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Abstract : 2-Cyanocyclobutane alkylsilylacetals, obtained by a [2+2] cycloaa’dition reaction of ketene 

alkylsilylacetals and acrylonitrile, have allowed the synthesis of 2-cyanoclobutanones, 4-chloro-4- 

cyanobutanoates and I-cyanobutanoates by respectively acidic catalysis, Feel3 cleavage and nBu&F treatment. 

The cycloadducts obtained from chloroketene alkylsitylacetals give 2-cyanocyclopropanecarboxylates by reaction 

with nBwNF. 

The catalyzed reaction of ketene alkylsilylacetals 1 with acrylonitrile was reported to take place via 

different pathways depending of the solvent and the Lewis acid used in the reaction. 1 In a non polar solvent such 

as tetrachloromethane in the presence of a catalytic amount of zinc bromide a [2+2] cycloaddition occured, while 

in dichloromethane and a catalytic amount of zinc iodide a Michael reaction was observed. la 
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In this paper we want to report synthetic applications of the cyclobutanic compounds 2. 

2Xyanocyclobutanone synthesis 

There are some reports in the literature concerning the preparation of 2-cyanocyclobutanone 

dialkylacetals 2, however deprotection of the carbonyl group is difficult 2b and 2-cyanocyclobutanones are 

usually obtained by hydrolysis of the corresponding enamines 3 or [2+2] cycloaddition with cyanoketenes. 4 In 

our case, the cyclobutanone alkylsilylacetals 2a-2e have been deprotected in high yields using 20% sulfuric acid 

on silica gel.5 The 2-cyanocyclobutanones 4a-4e (see Table 1) were characterized by 1H NMR, IR, mass spectra 
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and analytical analysis. These compounds were very sensitive and their purifications difficult. For example, 

chromatography on silica gel led partially to 4-cyanobutanoic acid derivatives 5 by cleavage of the cyclobutane 

ring. This cleavage becomes quantitative in an acidic medium. 

5 6e 

Table 1 : Preparation of 2xyanocyclobutanones 

alkylsilylacetals 2a-2e. 

7e 

4a-4e by hydrolysis of 2-cyanocyclobutane 

cat. 20% H,SO, 

Si02, CH,Cl, 

4 (%, yield)a 

Rl=nCsH,t ; R,=H 2a 

R,=cyclohexyl ; R27H 2 b 

R,-R,=-(CH2),- 2c 

R,-R2=-(CH&- 2d 

R,=R2=Me 2e 

a Crude yield (purity 295%).b Diastereoisomeric mixture. 

4a (82)b 

4b (80)b 

4c (85) 

4d (90) 

4e (90) 

The enol form of 2-cyanocyclobutanones 4a-4e could not be detected from their IR and lH NMR 

spectra, by contrast with the 2-cyanocyclohexanone for example, which is 30% enolized.6 However, as in this 

latter case, the reaction with diazomethane in ether gave only the 0-methylated products. So the enol ether 6e was 

isolated in 86% yield, by reaction of diazomethane with the cyclobutanone 4e. This cyclobutanone 4e, when 

treated with 3-chloroperoxybenzoic acid in dichloromethane at room temperature, gave the lactone 7e resulting, as 

expected7 from the insertion of the oxygen atom between the carbonyl and the gem-dimethylated carbon. 

4-Chloro-4xyanobutanoate synthesis 

It has been reported that when trimethylsilyloxycyclopropanes were treated with ferric chloride, cleavage 

of the cyclopropane ring occured leading to P-chlorocarbonyl compounds8a This reaction applied to l- 

silyloxybicyclo[n.l.O]alkanes led to alkenones by ring enlargement. 8b The radical nature of the reaction was 

recently demonstrated.8c Nothing is known about its possible extension to silyloxycyclobutane derivatives. 
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When 2cyanocyclobutane alkylsilylacetals 2a-2e were treated with 3 equivalents of FeCl3 in anhydrous 

ether (18h, room temperature) the cleavage of the cyclobutane ring occured leading to methyl 4-chloro-4- 

cyanobutanoates Sa-8e (see Table 2). These products were characterized by 1H NMR, IR, mass spectra and 

elemental analysis and should be purified by distillation since during the silicagel chromatography, partial removal 

of the chlorine atom was observed. 

Table 2 : Preparation of 4-chloro-4-cyanobutanoates 8a-Se by reaction of f-cyanocyclobutane 

alkylsilylacetals 2a-2e with FeCl3. 

R, OMe 

R2 
-I+ 

OSiMe, 3 equiv. FeCl, 
W 

Rl=nC,H,, ; R,=H 2a 

R1=cyclohexyl ; R,=H 2 b 

R,-R,=-(CH2),- 2c 

RI-R2=-(CH2)5- 2d 

R,=R2=Me 2e 

’ Crude yield (purity 1 95%).b Diastereoisomeric mixture. 

CN 

Cl 

8 (%yield)* 

8a (91)b 

8b (90)b 

SC (90) 

Sd (90) 

8e (80) 

Similarly to the FeCl3 cleavage of trimethylsilyloxycyclopropanes 8, the formation of products 8a-8e 

occurs probably via a cyclobutyloxy radical 9, which opens into a cyan0 stabilized radical. 

R2 

CN 

Cl 
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4Xyanobutanoate synthesis 

The Michael addition of ester enolates to acrylonitrile is possible only with soft carbanions, so the 

reported examples with monoesters involved only arylacetates. 10 In fact, 4-cyanobutanoates have been usually 

prepared by reaction of substituted malonates with acrylonitrile followed by a decarboxylation. 1 1 The reaction of 

2-cyanocyclobutane alkylsilylacetals 2a-2e with 1 equiv. of tetrabutylammonium fluoride in THP (4 h, room 

temperature) led in excellent yields to the open chain compounds 9a-9e (see Table 3). These cyanoestets purified 

by liquid chromatography on silicagel were characterized by their spectral data and analytic properties. 

Table 3 : Preparation of 4-cyanobutanoates 9a-9e by reaction of 2-cyanocyclobutane 

alkylsilylacetals 2a-2e with tetrabutylammonium fluoride. 

RZ 
nBu4NF 

) 
THF 

2 9 (%yield)” 

Rl=nCsHt, ; R2=H 2a 

Ri=cyclohexyl ; R,=H 2 b 

Rt-R2=-(CH&- 2c 

Rt-R2=-(CH&- 2d 

R,=R2=Me 2e 

‘Purified compound (purity 2 98%). 

CN 

9a (95) 

9b (95) 

9c (85) 

9d (85) 

9e (90) 

Our method, which can be conducted as a one pot procedure starting from the ketene acetal, is thus a 

convenient one to obtain 4-cyanobutanoates. Interestingly, 4-cyano-2,2_dialkylbutanoates 2c-2e, are unknown 

products, which cannot be prepared using the previously reported procedures.ll 

2-Cyanocyclopropanecarboxylate synthesis 

2Cyanocyclopropanecarboxylates are useful intermediates which have been prepared by numerous 

methods.12 We postulated that we could obtain these compounds by an intramolecular cyclisation of the anion 

resulting from the cleavage by a fluoride anion of 4-chlom-Zcyanocyclobutane alkylsilylacetals. 

Cl 

The desired chloroketene acetals 1 were prepared by the standard procedure 13 from the corresponding 

chloroesters (or chlorolactone). The reaction of these ketene acetals with acrylonitrile in dichloromethane (or 
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dichloroethane) at reflux in the presence of a catalytic amount of zinc iodide led to the corresponding 4-chlom2- 

cyanocyclobutane alkylsilylacetals, which by a subsequent reaction with tetrabutylammonium fluoride led to 2- 

cyanocyclopropanecarboxylates (see Table 4). Compounds 2f-2h and lOf-1Oh were characterized from their 

spectral data and analytical properties. The ratios of isomers of ketene acetals lf,lg and cyclopropane 

carboxylates lOf,lOg were deduced from their 1H NMR spectra. Assignment of the signals was made on the 

basis of relative chemical shifts and coupling constants (see also14). 

Table 4 : Preparation of 2-cyanocyclopropanecarboxylates lOf-10h by reaction of 4-chloro-2- 

cyanocyclobutane alkylsilylacetals 2f-2h with tetrabutylammonium fluoride. 

R OR2 

X 

&CN 
-c1 

Cl OSiMe, ZnI2 9 CH2Cl2 

nBu4NF 
OSiMe, - 

THF 

1 2 ( 8, Yield)’ 

R,=Me ; R,=Et If : Z&66/34 2f (69)’ 

R,=CSH,, ; R2=Et lg : zJE=66/34 212 (61)’ 

R,- R2=-(CH,),- Ih 2h (23) 

‘Crude yield (p~ity295%).~Pure material.c Isomeric mixtureedNot determined. 

10 ( %, Yield)b 

10f (83)’ : z/E=50/50 

log (80)’ : ZE=30/10 

10h (47)’ : z/E NDd 

The necessity to made the [2+2] cycloaddition at reflux of dichloromethane (or even of 1,2- 

dichloroethane for the enol ether lh) shows the deactivation introduced by the presence of the chlorine atom. 

Besides, a very slow reaction was observed when zinc bromide was used as catalyst. None of the reactions 

observed with acetals 2a-2e were successful. 

In conclusion in this paper we have shown that 2-cyanocyclobutane alkylsilylacetals are useful 

intermediates, from which we were able to generate numerous compounds, which would be generally more 

difficult to obtain by other methods. 

Experimental Part 

Nuclear magnetic resonance spectra were recorded on Perkin Elmer R-32A (90 MHz) or Brucker 

AM250 (250 MHz). Mass spectra were determined with a Nermag RlO-10 spectrometer at an ionizing voltage of 

70 ev. Infrared spectra were recorded on a Perkin Elmer 682 spectrometer. Melting points were determined on a 

Reichert microscope. GLPC were recorded on a Intersmat IGC 120FB with 10% SE-30 2 m column. Column 

chromatography was performed with SDS silica gel (70-230 Mesh). Thin layer chromatography was performed 

on 0.25 mm Silica gel (Merck 60 F 254). Dry solvents were obtained as followed : diethylether was distilled over 

LiAlI& tetrahydrofuran was distilled over sodium-benzophenone and hexane over phosphoric anhydride. 

Triethylamine and diisopropyl amine were purified by distillation over calcium hydride and chlomtrimethylsilane 

by distillation over quinoline under argon. 
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The preparation and the description of 2-cyanocyclohutane alkylsilylacetals 2a-2e have been already 

reported la. 

Preparation of 2-cyanocyclobutanones 4a-4e : General Procedure. In a 25 ml flask, were placed 5 g 

of silicagel (70-200 mesh) and 2 ml of a 20% aqueous H2SO4 were dropped under stirring. 2 Mmol of 

cyclobutane acetal2 in dichloromethaue solution (10 mL) was then added. After 12 h. at room temperature, the 

solution was filtered. The silica gel was washed several times with CH2C12 and the filtrate was concentrated 

under vacuum. Analyticaly pure samples of 4a-4e could be obtained by chromatography over Si@ (ether-hexane 

: l-l). 

3-Pentyl-2-oxocycloburanecarbonitrife 4u (mixture of diastereoisomers). IR (neat) cm-l: 2240 (CN), 

1795 (CO). 1H NMR 6 : 0.70 - 1.05 (m, 5H), 1.05 - 1.50 (m, 7H), 2.00 - 2.30 (m, 3H), 4.80 - 4.95 (m, 1H). 

MS : m/e 165 (M+, 0.4), 84, 68, 55 (lOO), 41, 39. Anal. calcd. for CloHlsNO : C, 72.68 ; H, 9.16. Found : C, 

72.83 ; H, 9.08. 

3-Cyclohexyl-2-oxocyclobutanecarbonirril 4b (mixture of diastereoisomers). IR (neat) cm-l: 2240 

(CN), 1790 (CO). tH NMR 6 : 1.00 - 1.40 (m, 6H), 1.50 - 2.00 (m, 6H), 2.00 - 2.30 (m, 2H), 4.80 - 4.95 (m, 

1H). MS : m/e 177 (M+, 1.8), 124, 81 (lOO), 67, 55, 41, 39. Anal. calcd. for CtlH15NO : C, 74.53 ; H, 8.54. 

Found : C, 74.80 ; H, 8.60. 

3,3-Tetramethylene-2-oxocyclobutanecarbonitrile 4~. IR (neat) cm-l: 2240 (CN), 1790 (CO). 1H NMR 

6 : 1.50 - 1.95 (m, 8H), 2.20 (dd, J = 8 and 11 Hz, IH). 2.30 (dd, J = 11 and 9 Hz, lH), 4.05 (dd, J = 9 and 8 

Hz, 1H). MS : m/e 122,96,68 (loo), 67,54, 39. Anal. calcd. for CgHllNO : C, 72.44 ; H, 7.44. Found : C, 

72.61 ; H, 7.59. 

3,3-Pentamethylene-2-oxocyclobutanecarbonitrile 4d. IR (neat) cm-t: 2240 (CN), 1785 (CO). 1H NMR 

6 : 1.30 - 1.90 (m, lOH), 2.15 (dd. J = 12 and 8 Hz, lH), 2.20 (dd, J = 10 and 12 Hz, lH), 4.05 (dd, J = 10 

and 8 Hz, 1H). MS : m/e 136, 82, 81, 67 (100), 54, 41. Anal. calcd. for CloHl3NO : C, 73.57 ; H, 8.03. 

Found : C, 73.69 ; H, 8.23. 

3,3-Dimethyl-2-oxocyclobutanecarbonitrile 4e. IR (neat) cm- 1: 2245 (CN), 1800 (CO). 1H NMR (250 

MHz) 6 : 1.23 (s, 3H), 1.27 (s, 3H), 2.10 (dd, J = 8.23 and 11.66 Hz, lH), 2.30 (dd, J = 9.04 and 11.66 Hz, 

IH), 4.15 (dd, J = 9.64 and 8.23 Hz, 1H). MS : m/e 124 (M+ +l), 96, 55 (loo), 41, 39. Anal. calcd. for 

C7HgNO : C, 68.25 ; H, 7.37. Found : C, 68.48 ; H, 7.50. 

Preparation of 6e. To a 4 mmol of cyclobutanone 4e were added at room temperature an excess of an ethereal 

solution of diazomethane. After 30 min., the excess of diazomethane was destroyed and the ethereal solution 

dried over Na2S04. After removal of the solvent under vacuum the product was purified by chromatography 

(86%). IR (neat) cm-t : 2210 (CN), 1640 (CC), 1340. 1H NMR 6 : 1.20 (s, 6H), 2.10 (s, 2H), 3,95 (s, 3H). 

MS : m/e 137 (M+. lOO), 122,94,80,67,55,52,41. Anal. calcd. for CaHtlNG : C, 70.03 ; H, 8.09. Found : 

C, 70.40 ; H, 8,18. 

Preparation of 7e. To 4 mm01 of cyclobutanone 4e in dichloromethane (5 ml) at O’C were added 4 mmol of 3- 

chloroperoxybenzoic acid. After 1 h. at O’C and 12 h.at room temperature the solid was filtered. The filtrate was 

concentrated under reduced pressure and purified by liquid chromatography (Siti, ether-hexane : 1-l). Solid mp 

38’C (yield : 80%). IR (CDC13) cm-l : 2260 (CN), 1775 (CO). 1H NMR (250 MHz) 6 : 1.42 (s, 3H), 1.58 (s, 
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3H), 2.43 (dd, .I = 10.4 and 12.5 Hz, lH), 2.58 (dd, J = 12.5 and 9.4 Hz, 1H). 3.90 (dd, J = 10.4 and 9.4 Hz, 

IH). MS : m/e 140 (M+ +l. 0.8), 124 (100). 94,68.59,43. Anal. calcd. for C7HgN02 : C, 60.40 ; I-I, 6.52 ; 

N, 10.07. Found : C, 60.17 ; H.6.67 ; N, 9.98. 

Preparation of 4-chloro-4xyanobutanoates 8a-8c. General procedure. In a 25 ml flask were placed 

6 mm01 of anhydrous FeC13,6 ml of dry ether and 2 mmol of cyclobutane acetal2 were added over 10 min. at 

0°C. After removal of the cooling bath the mixture was stirred 12 h. at room temperature. The reaction was 

quenched by addition of 10 ml of water and 5 ml of ether. The organic phase was washed with water @H 7). The 

aqueous phases were extracted with ether. The collected organic phases were washed with water (pH 7), dried 

(Na2S04) and concentrated under vacuum. Analytical pure samples of 8a-8e were obtained by liquid 

chromatography (Sio;?, ether-hexane : 5-95). 

MerhyZ4-chloro-4cyuno-2-penrylburunoure 8u : Mixture of diastereoisomers : 70-30. IR (neat) cm-l: 

2220 (CN), 1740 (CO). tH NMR 6 : 0.70 - 1.00 (m, 5H), 1.10 - 1.48 (m, 6H), 2.00 - 2.50 (m, 3H), 3.60, 

main isomer and 3.65, minor isomer (s, 3H), 4.40 - 4.60 (m, 1H). MS (main isomer) : m/e 196, 161, 87 (lOO), 

55, 41. Anal. calcd. for CIlHlaClNC2 : C, 57.12 ; H, 7.85 ; Cl 15.13. Found : C, 57.31 ; H, 7.99 ; Cl, 14.88. 

Methyl 4-chloro-4-cyano-2xyclohexylbutanoate 8b : Mixture of diastemoisomers : 66-34. IR (neat) cm- 

1: 2220 (CN), 1740 (CC). 1H NMR 6 : 1.00 - 1.40 (m, 6H), 1.45 - 1.95 (m, 5H), 2.00 - 2.60 (m, 3H), 3.58, 

minor isomer and 3.60, main isomer (s, 3H), 4.35 - 4.60 (m, 1H). MS (main isomer) : m/e 208, 161, 87 (lOO), 

55, 41. Anal. calcd. for Cl2Hl8ClNC2 : C, 59.23 ; H, 7.46. Found : C, 59.48 ; H, 7.68. 

MerhyZ(2-chloro-2-cyanoethyl)-I-cyclopenranecarboxykzte 8c. IR (neat) cm-l: 2220 (CN), 1735 (CC). 

1H NMR 6 : 1.45 - 1.95 (m, 8H), 2.00 - 2.50 (m, 2H), 3.70 (s, 3H), 4.40 - 4.70 (m, 1H). MS : m/e 215 (M+, 

0.3), 180, 141, 120, 93, 81 (loo), 79, 67, 41. Anal. calcd. for ClcHl4ClN02 : C, 55.80 ; H, 6.56. Found : C, 

60.10 ; H, 6.30. 

Methyl (2-chloro-2-cyunoethyhyl)-I-cyclohexunecarboxylate 8d. IR (neat) cm-l: 2220 (CN), 1735 (CC). 

1H NMR 6 : 1.00 - 1.80 (m, lOH), 1.95 - 2.60 (m, 2H), 3.65 (s, 3H), 4.30 - 4.60 (m, 1H). MS : m/e 229 (M+, 

0.3), 194, 170, 155, 142, 123, 95 (100). 81, 67, 55, 41. Anal. calcd. for CllHl6ClNC2 : C, 57,62 ; H, 7.04. 

Found : C, 57.91 ; H, 7.28. 

Methyl I-chloro-4-cyano-2,2-dimethylbutunoute 8e. IR (neat) cm-l : 2230 (CN), 1730 (CO). 1H NMR 

6 : 1.30 (s, 6H), 2.25 - 2.55 (m, 2H), 3.70 (s, 3H), 4.62 (t, J = 10 Hz, 1H). MS : m/e 154, 130, 102, 94 (lOO), 

89,67, 55,41, 39. Anal. calcd. for CaHl2ClNC2 : C, 50.84 ; H, 6.40 ; N, 7.41 ; Cl, 18.75 . Found : C, 50.89 ; 

H, 6.41 ; N, 7.20 ; Cl, 18.64. 

Preparation of 4-cyanobutanoate 9a-9e. General procedure.To a solution of 2 mmol of cyclobutane 

acetals 2a-2e in THF (10 ml) was added at room temperature 1M sol. in THF of n-tetrabutylammonium fluoride. 

The mixture was stirred 2 h. at 20°C and then the solvent was removed under vacuum. The residue was taken into 

by water (5 ml) and extracted with ether (3 x 10 ml). The ethereal phase was dried (NazS04). After removal of 

the solvent, the residue was purified by liquid chromatography (SiO2, ether-hexane : 20-80). 

Methyl 4-cyano-2-penrylbutanoate 9~. IR (neat) cm- 1: 2245 (CN), 1740 (CO). 1H NMR 6 : 0.70 - 1.00 

(m, 5H), 1.05 - 1.50 (m, 6H), 1.55 - 2.00 (m, 3H), 2.15 - 2.40 (m, 2H), 3.65 (s, 3H). MS : m/e 198 (M+ +l, 

0.6), 127, 87 (lOO), 82, 55, 41. Anal. calcd. for CllH19N02 : C, 66.96 ; H, 9.71. Found : C, 67.38 ; H, 9.99. 
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Methyl 4-cym-2-cyclohexylburatwate 9b. IR (neat) cm-t : 2245 (CN), 1735 (Co). tH NMR 6 : 1.00 - 

1.45 (m, 6H), 1.45 - 2.05 (m. 5H), 2.10 - 2.45 (m, 5H), 3.65 (s, 3H). MS : m/e 210 (M+ +l, 0.8), 127, 87 

(lOO), 55. Anal. calcd. for Ct2Hl9N02 : C, 68.85 ; H, 9.16. Found ; C, 69.19 ; H, 9.01. 

Methyl (2-cyanoethyl)-I-cyclopentanecarboxylare 9~. IR (neat) cm-t : 2245 (CN), 1735 (CO). tH NMR 

6 : 1.45 - 1.90 (m. 8H). 1.95 - 2.40 (m, 4H). 3.65 (s, 3H). MS : m/e 180 (M+ -1, 2), 141. 120, 93, 81 (100). 

79,67,59,41. Anal. calcd. for CtuHtsN& : C, 66.26 ; H, 8.35. Found : C, 66.51 ; H, 8.60. 

Methyl (2-cyanoethyl)-Z-cyclohexanecarboxylate 9d. IR (neat) cm-l : 2240 (CN), 1730 (Co). tH NMR 

6 : 1.00 - 1.80 (m, lOH), 1.85 - 2.35 (m, 4H), 3.65 (s, 3H). MS : m/e 195 (M+, l.l), 155. 136. 108, 95 (100). 

81,67,55,41. Anal. calcd. for CllHt7N02 : C, 67.65 ; H, 8.78. Found : C, 67.80 ; H, 9.01. 

Methyl I-cyano-2,2-dimethylbutanoate 9e. IR (neat) cm-l : 2245 (CN), 1740 (Co). 1H NMR (250 

MHz) 6 : 1.20 (s, 6H), 2.05 (t, J = 8 Hz, 2H), 2.35 (t, J = 8 Hz, 2H), 3.70 (s, 3H). MS : m/e 140 (M+ -15), 96 

(lOO), 69,55,41,39. Anal. calcd. for CaHl3N02 : C, 61.90 ; H, 8.45. Found ; C, 62.22 ; H, 8.30. 

2Xhloroketene alkylsilylacetals If-lh were made from the corresponding 2-chloroesters (or chloro 

lactone) by reaction with lithium diisopropylamide (H-IF, -78’C) followed by addition of chlorotrimethylsilane.13 

2-Chloro-I-ethoxy-I-trimethylsilyloxy-I-propene Zf : 55% yield. bp 68”C/12 mmHg. Z-E mixture : 66 

34. IR (neat) cm-l : 1695 (CC). 1H NMR 6 : 0.20 (s, 9H), 1.20 (t, J = 6 Hz, 3H), 1.90 E isomer and 1.95 Z 

isomer (s, 3H, ), 3.8, Z isomer and 3.9, E isomer (q, J = 6 Hz, 2H, ). MS (Z isomer) : m/e 210-208 @I+), 103, 

93, 90,73 (loo), 55,43. 

2-Chloro-lmethoxy-I-trimethylsilyloxy-l-hne Zg : 86% yield. bp 54’C/6.10-2 mmHg. Z-E mixture 

: 66-34. IR (neat) cm-l : 1690 (CC). 1H NMR 6 : 0.20 (s, 9H), 1.10 - 1.60 (m, 5H), 2.05 - 2.35 (m, 6H), 3.55 , 

Z isomer and 3.60, E isomer (s, 3H). MS (Z isomer) : m/e 252-250 (M+), 193,89,73 (lOO), 55,45. 

2,3,4,5-Tetrahydro-6-chloro-7-trimethylsilyloxy-7-oxepine Zh : 68% yield. bp 104’C/12 mmHg. IR 

(neat) cm-l : 1685 (CC). 1H NMR 6 : 0.20 (s, 9H), 1.45 - 2.05 (m, 4H), 2.35 - 2.60 (m, 2H), 3.80 - 4.10 (m, 

2H). MS : m/e 222-220 (M+), 93,73 (lOO), 67. 

Preparation of 4-chloro-2-cyanocyclobutane alkylsilylacetals 2f-2g. A mixture of 2 mm01 of 

keteneacetal If-lh. 3 mmol of acrylonitrile, 5 ml of solvent and 0.2 mmol of zinc iodide (65 mg) was heated 

under reflux. After completion of the reaction (monitored by tic) 5 ml of 10% aqueous sodium bicarbonate and 5 

ml of ether were added. The aqueous phase was extracted with ether (3 x 5 ml). The organic phases were 

combined and dried over sodium sulfate. After filtration and removal of the solvents under vacuuo, the crude 

product was used for the subsequent reaction. Analytical samples were obtained by liquid chromatography (Si@, 

ether-hexane : 5-95). 

3-Chloro-2-ethoxy-3-methyl-2-trimethylsiloxycyclobutanecarbonitrile 2f. A mixture of four 

diastereoisomers in the ratio 66-18-8-8 was obtained in CH2Cl2 after 18 h. at reflux. IR (neat) cm-t : 2235 (CN). 

1H NMR 6 : 0.25 (s, 9H), 1.30 (t, J = 8 Hz, 3H), 1.55 (s, 3H, one isomer), 2.20 - 2.50 (m, lH), 4.20 (q. J = 8 

Hz, 2H, one isomer), 4.25 (q, J = 8 Hz, one isomer). MS (main isomer) : m/e 263-261 (M+), 226, 185, 113, 

93,73 (lOO), 45. Anal. calcd. for CllH2oClN02Si : C, 50.56 ; H, 7.72. Found : C, 50.81 ; H, 7.98. 

3-Chloro-2-methoxy-3-pentyl-2-trimethylsiloxycyclobutanecarbonitrile 2g. A mixture of four 

diastereoisomers in the ratio 69-23-4-4 was obtained in CH2C12 after 48 h. at reflux. IR (neat) cm-t : 2240 (CC). 

tH NMR 6 : 0.25 (s, 9H), 0.70 - 1.05 (m, 5H), 1.05 - 1.55 (m, 6H), 1.85 - 2.00 (m, 2H), 2.10 - 2.40 (m, lH), 
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3.65 (s, 3H, one isomer), 3.70 (s, 3H, one isomer). MS (main isomer) : m/e 288 (M+-15), 268, 171, 89,73 

(lOO), 5543. Anal. calcd. for Ct4H2eClN@Si : C, 55.42 ; H, 8.64. Found :C, 55.80 ; H, 8.32. 

4-Chloro-9-oxa-l -trimethylsiloxybicyclo[5.2.0]nonanecarbonitrile 2h. A mixture of two 

diastereoisomers was obtained in 1,2_dichloroethane after 48 h. at reflux. IR (neat) cm-l : 2240 (CN). 1H NMR 

(250 MHz) 6 : 0.25 (s, 9H), 1.60 - 2.10 (m, 6H), 2.15 - 2.38 (m, lH), 2.45 - 2.58 (m, lH), 3.05 - 3.25 (m, 

lH), 3.65 - 3.75 (m, 2H). MS (main isomer) : m/e 275-273 (M+), 157,95,93, 81, 73 (IOO), 67, 55,45. Anal. 

calcd. for Ct2H@ZlNO2Si : C, 52.73 ; H, 7.38. Found : C, 53.01 ; H, 7.58. 

Preparation of 2-cyanocyclopropanecarboxylates lOf-10h. General procedure. To a mixture of 2 

mm01 of chlorocyclobutane alkylsilylacetals 2f-2g and 10 ml of THF were added 2 mm01 of a 1M solution of 

tetrabutylammonium fluoride in THF (2 ml). After 2 h. at room temperature the solvent was removed and to the 

residue were added 5ml of water and 5 ml of ether. The organic phase was separated and the aqueous phase was 

extracted with ether (3 x 5 ml). The combined ethereal phases were dried over sodium sulfate. The solvent was 

removed under reduced pressure and the products were purified by liquid chromatography (Si@, ether-hexane). 

Ethyl 3-cyano-2methylcyclopropanecarboxylate 1Of. This compound is already known.15 IR neat cm- 

1 : 2935 (CN), 1740 (CO).IH NMR (250 MHz) CN and CGGEt anti 8 : 1.20 (dd, J =4.7 and 6.25 Hz, lH), 

1.30 (t, J =6.3 Hz, 3H), 1.55 (s, 3H), 1.70 (dd, J =4.7 and 9.4 Hz, lH), 2.10 (dd, J =6.25 and 9.4 Hz, 

lH),;4.20 (q, J =6.3 Hz, 2H).CN and CGGEt syn 8 : 1.15 (dd, J =4.7 and 6.25 Hz, lH), 1.30 (t, J =6.3 Hz, 

3H), 1.50 (s, 3H), 1.65 (dd, J =4.7 and 6.25 Hz, lH), 1.95 (dd, J =6.25 and 9.4 Hz, lH),;4.20 (q. J =6.3 Hz, 

2H). 

Methyl 3-cyano-2-pentylcyclopropanecarboxylate IOg. IR (neat) cm-t : 2240 (CN), 1740 (Co). tH 

NMR (250 MHz) 6 : CN and CooMe anti : 0.80 - 0.95 (m, 5H). 1.15 (dd, J = 4.7 and 9.4 Hz, lH), 1.25 - 1.40 

(m, 6H), 1.75 (dd, J = 4.7 and 6.25 Hz, lH), 1.95 (dd, J = 6.25 and 9.4 Hz, lH), 3.70 (s, 3H).CN and 

COOMe syn : 0.80 - 0.95 (m, 5H),1.20 (dd, J = 4.7 and 6.25, 1H) 1.25 - 1.40 (m, 6H), 1.80 (dd, J = 4.7 and 

9.4 Hz, lH), 2.10 (dd, J = 6.25 and 9.4 Hz, lH), 3.70 (s, 3H). MS (main isomer) : m/e 196 (M+ +l), 142, 

113,95, 87 (lUO), 82, 69,55,41, 39. Anal. calcd. for CllH17N02 : C, 67.65 ; H, 8.78. Found : C, 67.81 ; H, 

8.53. 

4-Oxa-3-oxo-spiro[6.2]nonanecarbonitrile ZOh. A mixture of two diastereoisomers was obtained (non 

determined ratio). Solid. mp : 118’C f 1O’C. IR (CDCl3) cm-t : 2240 (CN), 1730 (CO). 1H NMR (250 MHz) 6 : 

1.30 (t, J = 6.33, 2H), 1.58 - 1.85 (m, 4H). 1.90 - 2.15 (m, 2H + lHa), 2.30 (dd, J = 6.38 and 9.5 Hz, lHb), 

4.25 - 4.38 (m, 2H). MS (main isomer) : m/e 165 (M+, ll), 137, 106,79 (IOO), 67, 55,41, 39. Anal. calcd. for 

C9HllN02 : C, 65.42 ; H, 6.72. Found : C, 65.81 ; H, 6.83. 
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