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General Information

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

The commercially available (Acros Organic, cat. no. 240370300) silica gel was used for reactions:
CAS 7631-86-9, 60-200 pm, 60 A, appearance (color) — white, appearance (form) — powder, pH - 6.5
to 7.5 (10% w/w suspension), specific surface area 470 to 530 m? g%, pore diameter 58 to 68 A, pore
volume 0.70 to 0.85 ml g, volatile matter 3 to 6 % (160 °C), particle size 5.0% max. (under size),
5.0% max. (over size).

CDCl; was used as solvent for recording NMR spectra (*H NMR - 300.13 MHz, 3C 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 pl min't) 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 A, 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, 1le, 1g, 1k, 1I, 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
um) showed that sample contains particles with a size of about 100 um (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].
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The eneray 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).
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Figure S2. Energy-dispersive X-ray (EDX) spectra of silica gel 60-200 um.
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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 B-oxo ester 1j and malonyl peroxide 2a.

Experimental Procedure for entries 2, 4-7, 9: 3-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 °C. Then CH2Cl> (10 ml) was added, the formed
precipitate was separated, rinsed with CH2Cl> (3 x 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 B-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 °C. 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 eqg.) was mixed with SiO-
(60.0 mg, 1.0 mmol, 2.0 eq.). The reaction mass was stirred for 2 h at the temperature of 120 °C.
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.
B-Diketone 1a-f (500.0 mg, 2.23-3.96 mmol, 1.0 eq.), p-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 SiO, (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 °C. Then CH2Cl> (10 ml) was added, the formed precipitate was separated and
rinsed with CH2Cl> (3 x 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).

'H NMR (300.13 MHz; CDCls; 25 °C): § = 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; CDCls; 25 °C): §=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 [C16H26NaOe]*: 337.1622. Found: 337.1615;

Anal.: Calcd (%) for C16H2606 (314.37): C 61.13, H 8.34; found: C 61.23, H 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);

'H NMR (300.13 MHz; CDCls; 25 °C): = 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; CDCls; 25 °C): § = 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 [C18H2504]": 305.1747. Found: 305.1754;

Anal.: Calcd (%) for C18H2404 (304.39): C 71.03, H 7.95; found: C 71.07, H 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);

'H NMR (300.13 MHz; CDCls; 25 °C): § = 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; CDCls; 25 °C): & = 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 [C1gH23CINaO4]*: 361.1177. Found: 361.1179;

Anal.: Calcd (%) for C18H23ClO4 (338.83): C 63.81, H 6.84, ClI 10.46; found: C 63.77, H 6.91, ClI
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);

'H NMR (300.13 MHz; CDCls; 25 °C): & = 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; CDCls3; 25 °C): & = 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 C13H2004 (240.30): C 64.98, H 8.39; found: C 65.05, H 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);

'H NMR (300.13 MHz; CDCl3; 25 °C): § = 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; CDCls; 25 °C): § = 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 [C14H22NaO4]*: 277.1410. Found: 277.1407;

Anal.: Calcd (%) for C14H2204 (254.32): C 66.12, H 8.72; found: C 65.95, H 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);

'H NMR (300.13 MHz; CDCls; 25 °C): § = 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; CDCls; 25 °C): § = 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 [C15H22NaOs]*: 307.1516. Found: 307.1503;

Anal.: Calcd (%) for C1sH2405 (284.35): C 63.36, H 8.51; found: C 63.40, H 8.63.

Ethyl 2-(2-ethylbutanoyloxy)-2-methyl-3-oxobutanoate, 49

772 mg (2.99 mmol, 86 %).

Colorless oil. Rf=0.87 (eluent: petroleum ether (40-70) / EtOAc 5:1 with 2% AcOH);

'H NMR (300.13 MHz; CDCls; 25 °C): 8 = 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; CDCls; 25 °C): § = 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 [C13H22NaOs]*: 281.1359. Found: 281.1365;

Anal.: Calcd (%) for C13H2205 (258.31): C 60.45, H 8.58; found: C 60.34, H 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);

'H NMR (300.13 MHz; CDCls; 25 °C): & = 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; CDCls; 25 °C): 6 = 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 [C16H28NaOs]": 323.1829. Found: 323.1817;

Anal.: Calcd (%) for C16H280s5 (300.39): C 63.97, H 9.40; found: C 64.21, H 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);

'H NMR (300.13 MHz; CDCls; 25 °C): & = 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; CDCls; 25 °C): & = 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 [C15sH20NNaOs]*: 320.1468. Found: 320.1467;

Anal.: Calcd (%) for C1sH20NOs (297.35): C 60.59, H 7.80, N 4.71; found: C 60.51, H 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);

'H NMR (300.13 MHz; CDCls; 25 °C): & = 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, CH), 3.54 (d, J = 13.9 Hz, 1H, CH>), 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; CDCls; 25 °C): & = 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 [C19H26NaOs]*: 357.1672. Found: 357.1667

Anal.: Calcd (%) for C19H2605 (334.41): C 68.24, H 7.84; found: C 68.43, H 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);

'H NMR (300.13 MHz; CDCls; 25 °C): § = 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; CDCls; 25 °C): § = 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 [C1aH22NaOs]*: 293.1359. Found: 293.1363;

Anal.: Calcd (%) for C14H2205 (270.32): C 62.20, H 8.20; found: C 62.26, H 8.21.

Ethyl 1-(2-ethylbutanoyloxy)-2-oxocyclohexanecarboxylate, 41

743 mg (2.61 mmol, 89 %).

Colorless oil. Rf=0.80 (eluent: petroleum ether (40-70) / EtOAc 5:1 with 2% AcOH);

'H NMR (300.13 MHz; CDCls; 25 °C): § = 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; CDCls; 25 °C): §=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 [C15H24NaOs]*: 307.1516. Found: 307.1518;
Anal.: Calcd (%) for C15H2405 (284.35): C 63.36, H 8.51; found: C 63.35, H 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);

'H NMR (300.13 MHz; CDCls; 25 °C): & = 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; CDCls; 25 °C): § = 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 [C12H18NaOs]*: 265.1046. Found: 265.1037;

Anal.: Calcd (%) for C12H180s (242.27): C 59.49, H 7.49; found: C 59.33, H 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);

'H NMR (300.13 MHz; CDCls; 25 °C): & = 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; CDCls; 25 °C): § = 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 [C1sH3105]*: 327.2166. Found: 327.2152;

Anal.: Calcd (%) for C18H3005 (326.43): C 66.23, H 9.26; found: C 66.21, H 9.26.

1-Benzyl-1-ethoxycarbonyl-2-oxopropyl cyclobutanecarboxylate, 40

261 mg (0.82 mmol, 36 %).

Colorless oil. Rf=0.43 (eluent: petroleum ether (40-70) / EtOAc 5:1 with 2% AcOH);

'H NMR (300.13 MHz; CDCls; 25 °C): § = 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, CHy), 3.56 (d, J = 14.3 Hz, 1H, CH>), 4.17 (9, J =
7.3 Hz, 2H), 7.06-7.08 (m, 2H), 7.23-7.26 ppm (m, 3H);

13C NMR (75.48 MHz; CDCls; 25 °C): § = 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 [C1sH22NaOs]*: 341.1359. Found: 341.1363;

Anal.: Calcd (%) for C18H2205 (318.37): C 67.91, H 6.97; found: C 67.85, H 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);

'H NMR (300.13 MHz; CDCl3; 25 °C): § = 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; CDCls; 25 °C): & = 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 [C14H20NaOs]*: 291.1203. Found: 291.1208;

Anal.: Calcd (%) for C14H2005 (268.31): C 62.67, H 7.51; found: C 62.65, H 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);

'H NMR (300.13 MHz; CDCls; 25 °C): § = 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; CDCls; 25 °C): § = 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 [C1sH22NaO4]*: 325.1410. Found: 325.1397;

Anal.: Calcd (%) for C1sH2204(302.15): C 71.50, H 7.33; found: C 71.52, H 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);

'H NMR (300.13 MHz; CDCls; 25 °C): § = 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, CHy), 3.56 (d, J = 14.3 Hz, 1H, CH>),
4.11-4.19 (m, 2H), 7.06-7.09 (m, 2H), 7.23-7.25 ppm (m, 3H);

13C NMR (75.48 MHz; CDCls; 25 °C): § = 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 [C19H24NaOs]*: 355.1516. Found: 355.1511;

Anal.: Calcd (%) for C19H2405 (332.39): C 68.66, H 7.28; found: C 68.63, H 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);

'H NMR (300.13 MHz; CDCls; 25 °C): § = 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; CDCls; 25 °C): & = 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 [C15H22NaOs]*: 305.1359. Found: 305.1354;

Anal.: Calcd (%) for C1sH2205 (282.34): C 63.81, H 7.85; found: C 63.77, H 7.86.
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'H and *C NMR Spectra
'H NMR of ethyl 4-acetyl-4-(2-ethylbutanoyloxy)-5-oxohexanoate, 4a

Accrui ffon Time fec) 1.0552 | Date 11 &pr 2016 09:05:16
Feguency fVHz) 30013 MNuclons 1H
hhmber of Transienls 1 | Original Points Comit 5124 Poinls Count 5192 Puise Seguence s
Solont CHLOR OF ORM-O Sweep Widih Fiz) ai00.00 Temperstare feqree €) 26.900
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w
o
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S
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=t ot
gl
‘w{é
2.00
—
7.0 65 6.0 2.5 2.0 4.5 4.0 345 30 245 20 1.5 1.0
Chemical Shift (ppm)
Mo. | (ppm) | (Hz) | Heght || Mo. | (ppm) | (Hz) | Height || Mo, [Cppm) | (HZ) | Height Mo, | Annotation (fpm) Mo, (ppm) Walue | Ahsolute Valie
1 0493 | 2806 |0.2308 || 11 | 162 | 4566 |0OG0G || 21 | 229 | GB62 | 0.0606 1 |Chloroform-d | 7.23 1 [[080.102] |5916 | 3.14574e+5
2 | 098 | 25879 (04644 |12 [ 165 | 4957 (00634 | 22 | 231 | 6945 | 00SEQ 2 (M9 .125] 3108 | 1.65444e+8
3 | 095 | 2952 (02655 (|13 [ 168 | 5040 (00826 (| 23 | 255 | 7e40 | 00920 3 O[T 1 FT] 404 | 213642e+8
4 [ 119 | 3575 (04623 (| 14 [ 170 | 5113 (00672 || 24 | 257 | 7723 | 01057 4 [[245..2.33] |9074 | 4.82969=+5
S 1.22 | 345 |0FFF() A5 [ 173 | 17T (00480 (| 25 | 260 [ 7795 | 00738 5 [[251 . 263] 12014 | 1.0718%e+5
G [ 124 | 3722 (04617 [ 16 [ 175 | 5260 (00275 || 26 | 406 [1217.3 | 00305 G [[4.04 .414] 2000 | 1.06449e+5
7T [ 153 | 4601 (0035 (|17 | 244 | BM 3 (00500 (| 27 | 408 (12246 | 01336
g [ 155 | 466.5 |0.0493 | 18 | 218 | 6242 (00847 (| 28 | 440 (1231001372
9 [ 155 | 4735 (00754 |19 | 220 | BE1.S (04435 || 29 | 443 [1235.3 | 00382
10 | 160 | 4802 (0OQ7F0 || 20 | 224 | G725 [10000 || 30 | 725 |2176.0| 00356
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13C NMR of ethyl 4-acetyl-4-(2-ethylbutanoyloxy)-5-oxohexanoate, 4a

Acquisition Time{sec) 04340 | | Date 11 Apr 2016 09:10:24

Frequency (MHz) 75,458
Nucleus 13C Number of Transients 45 | Ovriginal Points Count 16316 Points Count 16354
Pulse Saquence ZpyEDbase Sokrent CHLOROFORM-D Sweap Width (Hz2) 1870E.90
Temperature {degree C) 27 000

o 0
0
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O
OEt
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= o ~— Qo [}
S ™ o o = «©
[ jam) oo = —
P = L I ) —
I
un}
=
=
- i
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g |
T
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B L B B B B IR B B e B R A B LA B B R L AARREE S LS
200 190 180 170 160 150 140 130 120 110 100 a0 g0 70 G0 a0 40 30 20 10
pprm
Ma. | (ppm) (Hz) | Height [|Mo. | (pprm) (Hz) | Height Mo, Annctation (pprm)
1 | 1162 | 8769 |05933 || 6 | 6076 | 4586.2 | 0.1425 1 Chloroform-d 77.00
2 | 1408 | 10627 | 0.301 9 | 77.00 | 58116 | 05122
3 | 2449 | 18487 | 1.0000 (| 10 | 9234 | 69653 | 0.0577
4 | 2656 | 20047 | 04573 (| 11 | 17186 [125971.1) 0.0304
5 [ 2814 | 21240 | 02086 (| 12 [ 17475 [13189.1] 0.0244
G [ 2851 | 21516 | 04248 (| 13 | 20149 |[15207.2) 0.0778
7| 4833 | 36477 | 0.4049
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!H NMR of 3-benzyl-2,4-dioxopentan-3-yl 2-ethylbutanoate, 4b

Acquisition Time(sec) 0E753 | Date 16 Jun 2016 16:08:32
Fraguency (MHz) 300.13 Mucleus 1H
Number of Transients 1 Oviginal Points Count 5124 Points Count 8192 Pulse Sequence 20 Solvent CHLORQFORM-D
Sweep Width{Hz) 5009.62 Temperature {degree C) 23100
O 0
0
9]

2.16

Chlaroform-d

&
o oy
0
HoE88
306 1.92 2.00
H =
F".I5 F".ID 6.I5 E.ID 5.I5 5.ID 4.I5 4.ID 3.I5 3.ID
ppm
Ma. | (ppm) [Hz) | Height ||Mao. | (ppm) Hz) Height || Ma. | (ppm) (Hz) | Height Ma. Anndtation {pprm) Ma. | (ppm) | value
1 090 | 2692 | 02418 || 8 1.61 484.2 | 0.0802 || 15| 2.7 £32.3 | 0.0243 1 Chloroforrn-d 728 1 ]89..09 B0
2 092 | 2766 | 04842 || 9 164 | 4915 |00%8 |[16 | 361 | 10836 | 0.2674 2|80 .17 4147
3 095 | 2539 | 02401 ||10| 166 | 4989 |00638 |(17 | 706 | 21159 | 0.0737 313,21 6.004
4 1.51 4534 | 00434 || 11| 163 | 5055 | 00462 (18| 706 | 21196 | 0.0790 4 120,231 1.02
] 154 | 4607 | 00642 |12 | 296 | B47.8 |1.0000 (19| 7.07 | 21233 | 0.0794 5 |57 .36 200
5 156 | 4673 | 00642 |13 | 223 | B69.1 | 00345 |20 | 7.23 | 21708 | 01765 6 |00.. 71 1.919
7 188 | 4747 | 00822 |14 | 225 | 6764 | 00430 (|21 | 725 | 21761 | 0.1125 7 |20..72 3.082
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13C NMR of 3-benzyl-2,4-dioxopentan-3-yl 2-ethylbutanoate, 4b

Acquisition Time(sec) 04503 | Date 16 Jun 2016 16:08:32
Fregquency (MHz) 7948 Nucleus 13C
Numberof Transients 121 |OriqinaIPomrs Count 16316 Points Count 16384 Pulse Sequence 2ipg30
Solvent CHLOROFORM-D Sweep Width (Hz) 18115.94 Temperiure {degree C) 23.100
0 0]
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o
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o= =
0 o5 |
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o — [}
5 N
Chloraform-d
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] i &
R < n
- o [
{ m o
m =
ey
"
] [
S = = t
- = )
R B B B B e L a B B B L B R A B B o B R AARRsEEELS B
200 150 180 170 160 150 140 130 120 10 100 a0 a0 70 G0 a0 40 30 20 10
pRrm
Ma. | (pprm) (Hz) | Height || Mo, | (ppm) (Hz) | Height Ma. Anndtation (pprm)
1157 | 873.3 | 04036 B | 12728 | 96067 | 0.5099 1 Chlorofarm-d 77.00

2407 | 18165 | 1.0000 || 9 | 128.42 | 96%3.0 | 0.8576

27.28 | 20687 | 068240 |10 | 129.93 | 98069 | 0.8652

3933 | 2987 | 04299 || 11| 13417 [10126.4 | 0.1348

46.05 | 3626.7 | 0.5432 |12 | 174.97 |13206.0) 0.1706

77.00 | 68117 | 06029 || 13 | 202.37 |15273.8 ) 0.2436

| (M) | W=

9363 | 7066.7 | 0.1738
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'H NMR of 3-(4-chlorobenzyl)-2,4-dioxopentan-3-yl 2-ethylbutanoate, 4c

Acquisition Time (sec) 0.E750 | | Date 08 Jun 2016 15:53:36
Frequency (MHz) 300.13 Nucleus 1H
Number of Transients 1| Original Points Count 8124 Points Count 192 Pulse Sequence i | Solvent CHLOROFORM-D
Sweep Width (Hz) 6003 B2 Temperature {degree C) 24.100
(O
O
0
Cl
EL
[
&
[am)
o
Chlaroform-d st
2 o
8 25
gl TS S
S g O
M “ |
213 194 2.00 1.026.05 4.05 B.04
H e [ —d | —— L
T T TT T T L B LR BN B L LN | LR I T T T L B LA IR R A LI LI B A T 1
2.0 A 70 B.& B0 34 340 25 20 15 1.0
pRm ppm
Mo. | (ppm) (Hz) | Height [[Mo.| (ppm) (Hz) | Height ||[Mo. | (ppm) (Hz) | Height Mo Annatation {ppm) Mo. | (ppm) | Walue
1 082 | 2677 |02009 || & 163 | 4885 |0.0808 || 17 | 3.58 |1074.0 | 0.2654 1 Chlorafarm-d 7.5 1 |85 .. 0.9 5095
2| 0892 | 2750 |04514 || 10| 165 | 4955 |00668 || 18 | B.57 | 20009 | 01024 2 |49 1.7 4048
3| 024 | 2824 |02561 || 11| 167 | 2025 |0.0450 || 19| 7.00 | 20997 | 01256 3 (14 21| B.0EE
4 1.81 4525 | 00410 (|12 | 170 | BO9.8 (00259 (|20 | 7.20 |2160G (01323 4 (2123 1024
i 163 | 45089 |00B45 || 13| 215 | B46E6 |1.0000 || 21 | 7.23 | 21654 | 01074 5 |64 .36 2000
53 166 | 4666 |00B42 || 14| 222 | BEFE |00346 || 22| 7.25 | 21760 | 00323 5 (94 . 7.00 1.945
7 168 | 4731 |00882 || 15| 224 | 6734 | 0.0456 7ol1e T 2132
a TED | 4312 |00B13 || 16| 225 | B79.3 |0.0280
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13C NMR of 3-(4-chlorobenzyl)-2,4-dioxopentan-3-yl 2-ethylbutanoate, 4c

Acquisition Time{sec) 04503 | Date 08 Jun 2016 15:53:36
Fraquency (MHz) 7548 Nucleus 13C
Number of Transients 332 | Original Points Count 16316 Points Count 16384 Pulse Sequence Zopg30
Solvent CHLOROFQRM-D Sweep Width (Hz) 18115.94 Temperature {degrea C) 24.100
0 0
&
]
Cl
o Chloraform-d
g o
B §20
5 R
|
Lo
Ly
5 2
™ (]
S g
5 el
= i
i 4
W ottt
R B A B B B A B B L L B B B A B B B B R L AN LR B e RARAARRERSRE S
200 190 180 170 160 150 140 130 120 110 100 an a0 70 G0 a0 40 30 20 10
pprm
Ma. | (ppm) Hz) Height || Ma. | (ppm) Hz) Height Mo, Annatation (ppm)
1 1165 | 8721 |0EBEE || 9 | 9355 | 7OB1.2 | 0.3219 1 Chloroform-d 7700
2 | 2407 | 18165 | 06252 || 10| 12858 | 97051 | 1.0000
3| A7 (20509 (0736 | 11| 13127 | 9907 4 | 0.8826
4 | 3851 | 29067 | 04303 || 12 | 13273 |10018.0 | 0.3443
5 | 4805 |3EM6E | 03124 (] 13| 13330 | 10081.1 | 0.2153
G | V657 | 57796 | 09016 || 14 | 17492 | 132026 | 0.1962
V| FF00 | 68116 | 09274 || 15 | 20201 | 15247 2| 0.3464
8 | 7742 | 68437 | 08949
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'H NMR of 1-acetyl-2-oxocyclopentyl 2-ethylbutanoate, 4d

Acquisition Time(sec) 06753 | Date 16 May 2016 16:42:40
Frequency (MHz) 300.13 Nucleus 1H
Number of Transients 1 | Original Points Count 8124 Points Count 8192 Pulse Sequence |
Solvent CHLOROFORM-D Sweep Wiith {Hz) BO09G2 Temperature {(degree €] 23.000
0 0

2.28

35 3.0 25 20 15 1.0
ppm

Mo, | (ppr) (Hz) | Height [|Ma. | (ppr) (Hz) | Height [|MNo.| (ppem) (Hz) | Height [|{Ma. | (pprm) (Hz) | Height Ma. Annctation (ppemn) Mo. | (ppr) | Walue
1 090 | 2697 |02335 |[10| 159 | 4766 01345 (|19 | 208 6234 | 00767 || 28 | 253 | 758.4 | 0037 1 Chloroforrn-d 7.25 1 |86 .09 6000
2 | 092 | 2748 (0308 (|11 | 16 4840 | 01456 || 20| 210 G300 [00752 || 29 | 25 | 7679 | 0.0611 2 |50 .17 4070
3| 092 | 2771|0526 ([12 | 163 | 4898 | 0.0%4 || 21| 212 E35.1 [ 00924 [[30 | 258 | 7774 | 00517 3|9 . 21 3.0%
4 | 094 | 2822 (05274 ([13 | 1685 | 4970 | 00747 ||22 | 214 G424 [ 00891 [[31 | 262 | 7862 | 0.0%E6 4120 .. 24] 4.9%0
5 | 095 | 2844 (03250 ([14 | 163 | 5045 | 0031 |23 | 216 BAEB | 00721 [[32 | 28 | 7958 | 00812 5 |49 . 28 2004
G | 095 | 2895 (02835 (|15 | 195 | 5895 | 00137 ||24 | 218 E54.2 | 00306 |[33 | 26 | 8031 | 00307

7 1.51 4539 |0.0480 || 16 | 200 | 5992 |00%5 ||25| 2.8 EB57 [1.0m00 [[34 | 725 [21758 | 0.0734

g 154 | 4B1.2 | 00935 || 17 | 202 | BO7.2 (00422 (|26 | 238 7048 | 0.0578

9 186 | 468 | 01258 || 18 | 205 | G146 | 00513 || 27 | 2890 750.3 | 0.0100
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13C NMR of 1-acetyl-2-oxocyclopentyl 2-ethylbutanoate, 4d

Acguisfion Thee Sec) 0.5650 | Date 10 May 2016 09: 5552
FRegrency (VHZ) 7545 N fons 13C
Membor of Transfolts 57 | Original Poidts Comt . 16316 Poirts Cowdt 16354 Puke Seguohce zopElbaze
Sokont CHLOROF ORM-D Sweep Width (Hr) 158796.99 Tempersine @eqeres C) 23300
] ] ﬁ_
[au]
=T
033 /50 i
—3 0 T OB &
0.5 3 o= g =]
3 — — — 5
3 Chioroform-d 2 G
071 roform- E L «“ B3
3 = o
E [=1
—_— -
.. 06 E [
B 3
T == =
E b
0.4 3
TEE "
3 w0
—3 3 8 = 2
023 &5 =™ T &
15 =
01 3
I:I
203 200 192 184 176 168 160 152 144 136 128 120 112 104 ag aa an 72 G4 SE 43 40 32 24 16 g
Chemical Shift (ppm)
Mo, | (ppm) [Hz) Height || Mo, | (ppm) [Hz) Height Mo, | Annotation [pparm]
1 1150 | 867.7 |(06505 8 [ 3599 [ 2ME1 (05999 1 |Chloroform-d | F7.00
2 [ 11865 | 8792 |0.F0E0D 9 | 4828 | 36443 |1.0000
3 [ 1841 [ 13397 |0E327 || 10 | 700 | 58116 05269
4 [ 2489 (18785 |0F049 || 11 | 8994 [ 67830 01167
S| 2542 (18957 |0ESYA || 12 (17464 (138310013
B | 2641 [ 19703 |04006 || 13 [203.20 [15336.9 |0.0841
T | 31B1 | 23856 (07755 || 14 [209.34 [15800.4 | 00301
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'H NMR of 1-acetyl-2-oxocyclohexyl 2-ethylbutanoate, 4e

Acquisition Time({sec) 05759 | Date 04 May 2016 11:26:56
Frequency (MHz) 300.13 Nuckeus 1H

Number of Transients 1 | Original Points Count 5124 | Points Count 8192 Pukse Sequence | Sokrent CHLOROFORM-D
Sweep Width {Hz) BO0S B2 | Temperature (degree C) 22 000 |

0] 0

3
O/\(\
I‘:
=]
Chloroform-d

&

e

|

1
T L L B HL L B [ B ELL L UL LI UL LN I UL T L T i
7h 70 6.5 6.0 55 5.0 4.5 4.0 34h 30 245 20 14 1.0

ppm

Mo, | (ppm) (Hz) Height |[Mo. | (ppm) (Hz) Height |[MNo. | {ppm) (Hz) | Height [|Mo. | (ppm) {Hz) | Height Mo, Annctation (ppm) Mo, | (ppr) | “alue
1 0.94 2824 (0350 || 11 189 5083 (01203 || 21| 210 G309 | 0054 |31 | 263 789.3 | 0.0925 1 Chloroform-d 7.25 1 (90 . 1.0 6.000
2 097 2857 [0B3B2 (|12 1.72 5167 (01086 || 22| 212 E36.0 | 00868 |32 | 26 794.5 | 0.0509 2 (45 .18 7.040
3 0.99 297.0 [ 03464 || 13| 1.74 5223 [00890 || 23| 217 521 | 1.0000 || 33 | 267 a00.4 | 0.0563 3 (85 .18 1.01
4 1.52 4555 | 00509 || 14 1.79 537.0 [ 01966 || 24 | 221 24 | 00992 |34 | 263 f04.8 | 0.0896 4 (05 .. 23 6033
5 1.54 4621 [ 00860 || 15| 1.89 5678 (00230 || 25| 2% G778 | 0081 |35 | 272 8150 | 0.078 5 A4 .27 1.987
B 1.56 4655 (0125 |16 | 1.%4 8817 [ 00616 || 26 | 229 G359 | 00909 |36 | 275 G246 | 0.014
7 1.59 4761 [ 0.1189 || 17 | 1.9 5861 (00521 || 27| 230 B8 |0NM74 || 37 | 725 | 21760 [ 0.0495
=] 1.61 4827 | 00863 || 18| 1.97 5898 |00370 || 28| 232 969 | 0.0501
9 1.65 4951 | 00866 || 19| 1.9 5971 [ 0021 || 29| 25 7703 | 0.0171
10| 167 5025 [01M2 || 20| 206 G184 (00339 || 30| 280 7798 | 0.025
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13C NMR of 1-acetyl-2-oxocyclohexyl 2-ethylbutanoate, 4e

Acquisition Time {sec) 04503 | Data 04 May 2016 11:29:04
Frequency {(MHz) 7548 MNucleus 13C
Mumber of Transfents 169 |0r£qine.fPoims Count 16316 Points Count 16384 Puk e Sequence ypg30
Solvent CHLOROQFQRM-D Sweep Wiith (Hz) 18115.94 Temperature (degrea C) 22 100
0 0]
0
)
O/\(\
&
Chlurml‘orm—d T
=
=~ ==
7 3 g3
5 aa
C ST
M
=
|
w2 I
[ m
ma G i
=h :t
Ll
LR L AL RS AR T T L I R IR L IS R IR R IR R T UL R IS L LA R R T
200 190 180 170 160 150 140 130 120 1o 100 a0 a0 70 G0 a0 40 30 20 10
PR
Ma. | (ppr) {Hz) | Height ||Mo. | (ppr) Hz) Height Hlo Annotation (ppm)
1 ME7 | 8810 | 10000 || & | 4834 | 36438 | 07097 1 Chloroform-d 7700
2| 230 (1875 | 04238 || 8 | FF00 | 88N | 07739
3| 2464 (18886 | 0BO7S || 10 | 8973 | 67726 | 024
4 | 2537 (19148 | 036858 || 11 | 17485 |13197.2| 01283
5 | 2605 [ 19658 | 05302 || 12 | 20257 |15289.3 | 01545
G | 3437 | 25938 | 06811 || 13 | 20278 | 1530483 | 0.1445
7| 4057 | 30926 | 0.5480
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'H NMR of 3-acetyl-2,6-dioxoheptan-3-yl 2-ethylbutanoate, 4f

Acquisition Time(sec) 0B759 | | Date 260 Apr 2016 12:03:12

Frequency (MHz) 30013 Nucleus 1H
Number of Transients 1 Oviginal Points Count 5124 Points Count 5192 Pulse Sequence Fds| Solvent CHLOROFORM-D
Sweep Wiith (Hz) B009.62 Temperature (degree C) 21.500

o

Q
]
o 0-4]‘\(\

R.
[ae]
o [Ty
2 5
5
[ o)
&
Chloraform-d ¢
! s
9 e b e T
- %
M.
211 B.0O02.96 4.10 £.00
S [S— [
B R B T L A o o L B B L L B L B o B e AL B B B o B L
7.0 6.5 6.0 5.5 5.0 45 40 35 3.0 258 20 15 1.0
ppm
Mo, | (pprm) (Hz) | Height [[Mo. | (pprm) Hz) | Height [[Mo. | (ppra) (Hz) | Height Mo, Annotation (pprm) Ma. | (pprr) | Walue
1 ng2 | 2772 (0229 || 9 164 | 4922 | 00856 || 17 | 233 | A958.4 | 00672 1 Chlorofarm-d 725 1 191..09 6000
2| 085 | 2846 05173 || 10| 167 | 5003 | 00866 || 18| 235 | 7057 | 01042 2 151 .17 4.0%
3| 0597 | 239 (02844 || 11| 1B | 5076 | 00722 |19 | 235 | 7130 | 01095 3 |05.. 21 2958
4 152 | 456.3 | 0027 |[12 | 1.7 5142 (00508 [[20 | 244 | 7314 | 01063 4 |20 .22 B.0O02
5 154 | 4629 | 0048 || 13| 174 | 5216 |00224 [[21 | 246 | 7395 | 01025 5 29,23 29w
5 157 | 4702 | 00718 || 14| 209 | B2B7 |[05028 |[22 | 249 | 7461 | 0.0508 6 |43.24 2110
7 159 | 4768 |00AM7 || 15| 223 | BE9O (10000 |[[23 | 725 | 2176.0 | 0.028
g 1.61 4841 00520 || 16 | 230 | B91.0 | 00539
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13C NMR of 3-acetyl-2,6-dioxoheptan-3-yl 2-ethylbutanoate, 4f

Acquisition Time{sec) 04503 | Date 21 Apr 2016 15:23:44
Frequency (MHz) 7545 MNucleus 13C
Number of Transients 299 | Original Points Count 16316 Points Count 16384 Puke Sequence Zopgdl
Solvent CHLOROFORM-D Sweep Width (Hz2) 18115.94 Temperature (degree C) 20500
0 0
a
0
] /\C
o
Chloroform-d -
1 (']
=
[}
B o
o
(]
|
B
o =
. o o
B 3 o o R
—_ % =T [ay) -
i i 2
-t
o = i
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(8]
hapmnpusciond ooy
DL L I I B I I L I I ) B I B B I I I I I I I I I L I L I I I I I L I B UL IR LIS R
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 B0 50 40 30 20 10
ppm
Mo, | (ppm) {Hz) | Height [|Mo. | (ppm) {Hz) | Height Mo, Anndtation {ppm)
1 1166 | 8799 | 05829 || ¥ | 4827 | 36433 | 0.4001 1 Chlorofarm-d 77.00
2 | 2451 | 18497 | 10000 (| 8 | 77.00 | 5811.7 | 0.8420
3 | 2659 | 20067 | 07762 (| 9 | 9209 | 69906 | 0.3602
4 | 2685 | 20066 | 04579 (10 | 17479 | 131927 | 0.2398
5 | 2984 | 2222 | 02778 (|11 | 20168 | 152229 0.3%6
B | 37.30 | 28150 | 03978 (|12 | 20619 | 15562.4 | 0.1191
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1H NMR of ethyl 2-(2-ethylbutanoyloxy)-2-methyl-3-oxobutanoate, 4g

Acquisition Time({sec) 05759 | | Date 13 Apr 2016 14:24:00
Freg y (WHz) 30013 Nuclens 1H
Number of Transients 1 | Ovriginal Points Count 5124 | Points Count 8192 Pulse Sequence | Solvent CHLOROFORM-D

Sweep Width (Hz) BO0S.E2 | Temperature {degree C) 23.800
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75 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 248 20 15 1.0
pprm
Mo, | (ppm) (Hz) Height |[Mo. | (ppm) (Hz) Height |[Mo. | (ppm) {Hz) | Height Mo, Annctation (ppm) Mo, | (ppr) | “alue
1 020 | 2697 |02681 || 11| 1.8 4532 | 00809 || 21 | 2% G313 | 0.072%6 1 Chloraform-d 7.25 1 [89..0% 6.040
2 0.a1 2727 | 02657 || 12| 183 | 4590 | 00831 || 2| 224 535.0 | 0.0740 2 1212 301
3 092 | 2771 |05214 || 13| 1.8 | 4671 | 0093 || 23] 23 F25.2 | 0.9816 3 |47 1B 702
4 093 | 2800 |05255 || 14| 183 | 4744 | 00764 || 24 | 415 [ 12448 | 0.0757 4 12122 09%
= 025 | 2844 | 02727 || 15| 180 | 481.0 00738 || 25 | 417 | 12521 | 0.2441 5 |30 23 2962
G 09 | 25873 | 02820 || 16 | 163 | 48921 |00872 || 26 | 420 | 125895 | 0.231 6 |13..42{ 200
7 120 | 3607 | 02484 (17 | 166 | 4994 |10000 || 27 | 422 | 12668 | 00724
8 123 | 3680 | 04373 [[18 | 222 | G674 |0023 || 28| 725 | 21758 | 0.0293
] 125 | 3746 | 02556 [[19 | 224 | 6725 |0.0438
10| 149 | 4458 | 0035 || 20| 225 | 6755 | 0.0450
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13C NMR of ethyl 2-(2-ethylbutanoyloxy)-2-methyl-3-oxobutanoate, 4g

S21

Acquisition Time(sec) 04503 | Date 13 Apr 2016 14:30:24
Frequency (MHz) 7548 Nucleus 13C
Numberof Transients 112 |OriqinaIPomrs Count 16316 Poinits Count 16384 Puke Sequence zgpg30
Solvent CHLOROFORM-D Sweep Width (H2) 18115.94 Temperature {deqree C) 23500
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230 220 210 200 190 180 170 160 160 140 130 120 1o 100 a0 a0 70 G0 a0 40 30 20 10 0 -10
pprm
Ma. | (pprm) (Hz) Height || Mo | (ppm) Hz) Height Mo, Annotation (pprm)
1 1157 | 8732 | 0513 8 | 4852 | FBR20 | 0638 1 Chlorofarm-d &7.00
2 | 1ME0 | 8754 | 0549 9 | B204 | 46326 | 02003
3| 1381 | 10424 | 04845 || 10| 7700 | 53116 | 0.9529
4| 1977 | 14925 | 1.0000 || 11 | 8495 | 64143 | 01802
5 | 2489 | 18784 | 0B400 || 12 | 16754 | 125453 01007
G| 2496 | 18339 | 06322 || 13 | 17451 |1371.7 | 0.095
vl 2083 | 18536 | 0287 || 14 | 20065 152196 0.0187




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

Acois itforn Tine gec) 1.3518 Dl 07 fpr 2016 14:4798
Feagremcy [VHz) 30013 Nuclous 1H | Numhor of Trausionls Original Points Count 5124 Points Conwt 2192
Puke Secrence ] Sokomt CHLOR OF QR M-D Sweep Widkth (Hz) 0362 Tempersiure fegree C) 25200
o 0 &
] i)
103 DEt
3 o
0. E 0
E AR
— — wm
0. E | g CI'
AT RE
TR =
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E +7 if2
93 o 7
rg(:hlorculfnrm-d g g r
I S
013 "l‘
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03 2.00 398 2.1 409 701 BO3
! —l 4 [ S— — -
?!EI E!S E!EI 5!5 STEI 4!5 4!0 3!5 3!0 2!5 2!0 1 .IS 1 !IZI IZI!S
Chemical Shift (ppm)
Mo. |(ppm) | (Hz) | Height || Mo, | (ppm) | (HZ) | Height || Mo, | (ppmd | (HZ) | Height Mo, | Annatation (ppm) Mo. (ppm) Value | Absolute Value
1 083 | 2478 (02452 || 13 [ 129 | 3880 (01485 || 25 | 208 | 6249 | 01471 1 |Chlorofarm-d | 7.25 1 |[0.82..088] |3099 | 143275248
2 0as | 2552 (05054 || 14 [ 131 | 3938 (00557 || 26 | 2141 | B323 | 0144 2 |[080..098] |6030 | 27E735:2+8
3 087 | 2618 |03106 || 15 | 149 | 4467 00465 || 27 | 214 | 6411 | 016ES 3[4 11| F0 | 324 25e+8
4 oao |23 (009 |16 | 151 | 4533 (00697 || 28 | 224 | 6719 | 0.0269 4 |[1.48..173] 4033 | 1890262+3
5 0a2 | 2750 ({03132 || 17 | 153 | 4606 (00962 || 29 | 227 | 6B00 | 00563 5 |[207 .245] |2106 | ATITTVes+T
B 094 | 2823 |0B147 || 18 | 155 | 4643 (00971 || 30 | 229 | G855 | 0.1809 B |[2.22.239] |3935 | 1.842135e+8
T 095 | 2845 (05931 || 19 [ 1.59 | 4767 (00674 || 31 | 233 | 7OO5 |1.0000 T o|[413..424] | 2000 | 9.24519=+7
g 0487 | 2919 |03265 || 20 | 163 | 4900 (00786 || 32 | 415 |12449|0.0952
9 1.20 | 3816 (03779 || 21 | 165 | 4944 (01033 || 33 | 417 |125235| 02922
10 | 1.23 | 3682 |0B477F || 22 | 167 | 5024 (01016 || 34 | 420 |123996 | 02779
11 | 1.25 | 3755 (04075 || 23 | 1.70 | 5105 00643 || 35 | 422 |12662|0.09395
12 | 1.27 | 3806 (04787 || 24 | 173 | 9186 (00338 || 56 | 725 |21760 | 0.0334
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13C NMR of ethyl 2-acetyl-2-(2-ethylbutanoyloxy)hexanoate, 4h

Acquisition Time{sec) 04503 | Date 07 Apr 2016 13:11:28
Frequency (IVHz) 7548 Nucleus 13C
Number of Transients 111 | Ovriginal Points Count 16316 Points Count 16384 Puke Sequence Zopoal
Solvent CHLOROFORM-D Sweep Width (Hz) 18115.94 Temperature (degree C) 25 700
O 0]
OEt
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Chlorolfurm—d
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200 190 180 170 160 150 140 130 120 110 100 90 80 70 50 50 40 30 20 10
ppm
Ma. | (ppm) (Hz) | Height ||Mo. | (ppm) (Hz) | Height Mo. Annctation (ppm)
1 11.57 | 8733 | 08662 || 10 | 33.71 | 25441 | 0.8679 1 Chloraform-d 77.00
2 | 1161 | 8766 | 05186 || 11 | 453.42 | 3654.3 | 1.0000
3 | 1369 | 10336 | 06517 || 12 | B1.87 | 4669.4 | 0.3641
4 | 1387 | 10469 | 0BZ235 || 13 | 77.00 | 58117 | 0.9248
5 | 2250 | 18082 | 0.4189 || 14 | B7.53 | BEOB.F | 0.3611
G | 2474 | 18574 (07198 || 156 | 167.60 |1549.8| 0.1553
7| 2489 | 18784 | 04116 || 16 | 174.66 |13182.8| 0.2123
8 | 2539 | 19160 | 06551 || 17 | 201.28 |15192.0| 0.1627
9 | 2719 | 20620 | 0.5089
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IH NMR of ethyl 2-acetyl-4-cyano-2-(2-ethylbutanoyloxy)butanoate, 4i

Acquisition Time {sec) 06758 | | Date 29 Mar 2016 12:22:24
Freq y (WHz) 300.13 Nucleus 1H

Numberof Transients 1 | Ovriginal Points Count 8124 | Points Count 8192 Pulse Sequence | Sokrent CHLOROFORMD
Sweep Width (Hz) E009.62 | Temperature {degree C) 25600
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2.00 1.89 B.02 411 3.05 B.07
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Mo, | (ppm) (Hz) Height || MNo. | (ppm) (Hz) Height || Mo. | (pprm) (Hz) Height || MNo. | (ppm) (Hz) Height Mo, Annotation (ppm) Mo. | (ppm) | Walue
1 092 2772|0245 || N 156 | 4680 [00725 ([ 21 ] 234 7020 (02804 || 31| 257 1.7 | 00837 1 Chlaraform-d 7.25 1 [91..09 B.070
2 0.94 2809 | 02961 || 12| 1.5 | 4739 |00784 || 22 | 238 7094 (02388 || 32| 280 7798 | 0.0549 2 |22 .14 3.047
3 0.95 2846 | 05121 || 13| 180 | 4797 | 00841 || 23 | 238 7145 [ 1.0000 || 33 | 282 786.4 | 0.0236 3 |53, 1.7 4115
4 0.96 2852 | 05000 || 14 | 162 | 4856 | 00935 || 24 | 242 V270 | 00068 || 34 | 28 794.5 | 0.0092 4 13023 60X
5 097 2919 | 0295 || 15 | 164 | 4529 | 01244 || 25 | 2.4 7336 | 00097 || 35 | 419 | 1257.4 | 0.0941 5 |40 . 28] 1.8932
B 0.9a 2956 | 0242 || 16 | 167 | 6010 |01232 || 26 | 246 7380 | 00307 || 36 | 421 | 12648 |0.2475 6 |17 . 424 2000
7 1.23 3689 | 02639 || 17 | 189 | 5083 | 01005 || 27 | 2.48 7453 | 0037 || 37 | 424 | 12721 | 0.2155
8 1.25 376.3 | 04643 || 18 | 172 | 157 | 00892 || 28 | 251 7e27 | 00851 || 38 | 4% | 12787 | 0.0644
9 1.28 3829 | 02480 || 19 | 1.74 | 5223 | 00287 || 29 | 253 7B0.0 | 01148 || 39 | 7.5 | 2176.0 | 0.0280
10| 153 4607 | 00486 || 20 | 231 G947 (01188 || 30 | 255 764.4 | 0.0790
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13C NMR of ethyl 2-acetyl-4-cyano-2-(2-ethylbutanoyloxy)butanoate, 4i

Acquisition Time {sec) 04503 | | Data 29 Mar 2016 14:24:00
Frequency (MH2) 7548 Nucleus
Number of Transients 231 | Oriyinal Points Count 16316 Points Count 16384 Pulse Sequehce Zgpgal
Solvent CHLOROFORM-D Sweep Width (Hz) 1811594 Temperature {degree C) 25200
0 0
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MiZ o]
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200 190 180 170 160 150 140 130 120 110 100 a0 g0 70 B0 a0 40
ppm
Ma. | (pprn) (Hz) | Height || Ma. | (ppm) (Hz) | Height Mo Annatation {pprm)
1 | 1147 | 8655 | 03851 || 9 | 4814 | 3633.3 | 0.8462 1 Chloroforrn-d 77.00
2 | 1MB1 | 6766 | 04331 ([ 10 | 6270 | 47324 | 01758
3 | 1185 | 8020 | 07499 (|11 | 77.00 | 5811.7 | 1.0000
4 | 1377 | 10591 | 03291 (|12 | 6556 | 64574 | 0.2530
5 | 2439 | 18408 | 03917 (|13 | 11815 | 89178 | 0.0695
6 | 2471 | 18652 | 03220 (| 14 | 16612 [12538.1| 0.1187
7 | 2688 | 20088 | 03230 (| 15 | 17449 [13169.5| 0.0621
8 | 2893 | 21836 | 05066 || 16 | 200.23 [15112.4 | 0.037
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!H NMR of ethyl 2-benzyl-2-(2-ethylbutanoyloxy)-3-oxobutanoate, 4j

Acoguis ition Thne gec) 1.3518 Dite 20 2nr 2016150016
Facrency (IVHz) 30013 N fotes 1H |Mmberomemiem 1 Origintal Podrls Coant 5124 Poirts Count 8192
Puko Socromto 7 Solamnt CHLOROF QR M-D Swoep Width (Hr) 5O03.62 Tamtporsure fogree C) 22100
0 0 o
!
(o]
E OEt
1.0 3
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__] G
0.5 _ =]
07 3
3 Chlorolform-d
CRCE 8
5 3 -
E 553
0.4 é P i
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E = !
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E Iy [y gREs
013 . AR
_§ 4 ¢ |
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| E— [ — | E— L | L | —_l L
rrTTrrTTTTT T T T T T T T T T rrrrTrTTTTTTT T T T T T T T T T T T T T T T T T T T T T L rrTTTrTTTT T T T T T T T T T T T
75 7.0 B4 6.0 55 5.0 445 4.0 35 3.0 25 20 1.5 1.0
Chemical Shift (ppm)
Mo, | (ppm) | (Hz) | Height || Mo, | Gopm) | (Hz) | Height || Mo, | (o) | (Hz) | Height | Ma. [(pgam) | (HZ) | Height Ma. | Annaotstion | (ppm) Ma. [ppm) Walue |Absolute Yalue
1 092 | 2772|0413 ()11 | 1582 | 4555 (00734 (| 21 [ 177 | 5310 [00143 || 31 [ 357 |10725 | 00318 1 | Chlarofarm-d | 725 1 | [0.85..1.00] | 6012 | 360590e+5
2 | 094 | 2831 |06866 ()12 | 154 | 46258 (01099 || 22 | 212 | 6367 00243 | 32 | 412 12365 |0.0940 2 |[1.10..1.27] | 3.000 | 1.50034e+5
3 [ 095 | 2845 |07141 (113 [ 156 | 4679 012583 || 23 | 215 | 6445 |0135 || 33 [ 415 [1244.2 |10.2590 3| [1.44 18] | 3923 | 235506e+5
4 | 097 | 2904 |04360 ()14 | 155 | 4753 (01135 || 24 | 219 | 6565 | 00661 || 34 [ 447 12505 |0.2589 4 | [210 .2.41] | 4074 | 2.44570e+5
S| 087 | 2919 |04122 ()15 | 162 | 4863 (00553 || 25 | 226 | 6770 [1.0000 | 35 [ 419 12551 |01207 S |[339.364] | 2019 | 1.21170e+5
G [ 115 | 3461 |0.2845 (] 16 | 164 | 4936 01357 || 26 | 230 | 6902 |007F57 || 36 [ 711 |21349 | 01605 B | [4.09 .. 4.23] | 2045 | 1.22956e+5
7ol 118 | 3535 |05258 (|17 | 167 | S01.7 (01435 || 27 | 236 | 7079 (00118 || 37 [ 713 |2139.53 | 01909 T O|[703..7.20]0 |{1.733 | 1.04055e+5
G [ 1.20 | 3605 (03180 ()16 | 169 | S053 (01099 ] 25 | 344 |10321 (00693 (| 35 | 714 | 21422 (01951 G | [7.22.7.29] | 3043 | 1.5265de+5
9 [ 147 | 4423 |0ME3 119 | 1.72 | 5156 (00749 || 29 | 349 |10461 |02211 || 39 [ 7.25 |2176.0 | 04802
10 [ 1.50 | 4496 |00414 || 20 | 1.74 | 5230 |00354 || 30 | 353 |10556 | 0.2393
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13C NMR of ethyl 2-benzyl-2-(2-ethylbutanoyloxy)-3-oxobutanoate, 4j

Acouis ftion Titwe Fec) 1.9006 [ Date 20 Apr 2016 11.56:45 |
Freqgreacy (IVHz) 7245 Muckeus 13C Nereebor of Transionls 19 | viginal Poits Connt 16316
Poits Count 16354 Pukze Socpronce s ALk 1] Sobromt CHLOROFORM-D
Sweep Wilth §z) 13159 Temperdture (degree &) 21500
[ |
Q Q Q Chlu:uru:ulfurm-d
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0z RI
01
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200 192 1584 176 168 160 152 144 136 1258 120 112 104 9B o] an T2 G4 a6 45 40 32 24 16
Chemical Shift (ppm)
Ma. | (ppm) [Hz) Height || Mo. | (ppm) [Hz) Height Ma. | Annotation (ppm)
1 1148 | 8666 (04783 || 10 [ 7700 | 55117 (09135 1 |Chloroform-d | 77.00
2 [ 11EB6 | 87949 (04141 || 11 | 8759 [ 686111 (03011
3 1375 | 105350 (031584 || 12 (12725 | 96045 (03352
4 | 2427 | 18320 (05130 || 13 12822 | 9677.5 (1.0000
S| 2457 | 18541 |03468 || 14 (13014 [ 983223 (0903
G | 2777 | 20962 |025582 || 15 |134.08 (101195 (01625
7| 3970 | 20963 |0.4881 || 16 |16694 (126000 (01994
5 4515 | 36566 (05773 | 17 (17466 | 131825 [0.1560
9 | 6206 | 46835 |0.3090 || 15 |20218 (152594 (01246
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!H NMR of ethyl 1-(2-ethylbutanoyloxy)-2-oxocyclopentanecarboxylate, 4k

Acquisition Time {sec) 06759 | | Date 14 Apr 2016 13:02:56
Frequency (MHz) 30013 Nucleus 1H |
Number of Transients 1 | Oviginal Points Count 5124 | Points Count G192 Puise Sequence s | Solvent CHLOROFORM-D |

Sweep Width(Hz) G009.52 | Temperature {degree C) 23600
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Chloraform-d [ [ ]
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= = =]
?.ID B.IS B.ID 5.|5 5.ID fi.l5 4.‘0 3.I5 3.ID 2.‘5 2.ID 1 .I5 1 ID
ppm
Mo. | (ppr) (Hz) | Height ||{MNao. | (pprm) (Hz) | Height ||{MNo. | (pprm) (Hz) | Height ||{MNo. | (ppm) (Hz) | Height Mo, Annotation (ppm) Mo, | (ppr) | Walue
1 086 | 2595 | 04525 ||13 | 188 | 4752 02131 (|25 | 2.2 59 (04415 || 37 | 272 8149 | 0.0648 1 Chloroforrm-d 725 1 |85..09{ 6.008
2 082 | 2668 |0.9776 || 14 | 1.61 4825 (02243 || 26| 26 6791 [ 01612 |38 | 273 07 | 01270 2 191 2992
3 050 | 2705 | 1.0000 ||15 | 1.63 | 4898 | 01785 || 27 | 2.8 B350 (01103 (|39 | 275 G266 | 01009 3 |45. 16 4.08
4 053 | 2775 | 05335 || 16| 1.85 | 4964 | 01174 || 258 | 2.31 G931 [ 00475 (|40 | 275 G339 | 01086 4 |04, 23] 4033
8 1.21 3622 | 03634 || 17| 188 | 50365 |0.0536 ||29 | 23 7136 [002%5 (41| 280 3351 | 0.0620 5 |37 . 28 2.04
5] 123 | 3668 [07478 || 18| 206 | B182 |D1571 || 30| 240 7202 [ 00464 || 42| 415 [1246.3 [ 01380 6 |70.. 28] 0.9%
7 126 | 3761 [ 04384 || 19| 208 | B256 |0.2521 || 31| 2.4 7327 | 01133 || 43 | 418 | 12536 | 0.336 713,42 2000
g 147 | M07 (01068 || 20 21 6329 |0.2173 || 32| 246 7393 [ 02633 || 44 | 420 | 12609 | 0.3658
9 149 | MB0 (01858 || 21| 213 | 6386 |D1254 || 33| 249 74588 [ 02085 || 45 | 42 | 12675 | 01452
10 ] 1581 4524 | 02083 || 22 | 215 | G446 | 01156 || 34 | 282 7A76 [ 00988 || 46 | 7.5 | 21758 | 0.0506
11| 153 | 4898 | 02018 ||23 | 217 | BB2Y | 00806 ||35 | 2.9 7679 | 00417
12| 156 | 4678 | 01796 || 24 | 219 | 6586 | 01110 || 36 | 299 7E7 | 0047
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13C NMR of ethyl 1-(2-ethylbutanoyloxy)-2-oxocyclopentanecarboxylate, 4k

Acquisition Time{sec) 04503 | Date 14 Apr 2016 13:02:86
Frequency (VHz) 7548 Nucleus 13C
Numberof Transients 155 |0riqina!Pohts Count 16316 Points Count 16384 Puke Sequence Zgpg=0
Solvent CHLOROFQORM-D Sweep Width (Hz) 18115.94 Temperature (deqree C) 23500
0 0
OFt
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o]
Chlnrolform—d
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= R o
4% 8 2
j g3 7 =
E_ = | | B
= — -
I
= =
£ o
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2 g z
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L I B L L I B I U IS I I L IR I I AR R T T T IRRARN RRARE T A IR R IR RN LS R I AR
210 200 190 180 170 160 150 140 130 120 110 100 a0 a0 70 G0 a0 40 an 20 1o
ppm
Ma. | (ppm) Hz) Height || Mo. | (ppm) Hz) Height Mo Annatation (pprm)
1 1160 | BE78 |0B343 || 9 | 4807 | 36278 | 0.E51 1 Chloroform-d 7700
2| MAY | B733 | 07920 (|10 | B205 | 46838 | 05092
3| 1387 [ 10469 | 05254 || 11| 7700 | 58117 | 1.0000
4 | 1830 (13808 | 08273 || 12 | 8364 | 63126 | 0.2940
5 | 2480 (18718 | 0807 || 13 | 167.03 |1606.7 | 0.2534
B | 2493 (18818 | 0732 || 14 | 17488 | 131994 | 0.2799
Vo| 3361 | 25354 | 08341 || 15 | 20804 |15701.8| 01527
8 | 379 | 2V011 | 08637
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!H NMR of ethyl 1-(2-ethylbutanoyloxy)-2-oxocyclohexanecarboxylate, 41

Acquisition Time(sec) 06759 | Date 30 Sep 2015 10:37:52 |
Freg y (WHz2) 30013 Nucleus 1H |
Number of Transients 1 | Original Points Count 8124 | Points Count 5192 Pulse Sequence it
Solvent CHLOROFORMD | Sweep Width (Hz) B009.62 Temperature {degree C) 24.200
0 ]
o QEt
NE
Chlaorofarm-d e
9 e
i b
4
2.00 1.01 1.00 1.031.03 1.051.03 7.02 3.00 6.05
[ = EHE =] =
AL L L L L L BN L L L L L L L L L L L L L L L L L LN L L LY L L L L LN L L L L LY L L L L LN NL L L LA NL B IL L L L L L L N B L L AL L L LI L L LA INL AL B LN LI LRI B
70 6.5 85 45 40 35 15
ppm
Mo, | (pprn) (Hz) Height ||Mo. | {ppm) Hz) Height ||Mo. | {ppm) Hz) Height ||Mo. | {ppm) {Hz) | Height Mo, Annotation {ppm) Mo, | fpprm) | Walue |[Mo | (ppm) | Walue
1 092 2763 | 02924 |13 ] 15 722 | 0ANT7 [| 25| 206 E197 | 00822 [| 37 | 255 7872 | D.03E7 1 Chloroforrm-d 725 1 191.1.00 6049 E |22..23] 1035
2 0os 2837 | 09%6 || 14| 182 4854 (00674 (|26 | 209 285 0052 (|38 | 257 7723 | 008N 2 121 .14 3.001 7137 .24 1.033
3 097 291.0 | 1.0000 |[15 | 164 4935 (01088 (|27 | 21 E320 (00881 (|39 | 282 7855 | 0.0803 3 |45 .17 7.023 8 |55.. 265 1.005
4 029 2983 | 0376 |16 | 167 23 (01389 (|28 | 214 B41.7 [ 00465 (| 40 | 263 789.9 | 0.045%7 4 |92, 200 1.033 9 |87 .. 300 1.015
g 1.22 367.3 | 0.3H2 |17 | 1.70 5104 [ 01450 |29 | 223 551 [ 00315 || 41| 289 8669 | 0.0378 5 |05..21] 1.055 || 10 [16. 4.2 2.000
B 125 3746 | 076867 |[18 ] 1.72 5162 [ 01496 |30 | 224 6732 | 00809 || 42| 294 8323 | 0.0507
7 127 3820 | 03931 |[19] 175 5243 [ 01654 (| 31| 2 821 (01000 (|43 | 29 2963 | 0.0305
g 1.46 4385 | 00%7 ||20 | 180 2405 [ 00672 |32 | 229 372 | 0005 || 44 | 418 | 12858 | 0.0851
9 1.49 4458 | 00672 || 21 1.93 2301 (0045 (|33 232 953 | 00252 (|45 | 420 | 12617 | 022683
10 | 1.50 4517 | 00971 |22 ] 195 EBE7 | 00B5S |34 | 238 7136 [00525 || 46 | 423 | 12880 | 0.230
11 153 4580 | 01548 |23 | 1.98 BEE [ 00453 |35 | 28 7173 | 00748 || 47 | 426 | 12771 | 00784
12 | 155 4649 | 01343 || 24 | 200 6013 (00286 (|36 | 243 7305 (00527 (|48 | 7.25 | 21758 | 00514
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13C NMR of ethyl 1-(2-ethylbutanoyloxy)-2-oxocyclohexanecarboxylate, 41

Acquisition Time(sec) 0.4340 | |Date 28 Mar 2016 08:12:48
Frequency {VHz) 75.48
Nucleus 13C Number of Transients 53 |Origine.‘PoMts Count 16316 Points Count 16354
Pulse Sequence zopnAlbase Sokrent CHLOROFORM-D Sweep Wiith (Hz) 1879699
Temperature{degree C) 27 400
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210 200 190 180 170 160 150 140 130 120 10 100 a0 a0 70 B0 a0 40 30 20 10
ppm
Mo. | (ppm) (Hz) Height || Mo. | (ppm) (Hz) Height Ma Anndtation (ppm)
1 1162 | 8769 | 1.0000 || 9 | 48.36 | 3650.0 | 0.7294 1 Chlarofarm-d 7700
2| 1381 | 10601 | 05341 || 10 | 1.78 | 46631 | 05253
3| 21.04 | 18332 | 0OBBSS || 11 | 77.00 | AE11.6 | 09945
4 | 2484 | 18781 | OB4ES || 12 | 8507 | G405 | 02017
6 | 2488 | 18786 | 0B453 || 13 | 16810 | 146877 | 01443
B | 2731 | 20608 | 08132 || 14 | 17463 |13173.0| 01815
7| 3638 | 274R0 | 0BA07 || 15 | 20144 |15203.8| 02189
g | 4035 | 3ME5 | OEXE
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'H NMR of 3-acetyl-2-oxotetrahydrofuran-3-yl 2-ethylbutanoate, 4m

Acquisition Time({sec) 05416 | Date 20 Jun 2016080832
Freq y(WHz) 30013 Nucleus 1H
Number of Transients 1 Oviginal Points Count 5124 Points Count 8192 Puke Sequence s | Solvent CHLOROFORMD
Sweep Width (Hz) 7500.00 Temperature {deqree C) 25100
o] o]
o]
o}
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T
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) ] o : % P (o L0 0y
x BPvs 7578 SoonoeR
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1.00 0.9
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7.0 6.5 6.0 4.4 4.0 4.8 4.0 348 3.0
ppm
Mo, | (ppm) (Hz) | Height |[Mo. | (ppm) (Hz) | Height |[Mo. | fppm) | (Hz) | Height ||No. | (ppm) | (Hz) | Height Mo, Annotation {pprm) Mo, | (pprm) | Yalue
1 0.91 2723|0238 || 11| 162 | 4875 (01312 || 21| 299 | 8577 (00439 || 31| 443 |1329.8 |0.0621 1 Chlaroforrm-d 7.25 1 182 . 1.00 5.000
2| 092 | 2759 |02955 || 12| 165 | 4257 (01430 || 22 | 300 | 9013 |0.0505 || 32| 4453 [13436 |0.0520 2 (a1 17 4030
3| 093 | 2796 (05252 |13 | 167 | 8021 |01225 || 23 | 302 | 9059 |00527 || 33| 449 [1346.3 | 00623 3 |2 24 4560
4 | 094 | 2833 |06342 || 14| 170 | 5094 |01020 || 24 | 303 | 9105 |00532 || 34 | 451 13527 |0.0871 4 |97 .31 0887
5 | 096 | 2879 |03875 || 15| 1.72 | 5158 |0.0601 || 25 | 305 | 9141 |0.0599 || 35| 452 |1356.4 |0.0%02 5 [33. 4.4 0571
6 | 097 | 2906 |03768 || 16| 1.74 | 5232 |00357 || 26 | 3.06 | 9187 |0.0540 || 36 | 454 |1361.9 |0.0507 6 |46.. 45 1.002
7 152 | 4563 (00247 (17 | 230 | 6898 | 00265 || 27 | 307 | 9224 |00531 || 37 | 455 |1364.6 | 0.0445
g 154 | 4637 00481 (18| 232 | 6953 |00793 || 28 | 435 [13051)00331 || 3_ | 725 |2175.9 | 00455
a 157 | 471.0 |00803 [[192 | 237 | 7100 |1.0000 || 29 | 438 |1313.4 01029
10 160 | 4792 (01158 || 20 | 242 | 7264 |00B55 (|30 | 440 |1321.6 | 0123
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13C NMR of 3-acetyl-2-oxotetrahydrofuran-3-yl 2-ethylbutanoate, 4m

Acguisition Thme{sec) 04322 | |Date 20 Jun 2016 08:19:12
Frequency (MHz) 75458 Nucleus 13C
MNumber of Transients 137 |0riqinaIPoints Count 15308 Points Count 16384 Pulse Sequence zypghdbase
Sohvent CHLORQFORM-D Sweep Width (Hz) 18867 .94 Temperature {(daegres C) 25.700
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200 1490 180 170 160 150 140 130 120 110 100 80 70 5] a0 40 30 20 10
RRm
Mo, | (ppm) (Hz) | Height [[Mo. | (pprm) (Hz) | Height Mo Annotation (pprm)
1 1162 | BE9AB | 05243 8 | BR20 | 49963 | 0.6954 1 Chlaroform-d 77.00
2 | 1MBs | 8813 | 0716 9 | 77.00 | 58117 | 0.7387
3 | 2465 | 18603 | 06026 || 10 | 8436 |B36E6.G [ 03211
4 | 2455 | 18333 | 07245 || 11 | 16970 [12808.1( 0.0867
A | 2633 | 19121 | 0.4434 || 12 | 17479 [139258( 01965
6 | 3055 | 2306.0 | 1.0000 || 13 | 20083 (15157 5( 01110
7| 4828 | 36442 | 09001

S33



'H NMR of ethyl 1-(2-butylhexanoyloxy)-2-oxocyclopentanecarboxylate, 4n

Acquisition Time{sec) 05416 | Date 23 May 2016 10:12:16
Frequency (MHz) 300.13 Nucleus 1H
Number of Transients 1 | Oviginal Points Count 5124 Points Count 8192 Puke Sequence k|
Solvent CHLOROFORM-D Sweep Width (Hz) 7500.00 Temperature {degree C) 22500
0] ]
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Chlarofarm-d
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7.0 6.5 6.0 5.5 5.0 4.5 4.0 358 3.0 25 20 15 1.0
ppro
Mo, | (ppra) (Hz) | Height |]Ma. | (ppem) (Hz) | Height ||Mao. | (popm) (Hz) | Height [|Ma. | (ppm) (Hz) | Height Mo Annatation (ppm) Ma. | (ppra) | Walue
1 083 | 2803 | 03407 || 9 145 | 4362 | 04211 [ 17| 22 G56.0 | 0004 || 25| 273 §19.9 | 0.1054 1 Chlorofarm-d 7.25 1 |81..09 6045
2 086 | 2567 | 0955 || 10 | 15 | 4655 |[00890 || 158 | 225 675.2 | 00500 || 26 | 277 32,7 | 0.0895 2 [21..1.3{11.045
3 085 | 2631 | 04354 (|11 | 167 | 5012 | 00763 || 19 | 234 7006 | 0033 || 27 | 280 39,1 | 0.0485 3 |.36.. 1.8 203
4 122 | 3648 |04FF7 [[12] 207 | 6202 |01196 || 20| 238 7155 | 01270 || 28 | 406 | 12434 | 01495 4 |54 .16 2149
] 124 | 3712 | 0898 [[13 | 209 | B267 |0819 || 21 | 247 7402 | 01782 || 29 | 418 | 12857 | 04153 5 |05, 221 309
A 126 | 3785 |1.0000 (14 | 212 | B34.9 [0.1843 || 22 | 254 761.3 | 00504 |[{30 | 421 | 1263.0 | 0.35%1 6 |.35.. 26] 3.063
7 128 | 3845 |0B233 [[15] 215 | B450 |03 || 23| 28 780.5 | 00240 || 31| 4253 | 12694 | 01380 7 |70, 28] 1.0
g 140 | 4188 | 00656 [[16 | 219 | B57.8 | 01008 || 24 | 271 8144 | 00515 || 32 | 7.25 | 21759 | 0.09E0 g |14, 42 200
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13C NMR of ethyl 1-(2-butylhexanoyloxy)-2-oxocyclopentanecarboxylate, 4n

Acquisition Time{sec) 04340 | | Date 23 May 2016 10:16:32
Frequency (MHz) 7548
Nucleus 13C Number of Transients 127 | Oviginal Points Count 16316 Points Count 16384
Pulse Sequence zgpgBlbase Sokrent CHLOROFORMD Sweep Width (Hz) 18796.99
Temperature {degree C) 23.400
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210 200 190 180 170 160 1560 140 130 120 110 100 a0 a0 70 G0 a0 40 3n 20
ppm
Ma. | (ppm) (Hz) | Height ||Mo. | (ppm) (Hz) | Height Mo. Annctation (pprm)
1 1384 (10444 | 087D || 10 | 3357 | 25337 | 0.89071 1 Chloroform-d 7o
2 | 1390 | 10490 | OBEDS || 11 | 3582 | 27036 | 0.584A
3 | 1832 | 1329 |0VE21 || 12 | 4485 | 3331 | 1.0000
4 | 2280 | 1BEE8.4 | 0V061 || 13 | B205 | 46338 | 0.4317
& | 2285 | 17030 | 0FA7 || 14 | 7700 | SB1ME | 0.4085
B | 29021 | 22044 | 08306 || 15| 8363 | B3NS | 02549
7o 2930 | 213 | 04247 || 16 | 167.05 |1610.5| 0.2349
8 | 3182 | 24007 | 0704 || 17 | 17517 | 13221.2] 0.1155
9 | 3194 | 24109 | OBEFE || 18 | 208.02 | 157006 | 0.05%4
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'H NMR of 1-benzyl-1-(ethoxycarbonyl)-2-oxopropyl cyclobutanecarboxylate, 40

Acquis ton Tame fec) 12518 |
Froguoncy fVHz) 30013
Michous 1H Munbor of Transionts 1 Origiral Poirts Coust 8124 Points Coant 8192
Puke Secgrence i) Sohent CHLOROFORM-D | Sweap Widdh Fz) GO09.62 Temperature fdogree C) 25600
oo o
(]
DEt

Chlnru:ulfu:urm-d

o 2
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e
K
3011487 200 204 1.00 .0 2.00 3.00
H = = — ] = =
I ?!I:I E.IS E!EI 5!5 S.II:I 4.|5 4!0 3!5 3!0 2.|5 2!0 1 !5 1 IZ:
Chetmical Shift (ppm)
Ma. [(ppm) | (HZ) |Height || Mo, | (ppm) [ (Hz) | Height || Mo, [(pom) | (HZ) | Height MNa. | Anncotation (g Mo, (ppim) Walue | Absolute Yalue
1 147 | 3520 [0.2641 12 | 231 | 6946 (00501 (| 23 | 416 |12456 | 01686 1 |Chloroform-d [ 7.25 1 |[116 ..1.24] | 3000 | 1.87774e+8
2 | 120 | 3594 |04857 |[13 | 315 | 9456 (001586 ) 24 | 415 (1255901543 2 |[1.83 ..208] 2000 | 1.31550e+8
3 | 122 | 3660 |02600 |14 | 315 | 9344 (00662 (| 25 | 420 |[1261.1 | 0.0581 3 O|[212..235] |7005 | 461528e+8
4 | 1485 | 5552 |00095 |[ 15 | 3.2 [ 9624 (00921 () 26 [ Y06 2115701480 4 |[312..3.29] 10999 | 6553 e+
S | 183 | 5502 |00340 |(16 | 324 (9712 (00559 () 27 | 707 | 21231 | 0AGTT S | [347 J360] 2043 | 1.34685e+8
6 | 186 | 5553 |0.093 17 | 326 | 9793 (00159 (| 28 | 705 21261 | 01710 B |[412 ..422] 2001 | 1.31915e+8
v | 203 | 6081 |003E |[ 16 | 345 [10431 (00430 () 29 [ 723 |21694 | 03396 7O|[F0z2. 742 |1969 | 1.29811e+8
8 | 213 | 6396 00373 |(19 | 352 (10571 (02567 () 30 [ ¥23 |21705 ) 03535 g |72 0727|3007 | 1.8821e+8
9 | 218 | 6550 |1.0000 | 20 | 354 (10622 (02620 () 31 | 725 |2176.0) 02047
10 | 225 | 67441 [04632 (| 21 | 359 |10769 |00449 || 32 | 726 (21789 | 01172
M| 227 | 6822|0408 22 [ 444 12412 | 00647
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13C NMR of 1-benzyl-1-(ethoxycarbonyl)-2-oxopropyl cyclobutanecarboxylate, 40

Accris ition Thme foc) 0.9005 |

Fegency {TVHz) 7548
Meckous 132 Mumbor of Transiomts 145 Origina Poirls Count 16316 Poirts Comit 16354
Puko Secgionce ZojpofE0 Sohent CHLOROFORM-D Sweep Width (Fiz) 18115.% Topmpoaratare gegqree O 25500
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200 192 184 176 168 160 152 144 136 128 120 112 104 95 a8 a0 72 B4 SE 48 40 32 24 16
Chemical Shift (ppm)

Mo, | (ppim) (Hz) Height || Mo, | (ppm) (Hz) Heighit Mo, | Annctation | (ppm)
1 1381 | 10424 045438 (| 10 | 8778 | BE255 |04709 1 |Chlaroform-d | 77.00
2 [ 1544 [ 13919 (04596 || 11 (12721 | 96012 | 04217

3| 2487 [ 18773 |06318 || 12 (12825 | 9679.7 |1.0000

4 | 2495 | 15525 |067&6 || 15 (13006 | 93165 |0.7370

S | 2744 | 20705 |0.3453 || 14 [134.20 [10125.6 | 05063

6 | 37.79 | 28526 |04861 || 15 [16671 (12552505099

¥l 3941 | 29521 |04445 || 16 (17386 [13121.9|01370

g | 6211 | 46582 (03274 || 17 |20218 (152594 | 04117

9 [ 7700 [ 58117 |047F25
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H NMR of ethyl 1-(cyclobutanecarbonyloxy)-2-oxocyclohexanecarboxylate, 4p

Acquisition Time fsec) 06753 | | Date 26 Oct 2016 16:38:24
Frequency (MHz) 30013 Nucleus 1H
Number of Transients 1 | Ovriginal Points Count 5124 | Points Count 8192 Puise Sequence | Solvent CHLOROFORM-D
Sweep Width (Hz) BO09.62 | Temperature {degree C) 25400
0] 0
OEt
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e

1.25
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=t =t
Sl
Chloraform-d woffle=
l'\l_ .
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T
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1.97 3.00
T rr T rrprrrrrrrrrprroprro T T T e e e e e e e e e e e e e e e e e
75 7.0 6.5 6.0 55 5.0 45 4.0
ppm
Mo, | (ppm) (Hz) | Height [|MNo. | (ppm) (Hz) | Height [|Mo. | (ppm) {Hz) | Height Mo, Annotation (ppm) Mo, | (ppm) | Value
1 122 | 3673 | 05013 || 11 | 22 | B2 | 0198 || 21| 3.21 H4E | 0193 1 Chlarafarmm-d 7.25 121,12 3.0
2 125 | 3739 |10000 || 12 | 228 | 6850 | 01621 || 22| 3.4 @26 | 0126 2 |64 .18 3.081
3 127 | 3813 |05457 || 13| 23 | 7085 | 02534 || 23| 3.7 @07 | 0.0z 318524 8180
4 166 | 45972 | 00552 || 14| 240 | 7202 (00617 || 24| 418 | 12558 | 01473 4 15326 1.05%
5 174 | 8214 | 02638 || 15 | 254 | 7621 | 00714 || 25 | 421 | 12624 | 0.4104 518329 1.05
] 179 | 536.8 | 01124 || 16 | 280 | 7810 | 0044 || 26| 4253 | 12895 | 0.4092 6 |13..323 0930
7 185 | o654 | 01225 || 17 | 285 | 8552 | 00846 || 27 | 4% | 12771 | 01329 7|16 .42 1.971
g 1.91 5742 | 02832 || 18| 294 | 8838 | 00534 |[28 | 725 | 2175 | 00802
a 197 | 5804 | 02547 || 19| 316 | 9477 | 0.0437
10| 210 | 6307 | 01223 || 20 | 318 | 9557 | 01328
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13C NMR of ethyl 1-(cyclobutanecarbonyloxy)-2-oxocyclohexanecarboxylate, 4p

Acquisition Time {sec) 04503 | | Date 26 Oct 2016 16:4032
Freg y (MHz) 7548 Nucleus 13C
Number of Transients 147 | Oviginal Points Count 16316 Points Count 16384 Pulse Sequence Zgpg30
Solvent CHLOROFORM-D Sweep Wiith (Hz) 18115.94 Temperature {degree C) 25 400
O O
OEt
O
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8% g
| o
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Chlorofarm-d
g o 8
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210 200 190 180 170 160 150 140 130 120 10 100 a0 g0 70 G0 50 40 30 20 10
ppm
Ma. | (ppm) (Hz) | Height ||Mo. | (ppr) (Hz) | Height REN Annctation (pprm)
1] 1391 | 10601 | 04505 || 10 | B1.79 | 4663.8 | 0.2955 1 Chloroform-d 77.00
2 18.38 | 13374 | 09020 (| 11 | 76.57 | 57796 | 06202
3 | 20965 | 15320 | 0.6771 12 | 77.00 | 58116 | 0.6521
4 | 2489 | 159794 | 1.0000 |13 | 77.44 | 5844.8 | 06113
5 | 2506 | 18916 | 092465 || 14 | 85.06 | 6419.8 | 0.1639
B | 2729 | 20697 | 0.5357 || 15 | 168.05 |12584.0| 0.1440
V| 3631 | 27409 | 07019 || 16 | 17384 [13120.8] 0.0540
8 | 3756 | 28349 | 04360 (|17 | 201.56 | 152129 0.0313
9 | 4024 | 3037.2 | 0.4766
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'H NMR of 3-benzyl-2,4-dioxopentan-3-yl cyclopentanecarboxylate, 4q

Acquisition Time{sec) 05759 | | Date 02 Moy 2016 13:13:36
Frequency (VHz) 30013 Nuclus 1H
Numberof Transients 1 Ovriginal Points Count 3124 Points Count 8152 Pulse Sequence i Sokrent CHLOROFORMD
Sweep Width {Hz) E009.E2 Temperature {degree C) 24.800
0 0
8]
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212

Chlarafarm-d 2
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[yl
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=T SRRy
o B e
309 184 1.93 1.02
= = [
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75 7.0 6.5 6.0 a5 5.0 445 4.0 38 30 25 20 1.4
ppr
Ma. | (ppm) (Hz) | Height ||Mo. | (ppm) (Hz) | Height || Mo, | (ppm) {Hz) | Height Ma. Anndtation (ppm) Ma. | (ppm) | value
167 | 4716 | 00517 || § 187 | 5611 | 00809 || 15| 360 [1079.8 | 0.3113 1 Chloroform-d 725 A3..19 5007

09 . 21 6.0m

1 1

2 169 | 4752 (00592 || 9 212 | B36.6 | 1.0000 || 16 | 7.001 | 2104.7 | 0.0790 2

3 165 | 4950 00549 |[10| 274 | 8215 (00143 || 17 | 7.04 | 21128 | 0.0535 3 |B9 . 28] 1.015
4 167 | 8016 |005s |[11| 276 | 8296 (00348 ||168 | 723 |[21708 | 02018 4 |56 36 15932
g 179 | 5383 | 00872 |12 | 279 | 8369 |00471 |18 | 725 | 21759 | 01189 5 |97 . 700 1645
g 182 | 5449 | 0058 |13 | 282 | 8450 | 0.085 6 |18.. 72 309
7

184 | 5530 |00506 || 14 | 284 | 8531 | 0.0095
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13C NMR of 3-benzyl-2,4-dioxopentan-3-yl cyclopentanecarboxylate, 4q

Acquisition Time({sec) 04503 | | Date 02 Moy 2016 13:15:44
Frequency (MHz) 7548 Nuckus 13C
Number of Transients 250 | Ovigginal Points Count 16316 Points Count 16384 Pulse Sequence Zipg 30
Solvent CHLOROQFORM-D Sweep Width (Hz) 1811554 Temperature{deqree C) 24.800
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200 1590 180 170 160 150 140 130 120 1o 100 a0 a0 70 G0 a0 40 30
pRrm
Mo, | (ppr) {Hz) | Height [[Mo. | (ppr) {Hz) | Height Mo Annatation {ppm)
1 2566 | 1937.0 | 05473 B | 12722 | 96023 | 0.2639 1 Chlorofarm-d 7700
2 | 03 (20333 (03404 9 | 12333 | 96336 | 0.9063
3| 2958 | 22334 [ 1.0000 (|10 | 12986 | 9501.3 | 0.7097
4 | 38388 | 2422 | 01863 || 11 | 13425 (10133.0 | 0.0521
5 | 4370 | 32982 | 01635 || 12 | 17535 (132347 | 0.0470
G | 7700 | 53117 | 03410 || 13 | 20204 [15249.5 | 0.0852
7

93.78 | 7077.6 | 0.0293
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H NMR of 1-benzyl-1-(ethoxycarbonyl)-2-oxopropyl cyclopentanecarboxylate, 4r

Acouis Rion Thee fec) 1.3518

Freguency fFz) J00.13

Mircleus 1H Mrnrdor of Ransiewts 1 Origital Podmts Conat 5124 Poinls Lot 192

Puise Sacuieice iy Sodent CHLOROFORMD | Sween WK Fir) G009.62 Tewiporatare fdegroe &) 26 000
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7a 7.0 B4 E.0 25 5.0 45 4.0 35 3.0 25 2.0
Chemical Shift (ppm)

Ma. | (ppm) | (Hz) [ Height || Mo. | (ppm) | (Hz) | Height || Mo, [(ppm) | (Hz) | Height Ma. | Annatation | (ppm) Ma. [pprm) “Walue | Abzolute Yalue
1 116 | 3469 02439 |[ 11 | 275 | 8267 |00252 || 21 | 414 |[124534 | 01442 1 |Chlaraform-d [ 7.25 1 [[145..1.21] | 3050 [ 162579e+5
2 1118 [ 3535 (04574 |12 | 278 | 8348 |00B67 || 22 | 416 (12475 | 01355 2 [[153..1.71] | 4032 | 215335e+5
3120 (3605 02306 |13 | 281 | 8421 |00944 1) 23 | 419 [12551 | 0.0494 3 (77 ..1.94] | 4039 | 215680e+5
4 | 154 [ 4635 (00505 | 14 | 253 | 8502 (00596 || 24 | FOG 2120201479 4 [[215..222] |3000 ( 160203e+5
9 | 162 [ 4570 (009 |15 | 286 | G563 (00201 || 25 | 709 |21275| 01522 3 [[2.74..287] |1037 | 953710e+7
E | 167 [5024 |01091 || 16 | 347 [1040.2 {00439 || 26 | 723 |21705 | 0.3556 B [[346.353] |2085 [ 111356e+5
71180 [ 5395 (00758 |[ 17 | 351 (10542 (02299 || 27 | 725 [21745| 02105 7 o([410..420] |2021 | 1.07931e+5
g | 184 5530 (01571 || 18 | 353 [1060.0 (02561 || 26 | 725 [2176.0 | 02016 g [[F04.711]|1.990 [ 1.06243e+5
9 | 1490 | 5714 |00555 |[ 19 | 555 [1074.7F |0.0458 9 [[7.22.7.27] |3062 [ 163514e+5
10 [ 218 | 6555 |1.0000 || 20 | 411 |1233.2 |0.0434
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13C NMR of 1-benzyl-1-(ethoxycarbonyl)-2-oxopropyl cyclopentanecarboxylate, 4r

Accruis fion Thue foc) 09006 |

Feogrency {(WHz) 7543
Meckeus 13C Munbor of Ttansfots 109 Origing Poils Count 16316 Poirts Cotnt 16354
Puke Seqgrence Zopcs Sohent CHLOROFORM D Sweep Wdlh (HZ) 18115594 Temperature fegree ) 25900
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ki T

HELEAREE R LA LR ML LR R RN RS R DAL LR AR LR R IR RS R RN R R R L R LA R
200 192 154 176 1658 160 152 144 136 128 120 112 104 a5 a8 g0 72 G4 56 45 40 32 24
Chemical Shift (ppom)

Ma. | (ppm) [HzZ) Height || Ma. | (ppm) (HZ) Height Ma. | Annotation [ppm)
1 1375 | 10402 (03590 |) 10 | 8781 | BE27.7 (01225 1 |Chloroform-d | 77.00
2 | 2566 | 1937.0 |0.3493 ([ 11 | 12719 9600.0 [0.4903

3| 27458 | 20741 02723 (| 12 | 12822 | 96775 |0.7003

4 | 2953 | 222589 |03317 ([ 13 | 13005 | 98157 [1.0000

5 | 2962 | 22356 |04029 (| 14 | 13421 101297 |0.1444

G | 3916 | 29554 |04366 (| 15 |166.72 | 125634 |0.2392

7| 4352 | 32850 |04009 ([ 16 17310 1321559 (01000

8 | 6204 | 46827 |0.2525 [| 17 | 202.20 | 15261 65 |0.0942

9 | FF.00 | 5311.7 |0.6037
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'H NMR of ethyl 1-(cyclopentanecarbonyloxy)-2-oxocyclohexanecarboxylate, 4s

Acquisition Time(sec) 05759

| Date

27 Oct 2016 14

32:32

Freq y (MHz) 30013 Nucleus
Number of Transients 1 | Ovriginal Points Count 5124 | Points Count 8192 Puise Sequence | Solvent CHLOROFORM-D

Sweep Width (Hz) BO009.62 | Temperature {deqree C) 25.000
a0
OEt
8]
o]
=
o
Chlorolform-d
Lo
o
P~
|
)
1.9 1.00 1.02 3.00
= =
T T T U T L T T T T T UL N ™
7.0 6.5 5.0 5.5 5.0 45 4.0 348 3.0 248 1.0
pprm
Mo, | (ppm) (Hz) | Height [[MNo. | (pprm) (Hz) | Height [[MNo. | (pprm) (Hz) | Height Mo Annatation (ppm) Mo, | ipprm) | “alue
1 118 | 3534 | 05516 || 11| 1.90 | 8691 | 02175 [[ 21 | 414 | 12426 | 0.1348 1 Chlaroform-d 7.25 1 |14 .12 3.000
2 120 | 3607 | 1.0000 || 12| 203 | 6094 | 00851 || 22 | 415 |1247.0 | 0.3044 2 |48 . 18012072
3 122 | 3673 | 05486 |[13 ] 21 G325 |00734 || 23| 416 | 12500 | 02912 3 |00, 21 1.00
4 1.51 4517 |0AFs || 14| 232 | B97.5 | 01195 || 24 | 418 [ 12544 | 03028 4 12924 1.015
5 154 | 4634 | 02130 || 15| 237 | 7114 | 009200 |[25 | 419 |12866 | 0.2723 5 |48, 25 1.003
G 162 | 4869 | 02468 || 16 | 2480 | 7496 |00709 ([ 26 | 420 |1261.0 | 0.1438 6 |62. 25 190
7 1.71 5119 [ 0300 || 17| 28 | 7731 | 00804 || 27 | 421 | 12639 | 01007 7|09 42 1972
g 179 | 5375 | 0284 |18 | 274 | 8222 |00519 ||28 | 725 | 21789 | 0.0420
a 184 | 5508 | 04151 |[19 | 290 | 8706 |0.0425
10| 185 | 9566 | 04300 || 20 | 413 |[12387 |01072
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13C NMR of ethyl 1-(cyclopentanecarbonyloxy)-2-oxocyclohexanecarboxylate, 4s

Acquisition Time{sec) 04503 | ‘Date 27 Oct 2016 14:34:40
Freg y (MHz) 7045 Nucleus 13C
Numberof Transients 289 |0rr'ginaIPoims Count  1631E ‘Por’ms Count 16384 Pulse Sequence Zgpyal
Solvent CHLOROFORM-D ‘ Sweep Width(Hz) 15115.94 Temperature {degree ) 25.000
0] O
OEt
O
0O
b
8 5
$ I
= 9
& S
S
R
oo i
Sk I 2
7 o
; Chlomfﬂrm-d 2
_ 3 S s
3 5 0 IR
= N |
- L
= - |
| | ’\ M
A |
200 150 130 170 160 150 140 130 120 110 100 90 g0 70 60 a0 40 30
ppm
Mo. [ (pern) | (Hz) [ Height |[No. | tppmi [ tHz) [ Height | [Mo. | Annctation [ {pprm) |
1 [ 1378 [ 102 {01548 || 9 [ 4308 [32s17 [oarn | [0 Chloroformed | 77.00 |
2 | 2083 | 15721 [ 0.2942 ([ 10 | B1.59 | 4643.3 | 0.0895
3 | 2560 | 19326 | 1.0000 || 11 | 77.00 | 5811.6 | 0.0636
4 | 2720 | 20631 | 02068 ([ 12 | 8494 | 6411.0 | D.051
9 | 2958 | 22322 (0381 13 | 167.91 [ 12%73.0 | 0.0407
B | 2971 | 22422 [ 02971 || 14 [ 17494 |13203.7 | 0.0252
7| 3618 | 27309 [ 0.241 15 | 201.44 |15204.1 | 0.0249
g | 4008 | 30262 | 01829
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HRMS spectra

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

Display Report

Analysis Info

Analysis Name

Method

Sample Name

Comment

tune_low.m

/TERN OZ289 21-24

D:\Data\Kolotyrkina\2016\Bitukov\0414017.d

C16H2606 mw 314.17 calibrant added

Acquisition Parameter
Source Type

Focus
Scan Beg
Scan End

in

ESI

Not active
50 m/z
3000 m/z

lon Polarity Positive

Set Capillary 4500V
Set End Plate Offset -500 V

Acquisition Date  14.04.2016 14:28:28

Operator BDAL@DE
Instrument / Ser# micrOTOF 10248

Set Nebulizer 0.4 Bar
Set Dry Heater 180 C
Set Dry Gas 4.0 1/min
Set Divert Valve Waste

Intens. ]
x104§
2.0
1.57
107
0.51

O.CE

315.1802

J L 322.0477

337.1615

332 2068
330}9041 L i

i

+M8, 0.1-0.6min #(5-37)
o O

(0]

0)
0)

OEt353.1356

351.1197

2000%
1500;
1000;
500%

0

315.

1802

C16H2606, M+nH 315.18

2000
1500
1000
500

07

332.2068

C16H2606, M+nNH4 ,332.21

20007
15007
10007

5007

337.1622

C16H2606, M+nNa ,337.16

o]
2000-
1500-
1000;

500

o

C16H2606, M+nK ,353.14)
353.1361

"3

5 320

" 325

"33 335

310

a5 350 355 miz

Bruker Compass DataAnalysis 4.0

printed:  14.04.2016 14:31:27
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HRMS of 3-benzyl-2,4-dioxopentan-3-yl 2-ethylbutanoate, 4b

Display Report

Analysis Info
Analysis Name

D:\Data\Chizhov\Terentiev\Bityukoviob364_&clblow.d

Acquisition Date 17.06.2016 16:50:51

Method tune_low.m Operator BDAL@DE
Sample Name  /TERN OB364 Instrument / Ser# micrOTOF 10248
GComment CH3CN 100 %, dil. 200, calibrant added
Acquisition Parameter
Source Type ESI lon Polarity Paositive Set Nebulizer 0.4 Bar
Focus Not active Set Dry Heater 180 C
Scan Begin 50 m/z Set Capillary 4500 V Set Dry Gas 4.0 Vmin
Scan End 3000 m/z Set End Plate Offset  -500 V Set Divert Valve Waste
Intensli +MS, 0.0-1.0min #(1-59)
x10 338.3422 o o
1.2
(0]
O
1.0
0.81
0.6
0.44
617.1734
0.2
922.0058
1521.9643 2121.9296
00 L] 1194.8095 ) | 2459.2732 27219147
' 500 T qo00 1500 2000 T2500 0 miz
Intens. | +MS, 0.0-1.0min #(1-59)
15001 305.1754
1000+
5001 304.2989
i 306.1791
] /]
e ————
x10%] C18H2404, M+nH ,305.18
6_
305.1747
4,
2_
306.1781
3035 304.0 304.5 305.0 305.5 306.0 306.5 3070 miz
Bruker Compass DataAnalysis 4.0 printed:  17.06.2016 16:55:07 Page 1 of 1
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HRMS of 3-(4-chlorobenzyl)-2,4-dioxopentan-3-yl 2-ethylbutanoate, 4c

Display Report

Analysis Info
Analysis Name

Acquisition Date

D:\Data\Kolotyrkina\2016\Bitukovi0615031.d

15.06.2016 18:02:42

Method fune_low.m Operator BDAL@DE
Sample Name /TERN OB361_7-9 Instrument / Ser# micrOTOF 10248
Comment C18H23ClO4 mw 339.135 clb added
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Dry Heater 180 <C
Scan Begin 50 m/z Set Capillary 4500 V Set Dry Gas 4.0 I/min
Scan End 3000 m/z Set End Plate Offset  -500 V Set Divert Valve Waste
Intens. +MS, 0.2-0.4min #(10-26)
x104
361.1179 (0] (0]
1.5 (0]
377.0918 ©
1.0 Cl
363.1153
0.5 379.0897
375.2658
_A__J""’J ,A,_,,.A.._«J
)(‘PC)[21 G18H23CI04, M+nNa ,361.12
5] 361.1177
44
3_
2] 363.1149
1 .
|
;(1()9l C18H23CI04, M+nK ,377.09
5] 377.0916
4,
3,
379.0889
2_
1 m
355 360 365 370 375 380 385 m/z
Bruker Compass DataAnalysis 4.0 printed:  15.06.2016 18:15:05 Page 1 of 1
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HRMS of 1-acetyl-2-oxocyclopentyl 2-ethylbutanoate, 4d

Display Report

Analysis Info
Analysis Name  D:\Data\Kolotyrkina\2016\Bitukov\0517012.d
Method tune low.m Operator BDAL@DE

Sample Name  /TERN 013506 9-11 Instrument / Ser# micrOTOF 10248
Comment C13H2004 mwH 241.14 clb added

Acquisition Date  17.05.2016 14:28:42

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Dry Heater 180 C
Scan Begin 50 m/z Set Capillary 4500 V Set Dry Gas 4.0 I/min
Scan End 3000 m/z Set End Plate Offset -500 V Set Divert Valve Waste

Intenss- +MS, 0.1-1.0min #(5-58),
x10 263.1255
1.0 O (6]

o

0.8

0.6 241.1444

0.4+

279.0988 377.1913

0.2 355.2009

393.1646
317.2400 l
[ i

0.0 ; TRIN . l L T DR N — . . , I338??95 — L ; . PN (-
240 260 280 300 320 340 360 380 400 m/z

intens. +MS, 0.1-1.0min #{5-58)
X0 263.1255

053 2411444
o] 2581699 2790988

300085 C13H2004, M+nH 241 14
2000 241.1434

10001

] A
3008§ C13H2004, M+nNH#4 258,17
20004 258.1700

1000

30003 C13H2004, M+nNa 26313
2000% 263.1254

10007

3008% C13H2004, M+nK ,279.10)
2000% 279.0993

10007

) -

r———
230 240 250 260 270 280 290 m/z

Bruker Compass DataAnalysis 4.0 printed:  17.05.2016 14:32:48 Page 1 of 1
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HRMS of 1-acetyl-2-oxocyclohexyl 2-ethylbutanoate, 4e

Display Report

Analysis Info Acquisition Date  17.05.2016 14:15:26
Analysis Name  D:\Data\Kolotyrkina\2016\Bitukov\0517011.d
Method tune_low.m Operator BDAL@DE
Sample Name /TERN 013505 9-12 Instrument / Ser# micrOTOF 10248
Comment C14H2204 mwH 255.159 clb added
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Dry Heater 180 C
Scan Begin 50 m/z Set Capillary 4500 V Set Dry Gas 4.0 l/min
Scan End 3000 m/z Set End Plate Offset -500V Set Divert Valve Waste
Inter;fsﬁ +MS, 0.1-0.7min #(3-39)
x10°
1 255.1598 (0] (0]
] o)
201 O‘$\I::\\
] 272.1856
1.5: 386.2520
1.0
369.2252
0.5 293.1144
] 407.1805
0‘0- . h L Al . In + . . . . - LAl . 1/ L' L . |l|Y .
260 280 300 320 340 360 380 400 420 m/z
Intenss.- +MS, 0.1-0.7min #(3-39)
x10° 255.1598
24 272.1856 277 1407
293.1144
I} 1 ]
30093 1412204, M+nH 255,16
2000; 255.1591
10004
3 A
3000 C14H2204, M+nNH4 27219
2000% 272.1856
10007
] 1
30003 C14H2204, M+nNa 277.14)
2000; 2771410
10007
] 1
3000; C14H2204, M+nK 293.12
20004 2931150
10003
A
250 255 260 265 270 275 280 285 290 295 300 m/z
Bruker Compass DataAnalysis 4.0 printed:  17.05.2016 14:25:10 Page 1 of 1
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HRMS of 3-acetyl-2,6-dioxoheptan-3-yl 2-ethylbutanoate, 4f

Display Report

Analysis Info Acquisition Date  26.04.2016 12:02:16
Analysis Name  D:\Data\Kolotyrkinai2016\Bitukov\0426013.d

Method tune_low.m Operator BDAL@DE

Sample Name  /TERN QB304 25 27 Instrument / Sert micrOTOF 10248
Comment C15H2405 mw 284.161 calibrant added

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Dry Heater 180 C
Scan Begin 50 m/z Set Capillary 4500 v Set Dry Gas 4.0 1/min
Scan End 3000 m/z Set End Plate Offset  -500V Set Divert Valve Waste

Intens. 1 +MS, 0.0-0.9min #(1-52)
x104 307.1503

41

O
3 323. 123?0 %\i\
2,

17 302.1944 317.2393
285.1687 | | [ 330.2249

C15H2405 M+nH ,285.17|

20001 285.1697

1500+

10007

5001

G15H2405, M+nNH4 ,302.20

2000 302.1962

15007
10007

5001

C15H2405, M+nNa ,307.15
20001 307.1516

15004
1000+

5007

0 C15H24085, M+nK 323.13
2000 323.1255

1500+

10007

5007

L e B e e e e L B s B B B B e S B B S B B S B B e T

0 T T T T T T T T T T T T T T T T T
280 285 290 295 300 305 310 315 320 325 330 m/z

Bruker Compass DataAnalysis 4.0 printed:  26.04.2016 12:49:38 Page 1 of 1
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HRMS of ethyl 2-(2-ethylbutanoyloxy)-2-methyl-3-oxobutanoate, 49

Analysis Info
Analysis Name
Method
Sample Name
Comment

tune low.m

Acquisition Parameter
Source Type ESI
Focus Not active
Scan Begin 50 m/z
Scan End 3000 m/z

/TERN 0Z287_9-10
C13H2205 mw 258.146 calibrant added

lon Polarity

Set Capillary
Set End Plate Offset

Display Report

Acquisition Date

D:\Data‘\Kolotyrkina\2016\Bitukov\0414016.d

QOperator

Set Nebulizer
Set Dry Heater
Set Dry Gas
Set Divert Valv

Paositive

4500 v
-500V

14.04.2016 14:20:43

BDAL@DE
Instrument / Ser# micrOTOF

10248

0.4 Bar

180 °C

4.0 I/min
(:] Waste

Intens.
x104]

2.57
2.0
1.5
1.04 259.1551
0.51

281.1365

297.1102

276.1809

+MS, 0.1-0.6min #(3-37)
(0] (0]

Et
%o

0]

00 L

2000] 259.1540
15001
1000

5007

G I

JC13H22C)5, M+nH ,259.15

20004

15007

10007

5001

276.1805

C13H2205, MenNH4 27618

2000

15004

1000

5004

281.1359

C13H2205, M+nNa ,281.14

2000

15004

10007

5007

297.1099

C13H2205, M+nK ,297.11

250 ' 260

280 290

T
m/z

Bruker Compass DataAnalysis 4.0

printed: 14.04.2016 14:24:38
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HRMS of ethyl 2-acetyl-2-(2-ethylbutanoyloxy)hexanoate, 4h

Display Report

Analysis Info Acquisition Date  09.04.2016 14:42:05
Analysis Name  D:\Data\ChizhoviTerentiev\Bityukoviob288-8-10_&clblow.d
Method tune_low.m Operator BDAL@DE
Sample Name  /TERN ob288 Instrument / Ser# micrOTOF 10248
Comment CH3CN 100 %, dil. 200, calibrant added
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Dry Heater 180 C
Scan Begin 50 mfiz Set Gapillary 4500V Set Dry Gas 4.0 1/min
Scan End 3000 m/z Set End Plate Offset -500 V Set Divert Valve Waste
lnwna_ +MS, 0.0-1.0min #{1-59)
x10%] 323.1817 o o
1 OEt
31 623.3749 0
1 @)
Eﬁ
737.4429
437.2484
iy 851.5105
1 \ l 551.3177 l 965.5798
0 N VRO | N L W |-
300 400 500 600 700 800 900 1000 m/z
Intena._ +MS, 0.0-1.0min #(1-59)
x¥10%] 323.1817
1 301.1999
2] A 318.2263 339f555
N A 1 i
3000 C16H2805, M+nH ,301.20
2000; 301.2010
10007
3 1
3009 C16H2805, M+nNH4 318.23
2000% 318.2275
10003
E| 1
30003 C16H2805, M+nNa ,323.18
20005 323.1829
10004
E| 1
3008é C16H2805, M+nK 339.16
2000% 339.1568
10003
1 T T T T T T T T T |l L T
295 300 305 310 315 320 325 330 335 340 m/z
Bruker Compass DataAnalysis 4.0 printed: 09.04.2016 14:53:08 Page 1 of 1
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HRMS of ethyl 2-acetyl-4-cyano-2-(2-ethylbutanoyloxy)butanoate, 4i

Display Report

Analysis Info Acquisition Date  01.04.2016 16:49:21
Analysis Name  D:\Data\Chizhov\Terentiev\Bityukoviob278 22-25 &clblow.d

Method tune_wide.m Operator BDAL@DE

Sample Name {TERN OB278-22-25 Instrument / Ser#f micrOTOF 10248
Comment CH3CN 100 %, dil. 200, calibrant added

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Dry Heater 180 C
Scan Begin 50 m/z Set Capillary 4500 V Set Dry Gas 4.0 I/min
Scan End 3000 m/z Set End Plate Offset ~ -500V Set Divert Valve Waste

Intens. +MS, 0.0-1.0min #{1-59)
x104] 320.1467 o o

N Ot
20, 0

NC™ O

1.57
1.0

05 804.4132

1521 9703 2121.9338
1 2721.8948
0.0 L - sl A '

500 1000 1500 2000 2500 m/z

Intens 3 +MS, 0.0-1.0min #(1 59)
x104: 320.1467
207
1.5
1,07
0.5
1 st8130s )| 3361211 3383410
2500 C15H23N0B, M+nNa 320,15
2000 320.1468
15007
10001
500

2500 C15H23N0B, M+nK 336.12

20004 335.1208

15001

10007

5001
317.5 320.0 3225 325.0 3275 330.0 332.5 335.0 337.5 m'z

Bruker Compass DataAnalysis 4.0 printed:  01.04.2016 17:04:53 Page 1 of 1
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HRMS of ethyl 2-benzyl-2-(2-ethylbutanoyloxy)-3-oxobutanoate, 4j

Display Report

Analysis Info
Analysis Name

Acquisition Date
D:iData\ChizhowTerentieviBityukoviob286-8-r &clblow.d

25.04.2016 15:44:12

Method tune_low.m Operator BDAL@DE
Sample Name  /TERN OB-286(8-R) Instrument / Ser# micrOTOF 10248
Comment CH3CN 100 %, dil. 200, calibrant added
Acquisition Parameter
Source Type ESI lon Polarity Paositive Set Nebulizer 0.4 Bar
Focus Not active Set Dry Heater 180 C
Scan Begin 50 m/z Set Capillary 4500 v Set Dry Gas 4.0 I/min
Scan End 3000 m/z Set End Plate Offset -500 vV Set Divert Valve Waste
Intens:t.- +MS, 0.0-1.0min #{1-59)
x10 ] 691.3424 o O
| OEt
1.25 0
j 357.1667
)
1.001 805.4081
0.75+
0.504 471.2338
919.4749
0.25+
k 158.9641
] 229.1414 585.3016 ‘L l 1033.5410
0.00wwmmlmL‘*ﬂw~~w~l~~~~w~«1~~u~~w«L“L - ek
200 400 600 800 1000 m/z
Intenea.: +MS, 0.0-1.0min #(1-59)
x10% 357.1667 373.1400
1.01
0.5
1 3522113 3551508 ] 360.3221 371.1253
A b A A A
2?08: C19H2605, M+nNa ,357.17
2000% 357.1672
15007
10007
5001
25085 C19H2605, M+nK ,373.14
20007 373.1412
15007
10001
5007
0t e e ek .I. I
350.0 352.5 355.0 3575 360.0 362.5 365.0 367.5 370.0 3725 3750 miz
Bruker Compass DataAnalysis 4.0 printed:  25.04.2016 15:57:14 Page 1 of 1
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HRMS of ethyl 1-(2-ethylbutanoyloxy)-2-oxocyclopentanecarboxylate, 4k

Display Report

Analysis Info Acquisition Date  18.04.2016 16:25:51
Analysis Name  D:\Data\Chizhov\Terentiev\Bityukov\ob290-13-16_&clb$low.d
Method tune low.m Operator BDAL@DE
Sample Name  /TERN OB290(13-16) Instrument / Ser# micrOTOF 10248
Comment CH3CN 100 %, dil. 2000, calibrant added
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Dry Heater 180 C
Scan Begin 50 m/z Set Capillary 4500 V Set Dry Gas 4.0 I/min
Scan End 3000 m/z Set End Plate Offset -500V Set Divert Valve Waste
lnmna +MS, 0.0-1.0min #(1-59)
X107 2714542 o o
) OEt
1 (e}
15 OAC
1.0
0.59
: 558.3277
| 922.0130 15219723 2121.9447
Oﬂm‘llml Illll“ “ ll l L + 1194|8168 . | : l X |
500 1000 1500 2000 2500 m/z
Intenaii; +MS, 0.0-1.0min #(1-59)
x102§ 271.1542
11 288.1803 309.1098
ol ) 279.1586 | | =s)ses
30007 C14H2205, M+nH 271.15
2000; 271.1540
10004
3 A
3008§ C14H2205, M+nNH4 ,288.18
2000 288.1805
10003
E| L
3008§ C14H2205, M+nNa ,293.14
20001 293.1359
10004
3 A
3008_2 C14H2205, M+nK ,309.11
2000% 309.1099
10007
0 ; ; ; . ; . , ; -
270 275 280 285 290 295 300 305 310 m/z
Bruker GCompass DataAnalysis 4.0 printed:  18.04.2016 16:30:39 Page 1 of 1
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HRMS of ethyl 1-(2-ethylbutanoyloxy)-2-oxocyclohexanecarboxylate, 41

Display Report

Analysis Info Acquisition Date  04.04.2016 13:54:18
Analysis Name  D:Data\Chizhov\Terentiev\Bityukoviob-279-14-17 &clblow.d

Method tune_low.m Operator BDAL@DE

Sample Name /TERN OB-279-14-17 Instrument / Ser## micrOTOF 10248
Comment CH3CN 100 %, dil. 200, calibrant added

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Dry Heater 180 C
Scan Begin 50 m/z Set Capillary 4500V Set Dry Gas 4.0 I/min
Scan End 3000 m/z Set End Plate Offset -500 V Set Divert Valve Waste

Intens. +MS, 0.0-1.0min #{1-59}
xiot 3231253 o o

5] o OEt

O

591.3146

0 IlAJlle a llnﬂ 1 ‘L..Il. ' . ; § § . § § . : ; . . § . § . . )
500 1000 1500 2000 2500 m/z

Intens. 323.1253+MS, 0.0-1.0min #(1-59)
307.1518

2] 285]1697 302.1961
1

| I
285.1697 C15H2405, M+nH ,285.17|

30003 C15H2405, MnNH4 302.20
2000 302.1962

10004

3008. C15H2405, M+nNa ,307.15
20001 307.1516

10004

3008’ G15H24065, M+nK ,323.13
20001 323.1255

10007

280 © 7 T2 7 T a0 0 310 " Ta 0 330 w2

Bruker Compass DataAnalysis 4.0 printed: 04.04.2016 14:02:06 Page 1 of 1
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HRMS of 3-acetyl-2-oxotetrahydrofuran-3-yl 2-ethylbutanoate, 4m

Analysis Info
Analysis Name
Method
Sample Name
Comment

tune_low.m
/TERN OB378

Acquisition Parameter
Source Type ESI
Focus Not active
Scan Begin 50 m/z
Scan End 3000 m/z

Display Report

C12H1805 mH 243.122 clb added

lon Polarity

Set Capillary
Set End Plate Offset

D:\Data\Kolotyrkina\2016\Bitukov\0721011.d

Positive

4500 V
-500 V

Operator

Set Nebulizer
Set Dry Heater
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Acquisition Date 21.07.2016 15:55:18
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HRMS of ethyl 1-(2-butylhexanoyloxy)-2-oxocyclopentanecarboxylate, 4n

Display Report

Analysis Info

Acquisition Date 26.05.2016 16:35:43

Analysis Name D:\Data\Kolotyrkina'\2016\Bitukovi0526022.d
Method tune_low.m Operator BDAL@DE

Sample Name /TERN

0OB326_8-10 Instrument / Ser# micrOTOF 10248

Comment C18H305 mH-327.216 clb added

Acquisition Parameter
Source Type ESI

lon Polarity Positive Set Nebulizer 0.4 Bar

Focus Not active Set Dry Heater 180 C
Scan Begin 50 m/z Set Capillary 4500V Set Dry Gas 4.0 Vmin
Scan End 3000 m/z Set End Plate Offset  -500 V Set Divert Valve Waste
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HRMS of 1-benzyl-1-ethoxycarbonyl-2-oxopropyl cyclobutanecarboxylate, 40

Display Report

Analysis Info
Analysis Name
Method
Sample Name
Comment

Acquisition Date

Di\Data\Kolotyrkina'2018\Bitukovi0213053.d
tune_low.m

/TERN OB519 1

C18H2205 mH 319.1540 calibrant added CH3CN

Operator

13.02.2018 20:01:19

BDAL@DE
Instrument / Serg micrOTOF

10248

Acquisition Parameter

Source Type
Focus

Scan Begin
Scan End

ESl lon Polarity Positive
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HRMS of ethyl 1-cyclobutylcarbonyloxy-2-oxocyclohexanecarboxylate, 4p

Display Report

Analysis Info Acquisition Date  13.02.2018 19:54:49
Analysis Name ‘\Data\Kolotyrkina'\2018\Bitukow0213052.d

Method tune_low.m Operator BOAL@DE

Sample Name  /TERN OB&45 Instrument / Ser# micrOTOF 10248
Comment C14H2005 mH 269.1383 calibrant added CH3CN

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Nat active Set Dry Heater 180 °C
Scan Begin 50 miz Set Capillary 4500V Set Dry Gas 4.0 Vmin
Scan End 3000 m'z Set End Plate Offset -500V Set Divert Valve Waste
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HRMS of 1-acetyl-1-benzyl-2-oxopropyl cyclopentanecarboxylate, 4q

Display Report

Analysis Info
Analysis Name
Method
Sample Name
Comment

Acquisition Date 10.11.2016 15:47:04

D:\Data\Kolotyrkina\2016\Bitukovi1110015.d

tune_low.m
/TERN OB547_8-9

Operator BDAL@DE
Instrument/ Ser# micrOTOF 10248

C18H2204 mH 303.1590 clb added

Acquisition Parameter
ESI
Not active

Source Type
Focus

Scan Begin
Scan End

50 m/z

3000 m/z
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Set Capillary 4500V
Set End Plate Offset  -500V

Set Nebulizer 0.4 Bar
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HRMS of 1-benzyl-1-ethoxycarbonyl-2-oxopropyl cyclopentanecarboxylate, 4r

Display Report

Analysis Info
Analysis Name

D:\Data'\Kolotyrkina\2016\Bitukov\1026010.d

Acquisition Date 26.10.2016 12:28:30

Method tune_low.m Operator BDAL@DE
Sample Name /TERN OB511_2 Instrument / Ser# micrOTOF 10248
Comment C19H2405 mH 333.1696 calibrant added
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Dry Heater 180 °«C
Scan Begin 50 m/z Set Capillary 4500 V Set Dry Gas 4.0 Vmin
Scan End 3000 m/z Set End Plate Offset  -500 V Set Divert Valve Waste
Intens. +MS, 0.2-1.0min #(12-57)
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HRMS of ethyl 1-cyclopentylcarbonyloxy-2-oxocyclohexanecarboxylate, 4s

Display Report

Analysis Info
Analysis Name

Acquisition Date 03.11.2016 11:52:31
D:\Data\Chizhov\Terentiev\Bityukoviob546-10-12_&clblow%.d

Method fune_low.m Operator BDAL@DE
Sample Name /TERN OB546(10-12) Instrument / Ser# micrOTOF 10248
Comment CH3CN 100 %, dil. 2000000, calibrant added
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Dry Heater 180 °C
Scan Begin 50 miz Set Capillary 4500V Set Dry Gas 4.0 Umin
Scan End 3000 m/z Set End Plate Offset  -500 V Set Divert Valve W aste
Intens. +MS, 0.0-1.0min #(2-59)
x105]
283.1539
(0] (e}
é(g\oa
6- A
4_
582.3274
2_
0 W LLLL .Jl Al ; i . ; ; . ; ; . ; ; ; ; .
500 1000 1500 2000 2500 mz
Intens. +MS, 0.0-1.0min #(2-59)
x106]
1 283.1539
0_5—; 300.1801 13051354 321.1092
1 i -
HLE C15H2205, ManH 283,15
1_0_2 283.1540
057
3 i
<1057 C15H2205, M+nNH4 ,300.18
1_0_2 300.1805
0.5 l
] i
LLE C5H2205, M=nNa 305,14
1_0_; 305.1359
053 }
q i
LLE C15H2205, ManK 321 11
1_0_; 321.1099
057
0.0 . . . .
280 290 300 310 320 miz
Bruker Compass DataAnalysis 4.0 printed:  03.11.2016 12:10:59 Page 1 of 1

S64



