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Abstract—Zinc enolates derived from 1-aryl-2,2-dibromoalkanones reacted with tetramethyl 2,2′-(1,4-phenyl-
enedimethylidene)dimalonate, dimethyl 3,3′-(1,4-phenylene)bis(2-cyanoacrylate), and 2,2′-(1,4-phenylenedi-
methylidene)bis(malononitrile) to give, respectively, tetramethyl 3,3′-(1,4-phenylene)bis(2-alkyl-2-aroylcyclo-
propane-1,1-dicarboxylates), dimethyl 3,3′-(1,4-phenylene)bis(2-alkyl-2-aroyl-1-cyanocyclopropane-1-carbox-
ylates), and 3,3′-(1,4-phenylene)bis(2-alkyl-2-aroylcyclopropane-1,1-dicarbonitriles) as a single stereoisomer. 

1-Aryl-2,2-dibromobutan-1-ones are known to react 
with zinc and alkyl or aryl 3-aryl-2-cyanoprop-2-
enoates, 2-arylmethylidenemalononitriles, and dialkyl 
2-arylmethylidenemalonates to give the corresponding 
cyclopropanation products [1–3]. With a view to ex-
tend the synthetic scope of this transformation, we 
examined reactions of bromine-containing zinc 
enolates IIa–IIg (generated from 1-aryl-2,2-dibromo-
alkanones Ia–Ig) with tetramethyl 2,2′-(1,4-phenylene-
dimethylidene)dimalonate (IIIa), dimethyl 3,3′-(1,4-
phenylene)bis(2-cyanoacrylate) (IIIb), and 2,2′-(1,4-
phenylenedimethylidene)bis(malononitrile) (IIIc).  

The reactions were carried out in diethyl ether–
ethyl acetate; under these conditions, zinc enolates 
IIa–IIg preliminarily prepared from dibromo ketones 
Ia–Ig added at one double bond of unsaturated sub-
strate IIIa–IIIc to give intermediates IVa–IVj which 
underwent spontaneous cyclization to cyclopropane 
derivatives Va–Vj. The subsequent addition of zinc 
enolates IIa–IIg at the remaining double bond in Va–
Vj, followed by cyclopropane ring closure, led to the 
formation of final products VIa–VIj (Scheme 1).  

The structure of compounds VIa–VIj was proved 
by elemental analysis and IR and 1H NMR spectros-

copy. The IR spectra of VIa–VIg contained absorption 
bands due to stretching vibrations of aroyl carbonyl 
groups at 1675–1680 (VIa–VIc) and 1655–1680 cm–1 
(VId–VIg), ester carbonyl groups at 1730–1740 cm–1, 
and cyano groups at 2230–2265 cm–1 (VId–VIg). In 
the IR spectra of VIh–VIj we observed absorption 
bands belonging to aroyl carbonyl and cyano groups at 
1680 and 2240–2245 cm–1, respectively. Compounds 
VIa–VIg showed in the 1H NMR spectra singlets from 
the ester methyl groups at δ 3.25–3.35 (VIa–VIc) and 
3.40–3.92 ppm (VId–VIg) and CH proton in the 
cyclopropane ring at δ 3.19–3.20 (VIa–VIc) and  
3.40 ppm (VId–VIg). The 1H NMR spectra of VIh–
VIj contained signals from the methyl protons at  
δ 1.74–1.80 ppm and CH proton at δ 4.03–4.16 ppm. 

We previously showed that structurally related 
compounds, e.g., dimethyl 2-benzoyl-2-ethyl-3-phen-
ylcyclopropane-1,1-dicarboxylate, are formed as  
a single stereoisomer with cis arrangement of the ben-
zoyl and phenyl groups [1]. It was found that protons 
of the methoxycarbonyl group in the cis position with 
respect to 3-H resonate in a weaker field (δ 3.88 ppm) 
than those of the ester group in the trans position  
(δ 3.18 ppm). Comparison of the 1H NMR spectra of 
dimethyl 2-benzoyl-2-ethyl-3-phenylcyclopropane-1,1-
dicarboxylate and bis-cyclopropane derivatives VIa–
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I, II, Alk = Me, R = Ph (a), 4-ClC6H4 (b), 4-BrC6H4 (c), 4-FC6H4 (d), 4-MeC6H4 (e); Alk = Et, R = 4-BrC6H4 (f); Alk = H, R =  
i-Pr (g); III, X = Y = COOMe (a); X = CN, Y = COOMe (b); X = Y = CN (c); IV–VI, X = Y = COOMe, Alk = Me, R = 4-BrC6H4 (a),  
4-FC6H4 (b); Alk = Et, R = 4-BrC6H4 (c); X = CN, Y = COOMe, Alk = Me, R = Ph (d), 4-BrC6H4 (e), 4-FC6H4 (f), 4-MeC6H4 (g);  

X =Y = CN, Alk = Me, R = 4-ClC6H4 (h), 4-BrC6H4 (i), 4-FC6H4 (j). 

Scheme 1. 
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VIc (see Experimental) indicates analogous configura-
tion of the cyclopropane fragments in the latter. 

We also showed that cyclopropane derivatives in 
which ester and cyano groups are attached to the same 
carbon atom, namely methyl 2-(4-chlorobenzoyl)-1-
cyano-3-(2,4-dichlorophenyl)-2-methylcyclopropane-
1-carboxylate and methyl 2-(4-chlorobenzoyl)-1-
cyano-3-(2,4-dichlorophenyl)-2-ethylcyclopropane-1-
carboxylate, are formed as mixtures of two diastereo-
isomers. In the 1H NMR spectrum of the isomer with 
cis arrangement of the cyano, aryl, and aroyl groups 
[methyl 2-(4-chlorobenzoyl)-1-cyano-3-(2,4-dichloro-
phenyl)-2-methylcyclopropane-1-carboxylate], the 3-H 
proton and protons of the methoxycarbonyl group 
resonate at δ 3.46 and 3.91 ppm, respectively (CDCl3). 
The ester and aroyl groups and 3-H in methyl  
2-(4-chlorobenzoyl)-1-cyano-3-(2,4-dichlorophenyl)-
2-ethylcyclopropane-1-carboxylate are oriented at the 
same side of the cyclopropane ring, and the chemical 
shifts of 3-H and CH3O are 3.72 and 3.89 ppm, respec-
tively (CDCl3) [2]. Comparison of these data with the 
1H NMR spectra of compounds VId–VIg (see Experi-
mental) led us to conclude that the configuration of the 
cyclopropane fragments in the latter is analogous to 
methyl 2-(4-chlorobenzoyl)-1-cyano-3-(2,4-dichloro-
phenyl)-2-methylcyclopropane-1-carboxylate. 

As shown in [3], 2-alkyl-3-aryl-2-aroylcyclopro-
pane-1,1-dicarbonitriles are formed as mixtures of two 
diastereoisomers with cis and trans orientation of the 
aroyl and aryl groups with respect to the three-
membered ring plane. The chemical shift of 3-H in  
r-2-(4-bromobenzoyl)-2-methyl-c-3-phenylcyclopro-
pane-1,1-dicarbonitrile is 4.22 ppm (DMSO-d6). As 
follows from the 1H NMR data (see Experimental),  
the cyclopropane rings in compounds VIh–VIj have 
analogous stereoconfiguration, i.e., the aroyl and aryl 
substituents therein are arranged cis with respect to 
each other. 

EXPERIMENTAL 

The IR spectra were recorded on a Specord 75IR 
spectrometer from samples dispersed in mineral oil. 
The 1H NMR spectra were measured from solutions in 
CDCl3 (VIa–VIc, VIf, VIg) or DMSO-d6 (VId, VIe, 
VIh–VIj) on a Varian Mercury Plus-300 spectrometer 
(300 MHz) using hexamethyldisiloxane as internal 
reference.  

General procedure for the synthesis of bis-
cyclopropane derivatives VIa–VIj. A solution of 
0.065 mol of dibromo ketone Ia–Ig in 3 ml of ethyl 
acetate was added to a mixture of 2 g of fine zinc 
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turnings, 5 ml of diethyl ether, and 5 ml of ethyl 
acetate. The mixture was heated to initiate the reaction 
which then occurred spontaneously. When the reaction 
was complete, the mixture was heated for 15–20 min 
and cooled, and the solution was separated by decant-
ing. Compound IIIa–IIIc, 0.05 mol, and ethyl acetate, 
2 ml, were added to the solution, and the mixture was 
heated for 30–40 min, cooled, treated with 5% acetic 
acid, and extracted with benzene. The solvent was 
distilled off, and the residue was recrystallized from 
methanol–acetone.  

Tetramethyl 3,3′-(1,4-phenylene)bis[2-(4-bromo-
benzoyl)-2-methylcyclopropane-1,1-dicarboxylate) 
(VIa). Yield 65%, mp 212–214°C. IR spectrum, ν,  
cm–1: 1680, 1735. 1H NMR spectrum, δ, ppm: 1.55 s 
(6H, CH3), 3.20 s (2H, CH), 3.26 s (6H, OCH3), 3.96 s 
(6H, OCH3), 7.37–7.99 m (12H, Harom). Found, %:  
C 55.10; H 3.95. C36H32Br2O10. Calculated, %:  
C 55.12; H 4.11. 

Tetramethyl 3,3′-(1,4-phenylene)bis[2-(4-fluoro-
benzoyl)-2-methylcyclopropane-1,1-dicarboxylate) 
(VIb). Yield 67%, mp 212–213°C. IR spectrum, ν,  
cm–1: 1675, 1740. 1H NMR spectrum, δ, ppm: 1.56 s 
(6H, CH3), 3.20 s (2H, CH), 3.25 s (6H, OCH3), 3.96 s 
(6H, OCH3), 7.10–8.16 m (12H, Harom). Found, %:  
C 65.10; H 4.85. C36H32F2O10. Calculated, %: C 65.25; 
H 4.87. 

Tetramethyl 3,3′-(1,4-phenylene)bis[2-(4-bromo-
benzoyl)-2-ethylcyclopropane-1,1-dicarboxylate 
(VIc). Yield 69%, mp 232–234°C. IR spectrum, ν,  
cm–1: 1680, 1735. 1H NMR spectrum, δ, ppm: 1.06–
1.19 m (6H, CH3CH2), 2.14–2.15 m (4H, CH3CH2), 
3.12 s (2H, CH), 3.35 s (6H, OCH3), 3.95 s (6H, 
OCH3), 7.38–7.57 m (12H, Harom). Found, %: C 56.10; 
H 4.43. C38H36Br2O10. Calculated, %: C 56.17; H 4.47. 

Dimethyl 3,3′-(1,4-phenylene)bis(2-benzoyl-1-
cyano-2-methylcyclopropane-1-carboxylate) (VId). 
Yield 63%, mp 260–262°C. IR spectrum, ν, cm–1: 
1655, 1730, 2230. 1H NMR spectrum, δ, ppm: 1.60 s 
(6H, CH3), 3.65 s (2H, CH), 3.85 s (6H, OCH3), 7.02–
7.77 m (12H, Harom). Found, %: C 72.81; H 4.97;  
N 4.98. C34H28N2O6. Calculated, %: C 72.84; H 5.03; 
N 5.00. 

Dimethyl 3,3′-(1,4-phenylene)bis[2-(4-bromo-
benzoyl)-1-cyano-2-methylcyclopropane-1-carbox-
ylate] (VIe). Yield 65%, mp 260–261°C. IR spectrum, 
ν, cm–1: 1680, 1735, 2245. 1H NMR spectrum, δ, ppm: 
1.61 s (6H, CH3), 3.63 s (2H, CH), 3.86 s (6H, OCH3), 
6.99–7.73 m (12H, Harom). Found, %: C 56.83; H 3.62; 
N 3.78. C34H26Br2N2O6. Calculated, %: 56.84; H 3.65; 
N 3.90. 

Dimethyl 3,3′-(1,4-phenylene)bis[1-cyano-2-(4-
fluorobenzoyl)-2-methylcyclopropane-1-carbox-
ylate] (VIf). Yield 61%, mp 257–258°C. IR spectrum, 
ν, cm–1: 1670, 1740, 2265. 1H NMR spectrum, δ, ppm: 
1.68 s (6H, CH3), 3.41 s (2H, CH), 3.92 s (6H, OCH3), 
6.97–7.80 m (12H, Harom). Found, %: C 68.43; H 4.35; 
N 4.67. C34H26F2N2O6. Calculated, %: C 68.45;  
H 4.39; N 4.70. 

Dimethyl 3,3′-(1,4-phenylene)bis[1-cyano-2-
methyl-2-(4-methylbenzoyl)cyclopropane-1-carbox-
ylate] (VIg). Yield 67%, mp 257–258°C. IR spectrum, 
ν, cm–1: 1665, 1740, 2245. 1H NMR spectrum, δ, ppm: 
1.68 s (6H, CH3), 2.40 s (6H, CH3C6H4) 3.40 s (2H, 
CH), 3.91 s (6H, OCH3), 7.01–7.66 m (12H, Harom). 
Found, %: C 73.43; H 5.40; N 4.72. C36H32N2O6. Cal-
culated, %: C 73.45; H 5.48; N 4.76. 

3,3′-(1,4-Phenylene)bis[2-(4-chlorobenzoyl)-2-
methylcyclopropane-1,1-dicarbonitrile] (VIh). Yield 
65%, mp 274–275°C. IR spectrum, ν, cm–1: 1680, 
2245. 1H NMR spectrum, δ, ppm: 1.80 s (6H, CH3), 
4.10 s (2H, CH), 6.99–7.78 m (12H, Harom). Found, %: 
C 68.20; H 3.56; N 3.74. C32H20Cl2N4O2. Calculated, 
%: C 68.21; H 3.58; N 9.94. 

3,3′-(1,4-Phenylene)bis[2-(4-bromobenzoyl)-2-
methylcyclopropane-1,1-dicarbonitrile] (VIi). Yield 
65%, mp 350°C (decomp.). IR spectrum, ν, cm–1: 
1680, 2245. 1H NMR spectrum, δ, ppm: 1.74 s (6H, 
CH3), 4.03 s (2H, CH), 6.92–7.64 m (12H, Harom). 
Found, %: C 58.90; H 2.89; N 8.54. C32H20Br2N4O2. 
Calculated, %: C 58.92; H 3.09; N 8.59. 

3,3′-(1,4-Phenylene)bis[2-(4-fluorobenzoyl)-2-
methylcyclopropane-1,1-dicarbonitrile] (VIj). Yield 
65%, mp 350°C (decomp.). IR spectrum, ν, cm–1: 
1680, 2240. 1H NMR spectrum, δ, ppm: 1.81 s (6H, 
CH3), 4.13 s (2H, CH), 6.97–7.80 m (12H, Harom). 
Found, %: C 72.43; H 3.76; N 10.51. C32H20F2N4O2. 
Calculated, %: C 72.45; H 3.80; N 10.56. 

This study was performed under financial support 
by the Russian Foundation for Basic Research (project 
no. 07-03-96 035). 

REFERENCES 

1. Aliev, Z.G., Shchepin, V.V., Scott, L.B., Shchepin, R.V., 
 and Atovmyan, L.O., Izv. Ross. Akad. Nauk, Ser. Khim., 
 2000, p. 2107. 
2. Shchepin, V.V., Silaichev, P.S., and Vakhrin, M.I., Russ. J. 
 Org. Chem., 2005, vol. 41, p. 1598. 
3. Shchepin, V.V., Stepanyan, Yu.G., Silaichev, P.S., and 
 Vakhrin, M.I., Russ. J. Gen. Chem., 2006, vol. 76, 1604. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


