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General Information 

Caution: Although malonyl peroxides possess sufficient thermostability, safety precautions should 

be applied. 

The commercially available (Acros Organic, сat. no. 240370300) silica gel was used for reactions: 

CAS 7631-86-9, 60-200 µm, 60 Å, appearance (color) – white, appearance (form) – powder, pH - 6.5 

to 7.5 (10% w/w suspension), specific surface area 470 to 530 m² g-1, pore diameter 58 to 68 Å, pore 

volume 0.70 to 0.85 ml g-1, volatile matter 3 to 6 % (160 °C), particle size 5.0% max. (under size), 

5.0% max. (over size).  

CDCl3 was used as solvent for recording NMR spectra (1Н NMR - 300.13 MHz, 13С NMR - 75.48 

MHz). Electrospray ionization (ESI) method was applied for obtaining HRMS data [S1]. A positive 

ion mode (interface capillary voltage 4500 V) was applied for the measurements; the mass ratio was 

from m/z 50 to 3000 Da; Electrospray Calibrant Solution was used for external/internal calibration. A 

syringe injection (flow rate 3 µl min-1) was carried out for solutions in MeCN. Nitrogen was applied 

as a dry gas; interface temperature was 180 °C. 

Column chromatography and reactions was performed on silica gel (0.060-0.200 mm, 60 Å, CAS 

7631-86-9). Thin-layer chromatography (TLC) was carried out using standard silica gel plates coated 

with fluorescent indicator F254. All solvents were distilled before use using standard procedures. 

Starting dicarbonyl compounds 1a, [S2] 1b, [S3] 1c, [S4] 1f, [S5] 1h, [S5] 1i, [S6] 1j, [S7] and 

malonyl peroxides 2a-d [S8] were synthesized according to the literature procedures. Starting 

dicarbonyl compounds 1d, 1e, 1g, 1k, 1l, 1m, 2,2-diethyl malonic acid were purchased from 

commercial sources and was used as is. 
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Scanning electron microscopy (SEM) data 
The field-emission scanning electron microscopy (FE-SEM) study of used silica gel (60-200 

µm) showed that sample contains particles with a size of about 100 µm (Figure S1). The surface of 
silica gel is irregular. 

Target-oriented approach was utilized for the optimization of the analytic measurements [S9]. 
Before measurements the samples were mounted on a 25 mm aluminum specimen stub and fixed by 
conductive tape. Metal coating with a thin film (7 nm) of gold/palladium alloy (60/40) was 
performed using magnetron sputtering method as described earlier [S10]. The observations were 
carried out using Hitachi SU8000 field-emission scanning electron microscope (FE-SEM). Images 
were acquired in secondary electron mode at 2 kV accelerating voltage and at working distance 4-5 
mm. Morphology of the samples was studied taking into account possible influence of metal coating 
on the surface [S10]. 

 

 
Figure S1. SEM images of silica gel 60-200 µm 

 
The energy dispersive X-ray microanalysis (EDX) showed that tested silica gel sample did not 

contain impurities of heavy metals (Figure S2). 
The X-ray microanalysis was carried out using energy-dispersive X-ray spectrometer 

OxfordInstruments X-max. The background signals of carbon (support, sputtering) and aluminum 
(support) are observed in addition to the main signals of Si and O in all spectra. The elemental 
composition of the sample is calculated with the use of data shown on the spectrum (the carbon is 
ignored because of the carbon deposition is used in accordance with program settings). 

 
Figure S2. Energy-dispersive X-ray (EDX) spectra of silica gel 60-200 µm. 
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EXPERIMENTAL SECTION 

 

Caution: Safety precautions should be applied in working with peroxides. 

 

Experimental Procedures for Table 1. SiO2 - mediated decarboxylation of tetracarbonyl 

compound 3ja prepared in situ from β-oxo ester 1j and malonyl peroxide 2a. 

 

Experimental Procedure for entries 2, 4-7, 9: β-Oxo ester 1j (100.0 mg, 0.45 mmol, 1.0 eq.) was 

mixed with SiO2 (54.4 mg, 0.9 mmol, 2.0 eq.). Then into well-stirred reaction mixture malonyl 

peroxide 2a (107.6 mg, 0.68 mmol, 1.5 eq.) was slowly loaded within 5 min. The reaction mass was 

stirred from 2 to 24 h at the temperature 25-200 °С. Then CH2Cl2 (10 ml) was added, the formed 

precipitate was separated, rinsed with CH2Cl2 (3 × 3 ml). The organic layers were combined and 

concentrated in vacuo (10-20 Torr). Products 3j and 4j were isolated by column chromatography on 

silica gel with eluent: petroleum ether (40-70) / EtOAc (volume ratio = from 20:1 to 2:1). 

 

Experimental Procedure for entries 1, 3, 8: To well-stirred β-oxo ester 1j (100.0 mg, 0.45 mmol, 

1.0 eq.) malonyl peroxide 2a (107.6 mg, 0.68 mmol, 1.5 eq.) was slowly loaded for 5 min. The 

reaction mass was stirred from 2 to 24 h at the temperature 25-200 °С. Products 3j and 4j were 

isolated by column chromatography on silica gel with eluent: petroleum ether (40-70) / EtOAc 

(volume ratio = from 20:1 to 2:1). 

 

Experiments for proving of the reaction pathway: preparation of decarboxylation products 4a, 

4h, 4j from preliminary synthesized C-O coupling products 3a, 3h, 3j.    

Prepared according to literature procedure [S11] C-O coupling product 3a (179.2 mg, 0.50 mmol, 1.0 

eq.), 3h (172.2 mg, 0.50 mmol, 1.0 eq.), 3j (189.2 mg, 0.50 mmol, 1.0 eq.) was mixed with SiO2 

(60.0 mg, 1.0 mmol, 2.0 eq.). The reaction mass was stirred for 2 h at the temperature of 120 °С. 

Decarboxylation products 4a, 4h, 4j were isolated by column chromatography on silica gel with 

eluent: petroleum ether (40-70) / EtOAc (volume ratio = from 20:1 to 2:1). 

 

Experimental Procedure for Scheme 1. Synthesis C-O coupling/decarboxylation products 4a-s. 

β-Diketone 1a-f (500.0 mg, 2.23-3.96 mmol, 1.0 eq.), β-oxo ester 1g-l (500.0 mg, 2.27-3.47 mmol, 

1.0 eq.) or lactone 1m (500.0 mg, 3.90 mmol, 1.0 eq.) was mixed with SiO2 (267.0-475.6 mg, 4.45-

7.93 mmol, 2.0 eq.). Then into well-stirred reaction mixture malonyl peroxide 2a-d (505.7-1028.8 

mg, 3.34-5.95 mmol, 1.5 eq.) was slowly loaded for 5 min. The reaction mass was mixed for 2 h at 

the temperature 120 °С. Then CH2Cl2 (10 ml) was added, the formed precipitate was separated and 

rinsed with CH2Cl2 (3 × 3 ml). The organic layers were combined and concentrated in vacuo (10-20 

Torr). Decarboxylation products 4a-s were isolated by column chromatography on silica gel with 

eluent: petroleum ether (40-70) / EtOAc (volume ratio = from 20:1 to 2:1). 

 

Characterization data of C-O coupling/decarboxylation products 4. 

 

Ethyl 4-acetyl-4-(2-ethylbutanoyloxy)-5-oxohexanoate, 4a 

643 mg (2.05 mmol, 82 %). 

Colorless oil. Rf = 0.88 (eluent: petroleum ether (40-70) / EtOAc 5:1 with 2% AcOH). 
1Н NMR (300.13 MHz; CDCl3; 25 °С): δ = 0.96 (t, J = 7.3 Hz, 6H), 1.22 (t, J = 7.3 Hz, 3H), 1.53-

1.75 (m, 4H), 2.14-2.31 (m, 9H), 2.57 (t, J = 7.7 Hz, 2H), 4.09 ppm (q, J = 7.3 Hz, 2H); 
13C NMR (75.48 MHz; CDCl3; 25 °С): δ=11.6, 14.1, 24.5, 26.6, 28.1, 28.5, 48.3, 60.8, 92.3, 171.9, 

174.8, 201.5 ppm; 

HRMS (ESI) m/z [M+Na]+: Calcd for [C16H26NaO6]
+: 337.1622. Found: 337.1615; 

Anal.: Calcd (%) for C16H26О6 (314.37): С 61.13, Н 8.34; found: C 61.23, Н 8.19. 

 

3-Benzyl-2,4-dioxopentan-3-yl 2-ethylbutanoate, 4b 

630 mg (2.07 mmol, 79 %). 
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Colorless oil. Rf = 0.88 (eluent: petroleum ether (40-70) / EtOAc 5:1 with 2% AcOH); 
1Н NMR (300.13 MHz; CDCl3; 25 °С): δ = 0.92 (t, 6H, J = 7.3 Hz), 1.51-1.68 (m, 4H), 2.16 (s, 6H), 

2.23-2.27 (m, 1H), 3.61 (s, 2H), 7.05-7.07 (m, 2H), 7.23-7.25 ppm (m, 3H); 
13C NMR (75.48 MHz; CDCl3; 25 °С): δ = 11.6, 24.1, 27.3, 39.3, 48.1, 93.6, 127.3, 128.4, 129.9, 

134.2, 175.0, 202.4 ppm; 

HRMS (ESI) m/z [M+Na]+: Calcd for [C18H25O4]
+: 305.1747. Found: 305.1754; 

Anal.: Calcd (%) for C18H24О4 (304.39): С 71.03, Н 7.95; found: C 71.07, Н 8.01. 

 

3-(4-Chlorobenzyl)-2,4-dioxopentan-3-yl 2-ethylbutanoate, 4c 

590 mg (1.74 mmol, 78 %). 

Colorless oil. Rf = 0.87 (eluent: petroleum ether (40-70) / EtOAc 10:1 with 2% AcOH); 
1Н NMR (300.13 MHz; CDCl3; 25 °С): δ = 0.92 (t, J = 7.3 Hz, 6H), 1.51-1.70 (m, 4H), 2.15 (s, 6H), 

2.22-2.26 (m, 1H), 3.58 (s, 2H), 6.99 (d, J = 8.8 Hz, 2H), 7.21 ppm (d, J = 8.8 Hz, 2H); 
13C NMR (75.48 MHz; CDCl3; 25 °С): δ = 11.6, 24.1, 27.2, 38.5, 48.1, 93.6, 128.6, 131.3, 132.7, 

133.3, 174.9, 202.0 ppm; 

HRMS (ESI) m/z [M+Na]+: Calcd for [C18H23ClNaO4]
+: 361.1177. Found: 361.1179; 

Anal.: Calcd (%) for С18Н23ClО4 (338.83): С 63.81, Н 6.84, Cl 10.46; found: C 63.77, Н 6.91, Cl 

10.28. 

 

1-Acetyl-2-oxocyclopentyl 2-ethylbutanoate, 4d 

812 mg (3.38 mmol, 85 %). 

Colorless oil. Rf = 0.89 (eluent: petroleum ether (40-70) / EtOAc 5:1 with 2% AcOH); 
1Н NMR (300.13 MHz; CDCl3; 25 °С): δ = 0.90-0.96 (m, 6H), 1.51-1.68 (m, 4H), 1.96-2.18 (m, 3H), 

2.28-2.35 (m, 5H), 2.50-2.68 ppm (m, 2H); 
13C NMR (75.48 MHz; CDCl3; 25 °С): δ = 11.5, 11.7, 18.4, 24.9, 25.1, 26.1, 31.6, 36.0, 48.3, 89.9, 

174.6, 203.2, 209.3 ppm; 

HRMS (ESI) m/z [M+Na]+: Calcd for [C13H20NaO4]
+: 263.1254. Found: 263.1255; 

Anal.: Calcd (%) for С13Н20О4 (240.30): С 64.98, Н 8.39; found: C 65.05, Н 8.48. 

 

1-Acetyl-2-oxocyclohexyl 2-ethylbutanoate, 4e 

792 mg (3.11 mmol, 87 %). 

Colorless oil. Rf = 0.83 (eluent: petroleum ether (40-70) / EtOAc 5:1 with 2% AcOH); 
1Н NMR (300.13 MHz; CDCl3; 25 °С): δ = 0.97 (t, J = 7.3 Hz, 6H), 1.52-1.79 (m, 7H), 1.94-1.99 (m, 

1H), 2.06-2.32 (m, 6H), 2.57-2.75 ppm (m, 2H); 
13C NMR (75.48 MHz; CDCl3; 25 °С): δ = 11.7, 21.3, 24.6, 25.4, 26.1, 34.4, 41.0, 48.3, 89.7, 174.9, 

202.6, 202.8 ppm; 

HRMS (ESI) m/z [M+Na]+: Calcd for [С14Н22NaO4]
+: 277.1410. Found: 277.1407; 

Anal.: Calcd (%) for С14Н22О4 (254.32): С 66.12, Н 8.72; found: C 65.95, Н 8.68. 

 

3-Acetyl-2,6-dioxoheptan-3-yl 2-ethylbutanoate, 4f 

578 mg (2.03 mmol, 69 %). 

Colorless oil. Rf = 0.53 (eluent: petroleum ether (40-70) / EtOAc 10:1 with 2% AcOH); 
1Н NMR (300.13 MHz; CDCl3; 25 °С): δ = 0.95 (t, J = 7.3 Hz, 6H), 1.52-1.74 (m, 4H), 2.09 (s, 3H), 

2.23 (s, 6H), 2.30-2.38 (m, 3H), 2.44-2.49 ppm (m, 2H); 
13C NMR (75.48 MHz; CDCl3; 25 °С): δ = 11.7, 24.5, 26.6, 26.9, 29.8, 37.3, 48.3, 92.1, 174.8, 201.7, 

206.2 ppm; 

HRMS (ESI) m/z [M+Na]+: Calcd for [C15H24NaO5]
+: 307.1516. Found: 307.1503; 

Anal.: Calcd (%) for С15Н24О5 (284.35): С 63.36, Н 8.51; found: C 63.40, Н 8.63. 

 

Ethyl 2-(2-ethylbutanoyloxy)-2-methyl-3-oxobutanoate, 4g 

772 mg (2.99 mmol, 86 %). 

Colorless oil. Rf = 0.87 (eluent: petroleum ether (40-70) / EtOAc 5:1 with 2% AcOH); 
1Н NMR (300.13 MHz; CDCl3; 25 °С): δ = 0.90-0.96 (m, 6H), 1.23 (t, J = 7.3 Hz, 3H), 1.53-1.66 (m, 

7H), 2.22-2.28 (m, 1H), 2.33 (s, 3H), 4.19 ppm (q, J = 7.3 Hz, 2H); 
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13C NMR (75.48 MHz; CDCl3; 25 °С): δ = 11.57, 11.60, 13.8, 19.8, 24.9, 25.0, 25.9, 48.5, 62.0, 85.0, 

167.5, 174.5, 201.7 ppm; 

HRMS (ESI) m/z [M+Na]+: Calcd for [C13H22NaO5]
+: 281.1359. Found: 281.1365; 

Anal.: Calcd (%) for С13Н22О5 (258.31): С 60.45, Н 8.58; found: C 60.34, Н 8.55. 

 

Ethyl 2-acetyl-2-(2-ethylbutanoyloxy)hexanoate, 4h 

633 mg (2.11 mmol, 79 %). 

Colorless oil. Rf = 0.88 (eluent: petroleum ether (40-70) / EtOAc 10:1 with 2% AcOH); 
1Н NMR (300.13 MHz; CDCl3; 25 °С): δ = 0.85 (t, J = 6.9 Hz, 3H), 0.92-0.97 (m, 6H), 1.20-1.29 (m, 

7H), 1.49-1.73 (m, 4H), 2.08-2.14 (m, 2H), 2.24-2.33 (m, 4H), 4.19 ppm (q, J= 7.3 Hz, 2H); 
13C NMR (75.48 MHz; CDCl3; 25 °С): δ = 11.57, 11.61, 13.7, 13.9, 22.5, 24.7, 24.9, 25.4, 27.2, 33.7, 

48.4, 61.9, 87.5, 167.6, 174.7, 201.3 ppm; 

HRMS (ESI) m/z [M+Na]+: Calcd for [C16H28NaO5]
+: 323.1829. Found: 323.1817; 

Anal.: Calcd (%) for C16H28О5 (300.39): С 63.97, Н 9.40; found: C 64.21, Н 9.28. 

 

Ethyl 2-acetyl-4-cyano-2-(2-ethylbutanoyloxy)butanoate, 4i 

493 mg (1.66 mmol, 61 %). 

Colorless oil. Rf = 0.58 (eluent: petroleum ether (40-70) / EtOAc 5:1 with 2% AcOH); 
1Н NMR (300.13 MHz; CDCl3; 25 °С): δ = 0.92-0.98 (m, 6H), 1.25 (t, J = 7.3 Hz, 3H), 1.53-1.74 (m, 

4H), 2.31-2.38 (m, 6H), 2.42-2.65 (m, 2H), 4.22 ppm (q, J = 7.3 Hz, 2H); 
13C NMR (75.48 MHz; CDCl3; 25 °С): δ = 11.5, 11.6, 12.0, 13.8, 24.4, 24.7, 26.9, 28.9, 48.1, 62.7, 

85.6, 118.2, 166.1, 174.5, 200.2 ppm; 

HRMS (ESI) m/z [M+Na]+: Calcd for [C15H20NNaO5]
+: 320.1468. Found: 320.1467; 

Anal.: Calcd (%) for C15H20NО5 (297.35): С 60.59, Н 7.80, N 4.71; found: C 60.51, Н 8.05, N 4.67. 

 

Ethyl 2-benzyl-2-(2-ethylbutanoyloxy)-3-oxobutanoate, 4j 

658 mg (1.97 mmol, 87 %). 

Colorless oil. Rf = 0.40 (eluent: petroleum ether (40-70) / EtOAc 5:1 with 2% AcOH); 
1Н NMR (300.13 MHz; CDCl3; 25 °С): δ = 0.92-0.97 (m, 6H), 1.18 (t, J = 7.3 Hz, 3H), 1.50-1.77 (m, 

4H), 2.12-2.36 (m, 4H), 3.46 (d, J = 13.9 Hz, 1H, CH2), 3.54 (d, J = 13.9 Hz, 1H, CH2), 4.16 (q, J = 

7.3 Hz, 2H), 7.11-7.14 (m, 2H), 7.23-7.28 ppm (m, 3H); 
13C NMR (75.48 MHz; CDCl3; 25 °С): δ = 11.5, 11.7, 13.8, 24.3, 24.6, 27.8, 39.7, 48.2, 62.1, 87.6, 

127.3, 128.2, 130.1, 134.1, 166.9, 174.7, 202.2 ppm; 

HRMS (ESI) m/z [M+Na]+: Calcd for [C19H26NaO5]
+: 357.1672. Found: 357.1667 

Anal.: Calcd (%) for C19H26О5 (334.41): С 68.24, Н 7.84; found: C 68.43, Н 7.75. 

 

Ethyl 1-(2-ethylbutanoyloxy)-2-oxocyclopentanecarboxylate, 4k 

697 mg (2.58 mmol, 81 %). 

Colorless oil. Rf = 0.78 (eluent: petroleum ether (40-70) / EtOAc 5:1 with 2% AcOH); 
1Н NMR (300.13 MHz; CDCl3; 25 °С): δ = 0.86-0.93 (m, 6H), 1.23 (t, J = 7.3 Hz, 3H), 1.47-1.68 (m, 

4H), 2.06-2.31 (m, 4H), 2.38-2.59 (m, 2H), 2.72-2.80 (m, 1H), 4.19 ppm (q, J = 7.3 Hz, 2H); 
13C NMR (75.48 MHz; CDCl3; 25 °С): δ = 11.5, 11.6, 13.9, 18.3, 24.8, 24.9, 33.6, 35.8, 48.1, 62.1, 

83.6, 167.0, 174.9, 208.0 ppm; 

HRMS (ESI) m/z [M+Na]+: Calcd for [C14H22NaO5]
+: 293.1359. Found: 293.1363; 

Anal.: Calcd (%) for C14H22О5 (270.32): С 62.20, Н 8.20; found: C 62.26, Н 8.21. 

 

Ethyl 1-(2-ethylbutanoyloxy)-2-oxocyclohexanecarboxylate, 4l 

743 mg (2.61 mmol, 89 %). 

Colorless oil. Rf = 0.80 (eluent: petroleum ether (40-70) / EtOAc 5:1 with 2% AcOH); 
1Н NMR (300.13 MHz; CDCl3; 25 °С): δ = 0.92-0.99 (m, 6H), 1.25 (t, J = 7.3 Hz, 3H), 1.46-1.80 (m, 

7H), 1.93-2.00 (m, 1H), 2.06-2.14 (m, 1H), 2.23-2.32 (m, 1H), 2.38-2.43 (m, 1H), 2.56-2.63 (m, 1H), 

2.89-2.99 (m, 1H), 4.22 ppm (q, J= 7.3 Hz, 2H). 
13C NMR (75.48 MHz; CDCl3; 25 °С): δ=11.6, 13.9, 21.0, 24.8, 24.9, 27.3, 36.4, 40.4, 48.4, 61.8, 

85.1, 168.1, 174.5, 201.4 ppm; 
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HRMS (ESI) m/z [M+Na]+: Calcd for [C15H24NaO5]
+: 307.1516. Found: 307.1518; 

Anal.: Calcd (%) for C15H24О5 (284.35): С 63.36, Н 8.51; found: C 63.35, Н 8.68. 

 

3-Acetyl-2-oxotetrahydrofuran-3-yl 2-ethylbutanoate, 4m 

432 mg (1.78 mmol, 46 %). 

Colorless oil. Rf = 0.55 (eluent: petroleum ether (40-70) / EtOAc 10:1 with 2% AcOH); 
1Н NMR (300.13 MHz; CDCl3; 25 °С): δ = 0.91-0.97 (m, 6H), 1.52-1.74 (m, 4H), 2.30-2.42 (m, 5H), 

2.99-3.07 (m, 1H), 4.35-4.43 (m, 1H), 4.48-4.55 ppm (m, 1H); 
13C NMR (75.48 MHz; CDCl3; 25 °С): δ = 11.5, 11.7, 24.7, 25.0, 25.3, 30.6, 48.3, 66.2, 84.4, 169.7, 

174.8, 200.8 ppm; 

HRMS (ESI) m/z [M+Na]+: Calcd for [C12H18NaO5]
+: 265.1046. Found: 265.1037; 

Anal.: Calcd (%) for C12H18О5 (242.27): С 59.49, Н 7.49; found: C 59.33, Н 7.61. 

 

Ethyl 1-(2-butylhexanoyloxy)-2-oxocyclopentanecarboxylate, 4n 

616 mg (1.89 mmol, 59 %). 

Colorless oil. Rf = 0.83 (eluent: petroleum ether (40-70) / EtOAc 5:1 with 2% AcOH); 
1Н NMR (300.13 MHz; CDCl3; 25 °С): δ = 0.86 (t, J = 7.3 Hz, 6H), 1.22-1.28 (m, 11H), 1.40-1.45 

(m, 2H), 1.55-1.67 (m, 2H), 2.07-2.25 (m, 3H), 2.34-2.60 (m, 3H), 2.71-2.80 (m, 1H), 4.19 ppm (q, J 

= 7.3 Hz, 2H); 
13C NMR (75.48 MHz; CDCl3; 25 °С): δ = 13.8, 18.3, 22.5, 29.2, 31.8, 31.9, 33.6, 35.8, 44.9, 62.1, 

83.6, 167.1, 175.2, 208.0 ppm; 

HRMS (ESI) m/z [M+Na]+: Calcd for [C18H31O5]
+: 327.2166. Found: 327.2152; 

Anal.: Calcd (%) for C18H30О5 (326.43): С 66.23, Н 9.26; found: C 66.21, Н 9.26. 

 

1-Benzyl-1-ethoxycarbonyl-2-oxopropyl cyclobutanecarboxylate, 4o 

261 mg (0.82 mmol, 36 %). 

Colorless oil. Rf = 0.43 (eluent: petroleum ether (40-70) / EtOAc 5:1 with 2% AcOH); 
1Н NMR (300.13 MHz; CDCl3; 25 °С): δ = 1.20 (t, J = 7.3 Hz, 3H), 1.85-2.03 (m, 2H), 2.13-2.31 (m, 

7H), 3.15-3.26 (m, 1H), 3.50 (d, J = 14.3 Hz, 1H, CH2), 3.56 (d, J = 14.3 Hz, 1H, CH2), 4.17 (q, J = 

7.3 Hz, 2H), 7.06-7.08 (m, 2H), 7.23-7.26 ppm (m, 3H); 
13C NMR (75.48 MHz; CDCl3; 25 °С): δ = 13.8, 18.4, 24.9, 27.4, 37.8, 39.1, 62.1, 87.8, 127.2, 128.3, 

130.1, 134.2, 168.7, 173.9, 202.2 ppm; 

HRMS (ESI) m/z [M+Na]+: Calcd for [C18H22NaO5]
+: 341.1359. Found: 341.1363; 

Anal.: Calcd (%) for C18H22О5 (318.37): С 67.91, Н 6.97; found: C 67.85, Н 6.99. 

 

Ethyl 1-cyclobutylcarbonyloxy-2-oxocyclohexanecarboxylate, 4p 

301 mg (1.12 mmol, 38 %). 

Colorless oil. Rf = 0.57 (eluent: petroleum ether (40-70) / EtOAc 5:1 with 2% AcOH); 
1Н NMR (300.13 MHz; CDCl3; 25 °С): δ = 1.25 (t, J = 7.3 Hz, 3H), 1.66-1.79 (m, 3H), 1.88-2.40 (m, 

9H), 2.54-2.60 (m, 1H), 2.85-2.94 (m, 1H), 3.16-3.27 (m, 1H), 4.22 ppm (q, J = 7.3 Hz, 2H); 
13C NMR (75.48 MHz; CDCl3; 25 °С): δ = 13.9, 18.4, 21.0, 24.9, 25.1, 27.3, 36.3, 37.6, 40.2, 61.8, 

85.1, 168.1, 173.8, 201.6 ppm; 

HRMS (ESI) m/z [M+Na]+: Calcd for [C14H20NaO5]
+: 291.1203. Found: 291.1208; 

Anal.: Calcd (%) for C14H20О5 (268.31): С 62.67, Н 7.51; found: C 62.65, Н 7.53. 

 

1-Acetyl-1-benzyl-2-oxopropyl cyclopentanecarboxylate, 4q 

288 mg (0.95 mmol, 36 %). 

Colorless oil. Rf = 0.71 (eluent: petroleum ether (40-70) / EtOAc 5:1 with 2% AcOH); 
1Н NMR (300.13 MHz; CDCl3; 25 °С): δ = 1.57-1.87 (m, 8H), 2.12 (s, 6H), 2.74-2.84 (m, 1H), 3.60 

(s, 2H), 7.01-7.04 (m, 2H), 7.23-7.25 ppm (m, 3H); 
13C NMR (75.48 MHz; CDCl3; 25 °С): δ = 25.7, 27.0, 29.6, 39.0, 43.7, 93.8, 127.2, 128.4, 129.9, 

134.3, 175.4, 202.0 ppm; 

HRMS (ESI) m/z [M+Na]+: Calcd for [C18H22NaO4]
+: 325.1410. Found: 325.1397; 

Anal.: Calcd (%) for C18H22O4 (302.15): С 71.50, Н 7.33; found: C 71.52, Н 7.35. 
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1-Benzyl-1-ethoxycarbonyl-2-oxopropyl cyclopentanecarboxylate, 4r 

356 mg (1.07 mmol, 47 %). 

Colorless oil. Rf = 0.46 (eluent: petroleum ether (40-70) / EtOAc 5:1 with 2% AcOH); 
1Н NMR (300.13 MHz; CDCl3; 25 °С): δ = 1.18 (t, J = 7.3 Hz, 3H), 1.54-1.67 (m, 4H), 1.80-1.90 (m, 

4H), 2.18 (s, 3H), 2.75-2.86 (m, 1H), 3.49 (d, J = 14.3 Hz, 1H, CH2), 3.56 (d, J = 14.3 Hz, 1H, CH2), 

4.11-4.19 (m, 2H), 7.06-7.09 (m, 2H), 7.23-7.25 ppm (m, 3H); 
13C NMR (75.48 MHz; CDCl3; 25 °С): δ = 13.8, 25.7, 27.5, 29.6, 39.2, 43.5, 62.0, 87.8, 127.2, 128.2, 

130.1, 134.2, 168.7, 175.1, 202.2 ppm; 

HRMS (ESI) m/z [M+Na]+: Calcd for [C19H24NaO5]
+: 355.1516. Found: 355.1511; 

Anal.: Calcd (%) for C19H24О5 (332.39): С 68.66, Н 7.28; found: C 68.63, Н 7.28. 

 

Ethyl 1-cyclopentylcarbonyloxy-2-oxocyclohexanecarboxylate, 4s 

425 mg (1.51 mmol, 51 %). 

Colorless oil. Rf = 0.54 (eluent: petroleum ether (40-70) / EtOAc 5:1 with 2% AcOH); 
1Н NMR (300.13 MHz; CDCl3; 25 °С): δ = 1.20 (t, J = 7.3 Hz, 3H), 1.51-1.90 (m, 12H), 2.03-2.11 

(m, 1H), 2.32-2.37 (m, 1H), 2.50-2.58 (m, 1H), 2.74-2.90 (m, 2H), 4.13-4.21 ppm (m, 2H); 
13C NMR (75.48 MHz; CDCl3; 25 °С): δ = 13.8, 20.8, 25.6, 27.2, 29.6, 29.7, 36.2, 40.1, 43.1, 61.6, 

84.9, 167.9, 174.9, 201.4 ppm; 

HRMS (ESI) m/z [M+Na]+: Calcd for [C15H22NaO5]
+: 305.1359. Found: 305.1354; 

Anal.: Calcd (%) for C15H22О5 (282.34): С 63.81, Н 7.85; found: C 63.77, Н 7.86. 
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1H and 13C NMR Spectra 

1H NMR of ethyl 4-acetyl-4-(2-ethylbutanoyloxy)-5-oxohexanoate, 4a 
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13С NMR of ethyl 4-acetyl-4-(2-ethylbutanoyloxy)-5-oxohexanoate, 4a 
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 1H NMR of 3-benzyl-2,4-dioxopentan-3-yl 2-ethylbutanoate, 4b 

 



S11 

 

13С NMR of 3-benzyl-2,4-dioxopentan-3-yl 2-ethylbutanoate, 4b 
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1H NMR of 3-(4-chlorobenzyl)-2,4-dioxopentan-3-yl 2-ethylbutanoate, 4c 
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13С NMR of 3-(4-chlorobenzyl)-2,4-dioxopentan-3-yl 2-ethylbutanoate, 4c 
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1H NMR of 1-acetyl-2-oxocyclopentyl 2-ethylbutanoate, 4d 
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13С NMR of 1-acetyl-2-oxocyclopentyl 2-ethylbutanoate, 4d 
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1H NMR of 1-acetyl-2-oxocyclohexyl 2-ethylbutanoate, 4e 

 



S17 

 

13С NMR of 1-acetyl-2-oxocyclohexyl 2-ethylbutanoate, 4e 
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1H NMR of 3-acetyl-2,6-dioxoheptan-3-yl 2-ethylbutanoate, 4f 

 



S19 

 

13С NMR of 3-acetyl-2,6-dioxoheptan-3-yl 2-ethylbutanoate, 4f 
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1H NMR of ethyl 2-(2-ethylbutanoyloxy)-2-methyl-3-oxobutanoate, 4g 
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13С NMR of ethyl 2-(2-ethylbutanoyloxy)-2-methyl-3-oxobutanoate, 4g 

 



S22 

 

1H NMR of ethyl 2-acetyl-2-(2-ethylbutanoyloxy)hexanoate, 4h 

 



S23 

 

13С NMR of ethyl 2-acetyl-2-(2-ethylbutanoyloxy)hexanoate, 4h 

 



S24 

 

1H NMR of ethyl 2-acetyl-4-cyano-2-(2-ethylbutanoyloxy)butanoate, 4i 
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13C NMR of ethyl 2-acetyl-4-cyano-2-(2-ethylbutanoyloxy)butanoate, 4i 
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1H NMR of ethyl 2-benzyl-2-(2-ethylbutanoyloxy)-3-oxobutanoate, 4j 

 



S27 

 

13C NMR of ethyl 2-benzyl-2-(2-ethylbutanoyloxy)-3-oxobutanoate, 4j 

 



S28 

 

1H NMR of ethyl 1-(2-ethylbutanoyloxy)-2-oxocyclopentanecarboxylate, 4k 

 



S29 

 

13C NMR of ethyl 1-(2-ethylbutanoyloxy)-2-oxocyclopentanecarboxylate, 4k 

 



S30 

 

1H NMR of ethyl 1-(2-ethylbutanoyloxy)-2-oxocyclohexanecarboxylate, 4l 

 



S31 

 

13C NMR of ethyl 1-(2-ethylbutanoyloxy)-2-oxocyclohexanecarboxylate, 4l 
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1H NMR of 3-acetyl-2-oxotetrahydrofuran-3-yl 2-ethylbutanoate, 4m 
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13C NMR of 3-acetyl-2-oxotetrahydrofuran-3-yl 2-ethylbutanoate, 4m 
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1H NMR of ethyl 1-(2-butylhexanoyloxy)-2-oxocyclopentanecarboxylate, 4n 
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13C NMR of ethyl 1-(2-butylhexanoyloxy)-2-oxocyclopentanecarboxylate, 4n 



S36 

 

1H NMR of 1-benzyl-1-(ethoxycarbonyl)-2-oxopropyl cyclobutanecarboxylate, 4o 
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13C NMR of 1-benzyl-1-(ethoxycarbonyl)-2-oxopropyl cyclobutanecarboxylate, 4o 
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1H NMR of ethyl 1-(cyclobutanecarbonyloxy)-2-oxocyclohexanecarboxylate, 4p 

 



S39 

 

13C NMR of ethyl 1-(cyclobutanecarbonyloxy)-2-oxocyclohexanecarboxylate, 4p 
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1H NMR of 3-benzyl-2,4-dioxopentan-3-yl cyclopentanecarboxylate, 4q 
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13C NMR of 3-benzyl-2,4-dioxopentan-3-yl cyclopentanecarboxylate, 4q 
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1H NMR of 1-benzyl-1-(ethoxycarbonyl)-2-oxopropyl cyclopentanecarboxylate, 4r 
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13C NMR of 1-benzyl-1-(ethoxycarbonyl)-2-oxopropyl cyclopentanecarboxylate, 4r 
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1H NMR of ethyl 1-(cyclopentanecarbonyloxy)-2-oxocyclohexanecarboxylate, 4s 

 



S45 

 

13C NMR of ethyl 1-(cyclopentanecarbonyloxy)-2-oxocyclohexanecarboxylate, 4s 
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HRMS spectra 

HRMS of ethyl 4-acetyl-4-(2-ethylbutanoyloxy)-5-oxohexanoate, 4a 

 

 



S47 

 

HRMS of 3-benzyl-2,4-dioxopentan-3-yl 2-ethylbutanoate, 4b 
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HRMS of 3-(4-chlorobenzyl)-2,4-dioxopentan-3-yl 2-ethylbutanoate, 4c 

 



S49 

 

HRMS of 1-acetyl-2-oxocyclopentyl 2-ethylbutanoate, 4d 

 

 

 



S50 

 

HRMS of 1-acetyl-2-oxocyclohexyl 2-ethylbutanoate, 4e 
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HRMS of 3-acetyl-2,6-dioxoheptan-3-yl 2-ethylbutanoate, 4f 
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HRMS of ethyl 2-(2-ethylbutanoyloxy)-2-methyl-3-oxobutanoate, 4g 

 

 

 

 



S53 

 

HRMS of ethyl 2-acetyl-2-(2-ethylbutanoyloxy)hexanoate, 4h 
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HRMS of ethyl 2-acetyl-4-cyano-2-(2-ethylbutanoyloxy)butanoate, 4i 
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HRMS of ethyl 2-benzyl-2-(2-ethylbutanoyloxy)-3-oxobutanoate, 4j 
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HRMS of ethyl 1-(2-ethylbutanoyloxy)-2-oxocyclopentanecarboxylate, 4k 
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HRMS of ethyl 1-(2-ethylbutanoyloxy)-2-oxocyclohexanecarboxylate, 4l 
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HRMS of 3-acetyl-2-oxotetrahydrofuran-3-yl 2-ethylbutanoate, 4m 
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HRMS of ethyl 1-(2-butylhexanoyloxy)-2-oxocyclopentanecarboxylate, 4n 

 



S60 

 

HRMS of 1-benzyl-1-ethoxycarbonyl-2-oxopropyl cyclobutanecarboxylate, 4o 

 

 



S61 

 

HRMS of ethyl 1-cyclobutylcarbonyloxy-2-oxocyclohexanecarboxylate, 4p 

 

 



S62 

 

HRMS of 1-acetyl-1-benzyl-2-oxopropyl cyclopentanecarboxylate, 4q 

 



S63 

 

HRMS of 1-benzyl-1-ethoxycarbonyl-2-oxopropyl cyclopentanecarboxylate, 4r 
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HRMS of ethyl 1-cyclopentylcarbonyloxy-2-oxocyclohexanecarboxylate, 4s 

 


