Synthesis of spirolactones from carbonyls via carboborylation of N-sulfonylhydrazones with alkoxycarbonylalkylboronic acids
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1. Experimental Procedures
1.1 General Considerations
Microwave-assisted reactions were conducted using a focused microwave unit (Biotage InitiatorTM 2.0). The temperature was monitored with an infrared temperature sensor. In all experiments the microwave temperature was held constant. Reactions were performed in (0.5-2 mL) or (2-5 mL) glass vials sealed with a cap with septum, under argon atmosphere. The specific reaction time corresponds to the total irradiation time.
[bookmark: _Hlk139179973]Photochemical reactions were performed in 5 mL glass vials sealed with a septum, under argon atmosphere. The specific reaction time corresponds to the total reaction time. A Kessil® PR160 Rig equipped with different lamps (PR160-370 nm, PR160-390 nm, PR160-427 nm) a cooling fan and a magnetic stirrer was used as the photochemistry setup. A PR time controller was additionally used to select the irradiation time. 5 mL glass vials purchased in VWR® were used to run the photochemical reactions. The vials were sealed with the septum after adding the chemicals and solvent and placed at a distance of 5 cm away from the lamp prior to irradiation at the proper intensity of the Kessil lamp (section 1.3, figure S2). Relevant photophysical properties of the Kessil® PR160L lamps are available at https://kessil.com/products/science_PR160L.php. The description of the setup of the continuous flow setup is described in section 1.4.
All the solvents were dried using the corresponding procedures described in D. Perrin, Purification of Laboratory Chemicals, Pergamon Press Ltd. 1980, 2nd Ed. 
NMR spectra were recorded in CDCl3 600, 300 MHz for 1H and 150 or 75 MHz for 13C with the residual solvent signals as standard. The data in the 1H NMR spectra is being reported as s = singlet, bs= broad singlet, d = doublet, dd = double doblet, t = triplet, dt = double triplet, ddt = double double triplet, tt = triple triplet, q = quartet, p = pentuplet, qd = quartet of doublets and so on, m = multiplet or unresolved, chemical shifts in ppm and coupling constant(s) in Hz. The assignment of the 13C NMR spectra have been carried out by means of DEPT-135 experiments. 13C signals corresponding to carbon atoms adjacent to boron are generally not observed due to quadrupolar relaxation. HRMS were measured in ESI or APCI mode, with a TOF mass analyser (Bruker model Impact II). 
1.2 Synthesis and characterization data for N-sulfonylhydrazones.
The N-sulfonylhydrazones TsH1-18 employed in this work (figure S1) were prepared from the corresponding carbonyl compounds following the previously described standard procedures.[endnoteRef:1] See appropriate references for previously reported N-tosylhydrazones:  [1: [] 	V. K. Aggarwal, E, Alonso, I. Bae, G. Hynd, K. M.  Lydon, M. J.  Palmer, M. Patel, M. Porcelloni, J. Richardson, R. A. Stenson, J. R. Studley, J. L. Vasse, C. L. Winn, J. Am. Chem. Soc. 2003. 125, 10926–10940.] 

(TsH1, TsH4, TsH6, TsH7, TsH8, TsH16, TsH17)[endnoteRef:2], TsH2,[endnoteRef:3] (TsH3)[endnoteRef:4] TsH5,[endnoteRef:5] TsH10,[endnoteRef:6] (TsH13, TsH14, TsH15)[endnoteRef:7] [2: [] 	L. López, M. Cabal, C. Valdés, Angew. Chem. Int. Ed. 2022, 61, e202113370.]  [3: [] 	R. Barroso, M. P. Cabal, R. Badía-Laiño, C. Valdés, Chem. Eur. J. 2015, 21, 16463–16473.]  [4: [] 	R. R. Merchant, D. M. Allwood, D. C. Blakemore, S. V. Ley, S. V.  J. Org. Chem. 2014, 79, 8800–8811.]  [5: [] 	M. Plaza, M. C. Pérez-Aguilar, C. Valdés, Chem. Eur. J. 2016, 22, 6253–6257.]  [6: [] 	Á. Valdés-Maqueda, L. López, M. Plaza, C. Valdés, Chem. Sci. 2023, 13765–13775.]  [7: [] 	M. Plaza, S. Parisotto, C. Valdés, Chem. Eur. J. 2018, 24, 14836–14843.] 



Figure S1: N-sulfonylhydrazones employed in the paper.

4-methyl-N'-(3-methylcyclopentadecylidene)benzenesulfonohydrazide TsH9
[image: ]
m.p. = 134.4 – 134.8 ºC.
1H NMR (300 MHz, CDCl3) δ = 7.82 (d, J=8.0, 2H), 7.27 (d, J=10.0, 2H), 2.40 (s, 3H), 2.32 – 1.83 (m, 4H), 1.70 (h, J=6.6, 1H), 1.52 – 1.02 (m, 24H), 0.65 (d, J=6.6, 3H).
13C NMR (75 MHz, CDCl3) δ 161.0 (C=N), 144.0 (C), 135.6 (C), 129.6 (CH), 128.4 (CH), 128.2 , 50.5, 44.3, 42.2, 37.4, 36.1, 35.7, 35.6, 35.0, 30.1, 29.2, 29.1, 28.6, 27.9, 27.7, 27.4, 27.2, 27.1, 26.8, 26.7, 26.6, 26.6, 26.5, 26.4, 26.4, 26.3, 26.2, 25.1, 25.0, 25.0, 24.8, 23.9, 21.7, 21.2, 20.7, 20.0.
HRMS (ESI): calcd. For M+H [C23H39N2O2S]: 407.2727, found: 407.2720.


N'-(5-bromo-3,4-dihydronaphthalen-1(2H)-ylidene)-4-methylbenzenesulfonohydrazide TsH11


m.p. = 173.7 – 174.0 ºC.
1H NMR (300 MHz, Acetone-d6) δ = 9.33 (s, 1H), 8.02 – 7.74 (m, 3H), 7.49 – 7.26 (m, 4H), 2.75 (t, J=6.1, 2H), 2.62 (t, J=6.6, 2H), 2.40 (s, 3H), 1.86 (p, J=6.5, 2H).
13C NMR (75 MHz, Acetone-d6) δ 166.8 (C=N), 152.5 (C), 151.9 (C), 144.6 (C), 143.2 (C), 132.0 (CH), 130.2 (3CH), 128.9 (2CH), 127.5 (CH), 123.8 (C), 29.0 (CH2), 26.2 (CH2), 22.0 (CH2), 21.4 (CH3).
HRMS (ESI): calcd. For M+H [C17H18BrN2O2S]: 393.0267, found: 393.0259.
N'-(7-bromochroman-4-ylidene)-4-methylbenzenesulfonohydrazide TsH12
[image: ]
m.p. = 234.2 – 234.4 ºC.
1H NMR (300 MHz, Acetone-d6) δ = 9.44 (s, 1H), 7.97 – 7.71 (m, 3H), 7.40 (d, J=8.0, 2H), 7.17 – 7.00 (m, 2H), 4.28 (t, J=6.2, 2H), 2.81 (m, 2H), 2.40 (s, 3H).
13C NMR (75 MHz, Acetone-d6) δ 158.7 (C=N), 147.5 (C), 144.7 (C), 137.5 (C), 130.3 (2 CH), 128.9 (2 CH), 127.2 (CH), 125.4 (CH), 124.9 (C), 121.2 (CH), 120.3 (C), 66.0 (CH2), 25.9 (CH2), 21.4 (CH3).
HRMS (ESI): calcd. For M+H [C16H16BrN2O3S]: 395.0060, found: 395.0054.

1.3 Synthesis of the boronic acids 2
[bookmark: _Hlk171956663][bookmark: _Hlk171958649][bookmark: _Hlk171958317](3-Ethoxy-3-oxopropyl)boronic acid, (3-t-butoxy-3-oxopropyl)boronic acid and (4-ethoxy-4-oxobutyl)boronic acid were synthesized from the corresponding pinacol esters, ethyl 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)propanoate and ethyl 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)butanoate, respectively, which were obtained following previously described procedures.[endnoteRef:8],[endnoteRef:9] The pinacol esters were deprotected following the standard methodology. In a flask, the boronic ester (10.0 mmol) and NaIO4 (30.0 mmol, 3.0 eq.) are introduced and dissolved in 85 mL of THF/H2O 4:1. After stirring for 5 minutes at room temperature, 3.30 mL of 2N HCl is added, and the mixture is stirred at room temperature for 2 hours. A white suspension forms, to which 100 mL of AcOEt and 50 mL of a saturated NaCl solution are added. The aqueous phase is extracted with EtOAc (2x), and the combined organic phases are dried over anhydrous Na2SO4. The solvents are removed under reduced pressure, and the crude product obtained is placed in the freezer. 10 mL of cold pentane is added and stirred for 5 minutes. Finally, the pentane is decanted, and the product is dried under vacuum. The white solid obtained was used without further purification. The boronic acids can be stored in the freezer for later use. [8: [] 	X. Huang, J. Hu, M. Wu, J. Wang, Y. Peng, G. Song, Green Chem. 2018, 20, 255–260.]  [9: [] 	A. Joshi-Pangu, X. Ma, M. Diane, S. Iqbal, R. J. Kribs, R. Huang, C.-Y. Wang, M. R. Biscoe, J. Org. Chem. 2012, 77, 6629–33.] 

1.3 General procedures for the synthesis of spirolactones: Microwave activated reactions
General Procedure for the synthesis of spirolactones (Method A)
In a microwave vial equipped with a magnetic stirring bar were introduced N-tosylhydrazone 1 (0.15 mmol), (3-ethoxy-3-oxopropyl)boronic acid or (4-ethoxy-4-oxobutyl)boronic acid (3 equiv, 0.45 mmol), finely divided dry K2CO3 (3 equiv, 0.45 mmol), and 1.2 mL of anhydrous 1,4-dioxane. The vial was sealed with a septum and the mixture was stirred for 10 minutes at room temperature before being placed in the microwave cavity, where it was heated to 150 ºC for 1 h. Once the reaction has finished and reached room temperature, H2O/H2O2 (0.5/0.3 mL) was added, and the mixture was stirred at room temperature for 1h. After this time, concentrated HCl (0.5 mL), was added and the mixture was stirred at rt for 1 additional hour. Then, 10 mL of EtOAc were added, the layers were separated and the aqueous phase was extracted three more times with 5 mL of EtOAc. The combined organic phases were washed successively with a saturated NaHCO3 solution and a saturated NaCl solution, dried over anhydrous Na2SO4 and filtered. The solvents are removed under reduced pressure. The crude product was purified by column chromatography.
General Procedure for the synthesis of spirolactones (Method B)
[bookmark: _Hlk171956818][bookmark: _Hlk171957057]In a microwave vial equipped with a magnet, N-tosylhydrazone 1 (0.15 mmol), (3-ethoxy-3-oxopropyl)boronic acid or (4-ethoxy-4-oxobutyl)boronic acid (3 equiv, 0.45 mmol), and finely divided dry K2CO3 (3 equiv, 0.45 mmol) were introduced, and 1.2 mL of anhydrous 1,4-dioxane was added. The vial was sealed with a septum and the mixture was stirred for 10 minutes at room temperature before being placed in the microwave cavity, where it was heated to 150 ºC for 1 h. Once the reaction has finished and reached room temperature, H2O/H2O2 (0.5/0.3 mL) was added, and the mixture was stirred at room temperature for 1h. After this time, 5 mL of water and 5 mL of AcOEt were added, the phases were separated, and the aqueous phase was extracted with AcOEt (3x). The combined organic phases were washed with a saturated NaCl solution, dried over anhydrous Na2SO4, and the solvent was removed under reduced pressure. The crude product obtained was dissolved in 2 mL of 1,4-dioxane, a catalytic amount of p-toluenesulfonic acid was added, and the mixture was heated to 80 ºC for 3 hours. Then, the mixture was allowed to cool to room temperature, 5 mL of water were added, and the aqueous phase was extracted with AcOEt (3x). The combined organic phases were washed with a saturated NaCl solution, dried over anhydrous Na2SO4, and the solvent is removed under reduced pressure. The crude product obtained was purified by column chromatography.
[bookmark: _Hlk171957794]

1.4 General procedures for the synthesis of spirolactones: Photochemically activated reactions
General Procedure for the synthesis of spirolactones (Method C)
In a 5 mL vial with a magnetic stirring bar, (3-(tert-butoxy)-3-oxopropyl)boronic acid (3 equiv., 0.45 mmol) was dissolved in dry CH2Cl2 2 mL. The corresponding N-tosylhydrazone (1 equiv., 0.15 mmol) and DBU (1.5 equiv., 0.225 mmol) were added. The vial was sealed with a septum cap and the reaction mixture was deoxygenated for 5 minutes with an argon stream. The vial was placed in the Kessil PR 160 Rig in front of the Kessil PR 160L lamp (390 nm) at a distance of 5 cm. The cooling fan and the light were turned on keeping vigorous stirring at room temperature. After the time indicated (2 h) the light and the cooling fan were turned off, and the reaction mixture was stirred at room temperature for 2 h. After this time H2O/H2O2 (0.5/0.3 mL) were added, and the mixture was stirred at room temperature for 1h. The solvents were removed under reduced pressure and the residue was treated with MeOH (2 mL) and then 0.8 mL of 2N HCl were added dropwise while stirring. The reaction was left at rt overnight. 5 mL of water were added, and the aqueous phase was extracted with AcOEt (3x). The combined organic phases were washed with a saturated NaCl solution, dried over anhydrous Na2SO4, and the solvent was removed under reduced pressure. The crude product obtained was purified by column chromatography.
General Procedure for the synthesis of spirolactones (Method D)
[bookmark: _Hlk171958245][bookmark: _Hlk185506167]A 5 mL glass vial provided with a stirring bar was charged with the corresponding N-tosylhydrazone (0.150 mmol), (3-ethoxy-3-oxopropyl)boronic acid (3 equiv), Cs2CO3 (1.5 equiv) and DIPEA (2 equiv) in dry CH2Cl2 (2.5 mL). The vial was sealed with a septum cap and the reaction mixture was deoxygenated for 5 minutes with an argon stream. The vial was placed in the Kessil PR 160 Rig in front of the Kessil PR 160L lamp (390 nm) at a distance of 5 cm. The cooling fan and the light were turned on keeping vigorous stirring at room temperature. After the time indicated (1-6 h) the light and the cooling fan were turned off, and the reaction mixture was stirred at room temperature for 2 h. The septum was removed and a solution of H2O2 (0.3 mL) in H2O (0.5 mL) was added. The vial was sealed again and the reaction was stirred for 12 h at rt. Then, the vial was opened and the reaction was quenched with 5 mL water and 5 mL of EtOAc. The layers were separated and the aqueous pase was extracted with EtOAc (2 x 5 mL). The combined organic layers were washed with brine (2 x 5 mL), dried over Na2SO4, and concentrated under reduced pressure. The residue was dried under vacuum and the resulting reaction crude was purified by flash chromatography obtaining the corresponding hydroxyesters.
The hydroxyester was dissolved in CHCl3 (3 mL) and KOtBu (2 equiv) was added. The reaction mixture was allowed to stir overnight. The reaction was quenched with 5 mL of 1M HCl and 5 mL of CH2Cl2. The layers were separated and the aqueous phase was extracted with CH2Cl2 (2 x 5 mL). The combined organic layers were washed with brine (2 x 5 mL), dried over Na2SO4, and concentrated under reduced pressure. The residue was dried under vacuum giving the spirolactones that did not require any further purification.

General Procedure for the synthesis of spirolactones (Method E)
A 5 mL glass vial provided with a stirring bar was charged with the corresponding N-tosylhydrazone (0.150 mmol), (4-ethoxy-4-oxobutyl)boronic acid (3 equiv), Cs2CO3 (1.5 equiv) and DIPEA (2 equiv) in dry CH2Cl2 (2.5 mL). Then the vial was sealed with a septum cap and the reaction mixture was deoxygenated for 5 minutes with an argon stream. The vial was placed in the Kessil PR 160 Rig in front of the Kessil PR 160L lamp (390 nm) at a distance of 5 cm. The cooling fan and the light were turned on keeping vigorous stirring at room temperature. After the time indicated (1-6 h) the light and the cooling fan were turned off, and the reaction mixture was stirred at room temperature for 2 h. The septum was removed and a solution of H2O2 (0.3 mL) in H2O (0.5 mL) was added. The vial was sealed again and the reaction was stirred for 12 h at rt. Then, the vial was opened and the reaction was quenched with 5 mL water and 5 mL of EtOAc. The layers were separated and the aqueous phase was extracted with EtOAc (2 x 5 mL). The combined organic layers were washed with brine (2 x 5 mL), dried over Na2SO4, and concentrated under reduced pressure. The residue was dried under vacuum and the resulting reaction crude was purified by flash chromatography obtaining the corresponding hydroxyesters.
To a solution of the ethyl esters (1.0 equiv.) in THF/MeOH/H2O (3:1:1) was added solid LiOH·H2O (2.5 equiv.) and the mixture was stirred at room temperature until TLC indicated full conversion (around 2 h.). The solvents were evaporated in vacuo and the residue was acidified with 1 M HCl to pH ca 2 before CH2Cl2 was added. The layers were separated, and the water phase was extracted with CH2Cl2. The combined organic layers were washed with brine, dried (Na2SO4), and concentrated in vacuo. The crude carboxylic acid product was used for the next step without further purification.
The crude carboxylic acid was dissolved in dry DCM (1.5 mL) and 4-(dimethylamino)pyridine (DMAP) (1 equiv.) was added. The reaction mixture was kept in ice water for 30 minutes. Then bis(cyclohexyl)carbodiimide (DCC) (1.1 equiv.) was added to the vial. The solution was allowed to reach to room temperature spontaneously. Once the starting material was consumed (TLC analysis, 4 h.), the reaction mixture was filtered over celite and concentrated on a rotary evaporator under reduced pressure. The residue was purified by flash chromatography obtaining the corresponding spirolactones.
1.5 General procedures for the photochemical synthesis of 5,5-disubstituted lactones 18 and 19. 
General Procedure for the synthesis of butyrolactones 18 (Method F)
A 5 mL glass vial provided with a stirring bar was charged with the corresponding N-tosylhydrazone (0.15 mmol), (3-ethoxy-3-oxopropyl)boronic acid (3 equiv), Cs2CO3 (1.5 equiv) and DIPEA (2 equiv) in dry CH2Cl2 (2.0 mL). Then the vial was sealed with a septum cap and the reaction mixture was deoxygenated for 5 minutes with an argon stream. The vial was placed in the Kessil PR 160 Rig in front of the Kessil PR 160L lamp (390 nm) at a distance of 5 cm. The cooling fan and the light were turned on keeping vigorous stirring at room temperature for 3 h. The reaction mixture was stirred at room temperature for 72 h. After this time H2O/H2O2 (0.5/0.3 mL) were added, and the mixture was stirred at room temperature for 1h. The solvents were removed under reduced pressure and the residue was treated with MeOH (2 mL) and HCl 2N (0.8 mL) were added dropwise while stirring. The reaction was left at rt overnight. 5 mL of water was added, and the aqueous phase was extracted with CH2Cl2 (3x). The combined organic phases were washed with a saturated NaCl solution, dried over anhydrous Na2SO4, and concentrated under reduced pressure. The crude product obtained was purified by column chromatography.
General Procedure for the synthesis of valerolactones 19 (Method G)
A 5 mL glass vial provided with a stirring bar was charged with the corresponding N-tosylhydrazone (0.15 mmol), (4-ethoxy-4-oxobutyl)boronic acid (3 equiv), Cs2CO3 (1.5 equiv) and DIPEA (2 equiv) in dry CH2Cl2 (2.0 mL). Then the vial was sealed with a septum cap and the reaction mixture was deoxygenated for 5 minutes with an argon stream. The vial was placed in the Kessil PR 160 Rig in front of the Kessil PR 160L lamp (390 nm) at a distance of 5 cm. The cooling fan and the light were turned on keeping vigorous stirring at room temperature for 3 h. The reaction mixture was stirred at room temperature for 72 h. After this time H2O/H2O2 (0.5/0.3 mL) were added, and the mixture was stirred at room temperature for 1h. Then, the vial was opened and the reaction was quenched with 5 mL water and 5 mL of CH2Cl2. The layers were separated and the aqueous phase was extracted with CH2Cl2 (2 x 5 mL). The combined organic layers were washed with a saturated NaCl solution (2 x 5 mL), dried over Na2SO4, and concentrated under reduced pressure. The residue was dried under vacuum and the resulting reaction crude was purified by flash chromatography obtaining the corresponding hydroxyesters.
To a solution of the ethyl esters (1.0 equiv.) in THF/MeOH/H2O (3:1:1) was added solid LiOH·H2O (2.5 equiv.) and the mixture was stirred at room temperature overnight. The solvents were evaporated in vacuo and the residue was acidified with 1 M HCl to pH ca 2 before CH2Cl2 was added. The layers were separated, and the aqueous phase was extracted with CH2Cl2. The combined organic layers were washed a saturated NaCl solution, dried over anhydrous Na2SO4, and concentrated in vacuo. The crude carboxylic acid product was used for the next step without further purification.
The crude carboxylic acid was dissolved in dry CH2Cl2 (1.5 mL) and 4-(dimethylamino)-pyridin (DMAP) (1 equiv.) was added. The reaction mixture was kept in ice water for 30 minutes. Then bis(cyclohexyl)carbodiimide (DCC) (1.1 equiv.) was added. The solution was allowed to reach room temperature spontaneously and stirred at room temperature overnight. The solvent was filtrated and then removed on a rotary evaporator. The residue was purified by flash chromatography obtaining the corresponding lactones 19.

[bookmark: _Hlk180090800]2. Characterization data for spirolactones
[bookmark: _Hlk172019210]8,8-Dimethyl-1-oxaspiro[4.5]decan-2-one 5a


Following the general procedure A and employing 44 mg (0.15 mmol) of N'-(4,4-dimethylcyclohexylidene)-4-methylbenzenesulfonohydrazide, 15 mg of 5a were obtained (56 % yield). Purified by column chromatography (SiO2, Hex/AcOEt, 5:1). Rf = 0.26.
1H NMR (300 MHz, CDCl3) δ = 2.59 (t, J = 8.3, 2H), 2.02 (t, J = 8.4, 2H), 1.88 – 1.72 (m, 2H), 1.70 – 1.46 (m, 4H), 1.37 – 1.19 (m, 2H), 0.96 (s, 3H), 0.93 (s, 3H).
13C NMR (75 MHz, CDCl3) δ 176.9 (C=O), 86.3 (C), 35.3 (2 CH2), 33.2 (2 CH2), 33.0 (CH2), 29.7 (CH3), 29.4 (C), 28.7 (CH2), 26.5 (CH3).
HRMS (ESI): calcd. For M+H [C11H19O2]: 183.1380, found: 183.1382.
8-phenyl-1-oxaspiro[4.5]decan-2-one 5b 


Following the general procedure A and employing 51 mg (0.15 mmol) of 4-methyl-N'-(4-phenylcyclohexylidene)benzenesulfonohydrazide, 25 mg of 5b were obtained (73 % yield) as a mixture of two diastereoisomers-. Purified by column chromatography (SiO2, Hex/AcOEt, 2:1). Rf = 0.32 and 0.24.
1H NMR (300 MHz, CDCl3) δ 7.4-7-3 (m, 2H), 7.26-7.20 (m, 3H), 2.70 – 2.60 (m, 3H), 2.21 (t, 2H), 2.05 – 1.90 (m, 6H), 1.62 (m, 2H).
[bookmark: _Hlk165633955][bookmark: _Hlk165633921]13C NMR (75 MHz, CDCl3) δ 171.6 (C) minor, 171.3 (C) major, 146.7 (C) major, 145.7 (C) minor, 128.6 (CH) minor, 128.5 (CH) major, 127.1 (CH) major, 126.8 (CH) minor, 126.4 (CH) minor, 126.3 (CH) major, 84.2 (C) major, 81.5 (C) minor, 44.0 (CH) major, 43.1 (CH) minor, 37.8 (CH2) major, 37.4 (CH2) minor, 34.5 (CH2) minor , 30.6 (CH2) major, 29.9 (CH2) minor, 29.6 (CH2) major, 28.7 (CH2), 16.4 (CH2) minor, 16.3 (CH2) major.
HRMS (ESI): calcd. For M+H [C15H19O2]: 231.1380, found: 231.1380.
(5S*,6S*)-6-methyl-1-oxaspiro[4.5]decan-2-one 5c


Following the general procedure A and employing 51 mg (0.15 mmol) of 4-methyl-N'-(4-phenylcyclohexylidene)benzenesulfonohydrazide, 19.4 mg of 5c were obtained (56 % yield). Purified by column chromatography (SiO2, Hex/AcOEt, 2:1). Rf = 0.32
1H NMR (300 MHz, CDCl3) δ = 2.70-2.50 (m, 2H), 2.30 – 2.15 (m, 1H), 1.97 – 1.80 (m, 2H), 1,78-1.20 (m, 8H), 0.94 (d, 2, 3H).
13C NMR (75 MHz, CDCl3) δ 176.7 (C=O), 145.6 (C), 128.7 (2CH), 126.8 (2CH), 126.5 (CH), 86.7 (C), 42.8 (CH), 36.8 (2CH2), 30.8 (2CH2), 30.6 (CH2), 28.8 (CH2).
HRMS (ESI): calcd. For M+H [C15H19O2]: 231.1380, found: 231.1380.
(5S*,6S*)-6-allyl-1-oxaspiro[4.5]decan-2-one 5d


Following the general procedure B and employing 46 mg (0.15 mmol) of N'-(2-allylcyclohexylidene)-4-methylbenzenesulfonohydrazide, 12 mg of 5d were obtained (39 % yield). Purified by column chromatography (SiO2, Hex/AcOEt, 3:1). Rf  = 0.32.
1H NMR (300 MHz, CDCl3) δ = 5.83 – 5.63 (m, 1H), 5.13 – 4.93 (m, 2H), 2.66 – 2.52 (m, 2H), 2.38 – 2.18 (m, 2H), 2.01 – 1.83 (m, 3H), 1.78 – 1.34 (m, 7H), 1.33– 1.20 (m, 1H).
13C NMR (75 MHz, CDCl3) δ 177.2 (C=O), 136.9 (CH), 116.6 (CH2), 88.2 (C), 44.7 (CH), 38.3 (CH2), 33.6 (CH2), 31.6 (CH2), 29.0 (CH2), 27.3 (CH2), 24.1 (CH2), 22.5 (CH2). 
HRMS (ESI): calcd. For M+H [C12H19O2]: 195.1380, found: 195.1379.
(6R,9S)-6-isopropyl-9-methyl-1-oxaspiro[4.5]decan-2-one 5e 
[image: ]
[bookmark: _Hlk178073418]Following the general procedure A and employing 48 mg (0.15 mmol) of N'-((2R,5S,Z)-2-isopropyl-5-methylcyclohexylidene)-4-methylbenzenesulfonohydrazide, 14 mg of 5e were obtained (43 % yield). Purified by column chromatography (SiO2, Hex/AcOEt, 5:1). Rf = 0.3.
1H NMR (600 MHz, CDCl3) δ 2.69 – 2.55 (m, 2H), 2.35 (ddd, J = 13.3, 10.8, 6.8 Hz, 1H), 2.04 – 1.95 (m, 1H), 1.89 – 1.80 (m, 4H), 1.65 – 1.52 (m, 3H), 1.21 (ddd, J = 12.2, 4.3, 1.5 Hz, 1H), 1.16 (dd, J = 13.4, 11.8 Hz, 1H), 0.98 (d, J = 6.9 Hz, 3H), 0.96 – 0.91 (m, 1H), 0.90 (d, J = 6.2 Hz, 3H), 0.86 (d, J = 6.8 Hz, 3H).
13C NMR (150 MHz, CDCl3) δ 177.2 (C=O), 89.5 (C), 50.0 (CH), 49.5 (CH2), 34.8 (CH2), 31.38 (CH2), 29.20 (CH2), 28.8 (CH), 26.5 (CH), 24.0 (CH), 22.2 (CH3), 21.9 (CH2), 18.0 (CH3).
HRMS (ESI): calcd. For M+H [C13H23O2]: 211.1693, found: 211.1694.
[bookmark: _Hlk179358776]

Ethyl 2-(4-((2-oxo-1-oxaspiro[4.4]nonan-6-yl)methyl)phenyl)propanoate 5f 


Following the general procedure A and employing 66 mg (0.15 mmol) of ethyl 2-(4-((2-(2-tosylhydrazinyliden)cyclopentyl)methyl)phenyl)propanoate, 37 mg of the product 5f were obtained (75 % yield). Purified by column chromatography (SiO2, Hex/AcOEt, 3:1). Rf (Hex/AcOEt, 1:1) = 0.4.
1H RMN (300 MHz, CDCl3) δ = 7.25 – 7.05 (m, 4H), 4.21 – 4.00 (m, 2H), 3.67 (q, J=7.1, 1H), 2.86 – 2.71 (m, 1H), 2.69 – 2.26 (m, 3H), 2.25 – 1.94 (m, 4H), 1.90 – 1.51 (m, 5H), 1.47 (d, J=7.2, 3H), 1.20 (td, J=7.1, 1.9, 3H).
13C RMN (75 MHz, CDCl3) δ 177.1 (C=O), 174.8 (C=O), 139.5 (C), 138.5 (C), 129.1 (2CH), 127.6 (2CH), 95.3 (C), 60.8 (CH2), 50.5 (CH), 45.2 (CH), 39.9 (CH2), 34.43 (CH2), 30.3 (CH2), 30.1 (CH2), 29.5 (CH2), 21.3 (CH2), 18.7 (CH3), 14.2 (CH3).
HRMS (ESI): calcd. for M+H [C20H27O4]: 331.1904, found: 331.1902.
5-(2-(6-methoxynaphthalen-2-yl)ethyl)-5-methyldihydrofuran-2(3H)-one 5g. 
[image: ]
[bookmark: _Hlk178075019]Following the general procedure A and employing 59 mg (0.15 mmol) of N'-(4-(6-metoxynaphthalen-2-yl)butan-2-yliden)-4-methylbenzensulfonohydrazide, 20 mg of the product 5g were obtained (47 % yield). Purified by column chromatography (SiO2, Hex/AcOEt, 2:1). Rf  = 0.3.
1H RMN (300 MHz, CDCl3) δ = 7.67 (dd, J=8.5, 3.2, 2H), 7.55 (s, 1H), 7.28 (dd, J=8.7, 2.1, 1H), 7.13 (d, J=8.9, 2H), 3.91 (s, 3H), 2.85 (td, J=7.2, 2.9, 2H), 2.65 (m, 2H), 2.24 – 1.99 (m, 4H), 1.49 (s, 3H).
13C RMN (75 MHz, CDCl3) δ 176.8 (C=O), 157.4 (C), 136.4 (C), 133.2 (C), 129.2 (C), 129.0 (CH), 127.6 (CH), 127.1 (CH), 126.3 (CH), 119.00 (CH), 105.8 (CH), 86.6 (C), 55.4 (CH3), 43.0 (CH2), 33.3 (CH2), 30.3 (CH2), 29.2 (CH2), 25.8 (CH3).
HRMS (ESI): calcd. for M+H [C18H21O3]: 285.1485, found: 285.1487.
[bookmark: _Hlk179359183]


(8R,9S,10S,13R,14S,17R)-10,13-dimethyl-17-((R)-6-methylheptan-2-yl)octadecahydro-5'H-spiro[cyclopenta[a]phenanthrene-3,2'-furan]-5'-one 5h
[image: ]
Following the general procedure A and employing 83 mg (0.15 mmol) the N-tosylhydrazone of cholestanone, 26 mg of the product 5h were obtained (40 % yield). Purified by column chromatography (SiO2, Hex/AcOEt, 5:1). Rf  = 0.3
1H RMN (600 MHz, CDCl3) δ = 2.57 (t, J = 8.3, 2H), 2.00 – 1.92 (m, 2H), 1.70 – 1.45 (m, 9H), 1.37 – 0.99 (m, 19H), 0.91 – 0.83 (m, 12H), 0.78 (s, 3H), 0.64 (s, 3H).
13C RMN (75 MHz, CDCl3) δ 176.8 (C=O), 87.7 (C), 71.0 (C), 60.6 (CH), 56.6 (CH2), 56.4 (CH2), 54.4 (CH2), 43.5 (CH2), 42.7 (C), 40.1 (CH), 39.6 (CH), 39.5 (CH), 35.9 (CH2), 35.7 (CH3), 35.7 (CH2), 35.5 (CH2), 32.5 (CH), 32.1 (CH), 31.5 (CH), 28.4 (CH3), 28.1 (CH2), 24.3 (CH3), 24.0 (CH3), 23.0 (CH2), 22.7 (CH2), 21.4 (CH3), 18.8 (CH2), 14.3 (CH2)12.2 (CH2), 11.9 (CH2). 
[bookmark: _Hlk178075598]HRMS (ESI):  calcd. for M+H [C30H51O2]: 443.3884, found: 443.3888
7-Methyl-1-oxaspiro[4.14]nonadecan-2-one 5i
[image: ]
Following the general procedure A and employing 61 mg (0.15 mmol) of 4-methyl-N'-(3-methylcyclopentadecyliden)benzenesulfonohydrazide, 22 mg of the product 5i were obtained (50 % yield). Purified by column chromatography (SiO2, Hex/AcOEt, 8:1-5:1). Rf  (Hex/AcOEt, 5:1) = 0.4.
1H RMN (300 MHz, CDCl3) δ = 2.53 (t, J=8.6, 2H), 2.17 – 1.77 (m, 3H), 1.72 – 1.57 (m, 2H), 1.51 – 1.14 (m, 24H), 1.00 – 0.87 (m, 3H)
13C RMN (75 MHz, CDCl3) δ 176.8 (C=O), 89.7 (C), 45.7 (CH2), 36.9 (CH2), 36.8 (CH2), 33.3 (CH2), 28.6 (CH2), 27.6 (CH), 27.4 (CH2), 27.3 (CH2), 27.1 (CH2), 26.8 (CH2), 26.7 (CH2), 26.6 (CH2), 25.9 (CH2), 25.8 (CH2), 23.1 (CH2), 22.4 (CH2), 21.2 (CH3).
HRMS (ESI): calcd. for M+H [C19H35O2]: 295.2632, found: 295.2624.
9,9-Dimethyl-1-oxaspiro[5.5]undecan-2-one 6a


[bookmark: _Hlk178323635]Following the general procedure A and employing 44 mg (0.15 mmol) of (4,4-dimethylcyclohexylidene)-4-methylbenzenesulfonohydrazide, 16 mg of the product 6a were obtained (54 % yield). Purified by column chromatography (SiO2, Hex/AcOEt, 3:1). Rf = 0.3
1H RMN (300 MHz, CDCl3) δ = 2.48 (t, J=6.9, 2H), 1.94 – 1.69 (m, 6H), 1.60 (qd, J=10.7, 4.9, 4H), 1.28 – 1.16 (m, 2H), 0.95 (s, 3H), 0.89 (s, 3H).
13C RMN (75 MHz, CDCl3) δ 171.5 (C=O), 82.9 (C), 34.3 (CH2), 33.6 (3CH2), 32.7 (CH2), 30.1 (C), 29.6 (2CH2), 16.3 (2CH3).
HRMS (ESI): calcd. for M+H [C12H21O2]: 197.1536, found: 197.1536.
9-Phenyl-1-oxaspiro[5.5]undecan-2-one 6b


Following the general procedure A and employing 51 mg (0.15 mmol) of 4-methyl-N'-(4-phenylcyclohexyliden) 4-methylbenzenesulfonohydrazide, 21 mg of the product 6b were obtained (57 % yield). Purified by column chromatography (SiO2, Hex/AcOEt, 1:1). Rf = 0.6.
1H RMN (600 MHz, CDCl3) δ = 7.40 – 7.11 (m, 5H), 2.65 (m, 1H, minor isomer) 2.60-2.50 (m, 2H + 1H major isomer) 2.15 – 1.82 (m, 8H), 1.80 – 1.70 (m, 2H), 1.68-1.55 (m, 2H).
13C RMN (75 MHz, CDCl3) δ 171.3 (C=O), 146.7 (C), 128.5 (2CH), 127.1 (2CH), 126.3 (CH), 81.5 (C), 44.0 (CH), 37.8 (CH2), 37.4 (CH2), 34.5 (CH2), 30.6 (CH2), 29.9 (CH2), 29.6 (CH2), 16.3 (CH2).
HRMS (ESI):  calcd. for M+H [C16H21O2]: 245.1536, found: 245.1538.
7-Methyl-1-oxaspiro[5.5]undecan-2-one 6c


Following the general procedure B and employing 42 mg (0.15 mmol) of 4-metil-N'-(2-methylcyclohexyliden)-4-methylbenzenesulfonohydrazide, 14 mg of the product 6c were obtained (50 % yield). (SiO2, Hex/AcOEt, 5:1). Rf = 0.4.
1H RMN (300 MHz, CDCl3) δ = 2.52 (m, 1H), 2.37 (m, 1H), 2.12 – 1.85 (m, 3H), 1.84 – 1.40 (m, 8H), 1.35 – 1.18 (m, 2H), 0.94 (d, J = 5.9, 3H).
13C RMN (75 MHz, CDCl3) δ 172.1 (C=O), 84.4 (C), 40.0 (CH), 37.0 (CH2), 30.7 (CH2), 30.0 (CH2), 29.9 (CH2), 25.2 (CH2), 21.4 (CH2), 16.5 (CH2), 15.4 (CH3).
EMAR (ESI): calcd. for M+H [C11H19O2]: 183.1380, found: 183.1380.
7-Allyl-1-oxaspiro[5.5]undecan-2-one 6d


Following the general procedure B and employing 46 mg (0.15 mmol) of 4-metil-N'-(2-allylcyclohexyliden)-4-methylbenzenesulfonohydrazide, 19 mg of the product 6d were obtained (61 % yield). (SiO2, Hex/AcOEt, 3:1). Rf = 0.3.
1H RMN (300 MHz, CDCl3) δ = 5.73 (dddd, J=16.4, 10.1, 8.3, 5.8, 1H), 5.08 – 4.91 (m, 2H), 2.43 (m, 3H), 2.14 – 1.74 (m, 4H), 1.75 – 1.38 (m, 8H), 1.38 – 1.14 (m, 2H).
13C RMN (75 MHz, CDCl3) δ 171.8 (C=O), 137.5 (CH), 116.2 (CH2), 84.5 (C), 44.7 (CH), 37.1 (CH2), 33.8 (CH2), 30.6 (CH2), 29.9 (CH2), 26.5 (CH2), 24.6 (CH2), 21.5 (CH2), 16.6 (CH2).
HRMS (ESI): calcd. for M+H [C13H21O2]: 209.1536, found: 209.1535.
1-(4-Methoxybenzyl)-6-oxaspiro[4.5]decan-7-one 6e


Following the general procedure B and employing 56 mg (0.15 mmol) of N'-(2-(4-methoxybenzyl)ciclopentyliden)-4-methylbenzenesulfonohydrazide, 20 mg of the product 6e were obtained (48 % yield). (SiO2, Hex/AcOEt, 4:1). Rf = 0.3.
1H RMN (300 MHz, CDCl3) δ = 7.13 – 7.03 (m, 2H), 6.86 – 6.77 (m, 2H), 3.78 (s, 3H), 2.81 (dd, J=13.7, 5.0, 1H), 2.66 – 2.52 (m, 2H), 2.47 – 2.26 (m, 1H), 2.15 - 2.02 (m, 1H), 2.00 – 1.46 (m, 9H).
13C RMN (75 MHz, CDCl3) δ 171.6 (C=O), 158.0 (C), 133.3 (C), 129.9 (2CH), 113.9 (2CH), 93.2 (C), 55.4 (CH3), 51.7 (CH), 40.0 (CH2), 34.3 (CH2), 31.0 (CH2), 30.4 (CH2), 30.0 (CH2), 21.29 (CH2), 18.0 (CH2).
HRMS (ESI): calcd. for M+H [C17H23O3]: 276.1676, found: 276.1674.
6-(2-(6-Methoxynaphthalen-2-yl)ethyl)-6-methyltetrahydro-2H-pyran-2-one 6f


[bookmark: _Hlk178328051]Following the general procedure B and employing 60 mg (0.15 mmol) of N'-(4-(6-methoxynaphthalen-2-yl)butan-2-yliden)-4-methylbenzenesulfonohydrazide, 33 mg of the product 6f were obtained (74 % yield). (SiO2, Hex/AcOEt, 4:1). Rf = 0.3.
1H RMN (300 MHz, CDCl3) δ = 7.67 (dd, J=8.6, 2.4, 2H), 7.55 (s, 1H), 7.33 – 7.23 (m, 1H), 7.12 (m, 2H), 3.90 (s, 3H), 2.86 (m, 2H), 2.63 – 2.39 (m, 2H), 2.12 – 1.95 (m, 2H), 1.6 – 1.67 (m, 4H), 1.46 (s, 3H).
13C RMN (75 MHz, CDCl3) δ 171.4 (C=O), 157.4 (C), 136.7 (C), 133.1 (C), 129.2 (C), 129.0 (CH), 127.7 (CH), 127.1 (CH), 126.3 (CH), 118.9 (CH), 105.7 (CH), 84.0 (C), 55.4 (CH3), 43.8 (CH2), 32.3 (CH2), 29.9 (CH2), 29.5 (CH2), 26.3 (CH3), 16.7 (CH2).
HRMS (ESI):  calcd. for M+H [C19H23O3]: 299.1642, found: 299.1643.
Ethyl 2-(4-(((1R,5S)-7-oxo-6-oxaspiro[4.5]decan-1-yl)methyl)phenyl)propanoate 6g


Following the general procedure B and employing 66 mg (0.15 mmol) of N'-(4-(6-methoxynaphthalen-2-yl)butan-2-yliden)-4-methylbenzenesulfonohydrazide, 35 mg of the product 6g were obtained (72 % yield). (SiO2, DCM/DCM-MeOH, 1-2 %). Rf (DCM-MeOH 5 %) = 0.3.
1H RMN (300 MHz, CDCl3) δ = 7.30 – 7.04 (m, 4H), 4.22 – 3.99 (m, 2H), 3.77 - 3.56 (m, 1H), 2.94 – 2.75 (m, 1H), 2.70 – 2.48 (m, 2H), 2.48 – 2.23 (m, 2H), 2.13 – 1.57 (m, 10H), 1.46 (d, J=7.2, 3H), 1.19 (t, J=7.1, 3H).
13C RMN (75 MHz, CDCl3) δ 174.8 (C=O), 171.6 (C=O), 140.0 (C), 138.3 (C), 129.1 (2CH), 127.5 (2CH), 93.2 (C), 60.8 (CH2), 51.4 (CH), 45.2 (CH), 39.8 (CH2), 34.7 (CH2), 30.9 (CH2), 30.3 (CH2), 29.9 (CH2), 21.2 (CH2), 18.7 (CH3), 18.0 (CH2), 14.2 (CH3).
HRMS (ESI): calcd. for M+H [C21H29O4]: 345.2060, found: 345.2057.



(8R,9S,10S,13R,14S,17R)-10,13-Dimethyl-17-((R)-6-methylheptan-2-yl)octadecahydrospiro[cyclopenta[a]phenanthreno-3,2'-pyran]-6'(3'H)-one 6h


Following the general procedure B and employing 83 mg (0.15 mmol) of cholestanone N-tosylhydrazone, 28 mg of the product 6h were obtained 41 % yield). (SiO2, Hex/AcOEt, 5:1). Rf = 0.21.
1H RMN (600 MHz, CDCl3) δ = 2.54 – 2.40 (m, 2H), 2.02 – 1.95 (m, 1H), 1.92 – 1.62 (m, 8H), 1.60-1.45 (m, 6H), 1-40-0.94 (m, 19 H), 0.93-0.75 (m, 14H), 0.66 (2s, 3H).
13C RMN (75 MHz, CDCl3) δ 171.8 (C=O), 85.5 (C), 56.6 (CH), 56.4 (CH), 56.2 (CH), 42.7 (C), 40.1 (CH2), 39.7 (CH2), 39.6 (CH), 36.3 (C), 36.1 (CH2), 35.8 (CH2), 35.6 (CH), 35.6 (CH2), 33.2 (CH), 32.1 (CH), 29.9 (CH2), 29.4 (CH2), 28.6 (CH2), 28.4 (CH2), 28.4 (CH2), 28.1 (CH3), 24.3 (CH2), 24.0 (CH2), 23.0 (CH3), 22.7 (CH3), 21.3 (CH2), 18.8 (CH3), 16.5 (CH2), 12.2 (CH2), 12.1 (CH3).
HRMS (ESI): calcd. for M+H [C31H53O2]: 457.4040, found: 457.4044.
3,9,9-Trimethyl-1-oxaspiro[5.5]undecan-2-one 6i


Following the general procedure B and employing 83 mg (0.15 mmol) of 44 mg (0.15 mmol) de N'-(4,4-dimethylcyclohexyliden)-4-methylbenzenesulfonohydrazide, 18 mg of the product 6i were obtained 57 % yield). (SiO2, Hex/AcOEt, 5:1). Rf = 0.21.
1H RMN (300 MHz, CDCl3) δ = 2.44 (m, 1H), 1.97 – 1.72 (m, 4H), 1.72 – 1.49 (m, 6H), 1.32 – 1.14 (m, 5H), 0.92 (d, J=18.1, 6H).
13C RMN (75 MHz, CDCl3) δ 174.9 (C=O), 83.1 (C), 35.5 (CH), 34.8 (CH2), 34.6 (CH2), 34.5 (CH2), 33.1 (CH2), 32.6 (CH2), 29.78 (2 CH3), 26.4 (C), 25.1 (CH2), 17.8 (CH3).
EMAR (ESI): calcd. for M+H [C13H23O2]: 211.1693, found: 211.1694.
7'-fluoro-3,3',4,4'-tetrahydro-2'H,5H-spiro[furan-2,1'-naphthalen]-5-one 12a


Following the general procedure C and employing 50 mg (0.15 mmol) N'-(7-fluoro-3,4-dihydronaphthalen-1(2H)-ylidene)-4-methylbenzenesulfonohydrazide, 19 mg of the product 12a were obtained 57 % yield). (SiO2, Hex/AcOEt/DCM, 3:1:2). Rf = 0.5.
1H NMR (300 MHz, CDCl3) δ = 7.07 (dd, J = 8.5, 5.8 Hz, 1H), 7.02 (dd, J =10.0, 2.7 Hz, 1H), 6.92 (td, J = 8.3, 2.7 Hz, 1H), 2.86-2.67 (m, 4H), 2.50 – 2.29 (m, 2H), 2.13 – 1.94 (m, 3H), 1.93 – 1.72 (m, 1H) ppm.
13C NMR (75 MHz, CDCl3) δ = 176.6 (C), 161.5 (d, J = 244.6 Hz, C), 140.4 (d, J = 6.4 Hz, C), 132.6 (d, J = 3.1 Hz, C), 130.7 (d, J = 7.7 Hz, CH), 115.6 (d, J = 21.4 Hz, CH), 112.5 (d, J = 21.9 Hz, CH), 85.7 (C), 36.1 (CH2), 34.8 (CH2), 29.0 (CH2), 28.3 (CH2), 20.1 (CH2) ppm.
HRMS [ESI(+)]: m/z calcd. for C13H14FO2: 221.0972 [M+H], found: 221.0975.
5'-bromo-3,3',4,4'-tetrahydro-2'H,5H-spiro[furan-2,1'-naphthalen]-5-one 12b


Following the general procedure C and employing 59 mg (0.15 mmol) N'-(5-bromo-3,4-dihydronaphthalen-1(2H)-ylidene)-4-methylbenzenesulfonohydrazide, 22 mg of the product 12b were obtained 52 % yield). (SiO2, Hex/AcOEt/DCM, 3:0.5:3). Rf = 0.4.
1H NMR (300 MHz, CDCl3) δ = 7.51 (dd, J = 7.9, 1.261 Hz, 1H), 7.30 (dd, J = 8.0, 1.2 Hz, 1H), 7.11 (t, J = 7.9 Hz, 1H), 2.97 – 2.83 (m, 1H), 2.83 – 2.63 (m, 3H), 2.55 – 2.23 (m, 2H), 2.20 – 1.94 (m, 3H), 1.94 – 1.73 (m, 1H) ppm.
13C NMR (75 MHz, CDCl3) δ = 176.7 (C), 141.2 (C), 136.5 (C), 132.4 (CH), 127.8 (CH), 125.4 (C), 125.2 (CH), 85.9 (C), 36.2 (CH2), 34.4 (CH2), 30.0 (CH2), 29.0 (CH2), 19.5 (CH2) ppm.
[bookmark: _Hlk171960135]HRMS [ESI(+)]: m/z calcd. for C13H14FO2: 281.0172 [M+H], found: 281.0174.
7-bromo-3',4'-dihydro-5'H-spiro[chromane-4,2'-furan]-5'-one 12c


Following the general procedure C and employing 59 mg (0.15 mmol) N'-(6-bromochroman-4-yliden)-4-methylbenzensulfonohydrazide, 21 mg of the product 12c were obtained 49 % yield). (SiO2, Hex/AcOEt/DCM, 3:0.5:3). Rf = 0.2.
1H NMR (300 MHz, CDCl3) δ = 7.15 (d, J = 8.4 Hz, 1H), 7.07 (dd, J = 8.4, 1.9 Hz, 1H), 7.03 (d, J = 1.9 Hz, 1H), 4.50 – 4.13 (m, 2H), 2.93 – 2.72 (m, 2H), 2.63 – 2.52 (m, 1H), 2.38 – 2.29 (m, 2H), 2.17 – 2.08 (m, 1H) ppm.
13C NMR (75 MHz, CDCl3) δ = 175.7 (C), 155.3 (C), 127.9 (CH), 124.3 (CH), 123.4 (C), 122.7 (C), 120.5 (CH), 80.6 (C), 63.3 (CH2), 34.9 (CH2), 34.5 (CH2), 29.0 (CH2) ppm.
HRMS [ESI(+)]: m/z calcd. for C12H12BrO3: 282.9964 [M+H], found: 282.9964.
7-Fluoro-3,4,4',5'-tetrahydro-2H-spiro[naphthalene-1,2'-pyran]-6'(3'H)-one 13


Following the general procedure D and employing 50 mg (0.15 mmol) N'-(7-fluorochroman-4-yliden)-4-methylbenzensulfonohydrazide, 18 mg of the product 13 were obtained (51 % yield).
1H RMN (300 MHz, Acetona-d6) δ = 7.24 (dd, J=10.8, 2.8, 1H), 7.04 (dd, J=8.5, 5.9, 1H), 6.84 (td, J=8.5, 2.8, 1H), 2.78 – 2.67 (m, 2H), 2.36 – 2.19 (m, 2H), 2.11 – 1.98 (m, 2H), 1.94 – 1.49 (m, 7H). 
13C RMN (75 MHz, Acetone-d6) δ 174.7 (C=O), 162.1 (C, d, J=240.4), 147.1 (C, d, J=5.8), 133.0 (C, d, J=3.1), 131.0 (CH, d, J=7.7), 114.2 (CH, d, J=21.7), 113.4 (CH, d, J=21.5), 72.1 (C), 42.8 (CH2), 35.9 (CH2), 34.5 (CH2), 29.5 (CH2), 20.4 (CH2), 20.3 (CH2). 
HRMS (ESI): calcd. for M+H [C14H16FO2]: 235.1129, found: 235.1133.
[bookmark: _Hlk172012968]8,8-Dimethyl-1-oxaspiro[4.5]dec-6-en-2-one 14a


[bookmark: _Hlk178583116]Using general procedure D 43 mg (0.15 mmol) of N'-(4,4-dimethylcyclohex-2-en-1-ylidene)-4-methylbenzenesulfonohydrazide afforded 15 mg of spirolactone 14a (55% overall yield) as a white viscous oil. The crude product does not need further purification. Rf = 0.29 (Hex/EtOAc 3:1).
1H NMR (300 MHz, CDCl3)  5.64 (d, J = 9.7 Hz, 1H), 5.47 (d, J = 9.7 Hz, 1H), 2.61 (t, J = 7.9 Hz, 2H), 2.13-2.05 (m, 2H), 2.01-1.93 (m, 1H), 1.84-1.77 (m, 1H), 1.75-1.64 (m, 1H), 1.52-1.44 (m, 1H), 1.03 (s, 3H), 0.98 (s, 3H).
13C NMR (75 MHz, CDCl3) 176.9 (CO), 142.7 (CH), 125.9 (CH), 83.8 (C), 33.9 (CH2), 33.7 (CH2), 31.9 (C), 31.8 (CH2), 29.0 (CH3), 28.9 (CH2), 28.4 (CH3).
HRMS [ESI(+)]: m/z calcd. for M+H [C11H17O2]:  181.1223; found:  181.1221

8,8-Diethyl-1-oxaspiro[4.5]dec-6-en-2-one 14b


Using general procedure D 48 mg (0.15 mmol) of N'-(4,4-diethylcyclohex-2-en-1-ylidene)-4-methylbenzenesulfonohydrazide afforded 14 mg of spirolactone 14b (45% overall yield) as a white viscous oil. The crude product does not need further purification. Rf = 0.29 (Hex/EtOAc 3:1).
1H NMR (300 MHz, CDCl3)  5.65 (d, J = 10.2 Hz, 1H), 5.58 (d, J = 10.2 Hz, 1H), 2.60 (t, J = 8.1 Hz, 2H), 2.09 (t, J = 8.0 Hz, 2H), 2.00-1.91 (m, 1H), 1.80-1.60 (m, 2H), 1.50-1.25 (m, 5H), 0.81 (t, J = 7.5 Hz, 3H), 0.80 (t, J = 7.5 Hz, 3H).
13C NMR (75 MHz, CDCl3) 177.0 (CO), 140.7 (CH), 127.5 (CH), 84.1 (C), 37.4 (C), 33.9 (CH2), 31.5 (CH2), 30.8 (CH2), 30.3 (CH2), 28.9 (CH2), 28.0 (CH2), 8.4 (CH3), 8.3 (CH3).
HRMS [ESI(+)]: m/z calcd. for M+H [C13H21O2]: 209.1536; found:  209.1532
[bookmark: _Hlk172014471]8,8-Diphenyl-1-oxaspiro[4.5]dec-6-en-2-one 14c


Using general procedure D 62 mg (0.15 mmol) of the corresponding hydrazone (heating 35 ºC, overnight) afforded 24 mg of spirolactone 14c (53% yield) as a white viscous oil. The crude product does not need further purification. Rf = 0.21 (Hex/EtOAc 3:1).
1H NMR (300 MHz, CDCl3)  7.34-7.20 (m, 10H), 6.37 (d, J = 10.0 Hz, 1H), 5.90 (d, J = 10.0 Hz, 1H), 2.71-2.50 (m, 3H), 2.43-2.35 (m, 1H), 2.22-2.14 (m, 1H), 2.08-2.00 (m, 1H), 1.83-1.73 (m, 1H), 1.31-1.25 (m, 1H).
13C NMR (75 MHz, CDCl3) 176.7 (CO), 147.4 (C), 146.5 (C), 139.6 (CH), 128.5 (2x CH), 128.4 (2xCH), 128.3 (CH), 127.9 (2xCH), 127.8 (2xCH), 126.5 (CH), 126.4 (CH), 83.1 (C), 48.6 (C), 33.8 (CH2), 33.1 (CH2), 31.8 (CH2), 28.8 (CH2).
HRMS [ESI(+)]: m/z calcd. for M+H [C21H21O2]:  305.1536; found:  305.1538




(8S,9S,10R,13R,14S,17R)-10,13-Dimethyl-17-((R)-6-methylheptan-2-yl)-1,2,3',4',6,7,8,9,10,11,12,13,14,15,16,17-hexadecahydro-5'H-spiro[cyclopenta[a]phenanthrene-3,2'-furan]-5'-one 15


Using general procedure D, 83 mg (0.15 mmol) of the corresponding N-tosylhydrazone afforded 34 mg of spirolactone 15 (52 % overall yield) as a 1: 2 mixture of diastereoisomers.
1H RMN (300 MHz, CDCl3) δ = 5.24 (s, 1H), 2.74 – 2.48 (m, 2H), 2.28 – 1.86 (m, 6H), 1.85 – 1.63 (m, 4H), 1.60 – 1.21 (m, 11H), 1.16 – 1.03 (m, 7H), 1.00 (s, 3H), 0.93 – 0.80 (m, 11H), 0.67 (s, 3H).
13C RMN (75 MHz, CDCl3) δ 177.1 (C=O), 152.8 (C), 120.0 (CH), 84.1 (C), 56.2 (CH), 56.0 (CH), 53.9 (CH), 42.6 (C), 39.9 (CH2), 39.6 (CH2), 37.5 (C), 36.3 (CH2), 35.9 (CH), 34.7 (CH2), 33.6 (CH2), 32.7 (CH2), 32.6 (CH2), 32.1 (CH2), 29.3 (CH2), 28.3 (CH2), 28.1 (CH3), 24.3 (CH2), 23.9 (CH2), 23.0 (CH), 22.7 (CH), 21.4 (CH2), 18.8 (CH3), 18.5 (CH3),18.0 (CH3), 12.1 (CH3).
HRMS (ESI): calcd. for M+H [C30H49O2]: 441.3727, found: 441.3726.
(4'R,4a'S,6'R)-4',4a'-Dimethyl-6'-(prop-1-en-2-yl)-3,4,4',4a',5',6',7',8'-octahydro-3'H,5H-espiro[furan-2,2'-naphthalen]-5-one 16


[bookmark: _Hlk178598237]Using general procedure D, 58 mg (0.15 mmol) of the corresponding N-tosylhydrazone afforded 26 mg of spirolactone 16 (63 % overall yield) as a 1: 2 mixture of diastereoisomers.
1H RMN (300 MHz, CDCl3)  δ = 5.28 (dt, J=8.0, 1.9, 1H), 4.69 (dd, J=3.4, 1.7, 2H), 2.69 – 2.50 (m, 2H), 2.42 – 1.99 (m, 4H), 1.95 – 1.54 (m, 8H), 1.35 – 0.83 (m, 9H).
13C RMN (75 MHz, CDCl3) δ 176.9 (C=O), 151.0 (C), 149.9 (C), 148.2 (C), 121.0 (CH), 109.0 (CH2), 84.5 (C), 44.2 (CH2), 40.8 (CH), 40.0 (CH2), 37.0 (CH), 34.6 (CH2), 32.6 (CH2), 32.4 (CH2), 29.2 (CH2), 20.8 (CH3), 17.0 (CH3), 15.0 (CH3).
HRMS (ESI): calcd. for M+H [C18H27O2]: 275.1995, found: 275.1995.

9,9-diphenyl-1-oxaspiro[5.5]undec-7-en-2-one 17a


[bookmark: _Hlk178597550]Using general procedure E, 63 mg (0.15 mmol) of the corresponding N-tosylhydrazone afforded 30 mg of spirolactone 17a (62 % yield) as a white solid after flash chromatography on SiO2. Rf = 0.23 (Hex/EtOAc 3:1). M.p. = 151-153ºC
1H NMR (300 MHz, CDCl3)  7.27 (m, 10H), 6.33 (d, J = 9.7 Hz, 1H), 5.95 (d, J = 9.7 Hz, 1H), 2.69 (m, 1H), 2.58 (t, J = 6.6 Hz, 2H), 2.10-1.8 (m, 5H), 1.72 (m, 2H).
13C NMR (75 MHz, CDCl3) 171.2 (CO), 147.7 (C), 146.4 (C), 138.9 (CH), 128.6 (CH), 128.3 (4 x CH), 128.0 (2 x CH), 127.8 (2 x CH), 126.4 (CH), 126.3 (CH), 80.3 (C), 49.0 (C), 33.1 (CH2), 32.7 (CH2), 32.0 (CH2), 29.6 (CH2), 16.3 (CH2).
HRMS [ESI(+)]: m/z calcd. for M+Na [C22H22NaO2]:  341.1512; found:  341.1505
9,9-dimethyl-1-oxaspiro[5.5]undec-7-en-2-one 17b


Using general procedure E, 44 mg (0.15 mmol) of the corresponding N-tosylhydrazone afforded 16 mg of spirolactone 17b (55 % yield) as a white viscous oil after flash chromatography on SiO2. Rf = 0.30 (Hex/EtOAc 3:1).
1H NMR (300 MHz, CDCl3)  5.59 (d, J = 9.7 Hz, 1H), 5.50 (d, J = 9.7 Hz, 1H), 2.49 (t, J = 6.3 Hz, 2H), 2.00-1.85 (m, 3H), 1.80-1.72 (m, 4H), 1.40 (t, J = 8.3 Hz, 1H), 1.01 (s, 3H), 0.95 (s, 3H).
13C NMR (75 MHz, CDCl3) 171.4 (CO), 142.1 (CH), 126.1 (CH), 81.0 (C), 33.1 (CH2), 32.8 (CH2), 32.7 (CH2), 32.1 (C), 29.4 (CH2), 29.2 (CH3), 28.0 (CH3), 16.3 (CH2).
HRMS [ESI(+)]: m/z calcd. for M+H [C12H19O2]:  195.1380; found: 195.1381.
5-(4-methoxyphenyl)-5-methyldihydrofuran-2(3H)-one 18a


Following the general procedure F and employing 48 mg (0.15 mmol) of N'-(1-(4-methoxyphenyl)ethylidene)-4-methylbenzenesulfonohydrazide, 21 mg of the product were obtained (56 % yield). Purified by column chromatography (SiO2, Hex/AcOEt, 5:1). Rf = 0.21.
1H NMR (300 MHz, CDCl3) δ = 7.29 (d, J=8.8, 2H), 6.89 (d, J=8.9, 2H), 3.80 (s, 3H), 2.71 – 2.29 (m, 4H), 1.69 (s, 3H).
13C NMR (75 MHz, CDCl3) δ 176.7 (C=O), 159.1 (C), 136.5 (C), 125.5 (2CH), 114.0 (2CH), 87.1 (C), 55.4 (CH3), 36.3 (CH2), 29.6 (CH2), 29.2 (CH3).
HRMS (EI): calcd. For M+ [C12H14O3]: 206.0944, found: 206.0938.
5-ethyl-5-(4-methoxyphenyl)dihydrofuran-2(3H)-one 18b


Following the general procedure F and employing 50 mg (0.15 mmol) of N'-(1-(4-methoxyphenyl)propylidene)-4-methylbenzenesulfonohydrazide, 17 mg of the product were obtained (51 % yield). Purified by column chromatography (SiO2, Hex/AcOEt, 8:1). Rf = 0.13.
1H NMR (300 MHz, CDCl3) δ = 7.24 (d, J=8.9, 1H), 6.89 (d, J=8.9, 1H), 3.81 (s, 3H), 2.65 – 2.34 (m, 4H), 1.96 (q, J=7.3, 2H), 0.81 (t, J=7.4, 3H).
13C NMR (75 MHz, CDCl3) δ 176.9 (C=O), 159.0 (C), 134.8 (C), 126.1 (2CH), 113.9 (2CH), 90.0 (C), 55.4 (CH3), 35.5 (CH2), 34.6 (CH2), 29.0 (CH2), 8.4 (CH3).
HRMS (EI): calcd. For M+ [C13H16O3]: 220.1100, found: 220.1095.
5-methyl-5-(p-tolyl)dihydrofuran-2(3H)-one 18c


Following the general procedure F and employing 45 mg (0.15 mmol) of 4-methyl-N'-(1-(p-tolyl)ethylidene)benzenesulfonohydrazide, 10 mg of the product were obtained (36 % yield). Purified by column chromatography (SiO2, Hex/AcOEt, 5:1). Rf = 0.21.
Spectroscopic data in agreement with literature.[endnoteRef:10] [10: [] 	T. M. Ha, C. Chatalova-Sazepin, Q. Wang, J. Zhu, Angew. Chem. Int. Ed. 2026, 55, 9249-9252] 

1H NMR (300 MHz, CDCl3) δ = 7.28 – 7.09 (m, 4H), 2.67 – 2.36 (m, 4H), 2.33 (s, 3H), 1.69 (s, 3H).
13C NMR (75 MHz, CDCl3) δ 176.7 (C=O), 141.5 (C), 137.5 (C), 129.4 (2 CH), 124.18 (2 CH), 87.2 (C), 36.3 (CH2), 29.6 (CH3), 29.2 (CH2), 21.1 (CH3).


6-(4-methoxyphenyl)-6-methyltetrahydro-2H-pyran-2-one 19a



Following the general procedure G and employing 48 mg (0.15 mmol) of N'-(1-(4-methoxyphenyl)ethylidene)-4-methylbenzenesulfonohydrazide, 18 mg of the product were obtained (54 % yield). Purified by column chromatography (SiO2, Hex/AcOEt, 5:1). Rf = 0.10.
1H NMR (300 MHz, CDCl3) δ = 7.25 (d, J=8.6, 2H), 6.88 (d, J=8.9, 1H), 3.80 (s, 3H), 2.49 – 2.39 (m, 2H), 2.28 (dt, J=14.2, 4.9, 1H), 2.05 – 1.89 (m, 1H), 1.86 – 1.72 (m, 1H), 1.65 (s, 3H).
13C NMR (75 MHz, CDCl3) δ 171.8 (C=O), 158.9 (C), 136.8 (C), 125.8 (2CH), 114.1 (2CH), 85.3 (C), 55.4 (CH3), 34.4 (CH2), 31.6 (CH2), 29.1 (CH2), 16.7 (CH3).
HRMS (EI): calcd. For M+ [C13H16O3]: 220.1097, found: 220.1092.
6-ethyl-6-(4-methoxyphenyl)tetrahydro-2H-pyran-2-one 19b
[image: ]
Following the general procedure G and employing 50 mg (0.15 mmol) of N'-(1-(4-methoxyphenyl)propylidene)-4-methylbenzenesulfonohydrazide, 18 mg of the product were obtained (50 % yield). Purified by column chromatography (SiO2, Hex/AcOEt, 5:1). Rf = 0.15.
1H NMR (300 MHz, CDCl3) δ = 7.20 (d, J=8.9, 2H), 6.89 (d, J=8.8, 2H), 3.81 (s, 3H), 2.47 – 2.38 (m, 2H), 2.31 – 2.19 (m, 1H), 2.06 – 1.82 (m, 3H), 1.82 – 1.69 (m, 1H), 1.68 – 1.51 (m, 2H), 0.80 (t, J=7.4, 3H).
13C NMR (75 MHz, CDCl3) δ 172.1 (C=O), 158.8 (C), 135.0 (C), 126.5 (2CH), 114.0 (2CH), 88.0 (C), 55.4 (CH3), 36.9 (CH2), 32.4 (CH2), 29.3 (CH2), 16.4 (CH2), 7.8 (CH3).
HRMS (EI): calcd. For M+ [C13H16O3]: 234.1253, found: 234.1249.
6-methyl-6-(p-tolyl)tetrahydro-2H-pyran-2-one 19c


Following the general procedure G and employing 45 mg (0.15 mmol) of 4-methyl-N'-(1-(p-tolyl)ethylidene)benzenesulfonohydrazide, 12 mg of the product were obtained (39 % yield). Purified by column chromatography (SiO2, Hex/AcOEt, 5:1). Rf = 0.25.
Spectroscopic data in agreement with literature.[endnoteRef:11] [11: [] 	M. Aursnes, J. E, Tungen, T. V. Hansen, J. Org. Chem.  2016, 81, 8287-8295.] 

1H NMR (300 MHz, CDCl3) δ = 7.24 – 7.13 (m, 4H), 2.49 – 2.40 (m, 2H), 2.34 (s, 3H), 2.32 – 2.23 (m, 1H), 2.05 – 1.92 (m, 1H), 1.84 – 1.71 (m, 1H), 1.66 (s, 3H), 1.64 – 1.57 (m, 2H).
13C NMR (75 MHz, CDCl3) δ 171.8 (C=O), 141.7 (C), 137.2 (C), 129.5 (2 CH), 124.49 (2CH), 85.5 (C), 34.4 (CH2), 31.5 (CH3), 29.2 (CH2), 21.1 (CH3), 16.7 (CH2).

3. References
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4. 1H and 13C NMR spectra
4-methyl-N'-(3-methylcyclopentadecylidene)benzenesulfonohydrazide
1H NMR (300 MHz, CDCl3)



13C NMR (300 MHz, CDCl3)





N'-(5-bromo-3,4-dihydronaphthalen-1(2H)-ylidene)-4-methylbenzenesulfonohydrazide TsH11
[bookmark: _Hlk187762049]1H NMR (300 MHz, acetone-d6)



13C NMR (75 MHz, acetone-d6)






(Z)-N'-(7-bromochroman-4-ylidene)-4-methylbenzenesulfonohydrazide
1H NMR (300 MHz, acetone-d6)


13C NMR (75 MHz, acetone-d6)





8,8-Dimethyl-1-oxaspiro[4.5]decan-2-one 5a
1H NMR (300 MHz, CDCl3)



13C NMR (75 MHz, CDCl3)




8-Phenyl-1-oxaspiro[4.5]decan-2-one 5b

1H NMR (600 MHz, CDCl3)


13C NMR (75 MHz, CDCl3)



(5S*,6S*)-6-Methyl-1-oxaspiro[4.5]decan-2-one 5c
1H NMR (300 MHz, CDCl3)




13C NMR (75 MHz, CDCl3)


(5S*,6S*)-6-Allyl-1-oxaspiro[4.5]decan-2-one 5d
1H NMR (300 MHz, CDCl3)



13C NMR (75 MHz, CDCl3)



(6R,9S)-6-isopropyl-9-methyl-1-oxaspiro[4.5]decan-2-one 5e 
1H NMR (600 MHz, CDCl3)



[image: ]
13C NMR (150 MHz, CDCl3)




Ethyl 2-(4-((2-oxo-1-oxaspiro[4.4]nonan-6-yl)methyl)phenyl)propanoate 5f 

[bookmark: _Hlk109388244]1H NMR (300 MHz, CDCl3)



13C NMR (75 MHz, CDCl3)





5-(2-(6-Methoxynaphthalen-2-yl)ethyl)-5-methyldihydrofuran-2(3H)-one 5g 
1H NMR (300 MHz, CDCl3)



13C NMR (75 MHz, CDCl3)


(8R,9S,10S,13R,14S,17R)-10,13-dimethyl-17-((R)-6-methylheptan-2-yl)octadecahydro-5'H-spiro[cyclopenta[a]phenanthrene-3,2'-furan]-5'-one 5h
1H NMR (600 MHz, CDCl3)


 
13C NMR (75 MHz, CDCl3)




7-Methyl-1-oxaspiro[4.14]nonadecan-2-one 5i
1H NMR (300 MHz, CDCl3)




13C NMR (75 MHz, CDCl3)




9,9-dimethyl-1-oxaspiro[5.5]undecan-2-one 6a
1H NMR (300 MHz, CDCl3)



13C NMR (75 MHz, CDCl3)




9-Phenyl-1-oxaspiro[5.5]undecan-2-one  6b

1H NMR (600 MHz, CDCl3)



13C NMR (75 MHz, CDCl3)



(6S*,7S*)-7-Methyl-1-oxaspiro[5.5]undecan-2-one 6c

1H NMR (300 MHz, CDCl3)


13C NMR (75 MHz, CDCl3)





(6S*,7R*)-7-Allyl-1-oxaspiro[5.5]undecan-2-one 6d
1H NMR (300 MHz, CDCl3)



13C NMR (75 MHz, CDCl3)




(1R*,5S*)-1-(4-methoxybenzyl)-6-oxaspiro[4.5]decan-7-one 6e
1H NMR (300 MHz, CDCl3)



13C NMR (75 MHz, CDCl3)




6-(2-(6-methoxynaphthalen-2-yl)ethyl)-6-methyltetrahydro-2H-pyran-2-one 6f
1H NMR (300 MHz, CDCl3)



13C NMR (75 MHz, CDCl3)



Ethyl 2-(4-(((1R,5S)-7-oxo-6-oxaspiro[4.5]decan-1-yl)methyl)phenyl)propanoate 6g
1H NMR (300 MHz, CDCl3)



13C NMR (75 MHz, CDCl3)




(8R,9S,10S,13R,14S,17R)-10,13-Dimethyl-17-((R)-6-methylheptan-2-yl)octadecahydrospiro[cyclopenta[a]phenanthreno-3,2'-pyran]-6'(3'H)-one 6h

1H NMR (600 MHz, CDCl3)


13C NMR (150 MHz, CDCl3)




3,9,9-Trimethyl-1-oxaspiro[5.5]undecan-2-one 6i
1H NMR (300 MHz, CDCl3)



13C NMR (75 MHz, CDCl3)


7'-fluoro-3,3',4,4'-tetrahydro-2'H,5H-spiro[furan-2,1'-naphthalen]-5-one 12a
1H NMR (300 MHz, CDCl3)



13C NMR (75 MHz, CDCl3)





5'-bromo-3,3',4,4'-tetrahydro-2'H,5H-spiro[furan-2,1'-naphthalen]-5-one 12b
1H NMR (300 MHz, CDCl3)



13C NMR (75 MHz, CDCl3)




7-bromo-3',4'-dihydro-5'H-spiro[chromane-4,2'-furan]-5'-one 12c
1H NMR (300 MHz, CDCl3)



13C NMR (75 MHz, CDCl3)




[bookmark: _Hlk172013616]7-Fluoro-3,4,4',5'-tetrahydro-2H-spiro[naphthalene-1,2'-pyran]-6'(3'H)-one 13
1H NMR (300 MHz, d6-acetone)



1H NMR (300 MHz, d6-acetone)


8,8-Dimethyl-1-oxaspiro[4.5]dec-6-en-2-one 14a
1H NMR (300 MHz, CDCl3)



13C NMR (75 MHz, CDCl3)


8,8-Diethyl-1-oxaspiro[4.5]dec-6-en-2-one 14b
1H NMR (300 MHz, CDCl3)



13C NMR (75 MHz, CDCl3)




8,8-Diphenyl-1-oxaspiro[4.5]dec-6-en-2-one 14c
1H NMR (300 MHz, CDCl3)



13C NMR (75 MHz, CDCl3)




(8S,9S,10R,13R,14S,17R)-10,13-dimethyl-17-((R)-6-methylheptan-2-yl)-1,2,3',4',6,7,8,9,10,11,12,13,14,15,16,17-hexadecahydro-5'H-spiro[cyclopenta[a]phenanthrene-3,2'-furan]-5'-one 15
1H NMR (300 MHz, CDCl3)



13C NMR (75 MHz, CDCl3)




(4'R,4a'S,6'R)-4',4a'-dimethyl-6'-(prop-1-en-2-yl)-3,4,4',4a',5',6',7',8'-octahydro-3'H,5H-spiro[furan-2,2'-naphthalen]-5-one 16



13C NMR (75 MHz, CDCl3)



[bookmark: _Hlk172015809]
9,9-phenyl-1-oxaspiro[5.5]undec-7-en-2-one 17a

1H NMR (300 MHz, CDCl3)


13C NMR (75 MHz, CDCl3)




9,9-dimethyl-1-oxaspiro[5.5]undec-7-en-2-one 17a
1H NMR (300 MHz, CDCl3)



13C NMR (75 MHz, CDCl3)



5-(4-methoxyphenyl)-5-methyldihydrofuran-2(3H)-one 18a

1H NMR (300 MHz, CDCl3)


13C NMR (75 MHz, CDCl3)




5-ethyl-5-(4-methoxyphenyl)dihydrofuran-2(3H)-one 18b
1H NMR (300 MHz, CDCl3)




13C NMR (75 MHz, CDCl3)



5-(p-tolyl)-5-methyldihydrofuran-2(3H)-one 18c
1H NMR (300 MHz, CDCl3)



13C NMR (75 MHz, CDCl3)




6-(4-methoxyphenyl)-6-methyltetrahydro-2H-pyran-2-one 19a
NMR (300 MHz, CDCl3)



13C NMR (75 MHz, CDCl3)





6-(4-methoxyphenyl)-6-ethyltetrahydro-2H-pyran-2-one 19b
NMR (300 MHz, CDCl3)



13C NMR (75 MHz, CDCl3)


6-methyl-6-(p-tolyl)tetrahydro-2H-pyran-2-one 19c




13C NMR (75 MHz, CDCl3)
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