prepared by the reaction of 1 with morpholine
(Scheme 1) by X�ray diffraction analysis.

X�ray diffraction study demonstrated that the reac�
tion gave rise to new tricyclic compound 2. Its struc�
ture is shown in Fig. 1. Molecule 2 involves the
bicyclo[3.3.0]octadienone system as the core. This
open�book�shaped moiety bears the cyclopropane
fragment in the partially triangular junction. Both
cyclopentene rings are planar (the average deviations
from the C(1)—C(6)—C(5)—C(4)—C(3) (A) and
C(1)—C(9)—C(8)—C(7)—C(6) (B) planes are 0.02 and

0.04 Å, respectively).5 The angle between the planes of
the rings is 52.2(3)°. The cyclopropane C(1)—C(3)—C(2)
fragment bends toward the outer side of the "book" and
forms an angle of 117.2(3)° with ring A. The morpholine
substituent adopts a usual chair conformation with the
N(1) and O(3) atoms deviating from the plane of the ring

Scheme 1
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by –0.64 and 0.68 Å, respectively. The bond lengths and
bond angles in the morpholinoamide fragment are close
to the standard values for this class of compounds.
A comparison of the geometry of the tricyclic core with
that of structurally similar 6�hydroxy�3�methyl�5�phenyl�
tricyclo[4.3.0.01,3]non�7�en�9�one (3)6 (Fig. 2) shows that

these compounds differ in the angles between the planes
of the cyclic fragments. Thus, the angle between five�
membered rings A and B in molecule 3 is 61.5(2)° and the
angle between the five� and three�membered rings is
107.2(2)°, i.e., these angles differ from the corresponding
angles in compound 2, on the average, by 10°. This can be
attributed to the fact that five�membered ring A in mol�
ecule 3 has no double bonds and has a slightly corrugated
structure (the average deviation from the plane is 0.12 Å;
the C(4) atom deviates from the C(1)—C(6)—C(5)—C(3)
plane by –0.36 Å.

In the crystal, molecules 2 are linked by strong inter�
molecular Cl...Cl interactions, whose lengths (3.53, 3.48,
3.44, and 3.24 Å) are substantially smaller than the sum of
the van der Waals radii (3.65 Å7).

Experimental

The IR spectrum was recorded on a Specord M�80 spectro�
photometer (in Nujol mulls). The NMR spectra were measured
on a Bruker AM�300 spectrometer (300.13 MHz for 1H and
75.47 MHz for 13C) in CDCl3. The mass spectrum (EI) was
obtained on a Varian MAT CH�5 instrument; the ionizing volt�
age was 70 eV. The TLC chromatograms were obtained on Silufol
UV 254:366 plates (Czechoslovakia); visualization was carried
out by burning or with iodine vapor followed by spraying of the
plates with water. The reaction products were isolated by col�
umn chromatography on L 100/160 µm silica gel (Chemapol,
Czechoslovakia) in amounts of 30—60 g per gram of the com�
pound; freshly distilled solvents were used as eluents. Morpholine

Fig. 1. Molecular structure of 2.
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Fig. 2. Molecular structure of 3.
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was purified by drying over finely dispersed KOH and distil�
lation.

2,3,4,5,6,7,8�Heptachloro�2�morpholinocarbonyltri�
cyclo[4.3.0.01,3]nona�4,7�dien�9�one (2). A solution of morpho�
line (3—4 equiv.) in benzene (3 mL) was added to a solution of
diketone 1 (0.5 g, 0.57 mmol) in benzene (5 mL). The reaction
mixture was stirred at ∼20 °C until the starting compound disap�
peared (TLC, a 1 : 5 EtOAc—light petroleum mixture as the
eluent), diluted with CHCl3, washed with a saturated NaCl
solution, dried with MgSO4, and evaporated. The residue was
purified by column chromatography on SiO2 (1 : 10 EtOAc—light
petroleum mixture as the eluent). After evaporation of the sol�
vents, the product was triturated with a 1 : 10 EtOAc—light
petroleum mixture and recrystallized once again. Compound 2
was obtained as colorless crystals, m.p. 208—210 °C (from a
1 : 10 EtOAc—light petroleum mixture), the yield was 42%.
Found (%): C, 33.98; H, 1.40; Cl, 50.31; N, 2.50. C14H8Cl7NO3.
Calculated (%): C, 34.57; H, 1.66; Cl, 51.02; N, 2.88. IR,
ν/cm–1: 1580, 1608 (C=C), 1664 (C=O of amide), 1708 (C=O).
1H NMR, δ: 3.30 (m, 1 H, CH2N); 3.40 (m, 1 H, CH2N); 3.63
(dt, 1 H, CH2N, 3J = 8.8 Hz, 2J = 2.8 Hz); 3.70—3.90 (m, 5 H,
NCH2, 2 CH2O). 13C NMR, δ: 43.3 (NCH2); 46.3 (NCH2);
49.3 (C(1)); 59.3 (C(2)); 60.3 (C(3)); 65.5, 66.1 (OCH2); 76.3
(C(6)); 127.9 (C(8)); 136.5, 136.9 (C(5), C(4)); 157.2 (C(7));
158.6 (C=O of amide); 179.3 (C(9)). MS, m/z: 491, 489, 487,
485, 483 [M]+ (100%), 442, 444, 446, 448 [M – Cl]+ (30%).

X�ray diffraction analysis. Colorless needle�like crys�
tals of 2 (C14H8NO3Cl7, M = 486.36), monoclinic, at
293(2) K, a = 20.645(3), b = 15.912(3), c = 13.875(2) Å,
β = 125.955(3)°, V = 3689(1) Å3, Z = 8, µ = 1.090 mm–1, dcalc =
1.751 g cm–3, space group C2/c, single�crystal dimensions were
0.40×0.15×0.10 mm.

X�ray diffraction data were collected on a Bruker SMART
CCD 1000 diffractometer at room temperature (293 K). A total

of 23204 reflections were measured. Merging of equivalent re�
flections gave 3958 independent reflections (Rint = 0.0310). Ab�
sorption corrections were applied using the SADABS program9

(transmission (max/min) for 2 was 0.952/0.726). The X�ray
data were processed and merged using the SAINT Plus8 and
SADABS9 program packages.

The structure was solved by direct methods with the use
of successive electron density syntheses. All nonhydrogen
atoms were located from difference electron density syn�
theses. The refinement was carried out against F 2

hkl with
anisotropic thermal parameters for nonhydrogen atoms. The
positions of the hydrogen atoms in 2 were calculated geo�
metrically and refined using the riding model with Uiso(H) =
1.2Ueq(C), where Ueq(C) are the equivalent thermal parameters
of the carbon atoms to which the corresponding H atoms are
bound.

The final reliability factors for 2 were as follows: R1 = 0.0524
(for 3158 reflections with I > σ(I )), wR2 = 0.1518 (based on
F 2

hkl for all 3958 reflections); 226 parameters were refined.
All calculations were carried out using the SHELXTL pro�

gram package (version 5.10).10

The selected geometric parameters of molecule 2 are given
in Table 1. The atomic coordinates were deposited with the
Cambridge Structural Database.
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Foundation for Basic Research (Project No. 02�03�
32594a).
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