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Abstract: Cyclobutanols undergo an oxidative ring expansion with Co(acac)2 and triplet oxygen to give 1,2-dioxanols. The formation of an 
alkoxy radical drives the regioselective cleavage of the ring on the more substituted side before insertion of molecular oxygen. The reaction is 
particularly effective on secondary cyclobutanols but works also on certain tertiary alcohols. Further substitution with neutral nucleophiles 
under catalytic Lewis acid conditions led to original 1,2-dioxanes with a preferred 3,6-cis-configuration.
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Experimental Procedures 

I-General

All the reactions were performed under inert atmosphere (Ar) unless it is specified. THF was distilled over sodium/benzophenone 
mixture. Et2O, CH2Cl2 were purified by filtration over activated molecular sieves. DMF was purchased as anhydrous grade from Acros 
Organics and used as received. Analytical thin layer chromatography (TLC) was performed on silica gel 60 F254 (0.25 mm) plates 
purchased form Merck. Compounds were visualized by exposure to a UV lamp (λ = 254 and 365 nm), an aqueous solution of 
KMnO4/K2CO3 or an acidic solution of vanillin in EtOH and followed by gentle heating. Flash chromatographies were performed with 
Merck (230-400 mesh) silica gel.  
1H and 13C NMR spectra were recorded by using a Brucker Advance 200 (200 MHz) or a Brucker Advance 300 (300 MHz) 
spectrometers in the indicated solvent.  An optimized sequence for 1D 13C spectra, called UDEFT was used.[1] Chemical shifts (δ) are 
given in ppm and the coupling constants (J) in Hz. The solvent signals were used as reference (CDCl3: δC = 77.16 ppm, residual 
CHCl3 in CDCl3: δH = 7.26 ppm). Multiplicities are described by the following abbreviations: s = singlet, d = doublet, t = triplet, q = 
quartet, quint. = quintet, sext. = sextet, sept. = septet, m = multiplet, br = broad. Infrared spectra were recorded by using a Brucker 
IRTF Vector 22 spectrometer and wavenumbers (ν) were given in cm-1. High-resolution mass spectra were obtained on a Waters 
LCT Premier (ESI-TOF) spectrometer. Low-resolution mass spectra were recorded through an Agilent 7820A-fC gas chromatography 
apparatus coupled with an Agilent 5977E-MSD (EI-MS) spectrometer. The conditions used for the chromatography were 1.2 mL of H2 
as gas vector with constant flow. The column chromatography was an Agilent HP-5MS 5% phenyl methyl silox, 30 m x 250 µm x 0.25 
µm. 

CAUTION: Although 1,2-dioxanes seems to be relatively stable in our hand, peroxides always present an evident risk of explosion, 

and all precautions must be taken to avoid any hazard. In particular, the concentrations on rotavapor must be absolutely conducted 

with a gentle heating, not exceeding 30 °C. Reaction temperatures should be controlled to not exceed 35-40 °C in case of exotherm.  
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Scheme S1: General access to 1,2-dioxanes through oxidative ring expansion of cyclobutanols and further nucleophilic substitution. 

II-Synthesis of cyclopropylidenes 2a-f

Scheme S2 

General Procedure A 

To a suspension of 1-bromopropyl-3-triphenylphoshonium bromide[2] (1.5 equiv) in THF (2 mL/mmol of phosphonium) under argon
atmosphere was added a solution of t-BuOK (3 equiv) in THF (1 mL/mmol of t-BuOK) via cannula, and the reaction mixture turned to 
bright orange. The reaction mixture was then heated at reflux with an oil bath for 90 min and the aldehyde or ketone (1 equiv) is then 
added. The reflux is continued for 16 h for ketones and 2 h for aldehydes, and the reaction mixture was cooled down to room 
temperature. The reaction mixture was then poured in a large Erlenmeyer containing a large amount of pentane (10 mL/mmol) and 
the precipitates were filtered. The filtrate was concentrated and the residue was purified on a silica gel chromatography. 

(Cyclopropylidenemethyl)benzene 2a 

From benzaldehyde 1a (5.1 g, 50mmol) using general procedure A, (cyclopropylidenemethyl)benzene 2a was obtained as a colorless 
oil (6.24g, 96%). Chromatography eluent: Petroleum Ether 100%. Characterization data are consistent with literature.[3]
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IR (cm-1): 2975, 1599, 1497, 1452, 1409, 910, 806, 737, 691. 1H NMR (300 MHz, Chloroform-d) δ 7.54 (d, J = 7.5 Hz, 2H), 7.33 (t, J 
= 7.5 Hz, 2H), 7.21 (t, J = 7.6 Hz, 1H), 6.76 (quint, J = 2.2 Hz, 1H), 1.43 (td, J = 7.5, 2.2 Hz, 2H), 1.18 (td, J = 7.5, 1.8 Hz, 2H). 13C 

NMR (75 MHz, CDCl3) δ 138.4, 128.6, 126.8, 126.8, 124.4, 118.4, 4.4, 0.7. MS (EI-MS) m/z: 130 (M•+, 71), 129 (M+-H, 100), 115 (M+-
CH3, 73), 102 (M•+-CH2=CH2, 17). 
 
Cyclopropylidenecyclohexane 2b 

 
From cyclohexanone 1b (4.94 g, 50.29 mmol) using general procedure A, Cyclopropylidene-cyclohexane 2b was obtained as a 
colorless oil (4.2 g, 68%). Chromatography eluent: Petroleum Ether 100%. Characterization data are consistent with literature.[4] 
 

IR (cm-1): 2919, 1445, 1265, 1240, 1146, 1067, 992, 983, 851, 676 .1H NMR (300 MHz, CDCl3) δ 2.50 – 2.06 (m, 4H), 1.65 – 1.21 (m, 
6H), 0.99 (h, J = 1.3 Hz, 4H).13C NMR (75 MHz, CDCl3) δ 128.4, 111.8, 33.8, 28.0, 26.9, 1.8. MS (EI-MS) m/z: 122.1 (M•+, 4), 79.1 
(100). 
 
(3,3-dimethylbutan-2-ylidene)cyclopropane 2c 

 
From tert-butylmethylketone 1c (7 g, 33.86 mmol) using general procedure A, (3,3-dimethylbutan-2-ylidene)cyclopropane 2c was 
obtained as a colorless oil (2.15 g, 25%). Chromatography eluent: Petroleum Ether 100%. 
 

IR (cm-1): 2919, 1445, 1265, 1240, 1067, 992, 892, 851, 676. 1H NMR (200 MHz, Chloroform-d) δ 1.81 (quint, J = 1.6 Hz, 3H), 1.23 
(tquint, J = 7.0, 1.6 Hz, 2H), 1.12 (s, 9H), 0.87 – 0.74 (m, 2H). 13C NMR (75 MHz, CDCl3) δ 132.1, 113.5, 36.5, 29.4, 18.1, 6.3, -0.2. 
MS (EI-MS) m/z: 123 (M+-H, 2), 109 (M+-CH3, 43), 69(M+-tBu, 100). 
 
(2-cyclopropylidenepropoxy)-tert-butyldiphenylsilane 2d 

 
From 1-((tert-butyldiphenylsilyl)oxy)propan-2-one[5] 1d(10.58 g, 33.86 mmol) using general procedure A, (2-
cyclopropylidenepropoxy)-tert-butyldiphenylsilane 2d was obtained as a colorless oil (7.54 g, 66%). Chromatography eluent: 
Petroleum Ether/Et2O 98/2. Characterization data are consistent with literature.[4] 

 
IR (cm-1): 2931, 2856, 1427, 1110, 1057, 996, 824, 740, 700, 672. 1H NMR (300 MHz, Chloroform-d) δ 7.73 (dd, J = 7.6, 1.8 Hz, 3H), 
7.49 – 7.33 (m, 7H), 4.34 (s, 2H), 2.02 – 1.80 (m, 3H), 1.10 (s, 9H), 0.99 – 0.92 (m, 2H), 0.92 – 0.83 (m, 2H).13C NMR (75 MHz, 
CDCl3) δ 135.8, 134.2, 129.6, 127.7, 123.8, 117.8, 68.0, 27.0, 19.5, 18.0, 2.7, 1.4. HRMS (ESI) m/z: [M+H]+ calcd for C22H29OSi 
337.1988; found 337.1976. 
 
(3-cyclopropylidenepropyl)benzene 2e 

 

 
 
From hydrocinnamaldehyde 1e (5.0 g, 37.26 mmol) using general procedure A, (3-cyclopropylidene-propyl) benzene 2e was 
obtained as a colorless oil (4.075 g, 76%). Chromatography eluent: Petroleum Ether 100%. Characterization data are consistent with 
literature.[6] 

IR (cm-1): 2979, 1604, 1495, 1453, 958, 929, 745, 696. 1H NMR (300 MHz, Chloroform-d) δ 7.40 – 7.29 (m, 2H), 7.29 – 7.16 (m, 3H), 
5.87 (tquint, J = 6.5, 2.1 Hz, 1H), 2.82 (t, J = 8.9, 6.5 Hz, 2H), 2.71 – 2.25 (m, 2H), 1.11 – 0.73 (m, 4H). 13C NMR (75 MHz, CDCl3) δ 

142.4, 128.6, 128.4, 125.8, 122.1, 117.5, 35.9, 33.8, 2.3, 2.0. MS (EI-MS) m/z: 158.1 (M•+, 1.5), 157.1 (M+-H, 2), 143 (M+-CH3, 20), 
130.1 (M•+-CH2=CH2, 32), 91 (tropyllium, 100). 
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N-Boc-4-cyclopropylidenepiperidine 2f 

 
 
From N-Boc-piperidin-4-one 1f (5.10 g, 25.45 mmol) using general procedure A, N-Boc-4-cyclopropylidenepiperidine 2f (5.5 g, 97 %) 
was obtained as a colorless oil. Chromatography eluent: Petroleum Ether/AcOEt 96/4. 
 
IR (cm-1): 2976, 2943, 2862, 1690, 1422, 1365, 1276, 1234, 1160, 1093, 979, 868, 744, 696.1H NMR (300 MHz, Chloroform-d) δ 

3.43 (t, J = 5.6 Hz, 4H), 2.31 (t, J = 5.6 Hz, 4H), 1.48 (s, 9H), 1.05 – 0.99 (m, 4H). 13C NMR (75 MHz, CDCl3) δ 124.1, 114.9, 79.6, 
45.4 (br), 33.0, 28.6, 1.9. (13C=O missing). HRMS (ESI) m/z: calcd for [M+Na]+ C13H21NNaO2 246.1465; found 246.1466. 
 
 

III-Synthesis of cyclobutanones 4a-f 

 

 

Scheme S3 

General Procedure B 

To a solution of cyclopropylidenes 2a-f (1 equiv) in CH2Cl2 (2 mL/mmol of substrate) at 0 °C was added m-CPBA (1.1 equiv, 70-77% 
in water) in 5 portions over 15 min. After 30 min stirring, and disappearance of starting material, camphor sulfonic acid was added 
(0.05 equiv) to ensure a total conversion of epoxides 3a-f to cyclobutanones 4a-f, and the reaction mixture was stirred for another 30 
min. The reaction mixture was quenched with a 10 % Na2SO3 solution (2 mL/mmol of substrate) and a small amount of 2% KI solution 
(0.5 mL/mmol of substrate). The mixture was stirred vigorously for 20 min and was extracted with Et2O 3 times (about 20 mL/ mmol). 
The combined organic layers were washed 3 times with a saturated NaHCO3 solution (about 20 mL/ mmol), dried over MgSO4, 
filtered and concentrated on a rotavapor. The residue was then purified on a silica gel chromatography to give the corresponding 
cyclobutanones 4a-f. 
 
2-phenyl-cyclobutanone 4a 

 
 
From (3-cyclopropylidenemethyl)benzene 2a (1.0 g, 7.69 mmol) using general procedure B, 2-phenyl-cyclobutanone 4a was obtained 
as a colorless oil (0.580 g, 52%). Chromatography eluent: Petroleum Ether/Et2O 96/4. Characterization data are consistent with 
literature.[7] 
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IR (cm-1): 3029, 2960, 1777, 1602, 1495, 1393, 1201, 1082, 736, 697. 1H NMR (300 MHz, Chloroform-d) δ 7.43 – 7.30 (m, 2H), 7.30 
– 7.14 (m, 3H), 4.54 (tt, J = 10.4, 8.4, 2.5 Hz, 1H), 3.23 (dddd, J = 17.7, 10.4, 8.3, 2.5 Hz, 1H), 3.03 (dddd, J = 17.7, 9.5, 5.0, 2.5 Hz, 
1H), 2.54 (qd, J = 11.4, 10.4, 9.5, 5.0 Hz, 1H), 2.24 (dddd, J = 11.4, 9.5, 8.4, 7.6 Hz, 1H). 13C NMR (75 MHz, CDCl3) δ 207.8, 136.7, 
128.8 (2C), 127.2, 127.1 (2C), 64.7, 45.0, 17.8. MS (EI): 146 (M•+, 3), 117 (PhCHCH=CH2

+(-HCO•), 21), 104 (methyltropyllium, 100). 
HRMS (ESI) m/z: calcd for [M-H2+H]+ C10H9O 145.0648; Found 145.0652.  
 
Spiro[3.5]nonan-1-one 4b 

 

 
 
From cyclopropylidenecyclohexane 2b (3.85 g, 31.91 mmol) using general procedure B, spiro[3.5]nonan-1-one 4b was obtained as a 
colorless oil (3.72 g, 84%). Chromatography eluent: Petroleum Ether/Et2O 96/4. Characterization data are consistent with literature.[8] 
 

IR (cm-1): 2926, 1764, 1449, 1060, 1022. 1H NMR (300 MHz, Chloroform-d) δ 2.94 (t, J = 8.4 Hz, 2H), 1.80 (t, J = 8.4 Hz, 2H), 1.74 – 
1.50 (m, 6H), 1.50 – 1.23 (m, 4H). 13C NMR (75 MHz, CDCl3) δ 216.1, 65.9, 41.4, 32.2, 25.6, 24.3, 22.6. HRMS (ESI) m/z: calcd for 
[M+MeOH+Na]+ C10H18O2Na 193.1204; Found 193.1210. 
 
2-methyl-2-tert-butylcyclobutanone 4c 

 

 
 
From (3,3-dimethylbutan-2-ylidene)cyclopropane 2c (1.1 g, 8.87mmol) using general procedure B, 2-methyl-2-tert-
butylcyclobutanone 4c was obtained as a colorless oil (1.12 g, 90%). Chromatography eluent: Petroleum Ether/Et2O 96/4. 
Characterization data are consistent with literature.[9] 
 
IR (cm-1): 2959, 2857,1778, 1428, 1110, 1087, 1055, 825, 809, 741, 702. 1H NMR (300 MHz, Chloroform-d) δ 2.95 (ddd, J = 18.1, 
10.2, 6.6 Hz, 1H), 2.76 (ddd, J = 18.1, 10.6, 6.4 Hz, 1H), 2.09 (td, J = 11.1, 6.6 Hz, 1H), 1.53 (td, J = 11.4, 10.2, 6.4 Hz, 1H), 1.16 (s, 
3H), 0.92 (s, 9H).13C NMR (75 MHz, CDCl3) δ 206.9, 71.4, 42.5, 33.5, 25.8, 22.0, 18.4. MS (EI): 139 (M+-H., 4), 111 (M+-HCO., 6),  83 
[M+-tBu., 21], 55 (100). HRMS (APCI) m/z: calcd for [M-H2+H]+ C9H15O 139.1117; Found 139.1109. 
 
2-methyl-2-tert-butyldiphenylsiloxymethyl-cyclobutanone 4d 

 
From (2-cyclopropylidenepropoxy)-tert-butyldiphenylsilane 2d (7.54 g, 22.4 mmol) using general procedure B, 2-methyl-2-tert-
butyldiphenylsiloxymethyl-cyclobutanone 4d was obtained as a white solid (5.0 g, 63%). Chromatography eluent: Petroleum 
Ether/Et2O 94/6. 
 

Mp= 50-51 °C. IR (cm-1): 2959, 2857, 1778, 1428, 1110, 1087, 1055, 825, 809, 741, 702. 1H NMR (300 MHz, Chloroform-d) δ 7.65 (t, 

J = 7.8 Hz, 4H), 7.47 – 7.34 (m, 6H), 3.77 (d, J = 10.0 Hz, 1H), 3.47 (d, J = 10.0 Hz, 1H), 3.07 (ddd, J = 17.8, 10.4, 7.6 Hz, 1H), 2.99 
(ddd, J = 17.8, 9.7, 6.8 Hz, 1H), 2.40 (td, J = 10.7, 6.8 Hz, 1H), 1.76 (td, J = 10.7, 9.7, 7.6 Hz, 1H), 1.09 (s, 3H), 1.06 (s, 9H). 13C 

NMR (75 MHz, CDCl3) δ 215.0, 135.8, 133.4, 133.1, 129.9, 128.0, 127.9, 127.8, 127.8, 127.8, 66.9, 66.3, 43.9, 26.9, 21.9, 19.4, 17.8. 
HRMS (ESI) m/z: calcd for [M+NH4]+ C22H32NO2Si 370.2202; Found 370.2204. 
 
2-phenylethyl-cyclobutanone 4e 

 

 
From (3-cyclopropylidenepropyl)benzene 2e (4.075 g, 28.3mmol) using general procedure B, 2-phenylethyl-cyclobutanone 4e was 
obtained as a colorless oil (4.16 g, 93%). Chromatography eluent: Petroleum Ether/Et2O 96/4.Characterization data are consistent 
with literature.[10] 
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IR (cm-1): 2922, 1774, 1496, 1086, 751, 699. 1H NMR (300 MHz, Chloroform-d) δ 7.36 – 7.28 (m, 2H), 7.22 (td, J = 6.3, 1.7 Hz, 3H), 
3.38 – 3.20 (m, 1H), 3.05 (dddd, J = 17.8, 10.0, 8.2, 2.5 Hz, 1H), 2.95 (dddd, J = 17.8, 9.6, 5.3, 2.5 Hz, 1H), 2.73 (t, J = 7.7 Hz, 2H), 
2.20 (ddt, J = 11.0, 10.0, 5.0 Hz, 1H), 2.07 (dtd, J = 14.2, 7.7, 7.0 Hz, 1H), 1.84 (ddt, J = 14.2, 8.2, 7.7 Hz, 1H), 1.68 (ddt, J = 11.0, 
9.3, 7.7 Hz, 1H). 13C NMR (75 MHz, CDCl3) δ 211.9, 141.5, 128.6 (2C), 128.5 (2C), 126.1, 59.9, 44.6, 33.3, 31.4, 17.1. HRMS (ESI) 
m/z: calcd for [M +Na]+ C12H14ONa 197.0942; Found 197.0939. 
 
N-Boc-7-azaspiro[3.5]nonanone 4f 

 

 
 
From (N-Boc-4-cyclopropylidenepiperidine 2f (5.86 g, 26.24 mmol) using general procedure B, N-Boc-7-azaspiro[3.5]nonanone 4f 
was obtained as a colorless oil (3.87 g, 62%). Chromatography eluent: Petroleum Ether/AcOEt 70/30. 
 
IR (cm-1): 2978, 2930, 1768, 1690, 1422, 1366, 1248, 1168, 1140, 1038, 967.1H NMR (300 MHz, Chloroform-d) δ 3.55 (ddd, J = 13.3, 
7.6, 3.8 Hz, 2H), 3.38 (ddd, J = 7.5, 3.8, 13.3 H, 2H), 3.02 (t, J = 8.4 Hz, 2H), 1.87 (t, J = 8.4 Hz, 2H), 1.80 (ddd, J = 13.3, 7.6, 3.8 Hz, 
2H), 1.60 (ddd, J = 13.3, 7.6, 3.8 Hz, 2H), 1.45 (s, 9H).13C NMR (75 MHz, CDCl3) δ 214.0, 79.7, 63.5, 41.6, 40.9 (br), 31.8, 28.6, 23.7. 
(13C=O missing). HRMS (ESI) m/z: calcd for [M+Na]+ C13H21NO3Na 262.1414; Found 262.1414. 

IV-Synthesis of secondary cyclobutanols 5a-f 

 

 

Scheme S4 

General Procedure C 

To a solution of cyclobutanone 4a-f (1 equiv) in MeOH (3 mL/mmol) at 0 °C was added NaBH4 (1 equiv) in 3 portions over 10 min. 
The reaction mixture was then allowed to stir at rt for 1 h, and the reaction mixture was then quenched with saturated NH4Cl (3 
mL/mmol). The reaction mixture was extracted with a 50:50 Et2O:Petroleum ether mixture three times (about 20 mL/mmol) and the 
combined organic layers were washed 2 times with brine (about 10 mL/mmol). The ethereal phase was then dried over MgSO4, 
filtered, concentrated under vacuum, and the residue was purified on a silica gel column chromatography to yield cyclobutanols 5a-f. 
 
2-phenyl-cyclobutanol 5a 

 

 
 
From 2-phenyl-cyclobutanone 4a (1.0 g, 6.84 mmol) using general procedure C, 2-phenyl-cyclobutanol 5a was obtained as a 
colorless oil (2 diastereomers in a 25:75 trans:cis mixture, 750 mg, 74%). Chromatography eluent: Petroleum Ether/Et2O 90/10. 
Characterization data are consistent with literature.[11] 
 
IR (cm-1): 3300, 3060, 2944, 1495, 1445, 1105, 742, 699. 1H NMR (300 MHz, Chloroform-d, 25:75 mixture of trans:cis diastereomers) 
δ 7.58 – 7.07 (m, 5H), 4.53 (q, J = 6.5 Hz, 0.25H), 4.17 (q, J = 7.8 Hz, 0.75H), 3.77 (q, J = 6.8 Hz, 0.25H), 3.27 (q, J = 9.0 Hz, 0.75H), 
2.29 (ddd, J = 10.9, 9.0, 7.7 Hz, 1H), 2.11 (q, J = 10.0 Hz, 1H), 2.09 – 1.95 (brs, 1H, OH), 1.87 (tt, J = 10.5, 9.0 Hz, 1H), 1.61 (qd, J = 
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10.5, 7.7 Hz, 1H).13C NMR (75 MHz, CDCl3, 25:75 mixture of trans:cis diastereomers) δ 142.9, 142.0*, 128.8*, 128.6*, 128.5, 126.9*, 
126.7, 126.5, 73.8, 69.5*, 51.9, 47.1*, 31.1*, 29.8, 20.2*, 18.7. (*= minor isomer). MS (EI): 120 (M•+-CH2=CH2, 19), 104 
(methyltropyllium, 100), 91 (120-CH=O, 61). HRMS (ESI) m/z: calcd for [M-H2O+H]+ C10H11 131.0855; Found 131.0858. 
 
Spiro[3.5]nonan-1-ol 5b 

 

 
 
From spiro[3.5]nonan-1-one 4b (940 mg, 6.80 mmol) using general procedure C, spiro[3.5]nonan-1-ol 5b was obtained as a colorless 
oil (855 mg, 90%). Chromatography eluent: Petroleum Ether/Et2O 90/10. Characterization data are consistent with literature.[12] 
 
IR (cm-1): 3300, 2923, 1447, 1177, 1122, 1083. 1H NMR (300 MHz, Chloroform-d,) δ 3.84 (t, J = 7.7 Hz, 1H), 2.22 (dddd, J = 11.3, 
8.2, 7.7, 2.9 Hz, 1H), 1.77 (dtd, J = 11.3, 10.0, 7.7 Hz, 1H), 1.68 – 1.36 (m, 10H), 1.33 – 1.13 (m, 3H). 13C NMR (75 MHz, CDCl3) δ 

46.3, 38.4, 29.4, 27.9, 26.5, 25.0, 23.3, 22.5. MS (EI) m/z: 140 (M•+, 1), 122 (M•+-H2O, 6), 112 (M•+-CH2=CH2, 21), 96 (112-C=O, 32), 
81 (100). 
 

2-methyl-2-tert-butylcyclobutanol 5c 

 
From 2-methyl-2-tert-butylcyclobutanone 4c (390 mg, 2.78 mmol) using general procedure C, 2-methyl-2-tert-butylcyclobutanol 5c 
was obtained as colorless needles and as single cis diastereomer (310 mg, 78%). Chromatography eluent: Petroleum Ether/Et2O 
90/10. 
 

Mp: 71-72 °C. IR (cm-1): 3382, 2953, 1457, 1359, 1355, 1275, 1232, 1195, 1146. 1H NMR (300 MHz, Chloroform-d) δ 4.13 (t, J = 8.1 
Hz, 1H), 2.25 (dtd, J = 11.4, 8.7, 3.5 Hz, 1H), 1.93 (td, J = 11.4, 3.5 Hz, 1H), 1.77 (tt, J = 11.4, 8.1 Hz, 1H), 1.64 (s, 1H, OH), 1.20 (dt, 
J = 11.3, 8.5 Hz, 1H), 1.10 (s, 3H), 1.03 (s, 9H). 1H NMR (300 MHz, Chloroform-d) δ 1.94 (ddd, J = 12.1, 9.0, 3.9 Hz, 1H), 1.78 (d, J = 
9.5, 8.0 Hz, 1H), 1.75 – 1.08 (m, 15H), 0.92 (t, J = 7.3 Hz, 3H).13C NMR (75 MHz, CDCl3) δ 78.3, 50.4, 34.2, 28.2, 27.0, 25.6, 24.5. 
MS (EI) m/z: 140 (M•+-H2, 4.6), 124 (M•+-H2O, 1.5), 114, (M•+-CH2=CH2, 4.3), 99 (33), 83 (100), 55 (55). Elemental Analysis: Anal. 
Calcd for C9H18O: C, 76.00; H, 12.76. Found: C, 58.03; H, 8.13. notes: Volatiles samples are impossible to weight accurately for 

elemental analysis. Thus, results are not matching here ( gap>0.3%). HRMS with ESI or APCI ionization was also not possible for 

this small molecule.  

 

2-methyl-2-tert-butyldiphenylsiloxymethyl-cyclobutanone 5d 

 
From 2-methyl-2-tert-butyldiphenylsiloxymethyl-cyclobutanone 4d (1.487 g, 4.22 mmol) using general procedure C, 2-methyl-2-tert-
butyldiphenylsiloxymethyl-cyclobutanol 5d was obtained as colorless oils in 2 fractions of 2 diastereomers (cis-isomer 870 mg, 55% 
and 730 mg, trans isomer 43%; 98% in total). Chromatography eluent: Petroleum Ether/Et2O 90/10.  
 

IR (cm-1): 3300, 2960, 2856, 1427, 1111, 1082, 826, 740, 702.  

 

cis-isomer 

1H NMR (300 MHz, Chloroform-d) δ 7.78 – 7.63 (m, 4H), 7.52 – 7.34 (m, 6H), 4.01 (q, J = 7.8 Hz, 1H), 3.82 (d, J = 10.3 Hz, 1H), 3.71 
(d, J = 10.3 Hz, 1H), 3.26 (d, J = 8.0 Hz, 1H, OH), 2.28 (dtd, J = 11.7, 8.6, 3.2 Hz, 1H), 1.96 (qd, J = 10.5, 7.8 Hz, 1H), 1.73 (td, J = 
11.0, 3.4 Hz, 1H), 1.42 – 1.29 (m, 1H), 1.10 (s, 9H), 1.05 (s, 3H). 13C NMR (75 MHz, CDCl3) δ 135.9, 135.9, 133.0, 130.0, 128.0, 75.4, 
69.1, 45.9, 28.9, 27.1, 23.7, 19.4. 
 

trans-isomer 

1H NMR (300 MHz, Chloroform-d) δ 7.66 (m, 4H), 7.49 – 7.32 (m, 6H), 4.20 (q, J = 7.1 Hz, 1H), 3.48 (d, J = 10.1 Hz, 1H), 3.42 (d, J = 
10.1 Hz, 1H), 2.19 (dtd, J = 10.8, 8.0, 2.5 Hz, 1H), 1.84 (qd, J = 10.4, 8.5 Hz, 1H), 1.61 (td, J = 10.4, 8.5 Hz, 1H), 1.49 (d, J = 6.3 Hz, 
1H, OH), 1.31 (qd, J = 10.5, 2.5 Hz, 1H), 1.09 (s, 3H), 1.08 (s, 9H). 13C NMR (75 MHz, CDCl3) δ 136.2, 134.4, 134.4, 130.2, 128.2, 
70.5, 69.5, 47.4, 28.1, 27.5, 22.6, 20.0, 16.3. 
 

HRMS (ESI) m/z: calcd for C22H34NO2Si [M+Na]+ 372.2359; Found 372.2352. 
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2-phenylethyl-cyclobutanol 5e 

 
From 2-phenylethyl-cyclobutanone 4e (1.00 g, 1.67mmol) using general procedure C, 2-phenylethyl-cyclobutanol 5e was obtained as 
a colorless oil (2 diastereomers in a 80:20 cis:trans mixture, 0.9322 g, 92%). An analytical sample of each diastereomer was isolated 
for a full characterization. Chromatography eluent: Petroleum Ether/Et2O 90/10. 
 
IR (cm-1): 3300, 3026, 2939, 1495, 1331, 1094, 1073, 745, 697.  

 

cis-isomer 

1H NMR (300 MHz, Chloroform-d) δ 7.31 (t, J = 7.5 Hz, 2H), 7.23 (d, J = 7.5 Hz, 2H), 7.20 (t, J = 7.5 Hz, 1H), 3.82 (q, J = 7.5 Hz, 1H), 
2.69 (ddd, J = 13.9, 8.9, 6.8 Hz, 1H), 2.62 (ddd, J = 13.9, 8.7, 7.1 Hz, 1H), 2.22 (dt, J = 10.9, 7.9, 7.9 Hz, 1H), 2.10 (quint, J = 7.9 Hz, 
1H), 1.97 – 1.59 (m, 5H), 1.10 (qd, J = 10.0, 8.0 Hz, 1H). 13C NMR (75 MHz, CDCl3) δ 142.6, 128.5, 128.5, 125.9, 73.1, 47.2, 36.1, 
33.8, 30.1, 18.5. 
 
trans-isomer 

1H NMR (300 MHz, Chloroform-d) δ 7.38 – 7.28 (m, 2H), 7.26 – 7.17 (m, 3H), 4.36 (q, J = 6.9 Hz, 1H), 2.71 (ddd, J = 13.7, 9.5, 5.8 
Hz, 1H), 2.61 (ddd, J = 13.7, 9.0, 6.7 Hz, 1H), 2.52 – 2.38 (m, 1H), 2.31 (dtdd, J = 11.3, 8.0, 8.0, 4.2, 2.5 Hz, 1H), 2.00 (ddt, J = 13.4, 
9.4, 6.5 Hz, 1H), 1.97 (tt, J = 13.4, 11.8, 8.3, 6.6 Hz, 1H), 1.79 (tt, J = 13.3, 11.4, 8.0 Hz, 1H), 1.79 – 1.68 (m, 1H), 1.64 (s, 1H), 1.62 
– 1.52 (m, 1H). 13C NMR (75 MHz, CDCl3) δ 142.7, 128.6, 128.4, 125.9, 68.6, 41.3, 33.8, 30.6, 30.2, 20.1. 
 
HRMS (ESI) m/z: calcd for [M-H2O+H]+ C12H15: 159.1174; Found 159.1171; calcd for [M+Na]+ C12H16ONa 199.1093; Found 199.1099. 
 
N-Boc-7-azaspiro[3.5]nonanol 5f 

 

 
 
From N-Boc-7-azaspiro[3.5]nonanone 4f (1.82 g, 7.64 mmol) using general procedure, N-Boc-7-azaspiro[3.5]nonanol 5f was 
obtained as a colorless oil (1.60 g, 87%). Chromatography eluent: Petroleum Ether/AcOEt 65/35. 
 
IR (cm-1): 3400, 2976, 2930, 2865, 1695, 1667, 1480, 1425, 1366, 1274, 1246, 1171, 1146, 1128, 1098, 1069, 967. 1H NMR (300 
MHz, Chloroform-d) δ 3.93 (t, J = 7.7 Hz, 1H), 3.82 (dt, J =  13.1, 3.6 Hz, 1H), 3.68 (dt, J =  13.1, 3.6 Hz, 1H), 3.06 (ddd, J = 13.5, 
10.3, 3.5 Hz, 1H), 2.93 (ddd, J = 13.5, 10.3, 3.5 Hz, 1H), 2.26 (dddd, J = 11.0, 8.9, 7.7, 2.9 Hz, 1H), 1.94 (brs, 1H, OH), 1.85 (dddd, J 
= 11.4, 10.2, 9.4, 7.7 Hz, 1H), 1.76 – 1.62 (m, 2H), 1.62 – 1.50 (m, 2H), 1.44 (s, 9H), 1.50-1.36 (m, 1H), 1.31 (q, J = 9.5 H). 13C NMR 
(75 MHz, CDCl3) δ 155.14, 79.43, 73.75, 44.51, 41.11 (br), 40.57 (br), 37.29, 29.23, 28.69, 28.61, 28.53, 27.56, 24.17. HRMS (ESI) 
m/z: calcd for [M+Na]+ C13H23NO3Na 264.1570; Found 264.1571. 
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V-Synthesis of tertiary cyclobutanols 6a-e 

 

 

Scheme S5 

General procedure D 

To a solution of cyclobutanone 4a-e (1 equiv) in THF (3 mL/mmol) at 0 °C under argon atmosphere, was added dropwise the 
corresponding organometallic (organolithium or organomagnesium reagent, 2 equiv.). After 30 min, the reaction mixture was then 
quenched with saturated NH4Cl (3 mL/mmol). The reaction mixture was extracted with Et2O 3 times (about 20 mL/mmol), dried over 
MgSO4, filtered, concentrated under vacuum, and the residue was purified on a silica gel column chromatography to yield 
cyclobutanols 6a-e. 
 
1-methyl-2-phenylcyclobutanol 6a 
 

 
 
From 2-phenylcyclobutanone 4a (1.07 g, 7.27 mmol) using general procedure D and MeLi in Et2O, 1-methyl-2-phenylcyclobutanol 6a 

was obtained as obtained as colorless oils in 2 fractions of 2 diastereomers: cis-isomer (580 mg, 49%) and trans-isomer (290 mg, 
25%) [870 mg, 74% in total]. Chromatography eluent: from Petroleum Ether/Et2O 92/8 to 85/15. 
 
IR (cm-1): 3300, 3027, 1495, 1453, 1374, 1158, 966, 712, 698. 
 

cis-isomer 
1H NMR (300 MHz, Chloroform-d) δ 7.47 – 7.34 (m, 2H), 7.34 – 7.17 (m, 3H), 3.46 (td, J = 7.3, 6.8, 2.8 Hz, 1H), 2.45 – 2.26 (m, 1H), 
2.20 – 1.98 (m, 3H), 1.47 (s, 3H), 1.34 (brs, 1H). 13C NMR (75 MHz, CDCl3) δ 139.0, 128.7, 128.3, 126.9, 75.9, 51.6, 34.7, 28.8, 19.4. 
 
trans- isomer 
1H NMR (300 MHz, Chloroform-d) δ 7.39 – 7.28 (m, 2H), 7.25 – 7.14 (m, 3H), 3.53 (t, J = 9.1 Hz, 1H), 2.12 – 1.93 (m, 3H), 1.88 (s, 
1H), 1.87 – 1.73 (m, 1H), 1.00 (s, 3H). 13C NMR (75 MHz, Chloroform-d) δ 140.1, 128.3, 127.4, 126.3, 76.6, 53.7, 35.3, 22.4, 16.0. 
 
HRMS (ESI) m/z: calcd for [M+NH4]+ C11H18NO 180.1388; Found 180.1383. 
 
1-ethyl-2-methyl-2-tert-butylcyclobutanol 6b 

 

 
 
From 2-methyl-2-tert-butylcyclobutanone 4b (390 mg, 2.78 mmol) using general procedure D and ethylmagnesium bromide in THF, 
1-ethyl-2-methyl-2-tert-butylcyclobutanol 6b was obtained as a colorless oil (310 mg, 33%). Chromatography eluent: Petroleum 
Ether/Et2O 90/10. 
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IR (cm-1): 3300, 2926, 1447, 905, 732. 1H NMR (300 MHz, Chloroform-d) δ 1.94 (ddd, J = 12.1, 9.0, 3.9 Hz, 1H), 1.78 (d, J = 9.5, 8.0 
Hz, 1H), 1.75 – 1.08 (m, 15H), 0.92 (t, J = 7.3 Hz, 3H). 13C NMR (75 MHz, CDCl3) δ 78.3, 47.3, 32.8, 31.4, 30.7, 27.9, 26.4, 24.9, 
23.2, 22.7, 7.5. MS (EI) m/z: 168 (M•+,0.6), 150 (M•+-H2O, 4.3), 140 (M•+-CH2=CH2, 60), 111(140-Et•, 100), 97 (40), 96 (53), 81 (79), 
72 (66), 67 (61), 57 (53), 55 (67). HRMS (APCI) m/z: calcd for [M-H2O+H]+ C11H19 151.1481; Found 151.1481. 
 
cis-1,2-dimethyl-2-tert-butyl-cyclobutanol 6c 

 

 
 
From 2-tert-butyl-2-methyl-cyclobutanone 4c (0.300 g, 2.14 mmol) using general procedure D and MeLi, cis-1,2-dimethyl-2-tert-butyl-
cyclobutanol 6c was obtained as a colorless oil (85 mg, 25%). Chromatography eluent: Petroleum Ether/Et2O 92/8. 
 
 

IR (cm-1): 3300, 2985, 1471, 1377, 1081. 1H NMR (300 MHz, Chloroform-d) δ 2.05 (td, J = 11.5, 10.0, 6.0 Hz, 1H), 1.97 – 1.80 (m, 
2H), 1.34 (s, 1H, OH), 1.30 (d, J = 1.1 Hz, 3H), 1.29 – 1.12 (m, 1H), 1.05 (s, 3H), 1.04 (s, 9H). 13C NMR (75 MHz, CDCl3) δ 79.7, 42.5, 

35.3, 34.8, 27.7, 27.6, 24.9, 20.9. MS (EI) m/z: 138 (M•+-H2O), 128 (M•+-CH2=CH2, 11), 113 (M+-HC(O)Me., 51), 99 (M+-tBu•, 21), 57 
(tBu+, 100). Elemental Analysis: Anal. Calcd for C10H20O: C, 76.86; H, 12.90. Found: C, 73.29; H, 11.85. notes: Volatiles samples 

are impossible to weight accurately for elemental analysis. Thus, results are not matching here ( gap>0.3%). HRMS with ESI or APCI 

ionization was also not possible for this small molecule.  

 
 

1,2-dimethyl-2-tert-butyldiphenylsiloxymethyl-cyclobutanol 6d 

 
From 2-methyl-2-tert-butyldiphenylsiloxymethyl-cyclobutanone 4d (1.56 g, 4.43 mmol) using general procedure D with 
methylmagnesium iodide, 1,2-dimethyl-2-tert-butyldiphenylsiloxymethyl-cyclobutanol 6d was obtained as colorless oils in 2 fractions 
of 2 diastereomers (940 mg, 58% and 500 mg, 31%; 1.44 mg; 89% in total). Chromatography eluent: from Petroleum Ether/Et2O 92/8 
to 85/15. 
 
IR (cm-1): 3300, 2930, 2856, 1495, 1462, 1111, 1056, 824, 740, 702. 
 
cis-isomer 
1H NMR (300 MHz, Chloroform-d) δ 7.78 – 7.61 (m, 4H), 7.50 – 7.33 (m, 6H), 3.81 (s, 1H, OH), 3.75 (d, J = 10.3 Hz, 1H), 3.71 (d, J = 
10.3 Hz, 1H), 2.18 (q, J = 10.4 Hz, 1H), 1.95 (ddd, J = 11.5, 9.3, 3.6 Hz, 1H), 1.76 (td, J = 10.9, 3.6 Hz, 1H), 1.33 (dt, J = 11.5, 9.4 Hz, 
1H), 1.28 (s, 3H), 1.10 (s, 9H), 0.91 (s, 3H).13C NMR (75 MHz, CDCl3) δ 135.9, 135.9, 132.9, 130.0, 128.0, 127.8, 76.1, 70.2, 47.2, 
35.5, 27.1, 27.0, 24.4, 23.9, 19.4 (2C). 
 
trans- isomer 
1H NMR (300 MHz, Chloroform-d) δ 7.81 – 7.59 (m, 4H), 7.51 – 7.35 (m, 6H), 3.65 (d, J = 10.2 Hz, 1H), 3.50 (d, J = 10.2 Hz, 1H), 
2.05 (dt, J = 11.6, 9.9 Hz, 1H), 1.87 (ddd, J = 11.6, 7.4, 4.5 Hz, 1H), 1.72 (s, 1H, OH), 1.68 – 1.54 (m, 1H), 1.51 – 1.40 (m, 1H), 1.39 
(s, 3H), 1.28 (s, 3H), 1.16 – 1.09 (m, 9H).13C NMR (75 MHz, CDCl3) δ 135.9, 135.8, 129.7, 127.8, 127.7, 74.8, 69.0, 47.8, 33.5, 27.1, 
23.7, 23.6, 19.5, 18.6. 
 

HRMS (ESI) m/z: calcd for [M+Na]+ C20H32O2NaSi 391.2069; Found 391.2065. 
 
1-methyl-2-phenylethylcyclobutanol 6e 

 
 
From 2-phenylethylcyclobutanone 4e (351 mg, 2.02 mmol) using general procedure D and methyllithium, 1-methyl-2-
phenylethylcyclobutanol 6e was obtained as a mixture of 2 diastereomers and as colorless oils (126.7 mg, 33%, cis-isomer; 49.5 mg, 
13%, trans-isomer). Chromatography eluent: from Petroleum Ether/Et2O 90/10 to 85/15. 
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IR (cm-1): 3300, 2936, 2856, 1495, 1453, 1240, 1190, 748, 699.  

 

cis-isomer 
1H NMR (300 MHz, Chloroform-d) δ 7.39 – 7.30 (m, 2H), 7.28 – 7.22 (m, 3H), 2.71 (ddd, J = 14.1, 9.5, 6.1 Hz, 1H), 2.63 (ddd, J = 
14.1, 8.8, 6.0 Hz, 1H), 2.25 – 2.11 (m, 1H), 2.10 – 1.94 (m, 3H), 1.87 (dt, J = 11.3, 7.9 Hz, 1H), 1.75 (dtd, J = 13.1, 9.2, 6.2 Hz, 1H), 
1.58 (brs, 1H, OH), 1.57 (ddt, J = 11.0, 9.5, 6.0, 6.0 Hz, 1H), 1.39 (s, 3H).13C NMR (75 MHz, CDCl3) δ 142.8, 128.6, 128.4, 125.8, 
74.4, 45.8, 35.0, 33.8, 31.6, 28.8, 19.8. 
 

trans- isomer 
1H NMR (300 MHz, Chloroform-d) δ 7.35 – 7.25 (m, 2H), 7.25 – 7.18 (m, 3H), 2.63 (ddd, J = 17.2, 9.4, 6.4 Hz, 1H), 2.59 (ddd, J = 
17.2, 9.5, 6.7 Hz, 1H), 2.31 – 2.09 (m, 1H), 1.97 – 1.77 (m, 4H), 1.69 (brs, 1H, OH), 1.60 (dtd, J = 13.1, 8.7, 6.7 Hz, 1H), 1.27 (s, 3H), 
1.17 – 1.01 (m, 1H).13C NMR (75 MHz, CDCl3) δ 142.7, 128.5, 128.5, 125.9, 74.8, 48.6, 35.9, 33.9, 32.1, 21.6, 19.0. 
 
HRMS (ESI) m/z: calcd for [M+Na]+ C13H18ONa 213.1255; Found 213.1255. 
 

VI-Ring expansion of cyclobutanols to 1,2-dioxanols 7a-f and 8b-d 

 

Scheme S6 

General procedure E 

To a solution of cyclobutanols 5a-f or 6a-d (1 equiv) in MeCN (10 mL/mmol of substrate) was added Co(acac)2 (0.05 equiv). The 
brownish reaction mixture was then lightly bubbled with O2 for 5 min and the oxygen atmosphere was maintained with a ballon in 
rubber. The reaction mixture was then heated to 40 °C with an oil bath, and once the reaction mixture is in contact with pure O2, the 
color turned slowly to intense green, a characteristic of Co(III) salts. The reaction was monitored by TLC, and after 24 h of reaction 
under these conditions, the reaction mixture is concentrated on a rotavapor under vacuum with a gentle heating (no more than 30 °C). 
The green residue was triturated with ether and was filtered on a small pad of silica gel, washing with Et2O to remove most of Cobalt 
salts. The filtrate was concentrated again and further purification was accomplished on a silica gel column chromatography. 
 
6-phenyl-1,2-dioxan-3-ol 7a 

 

 
 
From 2-phenyl-cyclobutanol 5a (77.1 mg, 0.672 mmol) using general procedure E, 6-phenyl-1,2-dioxan-3-ol 7a was obtained as white 
crystals in 60:40 cis:trans mixture of diastereomers (70.8 mg, 76%).   
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Mp: 106-107 °C. IR (cm-1): 3400, 2928, 1521, 1494, 1148, 1116, 1047, 998, 965, 909, 752, 696. 1H NMR (300 MHz, Chloroform-d, 

60:40 mixture of diastereomers) δ 7.52 – 7.30 (m, 5H), 5.45 (brt, J = 4.5 Hz, 0.6H), 5.39 (d, J = 9.0 Hz, 0.4H), 5.17 (dd, J = 11.2, 2.2 
Hz, 0.6H), 5.09 (dd, J = 10.3, 3.2 Hz, 0.4H), 4.01 (brs, 0.4H), 3.72 (brs, 0.6H), 2.37 (dtd, J = 13.2, 11.3, 5.8 Hz, 0.6H), 2.25 – 1.97 (m, 
2.4H), 1.94 – 1.58 (m, 1H). 13C NMR (75 MHz, CDCl3, 60:40 mixture of diastereomers) δ 138.5, 138.2*, 128.9*, 128.7, 128.6, 127.3, 
127.0*, 98.2*, 95.5, 83.3*, 82.8, 30.0*, 29.6*, 28.1, 24.3. (*=minor diastereomer). HRMS (ESI) m/z: calcd for [M+Na]+  C10H12O3Na 
203.0684; Found 203.0685. 
 

1,2-dioxaspiro[5.5]undecan-3-ol 7b 

 

 
 
From 2-spiro[3.5]nonan-1-ol 5b (90 mg, 0.64mmol) using general procedure E, 1,2-dioxaspiro[5.5]undecan-3-ol 7b was obtained as a 
colorless oil (73 mg, 66%). Chromatography eluent: Petroleum Ether/Et2O 85/15. 
 
IR (cm-1): 3400, 2931, 1447, 1070, 1032, 1377, 1081. 1H NMR (300 MHz, Chloroform-d) δ 5.25 (t, J = 4.4 Hz, 1H), 3.36 (brs, 1H,OH), 
2.12 – 1.85 (m, 2H), 1.84 – 1.03 (m, 12H). 13C NMR (75 MHz, CDCl3) δ 96.7, 79.4, 34.5, 33.0, 29.6, 26.0, 25.4, 22.0, 21.8, 21.7. 
HRMS (ESI) m/z: calcd for [M+Na]+ C9H16O3Na 195.1005; Found 195.0997. 
 
6-methyl-6-tert-butyl-1,2-dioxan-3-ol 7c 
 

 
From 2-methyl-2-tert-butylcyclobutanol 5c (550 mg, 3.87 mmol) using general procedure E, 6-methyl-6-tert-butyl-1,2-dioxan-3-ol 7c 
was obtained as a colorless oil in a 50:50 cis:trans mixture of diastereomers (506 mg, 75%). Chromatography eluent: Petroleum 
Ether/Et2O 85/15. 
   

IR (cm-1): 3400, 2959, 1468, 1371, 1077, 1042, 988, 858, 818. 1H NMR (300 MHz, Chloroform-d, 50:50 cis:trans mixture of 

diastereomers) δ 5.25 (t, J = 3.7 Hz, 0.5H), 5.21 (dd, J = 8.0, 5.5 Hz, 0.5H), 3.03 (brs, 1H), 2.15 (td, J = 11.1, 4.6 Hz, 0.5H), 2.13 – 
2.00 (m, 1H), 1.91 (td, J = 13.3, 4.1 Hz, 0.5H), 1.78 – 1.70 (m, 0.5H), 1.65 (ddd, J = 13.5, 8.0, 4.0 Hz, 0.5H), 1.45 (dt, J = 13.1, 3.7 Hz, 
0.5H), 1.35 (s, 1.5H), 1.31 – 1.22 (m, 0.5H), 1.20 (s, 1.5H), 0.97 (s, J = 1.0 Hz, 9H). 13C NMR (75 MHz, CDCl3, 50:50 mixture of 
diastereomers) δ 97.9 (1 diastereomer), 95.5 (1+1 diastereomer), 84.0 (1 diastereomer), 38.1, 27.0 (1 diastereomer), 26.2 (1 
diastereomer), 25.6 (1 diastereomer), 25.0 (1 diastereomer), 22.5, 17.2 (1 diastereomer), 16.8 (1 diastereomer). HRMS (ESI) m/z: 
calcd for [M+Na]+ C9H18O3Na 197.1154; Found 197.1155. 
 
6-methyl-6-tert-butyldiphenylsiloxymethyl-1,2-dioxan-3-ol 7d 

 
From 2-methyl-2-tert-butyldiphenylsiloxymethyl-cyclobutanol 5d (850 mg, 2.5 mmol) using general procedure E, 6-methyl-6-tert-
butyldiphenylsiloxymethyl-1,2-dioxan-3-ol 7d was obtained as a colorless oil in a 60:40 mixture of diastereomers (580 mg, 62%). 
Chromatography eluent: Petroleum Ether/Et2O 80/20 
 
IR (cm-1): 3400, 2931, 1473, 1428, 112, 1082, 825, 741, 703. 1H NMR (300 MHz, Chloroform-d, 60:40 mixture of diastereomers) δ 

7.74 – 7.62 (m, 4H), 7.48 – 7.32 (m, 6H), 5.23 (q, J = 5.0 Hz, 0.4H), 5.18 (q, J = 4.5 Hz, 0.6H), 3.76 (d, J = 10.7 Hz, 0.6H), 3.71 (d, J 
= 10.7 Hz, 0.6H), 3.68 (d, J = 10.5 Hz, 0.4H), 3.57 (d, J = 10.5 Hz, 0.4H), 3.03 (d, J = 5.8 Hz, 1H, OH), 2.11 (ddd, J = 13.5, 7.6, 4.8 
Hz, 0.4H), 2.05 – 1.80 (m, 1H), 1.78 – 1.39 (m, 2.6H), 1.33 (s, 1.2H), 1.27 (s, 1.8H), 1.07 (s, 9H). 13C NMR (75 MHz, CDCl3, 60:40 
mixture of diastereomers) δ 135.9, 135.8, 133.5, 133.4, 129.9*,129.8, 127.9, 127.8, 96.9*, 96.6, 85.0*, 81.5, 67.5*, 66.6, 27.0, 26.5*, 
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26.1*, 25.8, 25.2, 20.9, 20.7*, 19.5. (*=minor diastereomer). HRMS (ESI) m/z: calcd for [M+NH4]+ C22H34NO4Si 404.2257, found 
404.2254; calcd for [M+Na]+ C22H30O4NaSi: 409.1811; Found 409.1815. 
 
 
6-phenylethyl-1,2-dioxan-3-ol 7e 

 

 
 
From 2-phenylethyl-cyclobutanol 5e (121.1 mg, 0.688 mmol) using general procedure E, 6-phenylethyl-1,2-dioxan-3-ol 7e was 
obtained as a colorless oil in 60:40 cis:trans mixture of diastereomers (102.1 mg, 71%). Chromatography eluent: Petroleum 
Ether/Et2O 80/20. 
 

IR (cm-1): 3400, 2917, 1495, 1454, 1122, 939, 773, 746, 699. 1H NMR (300 MHz, Chloroform-d, 60:40 mixture of diastereomers) δ 

7.36 – 7.25 (m, 2H), 7.25 – 7.12 (m, 3H), 5.33 (t, J = 2.8 Hz, 0.60H, 1 diastereomer), 5.26 (dd, J = 7.8, 2.5 Hz, 0.40H, 1 
diastereomer), 4.16 (dddd, J = 10.0, 7.6, 4.6, 2.4 Hz, 0.60H, 1 diastereomer), 4.04 (tt, J = 8.5, 4.0 Hz, 0.40H, 1 diastereomer), 3.94 – 
2.92 (brs, 1H, OH), 2.86 – 2.57 (m, 2H), 2.14 – 1.51 (m, 6H). 13C NMR (75 MHz, CDCl3) δ 141.5*, 141.4, 128.4, 126.0, 97.9*, 95.5, 
80.2, 79.8*, 35.5, 34.3*, 31.8*, 31.4, 29.3*, 28.3*, 27.6, 24.0 (*=minor diastereomer). HRMS (ESI) m/z: calcd for [M+Na]+ C12H16O3Na 
231.0997; Found 231.0997. 
 
N-Boc-3-hydroxy-1,2-dioxa-9-azaspiro[5.5]undecane 7f 

 

 
 
From N-Boc-7-azaspiro[3.5]nonanol 5f (1,58 g, 6.56 mmol) using general procedure E, N-Boc-3-hydroxy-1,2-dioxa-9-
azaspiro[5.5]undecane 7f was obtained as a colorless oil (1.36 g, 76%). Chromatography eluent: Petroleum Ether/AcOEt 65/35. 
 
IR (cm-1): 3400, 2976, 2874, 1695, 1667, 1430, 1367, 1281, 1263, 1245, 1154. 1H NMR (300 MHz, Chloroform-d) δ 5.28 (t, J = 4.3 
Hz, 1H), 3.77 (t, J = 12.5 Hz, 2H), 3.17 (brs, 1H, OH), 3.14 (qd, J = 13.5, 3.21 Hz, 2H), 1.90 – 1.65 (m, 3H), 1.56 – 1.44 (m, 3H), 1.45 
(s, 9H). 13C NMR (75 MHz, CDCl3) δ 155.0, 96.6, 79.7, 39.6, 34.0, 32.2, 30.0, 29.6, 25.2. HRMS (ESI) m/z: calcd for [M+Na]+ 

C13H23O5Na 296.1468; Found 296.1471. 
 
1-phenylpentane-1,4-dione 9a and 1-phenyl-1-hydroxy-pentane-4-one 10a 
 

 
 
From 1-methyl-2-phenylcyclobutanol 6a (500 mg, 3.07 mmol), was obtained 1-phenylpentane-1,4-dione 9a as a colorless oil (180 mg, 
36%) and 1-phenyl-1-hydroxy-pentane-4-one 10a as a colorless oil (120 mg, 24%, mixture of conformers between THF, 2 
diastereomers 20%, and opened form, 80%). Characterization data of both compounds are consistent with literature. [13,14] 

Chromatography eluent: from Petroleum Ether/Et2O 85/15 to 60/40. 
 
1-phenylpentane-1,4-dione 9a 

1H NMR (300 MHz, Chloroform-d) δ 7.92 (d, J = 7.1 Hz, 2H), 7.50 (t, J = 7.5 Hz, 1H), 7.39 (t, J = 7.3 Hz, 2H), 3.21 (t, J = 6.5 Hz, 2H), 
2.82 (t, J = 6.3 Hz, 2H), 2.19 (s, 3H). 13C NMR (75 MHz, CDCl3) δ 207.2, 198.5, 136.6, 133.1, 128.5, 128.5, 128.0, 127.9, 37.0, 32.4, 
30.0. 
 
1-phenyl-1-hydroxy-pentane-4-one 10a 
1H NMR (300 MHz, Chloroform-d,only major opened conformer described) δ 7.46 – 7.24 (m, 5H), 4.71 (t, J = 6.3 Hz, 1H), 2.55 (t, J = 
7.1 Hz, 2H), 2.13 (s, 3H), 2.02 (q, J = 6.8 Hz, 2H). 13C NMR (75 MHz, CDCl3, only major opened conformer described) δ 209.5, 144.4, 
128.6, 127.7, 125.8, 73.6, 40.0, 32.8, 30.1. 
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3-ethyl-6-methyl-6-tert-butyl,-1,2-dioxan-3-ol 8b 

 

 
From 1-ethyl-2-spiro[3.5]nonan-1-ol 6b (370 mg, 2.2 mmol), 1,2-dioxaspiro[5.5]undecan-3-ol 8b was obtained as a colorless oil at 
40 °C (80 mg, 18%), along with recovered starting material (130 mg, 35%). Chromatography eluent: Petroleum Ether/Et2O 85/15. 
 
IR (cm-1): 3400, 2933, 1447, 973.1H NMR (300 MHz, Chloroform-d) δ 3.06 (brs, 1H, OH), 1.97 – 1.71 (m, 2H), 1.70 – 1.51 (m, 8H), 
1.51 – 1.36 (m, 4H), 1.36 – 1.17 (m, 2H), 0.97 (t, J = 7.6 Hz, 3H).13C NMR (75 MHz, CDCl3) δ 100.7, 78.7, 36.1, 31.5, 31.1, 29.8, 
27.76, 26.1, 21.9, 21.8, 7.1. HRMS (ESI) m/z: calcd for [M+Na]+ C11H20O3Na: 223.1310; Found 223.1317. 
 
3,6-dimethyl-6-tert-butyl-1,2-dioxan-3-ol 8c 
 

 
 
From 1,2-dimethyl-2-tert-butylcyclobutanol 6c(85 mg, 0.545 mmol), 3-ethyl-6-methyl-6-tert-butyl,-1,2-dioxan-3-ol 8c was obtained as 
a colorless oil at 40 °C as a 75:25 mixture of diastereomers (67 mg, 65%). Chromatography eluent: Petroleum Ether/Et2O 85/15. 
 
IR (cm-1): 3400, 2933, 1716, 1469, 1372, 1230, 1115, 1076, 973. 1H NMR (300 MHz, Chloroform-d) δ 3.31 (brs, 0.75H, OH), 2.89 

(brs, 0.25H, OH), 2.13 (td, J = 12.9, 5.4 Hz, 0.75H), 1.92 (td, J = 12.8, 12.2, 5.3 Hz, 1H), 1.79 (dd, J = 5.4, 3.4 Hz, 0.75H), 1.74 (dd, J 
= 5.4, 3.4 Hz, 0.25H), 1.40-1.15 (m, 1.25H), 1.36 (s, 2.25H), 1.32 (s, 2.25H), 1.25 (s, 0.75H), 1.12 (s, 0.75H), 0.97 (s, 9H). 13C NMR 
(75 MHz, CDCl3) δ 98.8, 83.0, 37.7, 32.2, 30.4, 29.8, 26.0, 25.7, 25.4, 25.0, 23.7, 23.3, 17.3, 16.3. HRMS (ESI) m/z: calcd for 
[M+Na]+ C10H20NaO3 211.1310; Found 211.1307. 
 
3,6-dimethyl-6-tert-butyldiphenylsiloxymethyl-1,2-dioxan-3-ol 8d 

 

 
 
From 1,2-dimethyl-2-tert-butyldiphenylsiloxymethyl-cyclobutanol 6d (900 mg, 2.54 mmol), 3,6-dimethyl-6-tert-butyldiphenylsiloxy-
methyl-1,2-dioxan-3-ol 8d was obtained as a colorless oil in a 67:33 mixture of diastereomers (510 mg, 52%). Chromatography 
eluent: Petroleum Ether/Et2O 80/20 
 
IR (cm-1): 3400, 2931, 1473, 1112, 825, 740, 703. 1H NMR (300 MHz, Chloroform-d, 67:33 mixture of diastereomers) δ 7.75 – 7.58 
(m, 4H), 7.48 – 7.28 (m, 6H), 3.80 (d, J = 10.2 Hz, 0.67H), 3.75 (d, J = 10.2 Hz, 0.67H), 3.58 (d, J = 10.8 Hz, 0.33H), 3.51 (d, J = 10.8 
Hz, 0.33H), 3.37 (brs, 0.33H), 3.16 (brs, 0.67H), 1.66 – 1.49 (m, 2H), 1.40 (s, 1H), 1.35 (s, 1H), 1.34 – 1.10 (m, 2H), 1.26 (s, 2H), 
1.24 (s, 2H), 1.08 (s, 9H). 13C NMR (75 MHz, CDCl3, 67:33 mixture of diastereomers) δ 135.9, 135.8 (2 diastereomers); 133.8, 133.4, 
133.3 (2 diastereomers); 129.9, 129.8 (2 diastereomers); 127.9, 127.8, 127.8 (2 carbons and 2 diastereomers); 99.5; 80.7, 80.4 (2 

diastereomers); 68.7, 65.5 (2 diastereomers); 30.3, 30.0 (2 diastereomers); 27.0, 27.0 (3 carbons, 2 diastereomers), 26.4, 25.8 (2 

diastereomers); 24.9, 24.8 (2 diastereomers);  22.0; 19.5, 19.0 (2 diastereomers). HRMS (ESI) m/z: calcd for [M+Na]+ C23H32O4NaSi 
423.1968; Found 423.1970; calcd for [M+NH4]+ C23H36NO4Si 418.2408; Found 418.2411. 
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VII-Synthesis of 1,2-dioxanyl acetate 11a-e 

 

 

Scheme S7 

General Procedure F 

To a reaction flask containing 1,2-dioxan-3-ol 6a-f, was added Ac2O (2 mL/mmol of substrate) at 0 °C and Yb(OTf)3 hydrate was then 
added (0.05 equiv). After 1 h at 0 °C, the reaction mixture was quenched, being poured in an Erlenmeyer containing a saturated 
NaHCO3 solution (20 mL/mmol of substrate) and Et2O (4 mL/mmol). The reaction mixture was stirred vigorously for 30 min at rt and 
the aqueous layer was extracted 3 times with Et2O (about 20 mL/mmol of substrate). The combined organic phases were washed 
with saturated NaHCO3 twice (about 20 mL/mmol of substrate), washed with brine once (about 20 mL/mmol of substrate), dried over 
MgSO4, filtered, and concentrated on a rotavapor under vacuum with a gentle heating (no more than 30 °C). The residue was then 
purified on a silica gel column chromatography.     
 
 
6-phenyl-1,2-dioxan-3-yl acetate 11a 

 
 
From 6-phenyl-1,2-dioxan-3-ol 7a (500 mg, 2.77 mmol) using general procedure F, 6-phenyl-1,2-dioxan-3-yl acetate 11a was 
obtained as a colorless oil in 60:40 cis: trans mixture of diastereomers (540 mg, 88%). Chromatography eluent: Petroleum Ether/Et2O 
90/10. 
 
IR (cm-1): 2930, 1757, 1454, 1373, 1235, 970, 942, 753, 698. 1H NMR (300 MHz, Chloroform-d, 60:40 cis:trans mixture of 
diastereomers) δ 7.53 – 7.23 (m, 5H), 6.36 (dd, J = 3.7, 1.8 Hz, 0.6H), 6.29 (dd, J = 7.0, 4.5 Hz, 0.4H), 5.19 (dd, J = 10.6, 2.1 Hz, 
0.6H), 5.16 (t, J = 9.0, 5.2 Hz, 0.4H), 2.44 – 1.81 (m, 4H), 2.18 (s, 1.8H), 2.15 (s, 1.2H). 13C NMR (75 MHz, CDCl3, 60:40 mixture of 
diastereomers) δ 169.8, 169.5*, 139.4*, 138.2, 129.0, 128.7, 128.6*, 128.2*, 127.3, 126.4*, 95.7*, 93.4, 82.9, 82.2*, 26.6*, 26.4, 25.2, 
24.6*, 21.2*, 21.1. (*= minor diastereomer). HRMS (ESI) m/z: calcd for C12H18NO4 [M+NH4]+: 240.1236; Found 240.1242. 
 

1,2-dioxaspiro[5.5]undecan-3-yl acetate 11b 
 

 
 
From 1,2-dioxaspiro[5.5]undecan-3-ol 7b (790 mg, 4.59 mmol) using general procedure F, 6-phenyl-1,2-dioxan-3-yl acetate 11a was 
obtained as a colorless oil (763 mg, 78%). Chromatography eluent: Petroleum Ether/Et2O 90/10. 
 
IR (cm-1): 2932, 1747, 1448, 1374, 1232, 1214, 1174, 999, 970, 930. 1H NMR (300 MHz, Chloroform-d) δ 6.19 (t, J = 4.7 Hz, 1H), 
2.12 (s, 3H), 2.09 – 1.95 (m, 2H), 1.84 – 1.18 (m, 12H). 13C NMR (75 MHz, CDCl3) δ 170.1, 95.1, 79.9, 34.7, 33.0, 28.9, 25.82, 22.7, 
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21.9, 21.8, 21.3. HRMS (ESI) m/z: calcd for [M+NH4]+ C11H22NO4 232.1545; Found 232.1549; calcd for [M+Na]+ C11H18O4Na 
237.1103; Found 237.1099. 
 
6-methyl-6-tert-butyl-1,2-dioxan-3-yl acetate 11c 

 

 
 
From 6-methyl-6-tert-butyl-1,2-dioxan-3-ol 7c (470 mg, 2.70 mmol) using general procedure F, 6-methyl-6-tert-butyl-1,2-dioxan-3-yl 
acetate 11c was obtained as a colorless oil in a 50:50 mixture of diastereomers (534.6 mg, 92%). Chromatography eluent: Petroleum 
Ether/Et2O 90/10.  
 
IR (cm-1): 2958, 1755, 1375, 1228, 1033, 965, 921. 1H NMR (300 MHz, Chloroform-d, 50:50 mixture of diastereomers) δ 6.25 – 6.15 
(m, 1H), 2.20 – 2.02 (m, 1.5H), 2.12 (s, 1.5H), 2.11 (s, 1.5H), 1.94 – 1.69 (m, 1.5H), 1.50 – 1.39 (m, 0.5H), 1.34 (s, 1.5H), 1.32 – 1.24 
(m, 0.5H), 1.12 (s, 1.5H), 0.98 (s, 4.5H), 0.97 (s, 4.5H). 13C NMR (75 MHz, CDCl3, 50:50 mixture of diastereomers) δ 170.4, 170.1, 
96.5, 94.4, 84.3, 38.2, 38.1, 25.7, 25.0, 24.7, 23.8, 23.5, 23.4, 21.3 (2 diasteromers), 18.1, 16.9. HRMS (ESI) m/z: calcd for [M+NH4]+ 
C11H24NO4 234.1705; Found 234.1711; calcd for [M+Na]+ C11H20O4Na 239.1259; Found 239.1266. 
 
 
6-methyl-6-tert-butyldiphenylsiloxymethyl-1,2-dioxan-3-yl acetate 11d 

 

 
 
From 6-methyl-6-tert-butyldiphenylsiloxymethyl-1,2-dioxan-3-ol 7d (570 mg, 1.53 mmol) using general procedure F, 6-methyl-6-tert-
butyldiphenylsiloxymethyl-1,2-dioxan-3-yl acetate 11d was obtained as a colorless oil in a 70:30 mixture of diastereomers (630 mg, 
95%). Chromatography eluent: Petroleum Ether/Et2O 90/10. 
 
IR (cm-1): 2959, 1752, 1428, 1222, 1122, 1044, 1019, 825, 742, 704. 1H NMR (300 MHz, Chloroform-d,70:30 mixture of 

diastereomers) δ 7.67 (m, 4H), 7.47 – 7.34 (m, 6H), 6.22 (t, J = 5.0 Hz, 0.3H), 6.13 (t, J = 5.7 Hz, 0.7H), 3.78 (d, J = 10.3 Hz, 0.7H), 
3.68 (d, J = 10.3 Hz, 0.7H), 3.58 (d, J = 10.9 Hz, 0.3H), 3.51 (d, J = 10.9 Hz, 0.3H), 2.13 (s, 2.1H), 2.11 (s, 0.9H), 2.05 – 1.82 (m, 
1.4H), 1.82 – 1.63 (m, 1.4H), 1.62 – 1.50 (m, 0.6H), 1.50 – 1.38 (m, 0.6H), 1.35 (s, 0.9H), 1.26 (s, 2.1H), 1.08 (s, 9H). 13C NMR (75 
MHz, CDCl3, 70:30 mixture of diastereomers ) δ 170.2, 170.1*, 135.8 (2 diastereomers), 135.8*, 135.8, 133.7, 133.4 133.3*, 133.3*, 
129.9*, 127.9, 95.3, 95.1*, 82.0 (2 diastereomers), 68.1*, 66.7, 27.0, 26.9*, 25.6, 25.4*, 22.5, 22.3*, 21.3, 20.6*, 20.5*, 19.5 (2 
diastereomers). (*= minor diastereomer). HRMS (ESI) m/z: calcd for [M+NH4]+ C24H36NO5Si 446.2363; Found 446.2362; calcd for 
[M+Na]+ C24H32O5NaSi 451.1917; Found 451.1913. 
 
6-phenylethyl-1,2-dioxan-3-yl acetate 11e 

 

 
 
From 6-phenylethyl-1,2-dioxan-3-ol 7e (387.3 mg, 1.86 mmol) using general procedure F, 6-phenylethyl-1,2-dioxan-3-yl acetate 11e 

was obtained as a colorless oil in 80:20 cis:trans mixture of diastereomers (272.3 mg, 59%). Chromatography eluent: Petroleum 
Ether/Et2O 90/10. 
 
IR (cm-1): 2932, 1736, 1454, 1368, 1232, 1053. 1H NMR (300 MHz, Chloroform-d, 80:20 mixture of diastereomers) δ 7.49 – 7.24 (m, 
2H), 7.24 – 7.11 (m, 3H), 6.27 (dd, J = 4.1, 1.9 Hz, 0.8H), 6.21 (ddd, J = 6.7, 4.0, 1.0 Hz, 0.2H), 4.21 (dddd, J = 10.7, 8.3, 4.6, 2.5 Hz, 
0.8H), 4.14 – 3.97 (m, 0.2H), 2.94 – 2.63 (m, 2H), 2.15 (s, 2.4H), 2.13 (s, 0.6H), 2.12 – 1.54 (m, 6H). 13C NMR (75 MHz, CDCl3, 80:20 

mixture of diastereomers) δ 169.8, 169.7*, 141.4*, 128.6 *(4C), 128.6(4C), 126.2, 126.1*, 95.7*, 93.7, 80.1, 79.8*, 35.6, 34.5*, 31.9*, 
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31.4, 26.0, 25.1*, 24.3*, 24.2, 21.3, 21.2*. (*= minor diastereomer). HRMS (ESI) m/z: calcd for C14H18NaO4 [M+Na]+ : 273.1097; 
Found 273.1075. 
 

 

N-Boc-3-acetoxy-1,2-dioxa-9-azaspiro[5.5]undecane 11f 

 
 
From N-Boc-3-hydroxy-1,2-dioxa-9-azaspiro[5.5]undecane 7f (804 mg, 2.94 mmol) using general procedure F, N-Boc-3-acetoxy-1,2-
dioxa-9-azaspiro[5.5]undecane 11f was obtained as a colorless oil (208 mg, 22%). Chromatography eluent: Petroleum Ether/AcOEt 
75/25. 
 
IR (cm-1): 2977, 2930, 1750, 1691, 1424, 1366, 1245, 1150, 1011, 953. 1H NMR (300 MHz, Chloroform-d) δ 6.22 (dd, J = 5.2, 4.1 Hz, 
1H), 3.78 (t, J = 12.8 Hz, 2H), 3.18 (t, J = 12.5 Hz, 1H), 3.18 (t, J = 12.5 Hz, 1H), 2.24 – 2.02 (m, 2H), 2.14 (s, 3H), 1.87 –1.69 (m, 
3H), 1.60 – 1.42 (m, 3H), 1.45 (s, 9H). 13C NMR (75 MHz, CDCl3) δ 170.0, 154.9, 94.7, 79.7, 78.0, 39.8 (br), 39.4 (br), 34.7, 31.8, 
29.1, 28.6, 22.6, 21.3. HRMS (ESI) m/z: calcd for [M+Na]+ C15H25NO6Na  : 338.1574; Found 338.1576. 

VIII-Synthesis of dioxanes 12-26 

 

General procedure G 

To a solution of 3-acetoxy-1,2-dioxane 11a-f (1 equiv.) and desired nucleophile (3 equiv.) in dry DCM (4 mL/mmol) was added 5 
mol% Sc(OTf)3. After disappearance of starting material monitored on TLC (usually 1 h), the reaction mixture was poured into a 
saturated solution of NaHCO3 (10 mL/mmol). Aqueous phase was extracted with Et2O three times (about 20 mL/mmol) and combined 
organic layers were washed with brine (about 20 mL/mmol)  and dried over MgSO4. Volatiles were removed under reduced pressure 
and the crude residue was purified by silica gel flash column chromatography to afford different substituted 1,2-dioxane 12-26. 
 

cis-3-allyl-6-phenethyl-1,2-dioxane 12 

 

 
 
From 6-phenethyl-1,2-dioxan-3-yl acetate 11e (36.7 mg, 0.147 mmol) using general procedure G in presence of TMSallyl, 3-allyl-6-
phenylethyl-1,2-dioxane 12 was obtained as a colorless oil and as a sole cis-diastereomer (15.5 mg, 46%). Chromatography eluent: 
Petroleum Ether/Et2O 96/4. 
 
IR (cm-1): 2952, 1734, 1454, 1247, 993, 837, 750, 699. 1H NMR (300 MHz, Chloroform-d) δ 7.34 – 7.25 (m, 2H), 7.24 – 7.10 (m, 3H), 
5.83 (dddd, J = 17.1, 10.1, 7.5, 6.5 Hz, 1H), 5.12 (dq, J = 17.1, 1.6 Hz, 1H), 5.09 (ddt, J = 10.1, 1.6, 1.0 Hz, 1H), 4.13 (qd, J = 6.4, 4.0 
Hz, 1H), 4.06 (dq, J = 8.9, 5.8, 4.3 Hz, 1H), 2.81 (ddd, J = 14.0, 9.7, 5.4 Hz, 1H), 2.68 (ddd, J = 14.0, 9.3, 7.1 Hz, 1H), 2.54 (dtt, J = 
14.4, 6.7, 1.5 Hz, 1H), 2.27 (dtt, J = 14.4, 6.9, 5.8, 1.0 Hz, 1H), 2.17 (dtd, J = 14.0, 9.1, 5.5 Hz, 1H), 1.94 – l1.49 (m, 5H). 13C NMR 
(75 MHz, CDCl3) δ 142.0, 134.2, 128.7, 128.6, 128.5, 126.0, 117.4, 80.1, 79.5, 37.0, 34.1, 31.9, 25.9, 25.2. HRMS (ESI) m/z: calcd 
for [M+NH4]+ C15H24NO2 250.1803; Found 250.1803. 
 
3-cyano-6-phenylethyl-1,2-dioxane 13 

 

 
 
From 6-phenethyl-1,2-dioxan-3-yl acetate 11e (111 mg, 0.443 mmol) using general procedure G in presence of TMSCN, 3-cyano-6-
phenylethyl-1,2-dioxane 13 was obtained as a colorless oil in 65:35 cis:trans mixture of diastereomers (70 mg, 73%). 
Chromatography eluent: Petroleum Ether/Et2O 90/10. 
 
IR (cm-1): 2954, 1603, 1495, 1454, 1234, 955, 753, 701. 1H NMR (300 MHz, Chloroform-d, 65:35 mixture of cis:trans diastereomers) 
δ 7.32 (t, J = 7.4 Hz, 3H), 7.26 – 7.15 (m, 3H), 4.98 (dd, J = 5.3, 1.8 Hz, 0.65H), 4.92 (dd, J = 8.6, 3.5 Hz, 0.35H), 4.31 – 4.11 (m, 1H), 
2.89 – 2.63 (m, 2H), 2.30 – 1.51 (m, 6H). 13C NMR (75 MHz, CDCl3, 65:35 mixture of cis:trans diastereomers) δ 141.2, 128.7, 128.6*, 
128.6, 126.3, 126.2*, 116.8, 115.8*, 81.4, 80.7*, 69.2*, 69.0, 35.4, 34.3*, 31.5*, 31.2, 26.9, 26.7*, 26.6*, 25.8.(* = minor isomer). 
HRMS (ESI) m/z: calcd for [M+Na]+ C13H15NO2Na: 240.1000; Found 240.1004. 
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S-ethyl [6-(2-phenylethyl)-1,2-dioxan-3-yl]ethanethioate 14 
 

 
 
From 6-phenethyl-1,2-dioxan-3-yl acetate 11e (123 mg, 0.491mmol) using general procedure G in presence of 1-
(ethylthio)vinyloxytrimethylsilane, S-ethyl [6-(2-phenylethyl)-1,2-dioxan-3-yl]ethanethioate 14 was obtained as a colorless oil in 85:15 
cis:trans mixture of diastereomers (57 mg, 39%). Chromatography eluent: Petroleum Ether/Et2O 95/5. 
 
IR (cm-1): 2929, 1682, 1453, 1265, 1116, 1051, 1028, 751, 700. 1H NMR (300 MHz, CDCl3, 85:15 mixture of cis:trans diastereomers) 
δ 7.27 (t, J = 7.4 Hz, 2H), 7.22 – 7.11 (m, 3H), 4.58 (tt, J = 6.8, 4.6 Hz, 0.85H, cis isomer), 4.40 (quint, J = 6.3 Hz, 0.15H, trans 
isomer), 4.08 (tt, J = 8.1, 4.2 Hz, 0.85H, cis isomer), 3.96 (quint, J = 6.5 Hz, 0.15H, trans isomer), 3.13 (dd, J = 15.2, 6.7 Hz, 0.85H, 
cis isomer), 2.89 (q, J = 7.5 Hz, 2H), 2.84 – 2.59 (m, 3H), 2.53 (dd, J = 15.2, 5.7 Hz, 0.15H, trans isomer), 2.17 – 1.81 (m, 2H), 1.80 – 
1.45 (m, 4H), 1.25 (t, J = 7.4 Hz, 3H).13C NMR (75 MHz, CDCl3, 85:15 mixture of cis:trans diastereomers) δ 196.6, 141.6, 141.6*, 
128.5 (2C), 128.4 (2C), 128.3*, 125.9, 125.7*, 80.5*, 80.0, 76.5, 75.0*, 47.5*, 46.1, 35.3*, 34.6, 31.7*, 31.5, 29.4*, 29.3*, 25.6, 25.3, 
23.5, 23.3*, 14.7*, 14.6. (* = minor isomer). HRMS (ESI) m/z: calcd for [M+Na]+ C16H22O3NaS 317.1187; Found 317.1186. 
 
cis-3-phenyl-6-(prop-2-en-1-yl)-1,2-dioxane 15 

 

 

 
 
From 6-phenyl-1,2-dioxan-3-yl acetate 11a (85 mg, 0.382mmol) using general procedure G in presence of allyltrimethylsilane,cis-3-
phenyl-6-(prop-2-en-1-yl)-1,2-dioxane 15 was obtained as a colorless oil and a sole cis diastereomer (4.2 mg, 5%). Chromatography 
eluant: Petroleum Ether/Et2O 97/3. 
 
IR (cm-1): 2955, 1495, 1453, 1233, 1033, 996, 969, 9132, 753, 731, 698. 1H NMR (300 MHz, Chloroform-d) δ 7.48 – 7.28 (m, 5H), 
5.84 (ddt, J = 17.1, 10.1, 7.0 Hz, 1H), 5.15 (dd, J = 8.1, 3.2 Hz, 2H), 5.11 (d, J = 17.1 Hz, 1H), 5.07 (ddd, J = 10.1, 2.1, 1.1 Hz, 1H), 
4.21 (tt, J = 6.9, 4.5Hz, 1H), 2.70 (dt, J = 14.0, 6.9 Hz, 1H), 2.37 (dt, J = 14.0, 6.9 Hz, 1H), 2.21 (td, J = 7.4, 3.5 Hz, 1H), 2.11 – 1.90 
(m, 2H), 1.84 – 1.70 (m, 1H).13C NMR (75 MHz, CDCl3) δ 139.6, 134.5, 128.6, 128.2, 127.0, 117.4, 82.3, 79.8, 36.4, 29.9, 25.9, 25.7. 
HRMS (ESI) m/z: calcd for [M+NH4]+ C13H20NO2 222.1494; Found 222.1498. 
 
3-allyl-1,2-dioxaspiro[5.5]undecane 16 

 

 
 
From 1,2-dioxaspiro[5.5]undecan-3-yl acetate 11b (44.9 mg, 0.212 mmol) using general procedure G in presence of 
allyltrimethylsilane, 3-allyl-1,2-dioxaspiro[5.5]undecane 16 was obtained as a colorless oil (36.1 mg, 88%). Chromatography eluant: 
Petroleum Ether/Et2O 97/3. 
 
IR (cm-1): 2934, 1642, 1447, 1331, 1023, 992, 913. 1H NMR (300 MHz, CDCl3) δ 5.78 (ddt, J = 16.9, 10.1, 6.9 Hz, 1H), 5.08 (brd, J = 

16.9 Hz), 5.04 (brd, J = 10.1 Hz), 4.05 (m, 1H), 2.28 (dt, J = 15.0, 6.5 Hz, 1H), 2.21-2.06 (m, 2H), 1.75-1.46 (s, 8H), 1.46-1.18 (m, 5H). 
13C NMR (75 MHz, CDCl3) δ 133.8, 117.4, 80.4, 78.6, 38.0, 36.6, 33.2, 31.1, 26.2, 25.5, 21.7, 21.7. HRMS (ESI) m/z: calcd for 
[M+NH4]+ C12H24NO2 214.1802; Found 214.1801. 
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3-(2-methylprop-2-en-1-yl)-1,2-dioxaspiro[5.5]undecane 17 
 

 
 
From 1,2-dioxaspiro[5.5]undecan-3-yl acetate 11b (124 mg, 0.579 mmol) using general procedure G in presence of 2-
methylallyltrimethylsilane, 3-(2-methylprop-2-en-1-yl)-1,2-dioxaspiro[5.5]undecane 17 was obtained as a colorless oil (82 mg,67%). 
Chromatography eluant: Petroleum Ether/Et2O 97/3. 
 
IR (cm-1): 2936, 1447, 905, 9.91, 951, 731. 1H NMR (300 MHz, CDCl3) δ 4.80 (s, 1H), 4.76 (s, 1H), 4.17 (quint, J = 6.9 Hz, 1H), 2.25 
(dd, J = 14.4, 7.2 Hz, 1H), 2.21 – 2.11 (m, 1H), 2.07 (dd, J = 14.4, 6.0 Hz, 1H), 1.75 (s, 3H), 1.73 – 1.63 (m, 2H), 1.63 – 1.48 (m, 6H), 
1.48 – 1.23 (m, 5H). 13C NMR (75 MHz, CDCl3) δ 141.5, 113.1, 79.4, 78.5, 42.0, 36.7, 33.3, 31.2, 26.2, 25.9, 22.9, 21.8. HRMS 

(APCI) m/z: calcd for [M+H]+ C13H23O2: 211.1693; Found 211.1693.  
 

2-(1,2-dioxaspiro[5.5]undecan-3-yl)-1-phenylethan-1-one 18 

 
 
From 1,2-dioxaspiro[5.5]undecan-3-yl acetate 11b (198 mg, 0.925mmol) using general procedure G in presence of (β-
styryloxy)trimethylsilane, 2-(1,2-dioxaspiro[5.5]undecan-3-yl)-1-phenylethan-1-one 18 was obtained as a colorless oil (240 mg, 67%). 
 
IR (cm-1): 2936, 1683, 1449, 1359, 1266, 954, 907, 728, 690. 1H NMR (300 MHz, CDCl3) δ 7.88 (t, J = 7.0 Hz, 1H), 7.49 (t, J = 7.0 Hz, 
1H), 7.39 (t, J = 7.2 Hz, 2H), 4.65 – 4.51 (m, 1H), 3.24 (dd, J = 16.4, 5.7 Hz, 1H), 2.91 (dd, J = 16.4, 6.9 Hz, 1H), 2.12 – 1.99 (m, 1H), 
1.83 – 1.73 (m, 1H), 1.71 – 1.42 (m, 7H), 1.42 – 1.12 (m, 5H). 13C NMR (75 MHz, CDCl3) δ 198.2, 137.1, 133.4, 128.8, 128.4, 79.0, 
77.3, 42.2, 36.1, 32.7, 31.7, 26.7, 25.8, 21.7. HRMS (ESI) m/z: calcd for [M+Na]+ C17H22O3Na 297.1467; Found 297.1475. 
 
5-(1,2-dioxaspiro[5.5]undecan-3-yl)furan-2(5H)-one 19 

 
 
From 1,2-dioxaspiro[5.5]undecan-3-yl acetate 11b (190 mg, 0.887 mmol) using general procedure G in presence of (2-
trimethylsilyloxyfurane), 5-(1,2-dioxaspiro[5.5]undecan-3-yl)furan-2(5H)-one 19 was obtained as colorless oils in a mixture of 
separable syn:anti (~2:1) diastereomers: by order of elution, anti isomer (45 mg, 0.189 mmol, 21%) and syn isomer (95 mg, 0.40 
mmol, 45%). Chromatography eluant: from Petroleum Ether/Et2O 85/15 to 70:30. 
 
IR (cm-1): 2936, 1786, 1756, 1448, 1158, 906, 817, 730, 649.  
 

Anti isomer: 
1H NMR (300 MHz, Chloroform-d) δ 7.64 (d, J = 5.8 Hz, 1H), 6.17 (dd, J = 5.7, 1.1 Hz, 2H), 5.12 (brd, J = 5.7 Hz, 1H), 3.99 (q, J = 6.4 
Hz, 1H), 1.94 (m, 1H), 1.89 (q, J = 6.4 Hz, 1H), 1.78 (dt, J = 13.6, 5.4 Hz, 1H), 1.73( m, 1H), 1.66 – 1.50 (m, 4H), 1.49 – 1.16 (m, 5H). 
13C NMR (75 MHz, CDCl3) δ 172.7, 154.4, 122.2, 82.0, 80.7, 79.9, 34.8, 32.8, 31.1, 26.0, 21.7, 21.7, 21.4. 
 

Syn isomer: 

1H NMR (300 MHz, Chloroform-d) δ 7.49 (dd, J = 5.8, 1.5 Hz, 1H), 6.19 (dd, J = 5.8, 1.9 Hz, 1H), 5.14 (dt, J = 4.7, 1.9 Hz, 1H), 4.36 
(ddd, J = 9.7, 4.7, 3.7 Hz, 1H), 2.12 – 1.95 (m, 1H), 1.92 – 1.49 (m, 7H), 1.49 – 1.17 (m, 7H). 13C NMR (75 MHz, CDCl3) δ 172.4, 

153.0, 122.8, 82.9, 79.5, 35.9, 32.1, 31.6, 26.0, 21.7, 21.7, 20.4.  
 
HRMS (ESI) m/z: calcd for [M+Na]+ C13H18O4Na 261.1103; Found 261.1107. 
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 [6-(tert-butyldiphenylsilyl)oxy)methyl)-6-methyl-1,2-dioxane 20 
 

 
 

From 6-(((tert-butyldiphenylsilyl)oxy)methyl)-6-methyl-1,2-dioxan-3-yl acetate 11d (178 mg, 0.429 mmol) using general procedure G 
in presence of TES-H, [6-(tert-butyldiphenylsilyl)oxy)methyl)-6-methyl-1,2-dioxane 20 was obtained as a colorless oil (42 mg, 0.181 
mmol, 42%). Chromatography eluant: Petroleum Ether/Et2O 95/5. 
 
IR (cm-1): 2959, 1428, 1373, 1222, 1112, 980, 825, 704. 1H NMR (300 MHz, Chloroform-d) δ 7.73 – 7.65 (m, 4H), 7.46 – 7.36 (m, 6H), 
4.13 (dt, J = 12.3, 5.9 Hz, 1H), 4.04 (dt, J = 12.3, 4.9 Hz, 1H), 3.85 (d, J = 10.2 Hz, 1H), 3.66 (d, J = 10.2 Hz, 1H), 1.96 (dt, J = 13.2, 
5.5 Hz, 1H), 1.70 (quint, J = 5.9 Hz, 2H), 1.53 (dt, J = 13.2, 7.0 Hz, 1H), 1.34 – 1.24 (m, 3H), 1.16 – 1.02 (m, 9H).  13C NMR (75 MHz, 
CDCl3) δ 135.9, 135.8, 133.8, 133.6, 129.8, 127.8, 81.4, 72.1, 66.8, 28.6, 27.0, 22.0, 20.7, 19.5. HRMS (ESI) m/z: calcd for [M+Na]+ 

C22H30O3NaSi 388.2308; Found 388.2303. 
 
6-(tert-butyldiphenylsilyl)oxy)methyl)-6-methyl-1,2-dioxane-3-allyle 21 

 

 
 
 
From 6-(((tert-butyldiphenylsilyl)oxy)methyl)-6-methyl-1,2-dioxan-3-ylacetate 11d (130 mg, 0.3136 mmol) using general procedure G 
in presence of allylTMS, 6-(tert-butyldiphenylsilyl)oxy)methyl)-6-methyl-1,2-dioxane-3-allyle 21 was obtained as a colorless oil in a 
65:35cis:trans mixture of diastereomers (80 mg, 0.195 mmol, 62%). Chromatography eluant: Petroleum Ether/Et2O 95/5. 
 
IR (cm-1): 2960, 1473, 1112, 914, 825, 804, 740, 703. 1H NMR (300 MHz, Chloroform-d, 65:35 cis:trans mixture of diastereomers) δ 

7.68 (m, 4H), 7.51 – 7.30 (m, 6H), 5.81 (ddt, J = 17.1, 10.3, 7.2 Hz, 0.35H), 5.69 (ddt, J = 17.2, 10.3, 7.1 Hz, 0.65H), 5.11 (d, J = 17.1 
Hz, 0.35H), 5.07 (d, J = 10.1 Hz, 0.35H), 5.03 (d, J = 17.2 Hz, 0.65H), 5.00 (d, J = 10.3 Hz, 0.65H), 4.11 – 3.97 (m, 1H), 3.94 (d, J = 
9.9 Hz, 0.65H), 3.72 (d, J = 10.1 Hz, 0.65H), 3.52 (s, 0.75H), 2.36 (dt, J = 13.7, 7.0 Hz, 0.65H), 2.26 – 2.09 (m, 1.35H), 2.08 – 1.93 
(m, 1.65H), 1.90 – 1.75 (m, 0.35H), 1.75 – 1.45 (m, 2H), 1.37 (s, 1.05H), 1.21 (s, 1.95H), 1.08 (s, 5.85H), 1.07 (s, 3.15H). 13C NMR 
(75 MHz, CDCl3, 65:35 cis:trans mixture of diastereomers) δ 135.9, 135.8, 135.1, 133.9, 133.8, 133.6, 133.5, 129.8, 127.8, 117.5, 
81.0, 80.4, 80.2, 79.8, 69.2, 65.2, 37.9, 37.9, 29.3, 28.8, 27.1, 27.0, 26.9, 25.6, 25.3, 23.3, 19.5, 19.1. HRMS (ESI) m/z: calcd for 
[M+Na]+ C25H34O3NaSi 433.2175; Found 433.2178. 
 
6-(tert-butyldiphenylsilyl)oxy)methyl)-6-methyl-1,2-dioxane-3-carbonitrile 22 
 

 

 
 

 
From 6-(((tert-butyldiphenylsilyl)oxy)methyl)-6-methyl-1,2-dioxan-3-yl 11d (190 mg, 0.458 mmol) using general procedure G in 
presence of TMSCN, 6-(tert-butyldiphenylsilyl)oxy)methyl)-6-methyl-1,2-dioxane-3-carbonitrile 22 was obtained as a colorless oil in a 
50:50 cis:trans mixture of diastereomers (124 mg, 0.314 mmol, 69%). Chromatography eluant: Petroleum Ether/Et2O 85/15. 
 
IR (cm-1): 2931, 1472, 1428, 1362, 112988, 940, 825, 742, 703, 625. 1H NMR (300 MHz, Benzene-d6, 50:50 cis:trans mixture of 
diastereomers) δ 7.83 – 7.59 (m, 4H), 7.24 – 7.15 (m, 6H), 3.86 (t, J = 4.7 Hz, 0.5H), 3.71 (dd, J = 5.8, 2.4 Hz, 0.5H), 3.66 (d, J = 
10.9 Hz, 0.5H), 3.61 (d, J = 10.9 Hz, 1H), 3.49 (s, 1H), 1.41 – 1.24 (m, 1.5H), 1.20 – 1.24 (m 2.5H), 1.14 (s, 4.5H), 1.08 (s, 4.5H), 
1.05 (s, 1.5H), 1.03 (s, 1.5H). 13C NMR (75 MHz, C6D6, 50:50 cis:trans mixture of diastereomers) δ 136.1, 136.0, 133.9, 133.6, 133.5, 
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133.4, 130.2, 128.2, 116.8, 116.4, 81.7, 81.7, 68.3, 68.0, 65.9, 65.5, 26.8, 26.6, 25.7, 25.7, 23.5, 23.4, 19.6, 19.5. HRMS (ESI) m/z: 
calcd for [M+Na]+ C13H15NO2Na: 418.1807; Found 418.1805. 
 

3-tert-butyl-3-methyl-6-(prop-2-en-1-yl)-1,2-dioxane 23 
 

 

 
 
From tert-butyl-6-methyl-1,2-dioxan-3-yl acetate 11c (130 mg, 0.3136mmol) using general procedure G in presence of allylTMS, S-
ethyl (6-tert-butyl-6-methyl-1,2-dioxan-3-yl)ethanethioate 23 was obtained as a colorless oil in a 75:25 cis:trans mixture of 
diastereomers (26 mg, 0.131 mmol, 55%). Chromatography eluant: Petroleum Ether/Et2O 97/3. 
 
IR (cm-1): 2982, 1642, 1469, 1370, 1121, 994, 913, 860. 1H NMR (300 MHz, Chloroform-d, 75:25 mixture of cis:trans diastereomers) 
δ 5.83 (ddt, J = 17.2, 10.2, 7.3 Hz, 1H), 5.12 (d, J = 17.2 Hz, 1H), 5.07 (d, J = 10.2 Hz, 1H), 4.10 – 3.95 (m, 1H), 2.66 (dt, J = 13.9, 
7.0 Hz, 0.75H), 2.38 – 2.20 (m, 1.25H), 2.21 – 1.85 (m, 1.75H), 1.71 – 1.44 (m, 1.25H), 1.29 (s, 2.25H), 1.26 (s, 0.75H), 1.35 – 1.15 
(m, 1H), 0.95 (s, 6.25H), 0.93 (s, 2.25H). 13C NMR (75 MHz, CDCl3, 75:25 mixture of cis:trans diastereomers) δ 135.0, 133.8*, 117.5*, 
117.2, 83.8, 80.3*, 78.2, 38.3*, 38.1, 37.4*, 36.3, 26.3*, 25.2(3C), 25.2, 24.8*, 23.1, 17.4, 16.5*. (* = minor isomer). HRMS (APCI) 

m/z: calcd for [MH-H2O]+ C12H21O 181.1578; Found 181.1587 [10.2% ]; calcd for [MH-H2O-tBuH]+ C8H13O 125.0951; 

Found125.0961 [100% ]. 
 
S-ethyl (6-tert-butyl-6-methyl-1,2-dioxan-3-yl)ethanethioate 24 
 

 

 
 
From tert-butyl-6-methyl-1,2-dioxan-3-yl acetate 11c (108 mg, 0.5mmol) using general procedure G in presence of 1-
(ethylthio)vinyloxytrimethylsilane, S-ethyl (6-tert-butyl-6-methyl-1,2-dioxan-3-yl)ethanethioate 24 was obtained as a colorless oil in a 
85:15 cis:trans mixture of diastereomers(76 mg, 0.29 mmol, 58%). Chromatography eluant: Petroleum Ether/Et2O 95/5. 
 
IR (cm-1): 2954, 1684, 1452, 1371, 1263, 1140, 1106, 1005, 756. 1H NMR (300 MHz, Chloroform-d, 85:15 mixture of cis:trans 

diastereomers) δ 4.52 (qd, J = 6.7, 1.7 Hz, 0.85H), 4.43 (quint, J = 6.9 Hz, 0.15H), 3.23 (dd, J = 14.9, 6.9 Hz, 0.85H), 2.97 – 2.82 (m, 
3.85H), 2.75 (dd, J = 15.1, 7.3 Hz, 0.15H), 2.56 (dd, J = 15.1, 5.9 Hz, 0.15H), 2.19 (ddt, J = 13.2, 12.2, 5.6 Hz, 0.85H), 2.01 (td, J = 
13.2, 5.1 Hz, 1H), 2.00 – 1.89 (m, 0.15H), 1.78 – 1.66 (m, 0.3H), 1.58 (dddd, J = 13.5, 5.0, 3.6, 2.2 Hz, 0.85H), 1.53 – 1.42 (m, 
0.15H), (s, 1H), 1.31 (s, 3H), 1.25 (t, J = 7.5 Hz, 3H), 0.96 (s, 7.65H), 0.93 (s, 1.35H).13C NMR (75 MHz, CDCl3, only major cis 

diastereomer described) δ 197.2, 83.9, 75.2, 45.9, 38.1, 25.0, 23.6, 23.2, 22.6, 17.1, 14.7. HRMS (APCI) m/z: calcd for [M+NH4]+: 
C13H28NO3S 278.1790; Found 278.1791. 
 

Computational Section 

I-Computational methods 

 
Geometries of both reactants and transition states were fully optimized in vacuo and without constraint in the framework of the 
density functional theory[15] as implemented in the Gaussian 16, revision B.01 software package[16] using the hybrid Becke, 3-
parameter, Lee-Yang-Parr exchange–correlation functional,[17] the 6-31+G(d,p) basis set[18] for organoelements. Vibrational analysis 
at the same level of theory was conducted upon geometrical optimization convergence and local minima as well as first-order saddle 
points were characterized by their respective number of imaginary frequencies. Minimum energy paths were followed as defined by 
the intrinsic reaction coordinate.[19] 
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II- Ring-opening of trans-2-methylcyclobutanoxyl radical:  

Cartesian coordinates 

trans-2-methylcyclobutanoxy radical 
 

 

Figure S1 

Lowest frequency = 133.2002 cm
-1
 

E(RB3LYP) = -271.095655 Ha 

Sum of electronic and thermal Free Energies= -270.996375 Ha = -170052.77 kcal/mol 

           = -711500.983 kJ/mol 

 

 

 

 O                 -1.16450800   -1.58591500   -0.21727500 

 C                 -0.69049700   -0.49555000    0.36916000 

 C                  0.66506400    0.03733400   -0.38296300 

 C                  1.99786500   -0.44205400    0.15222300 

 C                  0.14690700    1.46735400   -0.10527900 

 C                 -1.28353900    0.91746500    0.11260900 

 H                 -0.40182300   -0.64587100    1.42739000 

 H                  0.54314600   -0.21546800   -1.43993600 

 H                  2.82074500    0.03463800   -0.39448100 

 H                  2.10248700   -1.52510500    0.03471900 

 H                  2.11480600   -0.19766500    1.21318200 

 H                  0.57579400    1.86781600    0.81929800 

 H                  0.29256200    2.19926800   -0.90410000 

 H                 -1.87735400    1.35786300    0.91830700 

 H                 -1.86909700    0.90454800   -0.81067400 
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Transition state of ring opening of trans-2-methylcyclobutanoxyl radical. 
 

 

Figure S2 

 

Lowest frequency = -430.0968 cm
-1
 

E(RB3LYP) = -271.092871 Ha 

Sum of electronic and thermal Free Energies= -270.995409 Ha = -170052.164 kcal/mol 

           = -711498.446 kJ/mol 

 

 

 

 O                 -1.39230000   -1.44801400   -0.22498400 

 C                 -0.86129000   -0.47417000    0.38413600 

 C                  0.77529200    0.01734200   -0.42674400 

 C                  2.00691200   -0.60399100    0.16359100 

 C                  0.29909600    1.42182400   -0.07473000 

 C                 -1.17916800    1.01146100    0.09554600 

 H                 -0.46953200   -0.64409700    1.41064200 

 H                  0.58090700   -0.26179400   -1.46245100 

 H                  2.90408600   -0.21533200   -0.34065100 

 H                  2.00310200   -1.69026200    0.03205600 

 H                  2.10580200   -0.37911200    1.23011900 

 H                  0.73700700    1.75458300    0.87210700 

 H                  0.50320100    2.18393700   -0.83398100 

 H                 -1.73588700    1.52749700    0.88484100 

 H                 -1.73534700    1.07389500   -0.84360300 

 

 

 

 

 

24

S-24



SUPPORTING INFORMATION   
 

 

 

 

 

 

 

Product of ring opening of trans-2-methylcyclobutanoxy radical: pentanal-4-yl radical. 
 

 

Figure S3 

 

Lowest frequency = 54.8474 cm
-1
 

E(RB3LYP) = -271.116816 Ha 

Sum of electronic and thermal Free Energies= -271.023501 Ha = -170069.792 kcal/mol  

           = -711572.202 kJ/mol 

 

 

 O                 -1.95644700   -1.09698500   -0.31065800 

 C                 -1.47290700   -0.21772600    0.36848000 

 C                  1.55824100    0.22388600   -0.41546500 

 C                  1.84385300   -1.12223100    0.16216800 

 C                  0.64041300    1.20286200    0.24331800 

 C                 -0.85962500    1.05346900   -0.16544500 

 H                 -1.44621500   -0.30985300    1.48055000 

 H                  1.83489200    0.41109600   -1.45089300 

 H                  2.76319800   -1.55187100   -0.24951600 

 H                  1.03750000   -1.84605200   -0.04770200 

 H                  1.94756700   -1.08034100    1.25401300 

 H                  0.71207200    1.11351400    1.33670500 

 H                  0.94003400    2.22827500   -0.00632700 

 H                 -1.42054700    1.89721800    0.26263000 

 H                 -0.97677200    1.07233100   -1.25253200 
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Energy diagram 

 

Figure S4 
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