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Synthesis and crystal structure of
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The reaction of o,o-dibromobutyrophenone with dimethyl benzylidenemalonate in the
presence of zinc gives dimethyl 2-benzoyl-2-ethyl-3-phenylcyclopropane-1,1-dicarboxylate as
a single geometrical isomer. Its structure was determined by X-ray diffraction analysis.
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An approach to the synthesis of cyclopropanes with
electron-acceptor acyl and alkoxycarbonyl substituents
consists in the addition of organometallic intermediates,
resulting from the reactions of o,o-dibromoketones!-2 or
alkyl o,0-dihalocarboxylates3-4 with some metals, to ac-
tivated unsaturated compounds. In certain cases, e.g., in
the reaction of o,0-dibromo-o-phenylacetophenone with
zinc and olefins, dihydrofuran derivatives were obtained.2

With the aim of expanding the area of application of
this method and of synthesizing dimethyl 2-benzoyl-2-
ethyl-3-phenylcyclopropane-1,1-dicarboxylate, we stud-
ied the reaction of a,o-dibromobutyrophenone (1) with
dimethyl benzylidenemalonate (2) in the presence of
zinc (Scheme 1).

Apparently, dibromide 1 first gives zinc enolate,
which reacts with ester 2 to form intermediate 3. The
latter undergoes cyclization into cyclopropane 4. Its
structure was confirmed by data from elemental analysis

and IR and NMR spectroscopy (!H and !3C). The
IH NMR spectrum of the reaction product isolated by
vacuum distillation contains signals for the protons of
the major component and a set of low-intensity signals.
Crystallization from hexane gave a single geometrical
isomer of cyclopropane 4 in 65% yield.

X-Ray diffraction analysis showed that the major
reaction product is isomer 4a, in which the phenyl and
benzoyl substituents are cis to each other. The general
view of the molecule is displayed in Fig. 1. In the
sterically crowded cyclopropane ring, the bond lengths
fall in a wide range from 1.504(2) A for C(6)—C(7) to
1.536(2) A for C(7)—C(8); the C(6)—C(8) bond length
is equal to 1.530(2) A. The structures of analogous
cyclopropane derivatives were analyzed with the use of
the data from the Cambridge Structural Database. The
analysis reveals a similar scatter in ring bond lengths.
Thus, in dimethyl (3S5)-3-[(45)-2,2-dimethyl-1,3-
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Scheme 1
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dioxolan-4-yl]-2,2-dimethylcyclopropane-1,1-dicarboxy-
late, they lie within 1.491—1.551 A (see Ref. 5), which is
probably due to steric factors. All the other bonds in
compound 4a have standard values and thus need no
comments. In the crystal, there are no hydrogen bonds
or other shortened intermolecular contacts.

Experimental

IR spectrum was recorded on a UR-20 spectrophotometer.
'H and 13C NMR spectra were recorded on an INOVA-300
Cunmr 1 instrument in CDCl; with Me,Si as the internal
standard. Mass spectrum was obtained with the Vector/TWO
instrument (chemical ionization, isobutene as the reagent gas,
ionizing voltage 100 eV).

Dimethyl 2-benzoyl-2-ethyl-3-phenylcyclopropane-1,1-
dicarboxylate (4). A solution of a mixture of o,c-dibromo-
butyrophenone (1) (0.05 mol) and dimethyl benzylidenemalonate
(2) (0.05 mol) in 5 mL of Et,O and 15 mL of EtOAc was added
dropwise with stirring to a suspension of Zn cuttings (10 g) in
5 mL of Et,0 and 15 mL of EtOAc. The reaction mixture was
heated until the reaction started, and then heating was stopped.
After the reaction was completed, the reaction mixture was
heated at ~100 °C for 30 min, cooled, and treated with 5% HCI
at ~20 °C (10 min). The organic material was extracted with
Et,0. The extract was dried with Na,SOy, and the solvents were
removed. The product was distilled in vacuo to give a viscous
oil, b.p. 235—240 °C (4 Torr). Its 'H NMR spectrum contains
signals for the MeO groups at & 3.30 and 3.81 (major compo-

Fig. 1. General view of the molecule 4a.

nent) and § 3.33 and 3.67 (relative intensity 10—15%). Crystal-
lization from hexane gave compound 4a in 65% yield, m.p.
135 °C. Found (%): C, 72.31; H, 6.11. CyH»0Os. Calcu-
lated (%): C, 72.12; H, 6.05. MS, m/z (I.¢; (%)): 367 [M + H]*
(100), 335 [M — MeO]* (48). IR, v/cm™!: 1720—1740 (COO);
1685 (CO); 1590, 1600 (C=C arom.). 'H NMR (CDCly),
8: 1.13 (t, 3 H, Me, J = 7 Hz); 1.22, 2.32 (both dq, each 1 H,
CH,, J = 14 Hz, J = 7 Hz); 3.21 (s, 1 H, CH); 3.33, 4.03
(both s, 6 H, OMe); 7.22—7.58, 8.17—8.23 (m, 10 H, Ph,
COPh). 13C NMR (CDCl,), &: 188.60 (CO); 162.13, 163.55
(CO0); 131.64, 128.43, 128.06, 125.60, 123.13, 123.01, 123.18,
122.47 (Ph, COPh); 48.51, 47.44 (OMe); 41.81, 41.83 (C(1),
C(2)); 34.64 (C(3)); 24.71 (CH,); 7.08 (Me).

X-Ray diffraction analysis. The crystals of 4a are mono-
clinic, @ = 12.083(2) A, b = 20.372(4) A, ¢ = 8.451(2) A,
B = 110.09(3)°, V = 1953.7(7) A3, M = 366.40, d.. =
1.246 g cm™3, Z = 4, space group P2;/a. The unit cell param-
eters and a set of experimental reflections were measured on a
KM-4 automated four-circle diffractometer (KUMA DIFFRAC-
TION) with x geometry (6/26 scan mode, monochromated
Cu-Ka radiation, 4.3 < 26 < 80.3°). The number of indepen-
dent reflections is 3885. Correction for absorption was not
applied (u = 0.719 mm™!). The structure was solved by the
direct method. Hydrogen atoms were located geometrically.
The least-squares refinement in the full-matrix anisotropic (iso-
tropic for H atoms) approximation gave the final residual
R = 0.046 for 2777 reflections with / > 2o(/). All calcula-
tions were performed on PC/AT with the SHELX-86% and
SHELXL-93 programs.” The coordinates of atoms are deposited
in the Cambridge Structural Database.
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