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Abstract-1-Aryl-2,2-dibromobutan-1-ones react with zinc and dialkyl arylmethylene- or isobutylidene-
malonates to give dialkyl 2-aroyl-3-phenyl(isopropyl)-2-ethylcyclopropane-1,1-dicarboxylates which are
formed mainly asZ isomers.

One of the main procedures for synthesizing cyclo-
propane derivatives with an acyl substituent is based
on the reaction of oxo carbenes with olefins [1].
However, the yields of the target products are very
poor because of a large contribution of side processes.
Cyclopropane compounds having alkoxycarbonyl
groups are obtained by cyclization of bromo-substi-
tuted alkylidene derivatives ofb-dicarbonyl com-
pounds by the action of NaBH4 [2]. Most methods for
building up cyclopropane ring substituted by acyl and
alkoxycarbonyl groups are based on the Michael
addition of halogen-containing nucleophilic organo-
metallic compounds derived froma-halo- anda,a-di-
haloacetic or -malonic acid esters to activated double

bond in a,b-unsaturated carbonyl compounds and
subsequent cyclization of intermediate adducts [338].

Zinc enolates generated froma,a-dibromoketones
were not involved in the above reactions. With the
goal of obtaining substituted cyclopropane-1,1-dicar-
boxylic acid esters possessing an aroyl group in the
ring we examined the reaction of 1-aryl-2,2-dibromo-
butan-1-onesI with zinc and dialkyl arylmethylene-
or isobutylidenemalonatesIII (Scheme 1). In the first
stagea,a-dibromoketoneI react with zinc in ether3
ethyl acetate (1 :3) to give zinc enolateII which then
reacts with dialkyl arylmethylenemalonatesIIIa 3IIIf
or dialkyl isobutylidenemalonatesIIIg and IIIh ,
yielding intermediateIV . The latter undergoes

Scheme 1.

I , II , R1 = Ph (a), 4-MeC6H4 (b); III , R3 = Me, R2 = Ph (a), 4-ClC6H4 (b), 4-BrC6H4 (c), 3,4-(MeO)2C6H3 (d), 3-NO2C6H4 (e),
4-NO2C6H4 (f), i-Pr (g); R3 = Et, R2 = i-Pr (h); IV , V, R1 = Ph, R3 = Me, R2 = Ph (a), 4-ClC6H4 (b), 4-BrC6H4 (c),
3,4-(MeO)2C6H3 (d), 3-NO2C6H4 (e), 4-NO2C6H4 (f); R1 = 4-MeC6H4, R2 = Ph, R3 = Me (g); R1 = Ph, R2 = i-Pr, R3 = Me (h),

Et (i); R1 = 4-MeC6H4, R2 = i-Pr, R3 = Et (j ).
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cyclization to cyclopropane-1,1-dicarboxylic acid ester
V which can be formed asZ and E isomers. After
recrystallization from hexane or methanol, dimethyl
2-aroyl-3-aryl-2-ethylcyclopropane-1,1-dicarboxylates
Va3Vg were isolated in 32365% yield as a single
stereoisomer. The structure of productsVa3Vg was
established on on the basis of analytical data and IR
and 1H NMR spectra.

The IR spectra ofVa3Vg contained characteristic
absorption bands belonging to the ketone (1680 and
1690 cm31) and ester carbonyl groups (~1720 and
1740 cm31). In the 1H NMR spectra recorded in
CDCl3 or DMSO-d6 signals in the regionsd 1.183
1.29, 2.1532.23, 3.3133.36, 3.9134.03, and 3.103
3.33 ppm were present due to methylene protons of
the CH2CH3 group, methyl protons of the ester
moieties, and CH proton (ArCH), respectively.

It was impossible to unambiguously assign the
structure ofVa3Vg to Z or E isomer on the basis of
spectral data. According to the X-ray diffraction data
for compoundVa, its major isomer hasZ configura-
tion with cis arrangement of the phenyl and benzoyl
substituents [9]. The similarity of the1H NMR spectra
of Va and compoundsVb3Vg led us to conclude that
the latter are alsoZ isomers. After vacuum distillation,
compound Va showed in the1H NMR spectrum
signals belonging to the majorZ isomer and a number
of weak signals, in particular atd 3.30 and 3.70 ppm
(COOCH3). These signals are likely to arise from the
correspondingE isomer whose fraction was estimated
at ~10%. We failed to isolate the pureE isomer of
Va and rigorously prove its structure.

The 1H NMR spectra of some esters (compounds
Vh3Vj ), recorded after vacuum distillation, showed
a different isomer ratio, (60380) : (40320). Obviously,
triple recrystallization from methanol yields the major
isomer which crystallizes better. By recrystallization
of diethyl 2-benzoyl-2-ethyl-3-isopropylcyclopropane-
1,1-dicarboxylate (Vi ) from hexane we obtained
a mixture of isomers at a ratio of 4 :1. We succeeded
in separating them by column chromatography on
silica gel with benzene as eluent, and the pure isomers
were examined by1H and 13C NMR spectroscopy
using1H31H and1H313C two-dimensional techniques.
The 1H NMR spectrum of the major isomer ofVi is
given in table. The spectrum of the minor isomer con-
tains the following signals (CDCl3), d, ppm: 0.88 t
(3H, CH2CH3), 0.96 t and 1.40 t (6H, OCH2CH3),
1.22 d and 1.24 d [6H, CH(CH3)2], 1.56 m and
2.36 m (2H, CH2CH3), 1.73 m [1H, CH(CH3)2],
2.14 d (1H, CH), 3.86 m and 4.35 q (4H, OCH2CH3),
7.4237.58 m and 8.20 m (5H, C6H5). The steric struc-
ture of the minor isomer was determined from the

NOE data. Irradiation of one proton of the methylene
group in the 2-ethyl substituent (d 2.36 ppm) gave
a response at the CH signal of the isopropyl group
(d 1.73 ppm). This is possible only when both ethyl
and isopropyl groups are located at one side of the
cyclopropane ring. Hence the minor isomerVi has
E configuration, and the major isomer (like the major
isomers of Vh and Vj showing similar 1H NMR
spectra) hasZ configuration. The13C NMR spectra
of both isomers ofVi are given in Experimental.

EXPERIMENTAL

The 1H and 13C NMR spectra ofVa and the1H
NMR spectra of Vh and Vi were recorded on
an INOVA-300 Cunmr I instrument (300 MHz) in
CDCl3. The 1H NMR spectra ofVb3Vg andVj were
obtained on a Bruker AM-300 (300 MHz) spectrom-
eter from solutions in DMSO-d6. Tetramethylsilane
was used as internal reference. The IR spectra were
measured on a UR-20 spectrophotometer from neat
substances.

Dialkyl 2-aroyl-2-ethylcyclopropane-1,1-dicar-
boxylates Ia3Ij. a. CompoundsVa3Vc and Vg.
A mixture of 0.05 mol ofa,a-dibromoketoneIa or
Ib and 0.05 mol of dialkyl arylmethylene(or isobutyli-
dene)malonate in 15 ml of diethyl ether and 15 ml of
ethyl acetate was added dropwise with stirring to
a mixture of 10 g of zinc (prepared as fine turnings),
5 ml of diethyl ether, and 15 ml of ethyl acetate. The
mixture was heated to initiate the process, and the
reaction then occurred spontaneously. When the reac-
tion was over, the mixture was heated for 30 min on
a water bath, cooled, neutralized with 5% hydrochloric
acid, and extracted with ether. The extract was dried
over Na2SO4, the solvent was distilled off, and the
residue was recrystallized from hexane or methanol.

b. CompoundsVd3Vf and Vh3Vj. A solution of
0.15 mol of a,a-dibromoketone in 15 ml of ethyl
acetate was added dropwise with stirring to a mixture
of 20 g of zinc (prepared as fine turnings), 15 ml of
diethyl ether, and 15 ml of ethyl acetate. The mixture
was heated to initiate the process, and the reaction
then occurred spontaneously. When the reaction was
over, the mixture was heated for 15 min on a water
bath and cooled, and the liquid part was separated
from zinc and transferred into another flask. A solu-
tion of 0.05 mol of dialkyl arylmethylene(or iso-
butylidene)malonate in 15 ml of ethyl acetate was
added, and the subsequent procedure was the same as
described above ina. The yields, melting points,
1H NMR spectra, and analytical data of the products
are given in table (for samples recrystallized from
methanol).
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Yields, melting points,1H NMR spectra, and elemental analyses of dialkyl (Z)-3-R-2-aroyl-2-ethylcyclopropane-1,1-di-
carboxylatesVa3Vj
ÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ

Compound
³

Yield, %
³

mp, oC
³ Found, % ³

Formula
³ Calculated, %

³ ³ ÃÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄ´ ÃÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄ
no.

³ ³ ³ C ³ H ³ ³ C ³ H
ÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄ

Va ³ 65 ³ 1333134 ³ 69.98 ³ 5.96 ³ C22H22O5 ³ 72.12 ³ 6.05
Vb ³ 57 ³ 1053106 ³ 65.92 ³ 5.10 ³ C22H21ClO5 ³ 66.08 ³ 5.29
Vc ³ 63 ³ 1203121 ³ 59.11 ³ 4.61 ³ C22H21BrO5 ³ 59.34 ³ 4.75
Vda ³ 32 ³ 1543155 ³ 67.40 ³ 6.02 ³ C24H26O7 ³ 67.59 ³ 6.15
Vea ³ 52 ³ 1223123 ³ 64.02 ³ 5.03 ³ C22H21NO7 ³ 64.23 ³ 5.15
Vfa ³ 58 ³ 1613162 ³ 64.00 ³ 5.05 ³ C22H21NO7 ³ 64.23 ³ 5.15
Vg ³ 64 ³ 1383139 ³ 72.38 ³ 6.26 ³ C23H24O5 ³ 72.61 ³ 6.36
Vha ³ 67b ³ 1143116 ³ 68.44 ³ 7.16 ³ C19H24O5 ³ 68.66 ³ 7.28
Via ³ 71b ³ 93395 ³ 70.18 ³ 7.10 ³ C21H28O5 ³ 70.37 ³ 7.31
Vj a ³ 69b ³ 92394 ³ 70.20 ³ 7.95 ³ C22H30O5 ³ 70.56 ³ 8.08

ÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄ

Compound
³ 1H NMR spectrum,c d, ppm
ÃÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄ

no. ³ R1, R2 ³ R3 ³ Et ³ CH
ÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄ

Va ³7.2237.55 m, 8.1738.23 m (10H,³ 3.33 s, 4.03 s³1.13 t (3H, CH3), 1.22 m, 2.32 m³ 3.21 s
³ C6H5) ³ (6H, CH3) ³ (2H, CH2) ³³ ³ ³ ³

Vb ³7.4537.63 m, 8.05 d (5H, C6H5),³ 3.31 s, 3.92 s³0.97 t (3H, CH3), 1.20 m, 2.16 m³ 3.20 s
³ 7.34 s (4H, 4-ClC6H4) ³ (6H, CH3) ³ (2H, CH2) ³³ ³ ³ ³

Vc ³7.4037.63 m, 8.02 d (5H, C6H5),³ 3.32 s, 3.91 s³0.97 t (3H, CH3), 1.20 m, 2.15 m³ 3.18 s
³ 7.30 d, 7.47 d (4H, 4-BrC6H4) ³ (6H, CH3) ³ (2H, CH2) ³³ ³ ³ ³

Vd ³7.4637.60 m, 8.06 d (5H, C6H5),³ 3.31 s, 3.93 s³1.00 t (3H, CH3), 1.20 m, 2.15 m³ 3.10 s
³ 3.65 d (6H, CH3O), 6.81 d,³ (6H, CH3) ³ (2H, CH2) ³
³ 6.88 d, 7.00 s (3H, C6H3) ³ ³ ³³ ³ ³ ³

Ve ³7.5037.65 m, 8.07 d (5H, C6H5),³ 3.35 s, 3.96 s³1.05 t (3H, CH3), 1.29 m, 2.23 m³ 3.33 s
³ 7.62 t, 7.80 d, 8.12 d, 8.24 s (4H,³ (6H, CH3) ³ (2H, CH2) ³
³ 3-NO2C6H4) ³ ³ ³³ ³ ³ ³

Vf ³7.4837.63 m, 8.04 d (5H, C6H5),³ 3.36 s, 3.97 s³1.04 t (3H, CH3), 1.28 m, 2.23 m³ 3.32 s
³ 7.62 d, 8.15 d (4H, 4-NO2C6H4) ³ (6H, CH3) ³ (2H, CH2) ³³ ³ ³ ³

Vg ³2.40 s, 7.1837.43 m, 7.95 d (12H,³ 3.32 s, 3.92 s³1.00 t (3H, CH3), 1.18 m, 2.16 m³ 3.15 s
³ C6H5, 4-CH3C6H4) ³ (6H, CH3) ³ (2H, CH2) ³³ ³ ³ ³

Vh ³0.87 d, 1.33 d, 2.02 m, [7H,³ 3.42 s, 3.82 s³0.86 t (3H, CH3), 0.98 m, 2.06 m³ 1.54 d
³ (CH3)2CH], 7.4337.60 m, 8.21 d³ (6H, CH3) ³ (2H, CH2) ³
³ (5H, C6H5) ³ ³ ³³ ³ ³ ³

Vi ³0.94 d, 1.38 d, 2.06 m, [7H,³ 1.05 t, 1.44 t³0.90 t (3H, CH3), 1.02 m, 2.18 m³ 1.56 d
³ (CH3)2CH], 7.4237.58 m, 8.20 d³ (6H, CH3), ³ (2H, CH2) ³
³ (5H, C6H5) ³ 3.98 m, 4.40 q³ ³
³ ³ (4H, CH2) ³ ³³ ³ ³ ³

Vj ³0.85 d, 1.30 d, 1.90 m [7H,³ 1.05 t, 1.35 t³0.80 t (3H, CH3), 0.95 m, 2.04 m³ 1.45 d
³ (CH3)2CH], 2.40 s, 7.28 d, 7.97 d³ (6H, CH3), ³ (2H, CH2) ³
³ (7H, 4-CH3C6H4) ³ 3.93 m, 4.30 q³ ³
³ ³ (4H, CH2) ³ ³

ÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄ
a Synthesized by procedureb (see Experimental).
b Mixture of Z and E isomers.
c The spectra of compoundsVa, Vh, and Vi were recorded in CDCl3, and of the others, in DMSO-d6.



RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 37 No. 11 2001

SYNTHESIS OF 3-SUBSTITUTED DIALKYL 2-AROYL-2-ETHYLCYCLOPROPANE-. . . 1599

Diethyl 2-benzoyl-2-ethyl-3-isopropylcyclo-
propane-1,1-dicarboxylate (Vi). 13C NMR spec-
trum (CDCl3), dC, ppm: Z isomer: 11.28 (CH2CH3);
13.66, 14.18 (OCH2CH3); 21.85, 22.96 [CH(CH3)2];
23.86 (CH); 28.54 (CH2CH3); 43.13 (C3); 44.92,
45.36 (C1, C2); 61.36, 61.88 (OCH2CH3); 128.37,
128.62, 132.68, 136.23 (Ph, COPh); 167.74, 167.09
(COO); 194.58 (CO);E isomer: 7.34 (CH2CH3); 9.07,
9.51 (OCH2CH3); 17.78 (CH2CH3); 18.07, 18.17
[CH(CH3)2]; 20.64 (CH); 37.00 (C3); 37.93, 41.88
(C1, C2); 56.02, 56.86 (OCH2CH3); 123.95, 124.22,
128.37, 131.15 (Ph, COPh); 161.74, 164.12 (COO);
191.78 (CO).

REFERENCES

1. Kawabata, F. and Yamashita, N.,Bull. Chem. Soc.
Jpn., 1997, vol. 50, no. 1, pp. 1053106.

2. Verhe, R., de Kimpe, N., de Buyck, L., Courtheyn, D.,
and Schamp, N.,Synthesis,1970, no. 7, pp. 5303532.

3. Causse-Zoller, M. and Fraisse-Jullien, R.,Bull. Soc.
Chim. Fr., 1966, no. 1, pp. 4303433.

4. Gaudemar-Bardone, F. and Gaudemar, M.,Bull. Soc.
Chim. Fr., 1971, no. 12, pp. 418834192.

5. Gaudemar-Bardone, F. and Gaudemar, M.,C. R. Acad.
Sci., 1972, vol. 274, no. 10, pp. 9913992.

6. Kawabata, N. and Tanimoto, M.,Tetrahedron,1980,
vol. 36, no. 24, pp. 351733522.

7. Chem, C., Huang, J., and Shen, Y.,Tetrahedron,
1989, vol. 45, no. 10, pp. 301033030.

8. Je Menn, J.-C. and Sarrasin, A.T.J.,Can. J. Chem.,
1991, vol. 69, no. 5, pp. 7613769.

9. Aliev, Z.G., Shchepin, V.V., Lewis, Scott B., Shche-
pin, R.V., and Atovmyan, L.O.,Izv. Ross. Akad. Nauk,
Ser. Khim., 2000, no. 12, pp. 210732109.


