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1. General Information 
The 1H and 13C{1H}, and 19F NMR spectra were recorded with a JEOL model AL-400 

or ECS-400 spectrometer using CDCl3 as the solvent. All chemical shifts are reported in 
ppm and coupling constants are in Hz. The 1H and 13C NMR chemical shifts are relative 
to tetramethylsilane; the resonance of residual protons of chloroform were used as an 
internal standard for 1H (δ7.26 ppm) and all-d solvent peaks for 13C (δ77.0 ppm). 19F 
NMR chemical shifts are relative to hexafluorobenzene in CDCl3 at δ = −163.0 ppm 
(external reference). The chemical The IR spectra were measured with a Thermo Electron 
Corporation model NICOLET 6700 FT-IR spectrometer. The melting points were 
measured with a Stanford Research Systems MPA100. The ESI high resolution mass 
spectra were obtained using a Waters LCT Premier XE mass spectrometer. The HPLC 
analysis were performed by Shimazu SCL-10A chromatograph using Daicel Chiralpak® 
IF; the peak areas were obtained using Shimadzu SPD-M10A VP diode array 
detector/Shimadzu Class-VP. Column chromatography was conducted on silica gel 
(CHROMATREX PSQ 100B, Fuji Silysia Chemical, Ltd.). ZrCl4 was purchased from 
Aldrich. The dehydrated dichloromethane (DCM) and dehydrated tetrahydrofuran (THF) 
were purchased from Kanto Chemical Co., Inc. Bis(trichloromethyl) carbonate was 
purchased from Tokyo Chemical Industry Co., Ltd., and used without further purification. 
AlCl3 and HfCl4 were purchased from FUJIFILM Wako Pure Chemical Co. Pyridine was 
distilled from KOH. 
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2. Supporting Result and Discussion 

2.1 Screening of Solvents 

Table S1. Screening of Solvents 

 

  The use of halogen solvents such as 1,2-dichloroethane and chlorobenzene gave as the good results 

as dichloromethane (entries 2 and 3). When the reaction was carried out in toluene, desired product 

was obtained in only 16% yield (entry 3). No reaction was observed in the case of diethyl ether, 

tetrahydrofuran, and acetonitrile because these solvents coordinate to Lewis acid (entries 5, 6, and 7). 

Therefore, we chose dichloromethane as the best solvent. 
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2.2 The Comparison of 1,2-Rearrangement 
Table S2. The Comparison of each 1,2-Rearrangement 

 
 
Scheme S1. The Comparison of 1,2-Rearrangements of 4p and 1p 
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The comparison of each 1,2-rearrangement of 1,2-diols 4 and corresponding cyclic 
carbonates 1 was investigated (Table S1, S2 and Scheme S1). When 1,2-diols 4 treated 
with zirconium (IV) chloride in dichloromethane at room temperature, the alkyl or 
hydride migration depending on the stability of carbocation occurred to afford 3 and/or 
3’. 1,2-rearrangement of diols containing a secondary alcohol moiety (4i-m) were 
resulted in the low selectivity of 1,2-migration. On the other hand, cyclic carbonates 1 
were converted into 1,2-aryl migrated products 2 under the same reaction conditions.  
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2.3 Limitation of Decarboxylative 1,2-Rearrangement 
   Scheme S2. Limitation of Selectivity on Decarboxylative 1,2-Rearranegement 

 
 
 A few cyclic carbonates showed the similar selectivity with the corresponding 1,2-diols. 
The decarboxylation of substrates 1s, 1tuand 1u did not proceed under typical conditions 
(scheme 3 in manuscript). Although the reaction was carried out using zirconium chloride 
in mesitylene at 150 ℃, only hydride-migrated products (3s-3u) were obtained.  
 
 

3. Preparation of Substrates 

3.1 General Procedure for the Synthesis of 1,2-Diols 

3.1.1 Procedure for the Preparation of 1,2-Diols (4a-4m, 4r, 4s, 4u) 

 
Diols 4a-4m, 4r, 4s, 4u were prepared according to the literature1. Under N2 

atmosphere, benzopinacol (1.83 g, 5.00 mmol) and the corresponding aldehyde or ketone 
(10.0 mmol) were dissolved into dehydrate CH2Cl2 (25 mL). To the solution, Ti(OiPr)4 
(2.0 mL, 6.76 mmol) and Me3SiCl (0.9 mL, 7.09 mmol) was added. The resulting solution 
was stirred at room temperature. The reaction was continuously monitored by thin layer 
chromatography. When no more benzopinacol was detectable, the reaction was quenched 
by sat. NH4Cl aq. and sat. NaHCO3 aq., then, filtered through a celite® pad. The resulting 
mixture was extracted three times with CH2Cl2. The combined organic layer was dried 
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over Na2SO4, and the solvent was removed under reduced pressure. The residue was 
purified by column chromatography to afford the desired 1,2-diols (4). 
The synthesis and characterization data for 1,2-diols 4a-4c, 4f-4i, 4m, 4u were previously 
reported1. 
 

 

2-methyl-1,1-diphenylheptane-1,2-diol (4d) 
Purified by silica-gel flash column chromatography using n-hexane /EtOAc = 30:1 as an 
eluent; Colorless oil (1.34 g, 90%); 1H NMR (400 MHz, CDCl3):  = 0.85 (t, J = 7.6 Hz, 
3H), 1.15-1.37 (m, 8H), 1.43-1.48 (m, 2H), 1.59-1.72 (m, 1H), 2.08 (brs, 1H), 2.83 (brs, 
1H), 7.24-7.32 (m, 6H), 7.61-7.64 (m, 4H); 13C NMR (100 MHz, CDCl3):  = 14.0, 22.7, 
23.0, 23.2, 32.5, 37.4, 78.1, 83.1, 126.9, 126.9, 127.59, 127.61, 128.3, 128.4, 144.5, 
144.6; IR (neat): 3494, 2954, 2870, 1492, 1447, 1375, 1158, 1035, 754, 705 cm-1; HRMS 
(ESI): [M+H-H2O]+ calcd for C20H25O+, 281.1900; found, m/z 281.1898. 
 

 
2-methyl-1,1-diphenyloctane-1,2-diol (4e)2 
Purified by silica-gel flash column chromatography using n-hexane /EtOAc = 30:1 as an 
eluent; White solid (953.0 mg, 61%); mp 68 C (lit.2, 65-68 C); 1H NMR (400 MHz, 
CDCl3):  = 0.85 (t, J = 7.6 Hz, 3H), 1.23-1.72 (m, 13H), 2.03 (brs, 1H), 2.79 (brs, 1H), 
7.22-7.32 (m, 6H), 7.61-7.65 (m, 4H); 13C NMR (100 MHz, CDCl3):  = 14.1, 22.6, 23.0, 
23.5, 29.9, 31.9, 37.4, 78.1, 83.1, 126.8, 126.9, 127.5, 127.6, 128.3, 128.4, 144.5, 144.6; 
IR (KBr): 3557, 3446, 2994, 1445, 1372, 1151, 1037, 753, 705, 640 cm-1; HRMS (ESI): 
[M+H-H2O]+ calcd for C21H27O+, 295.2057; found, m/z 295.2056. 
 

 

2-(4-methoxyphenyl)-1,1-diphenylethane-1,2-diol (4j)3 
Purified by silica-gel flash column chromatography using n-hexane /EtOAc = 10:1 as an 
eluent; White solid (1.36 g, 85%); mp 188-195 C (lit.3, 179-180 C); 1H NMR (400 MHz, 
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CDCl3):  = 2.33 (brs, 1H), 3.11 (brs, 1H), 3.74 (s, 3H), 5.60 (s, 1H), 6.68 (d, J = 9.2 Hz, 
2H), 7.00 (d, J = 9.2 Hz, 2H), 7.06-7.17 (m, 5H), 7.30 (t, J = 7.2 Hz, 1H), 7.40 (t, J = 7.2 
Hz, 2H), 7.69 (d, J = 7.2 Hz, 2H); 13C NMR (100 MHz, CDCl3):  =55.1, 77.6, 80.7, 
112.9, 126.2, 126.7, 126.9, 127.3, 127.7, 128.4, 129.2, 130.9, 143.5, 145.1, 159.1. 
 

 
2-(4-fluorophenyl)-1,1-diphenylethane-1,2-diol (4k)3 

Purified by silica-gel flash column chromatography using n-hexane /EtOAc = 10:1 as an 
eluent; White solid (1.39 g, 90%); mp 157-162 C (lit.3, 148-150 C); 1H NMR (400 MHz, 
CDCl3):  = 2.40 (brs, 1H), 3.09 (brs, 1H), 5.62 (s, 1H), 6.82 (t, J = 7.6 Hz, 2H), 7.00-
7.17 (m, 7H), 7.31 (t, J = 7.6 Hz, 1H), 7.41 (t, J = 7.6 Hz, 2H), 7.68 (t, J = 7.6 Hz, 2H); 
13C NMR (100 MHz, CDCl3):  = 77.3, 80.7, 114.2, 114.3 (d, J = 21.1 Hz), 126.1, 126.9, 
126.9, 127.5, 127.7, 128.6, 129.7 (d, J = 8.6 Hz), 134.5 (d, J = 2.9 Hz), 143.1, 144.9, 
162.3 (d, J = 244.3 Hz); 19F NMR (373 MHz, CDCl3): δ = −116.0. 
 

 

2-(4-chlorophenyl)-1,1-diphenylethane-1,2-diol (4l)3 

Purified by silica-gel flash column chromatography using n-hexane /EtOAc = 5:1 as an 
eluent; White solid (1.48 g, 91%); mp 180-182 C (lit.3, 182-183 C); 1H NMR (400 MHz, 
CDCl3):  = 2.45 (brs, 1H), 3.08 (brs, 1H), 5.60 (s, 1H), 6.97 (d, J = 8.4 Hz, 2H), 7.02-
7.15 (m, 7H), 7.29-7.33 (m, 1H), 7.39-7.43 (m, 2H), 7.67 (d, J = 7.6 Hz, 2H); 13C NMR 
(100 MHz, CDCl3):  =77.4, 80.7, 126.1, 126.9, 126.9, 127.5 (× 2C), 127.8, 128.6, 129.4, 
133.4, 137.3, 143.0 144.8. 
 

 

1-(hydroxydiphenylmethyl)cyclobutan-1-ol (4r) 
Purified by silica-gel flash column chromatography using n-hexane /EtOAc = 10:1 as an 
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eluent; White solid (quant.); mp 145-146 C (lit.4, 144.5-145.5 C); 1H NMR (400 MHz, 
CDCl3):  = 1.05 (brs, 1H), 1.74-1.85 (m, 1H), 2.04-2.17 (m, 3H), 2.63-2.70 (m, 2H), 
2.85 (brs, 1H), 7.24-7.34 (m, 6H), 7.47-7.50 (m, 4H); 13C NMR (100 MHz, CDCl3):  = 
13.1, 32.9, 80.6, 81.2, 127.2, 127.8, 127.9, 144.1; IR (KBr): 3544, 3434, 2999, 1447, 1371, 
1258, 1121, 1048, 753, 709 cm-1; HRMS (ESI): [M+H-H2O]+ calcd for C17H17O+, 
237.1274; found, m/z 237.1274. 
 

 

1,1-diphenylbutane-1,2-diol (4s) 
Purified by silica-gel flash column chromatography using n-hexane /EtOAc = 15:1 as an 
eluent; White solid (860.2 mg, 71%); mp 114 C; 1H NMR (400 MHz, CDCl3):  = 0.97 
(t, J = 7.2 Hz, 3H), 1.32-1.52 (m, 2H), 1.82 (brs, 1H), 2.98 (brs, 1H), 4.48 (dd, J = 2.4, 
10.0 Hz, 1H), 7.17-7.37 (m, 6H), 7.42-7.44 (m, 2H), 7.59-7.62 (m, 2H); 13C NMR (100 
MHz, CDCl3):  = 11.0, 23.3, 77.3, 80.1, 125.6, 126.1, 126.7, 127.2, 128.2, 128.6, 143.8, 
145.8; IR (KBr): 3513, 2968, 1492, 1447, 1170, 1096, 969, 894, 751, 695 cm-1; HRMS 
(ESI): [M+H-H2O]+ calcd for C16H17O+, 225.1274; found, m/z 225.1275. 
 
 
3.1.2 Procedure for the Preparation of 1,2-Diol (4n) 
Preparation of p-chlorophenylmagnesium bromide 

 
  A 100 mL three-neckround bottom flask equipped with a reflux condenser and 
dropping funnel was charged with magnesium turnings (1.46 g, 60.0 mmol). The system 
was evacuated, flame dried, cooled, and backfilled with Ar. The magnesium turnings were 
stirred vigorously at room temperature for 30 min. Then, the turnings were suspended in 
THF (10 mL) and a small crystal of I2 was added. The dropping funnel was charged with 
solution of 1-chloro-4-bromobenzene (50.0 mmol) in THF (40 mL), and the solution was 
added to the magnesium turnings dropwise over 30 min. The reaction mixture was 
maintained at room temperature for additional 1 h. The reaction mixture was transferred 
via cannula into a flame dried Schlenk flask.  
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Grignard Reaction 

 

  Under N2 atmosphere, methyl-2-hydroxyisobutyrate (0.57 mL, 5.0 mmol) was 
dissolved into THF (5.0 mL). After cooling at 0 ℃, a solution of p-
chlorophenylmagnesium bromide (20 mL, 20 mmol, 1 M solution in THF) was added 
dropwise, and the reaction mixture was warmed to room temperature. The reaction 
progress was continuously monitored by thin layer chromatography. Upon completion, 
the reaction was quenched by sat. NH4Cl aq., and the mixture was extracted three times 
with EtOAc. The combined organic layer was washed with brine, dried over Na2SO4, and 
the solvent was removed under reduced pressure. The residue was purified by silica gel 
flash column chromatography as indicated below to afford the 1,2-diol (4n). 
 

 
1,1-bis(4-chlorophenyl)-2-methylpropane-1,2-diol (4n) 
Purified by silica-gel flash column chromatography using n-hexane /EtOAc = 5:1 as an 
eluent; Colorless oil (1.27 g, 82%); 1H NMR (400 MHz, CDCl3):  = 1.31 (s, 6H), 2.04 
(brs, 1H), 2.71 (brs, 1H), 7.27 (d, J = 8.6 Hz, 4H), 7.57 (d, J = 8.6 Hz, 4H); 13C NMR 
(100 MHz, CDCl3):  =26.6, 76.4, 81.8, 127.8, 129.7, 133.2, 142.6; IR (neat): 3473, 2985, 
2941, 1490, 1401, 1094, 1014, 901, 814, 574 cm-1; HRMS (ESI): [M+H-H2O]+ calcd for 
C16H15Cl2O+, 293.0495; found, m/z 293.0496. 
 
3.1.3 Procedure for the Preparation of 1,2-Diol (4o) 
Preparation of p-bromophenylmagnesium bromide 

 
A solution of p-bromophenylmagnesium bromide was prepared with reference to the 
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literature procedure5. A dried 30 mL two-neckround bottom flask equipped with a septum 
was charged with magnesium turnings (486 mg, 20.0 mmol). The system was evacuated, 
flame dried, cooled, and backfilled with Ar. The magnesium turnings were stirred 
vigorously at room temperature for 30 min. Then, the turnings were suspended in THF 
(45 mL) and LiCl6 (971 mg, 22.9 mmol) was added. After LiCl was completely dissolved, 
the magnesium was activated with DIBAL-H (0.09 mL, 0.09 mmol, 1 M in toluene). After 
5 min of stirring, the solution was cooled to -20 ℃ and 1,4-dibromobenzene (6.75 g, 28.6 
mmol) was added in one portion. The reaction mixture was maintained at -20 ℃ until the 
magnesium turnings disappeared. The reaction mixture was used up at once without 
storage in the next reaction. 
Grignard Reaction 

 
Under N2 atmosphere, methyl-2-hydroxyisobutyrate (0.57 mL, 5.0 mmol) was 

dissolved into THF (5.0 mL). After cooling at -20 ℃, a solution of the Gridnard reagent 
(45 mL, 20 mmol, 0.44 M solution in THF) was added dropwise, and the reaction mixture 
was warmed to 0 ℃. The reaction progress was continuously monitored by thin layer 
chromatography. Upon completion, the reaction was quenched by sat. NH4Cl aq., and the 
mixture was extracted three times with EtOAc. The combined organic layer was washed 
with brine, dried over Na2SO4, and the solvent was removed under reduced pressure. The 
residue was purified by silica gel flash column chromatography as indicated below to 
afford 1,1-bis(4-bromophenyl)-2-methylpropane-1,2-diol 4o. 
 

 
1,1-bis(4-bromophenyl)-2-methylpropane-1,2-diol (4o) 
Purified by silica-gel flash column chromatography using n-hexane /EtOAc = 5:1 as an 
eluent; White solid (780.0 mg, 39%);  mp 129-131 C; 1H NMR (400 MHz, CDCl3):  = 
1.31 (s, 6H), 2.01 (brs, 1H), 2.69 (brs, 1H), 7.42 (d, J = 9.0 Hz, 4H), 7.51 (d, J = 9.0 Hz, 
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4H); 13C NMR (100 MHz, CDCl3):  =26.6, 76.3, 81.9, 121.5, 130.0, 130.8, 143.1; IR 
(KBr): 3486, 2966, 1485, 1397, 1154, 1010, 808, 581 cm-1; HRMS (ESI): [M+H-H2O]+ 
calcd for C16H15Br2O+, 380.9484; found, m/z 380.9482. 
 
3.1.4 Procedure for the Preparation of 1,2-Diol (4p) 

 
Step 1: Under N2 atmosphere, hydroxyacetone (1.4 mL, 20 mmol) was dissolved into 
THF (20 mL). After cooling at 0 ℃, a solution of pentylmagnesium bromide7 (50 mL, 50 
mmol, 1 M solution in THF) was added dropwise, and the reaction mixture was warmed 
to room temperature. The reaction progress was continuously monitored by thin layer 
chromatography. Upon completion, the reaction was quenched by sat. NH4Cl aq., and the 
mixture was extracted several times with EtOAc. The combined organic layer was washed 
with brine, dried over Na2SO4, and the solvent was removed under reduced pressure. The 
residue was purified by silica gel flash column chromatography using n-hexane /EtOAc 
= 1:1 as an eluent to afford S1p as a colorless oil (1.61 g, 55%). 1H NMR (400 MHz, 
CDCl3):  = 0.89 (t, J = 7.2 Hz, 3H), 1.15 (s, 3H), 1.26-1.37 (m, 6H), 1.45-1.49 (m, 2H), 
2.72 (brs, 1H), 3.08 (brs, 1H), 3.39 (d, J = 11.2 Hz, 1H), 3.45 (d, J = 11.2 Hz, 1H); 13C 
NMR (100 MHz, CDCl3):  = 14.0, 22.6, 23.0, 23.4, 32.4, 38.6, 69.6, 73.1; IR (neat): 
3381, 2934, 1466, 1139, 1044, 609 cm-1; HRMS (ESI): [M]+ calcd for C8H18O2

+, 
147.1380; found, m/z 147.1371. 
Step 2: IBX8 (2-iodoxybenzoic acid) solution (0.8 M in DMSO) was prepared by IBX 
(6.2 g, 22 mmol) dissolved in DMSO (28 mL). The dissolution of IBX in DMSO 
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completely requires about 5-20 min. To the solution of IBX in DMSO, 1,2-diol S1p (1.61 
g, 11.0 mmol) was added and the reaction mixture was stirred at room temperature. After 
10 min of stirring, the solution was heated to 60 ℃. The reaction was monitored by thin 
layer chromatography until consumption of starting material was observed. The reaction 
mixture was cooled to room temperature and quenched by water. The mixture was filtered 
through a celite® pad. The filter cake was washed with Et2O, and the combined filtrates 
was extracted three times with Et2O. The combined organic layer was washed with sat. 
NaHCO3 aq. (3×), brine (3×), dried over Na2SO4, and the solvent was removed under 
reduced pressure. The resulting compound S2p was pure enough (colorless oil, 1.01 g, 
64%), and so used in the next reaction without purification. 
Step 3: Under N2 atmosphere, the aldehyde S2p (1.0 g, 7.0 mmol) was dissolved into 
THF (7.0 mL). After cooling at 0 ℃, a solution of p-methoxyphenylmagnesium bromide 
(14 mL, 14 mmol, 1 M solution in THF) was added dropwise, and the reaction mixture 
was warmed to room temperature. The reaction progress was continuously monitored by 
thin layer chromatography. Upon completion, the reaction was quenched by sat. NH4Cl 
aq., and the mixture was extracted three times with EtOAc. The combined organic layer 
was washed with brine, dried over Na2SO4, and the solvent was removed under reduced 
pressure. The residue was purified by silica gel flash column chromatography using n-
hexane /EtOAc = 3:1 as an eluent to afford S3p as a colorless oil (1.39 g, 79%). 1H NMR 
(400 MHz, CDCl3; Mixture of diastereoisomers in a 55:45 ratio. The structure of major 
isomer is not clear.):  = 0.84-0.91 (m, 3H), 1.00 (s, 1.65H), 1.19-1.47 (m, 9.35H), 1.91 
(s, 0.44H), 2.01 (s, 0.56H), 2.44 (brs, 0.45H), 2.54 (brs, 0.55H), 3.81 (s, 3H), 4.49 (s, 1H), 
6.86-6.88 (m, 2H), 7.26-7.31 (m, 2H); 13C NMR (100 MHz, CDCl3; Mixture of 
diastereoisomers.):  = 14.0, 22.7, 23.0, 23.2, 32.5, 37.4, 78.1, 83.1, 126.9, 126.9, 127.6, 
127.6, 128.3, 128.4, 144.5, 144.6; IR (neat): 3494, 2954, 2870, 1492, 1447, 1375, 1158, 
1035, 754, 705 cm-1; HRMS (ESI): [M+H-H2O]+ calcd for C20H25O+, 281.1900; found, 
m/z 281.1898. 
Step 4: The hydroxyketone S3p was prepared as a colorless oil from IBX (3.1 g, 11 
mmol) and the aldehyde S4p (1.4 g, 5.5 mmol) in DMSO (14 mL) according to the same 
as procedure Step 2 (1.28 g, 93%, without purification). 
Step 5: 1,1-bis(4-methoxyphenyl)-2-methylheptane-1,2-diol (4p) was prepared as a 
colorless oil from p-methoxyphenylmagnesium bromide (10 mL, 10 mmol, 1 M solution 
in THF) and the hydroxyketone S4p (1.3 g, 5.0 mmol) in THF (5.0 mL) according to the 
same as procedure Step 3 (purified by flash column chromatography as indicated below, 
1.5 g, 86 %). 
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1,1-bis(4-methoxyphenyl)-2-methylheptane-1,2-diol (4p) 
Purified by silica-gel flash column chromatography using n-hexane /EtOAc = 5:1 as an 
eluent; Colorless oil (1.54 g, 86%); 1H NMR (400 MHz, CDCl3):  = 0.86 (t, J = 7.2 Hz, 
3H), 1.20-1.50 (m, 10H), 1.69 (m, 1H), 2.15 (brs, 1H), 2.71 (brs, 1H), 3.80 (s, 6H), 6.82 
(d, J = 8.8 Hz, 4H), 7.52 (m, 4H); 13C NMR (100 MHz, CDCl3):  = 14.1, 22.7, 22.9, 
23.2, 32.5, 37.4, 55.1, 78.2, 82.7, 112.8 (× 2C), 129.6, 129.7, 136.9, 137.0, 158.3, 158.3; 
IR (neat): 3507, 2953, 2836, 1608, 1509, 1248, 1179, 1036, 831, 734, 584 cm-1; HRMS 
(ESI): [M+H-H2O]+ calcd for C22H29O3

+, 341.2111; found, m/z 341.2113. 
 
3.1.5 Procedure for the Preparation of 1,2-Diol (4q) 

 
  Under N2 atmosphere, 2-hydroxy-2-methylpropiophenone (0.76 mL, 5.0 mmol) was 
dissolved into THF (5.0 mL). After cooling at 0 ℃, a solution of p-
methoxyphenylmagnesium bromide (20 mL, 20 mmol, 1 M solution in THF) was added 
dropwise, and the reaction mixture was warmed to room temperature. The reaction 
progress was continuously monitored by thin layer chromatography. Upon completion, 
the reaction was quenched by sat. NH4Cl aq., and the mixture was extracted three times 
with EtOAc. The combined organic layer was washed with brine, dried over Na2SO4, and 
the solvent was removed under reduced pressure. The residue was purified by silica gel 
flash column chromatography as indicated below to afford 1-(4-methoxyphenyl)-2-
methyl-1-phenylpropane-1,2-diol 4q. 
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1-(4-methoxyphenyl)-2-methyl-1-phenylpropane-1,2-diol (4q) 
Purified by silica-gel flash column chromatography using n-hexane /EtOAc = 4:1 as an 
eluent; Colorless oil (953.0 mg, 70%); 1H NMR (400 MHz, CDCl3):  = 1.30 (s, 3H), 
1.33 (s, 3H), 2.28 (brs, 1H), 2.74 (brs, 1H), 6.82 (d, J = 9.2 Hz, 2H), 7.24-7.31 (m, 3H), 
7.56 (d, J = 9.2 Hz, 2H), 7.61 (d, J = 6.8 Hz, 2H); 13C NMR (100 MHz, CDCl3):  =26.4, 
26.7, 55.1, 76.5, 82.3, 112.9, 126.9, 127.5, 128.2, 129.6, 136.8, 144.6, 158.4; IR (neat): 
3502, 2995, 2836, 1608, 1509, 1251, 1166, 1035, 838, 753, 706 cm-1; HRMS (ESI): 
[M+H-H2O]+ calcd for C17H19O2

+, 255.1379; found, m/z 255.1375. 
 

3.1.6 Procedure for the Preparation of 1,2-Diol (4t) 

 
 Under N2 atmosphere, 2-hydroxyacetophenone (0.62 mL, 5.0 mmol) was dissolved 

into THF (5.0 mL). After cooling at 0 ℃, a solution of phenylmagnesium bromide (15 
mL, 15 mmol, 1 M solution in THF) was added dropwise, and the reaction mixture was 
warmed to room temperature. The reaction progress was continuously monitored by thin 
layer chromatography. Upon completion, the reaction was quenched by sat. NH4Cl aq., 
and the mixture was extracted several times with EtOAc. The combined organic layer was 
washed with brine, dried over Na2SO4, and the solvent was removed under reduced 
pressure. The residue was purified by silica gel flash column chromatography as indicated 
below to afford 1,1-diphenylethane-1,2-diol 4t. 
 

 
1,1-diphenylethane-1,2-diol (4t)9 

Purified by silica-gel flash column chromatography using n-hexane /EtOAc = 3:1 as an 
eluent; White solid (857.0 mg, 80%); mp 117-119 C (lit.9, 120-121 C); 1H NMR (400 
MHz, CDCl3):  = 1.88 (brs, 1H), 3.19 (brs, 1H), 4.17 (s, 2H), 7.26-7.45 (m, 10H); 13C 
NMR (100 MHz, CDCl3):  = 69.4, 78.5, 126.37, 127.46, 128.42, 143.73. 
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3.1.7 Procedure for the Preparation of 1,2-Diol (4v) 

 

Under N2 atmosphere, 2-hydroxy-2-methylpropiophenone (0.76 mL, 5.0 mmol) was 
dissolved into THF (5.0 mL). After cooling at 0 ℃, a solution of hexylmagnesium 
bromide7 (20 mL, 20 mmol, 1 M solution in THF) was added dropwise, and the reaction 
mixture was warmed to room temperature. The reaction progress was continuously 
monitored by thin layer chromatography. Upon completion, the reaction was quenched 
by sat. NH4Cl aq., and the mixture was extracted several times with EtOAc. The 
combined organic layer was washed with brine, dried over Na2SO4, and the solvent was 
removed under reduced pressure. The residue was purified by silica gel flash column 
chromatography as indicated below to afford 3-hexyl-2-methylnonane-2,3-diol 4v. 
 

 

3-hexyl-2-methylnonane-2,3-diol (4v) 
Purified by silica-gel flash column chromatography using n-hexane /EtOAc = 5:1 as an 
eluent; Colorless oil (294.9 mg, 23%); 1H NMR (400 MHz, CDCl3):  = 0.89 (t, J = 7.2 
Hz, 6H), 1.23-1.38 (m, 22H), 1.53-1.55 (m, 4H), 1.91 (s, 1H), 2.07 (s, 1H); 13C NMR 
(100 MHz, CDCl3):  = 14.1, 22.7, 24.5, 25.3, 30.3, 31.8, 35.0, 75.7, 77.7; IR (neat): 3445, 
2955, 2858, 1466, 1379, 1135, 953 cm-1; HRMS (ESI): [M+H-H2O]+ calcd for C16H33O+, 
242.2604; found, m/z 242.2613. 
 
 

3.2 General Procedure for the Synthesis of Cyclic Carbonate 

3.2.1 Procedure for the Preparation of Cyclic Carbonates (1a-1v) 

 
Cyclic carbonate 1a-1v were prepared according to the literature10. Under N2 

atmosphere, the corresponding 1,2-diol (2.00 mmol) and pyridine (6.00 mmol, 3.0 equiv) 
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were dissolved in dehydrate CH2Cl2 (5.0 mL), and the solution was cooled to 0 ℃. To the 
solution, triphosgene (1.00 mmol, 0.5 equiv) was added in batches. The reaction mixture 
was then allowed to stir at room temperature, and the reaction progress was monitored by 
thin layer chromatography. Upon completion, the reaction was quenched by sat. NH4Cl 
aq., and extracted three times with CH2Cl2. The combined organic layer was dried over 
Na2SO4, and the solvent was removed under reduced pressure. The residue was purified 
by column chromatography to obtain the cyclic carbonate (1a-1v). 
 

 

4,4-dimethyl-5,5-diphenyl-1,3-dioxolan-2-one (1a) 
Purified by silica-gel flash column chromatography using n-hexane /EtOAc = 10:1 as an 
eluent; White solid (quant.); mp 82 C; 1H NMR (400 MHz, CDCl3):  = 1.42 (s, 6H), 
7.35-7.44 (m, 10H); 13C NMR (100 MHz, CDCl3):  = 25.6, 89.0, 92.2, 126.4, 128.4, 
128.5, 137.8, 153.8; IR (KBr): 2980, 1793, 1493, 1446, 1389, 1267, 1044, 757, 708cm-1; 
HRMS (ESI): [M+H]+ calcd for C17H17O3

+, 269.1172; found, m/z 269.1176. 
 

 

4-ethyl-4-methyl-5,5-diphenyl-1,3-dioxolan-2-one (1b) 
Purified by silica-gel flash column chromatography using n-hexane /EtOAc = 10:1 as an 
eluent; White solid (519.5 mg, 92%); mp 67-68 C; 1H NMR (400 MHz, CDCl3):  = 
0.97 (t, J = 7.2 Hz, 3H), 1.36 (s, 3H), 1.66 (q, J = 7.2 Hz, 2H), 7.33-7.44 (m, 10H); 13C 
NMR (100 MHz, CDCl3):  = 8.1, 22.0, 31.1, 91.1, 92.7, 126.5, 126.6, 128.3 (× 2C), 
128.4, 128.4, 137.5, 138.0, 154.0; IR (KBr): 2987, 1801, 1450, 1255, 1026, 779, 762, 709, 
669 cm-1; HRMS (ESI): [M+H]+ calcd for C18H19O3

+, 283.1329; found, m/z 283.1331. 
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4-isobutyl-4-methyl-5,5-diphenyl-1,3-dioxolan-2-one (1c) 
Purified by silica-gel flash column chromatography using n-hexane /EtOAc = 20:1 as an 
eluent; White Solid (478.0 mg, 77%); mp 102 C; 1H NMR (400 MHz, CDCl3):  = 0.91 
(d, J = 6.4 Hz, 6H), 1.38 (m, 4H), 1.58-1.63 (m, 1H), 1.85-1.95 (m, 1H), 7.31-7.45 (m, 
10H); 13C NMR (100 MHz, CDCl3):  = 23.1, 23.3, 24.5, 25.0, 46.0, 91.1, 93.0, 126.5, 
126.9, 128.4, 128.4, 128.4, 128.5, 137.6, 137.7, 154.1; IR (KBr): 2992, 2962, 2910, 1797, 
1450, 1253, 1224, 1045, 1034, 756, 704 cm-1; HRMS (ESI): [M+H]+ calcd for C20H23O3

+, 
311.1642; found, m/z 311.1639. 
 

 

4-methyl-4-pentyl-5,5-diphenyl-1,3-dioxolan-2-one (1d) 
Purified by silica-gel flash column chromatography using n-hexane /EtOAc = 10:1 as an 
eluent; White solid (524.8 mg, 81%); mp 93 C; 1H NMR (400 MHz, CDCl3):  = 0.81 
(t, J = 7.2 Hz, 3H), 1.12-1.24 (m, 4H), 1.36-1.67 (m, 7H), 7.32-7.43 (m, 10H); 13C NMR 
(100 MHz, CDCl3):  = 13.9, 22.4, 22.8, 23.3, 31.9, 38.1, 91.0, 92.8, 126.56, 126.59, 
128.36, 128.38 (× 2C), 128.4, 137.5, 138.0, 154.0; IR (KBr): 2953, 1798, 1452, 1384, 
1261, 1135, 1050, 766, 704 cm-1; HRMS (ESI): [M+H]+ calcd for C21H25O3

+, 325.1798; 
found, m/z 325.1797. 
 

 

4-hexyl-4-methyl-5,5-diphenyl-1,3-dioxolan-2-one (1e) 
Purified by silica-gel flash column chromatography using n-hexane /EtOAc = 20:1 as an 
eluent; Colorless oil (609.2 mg, 90%); 1H NMR (400 MHz, CDCl3):  = 0.83 (t, J = 7.2 
Hz, 3H), 1.14-1.22 (m, 6H), 1.36-1.44 (m, 5H), 1.51-1.67 (m, 2H), 7.32-7.43 (m, 10H); 

13C NMR (100 MHz, CDCl3):  = 14.0, 22.4, 22.8, 23.6, 29.4, 31.5, 38.2, 91.0, 92.8, 
126.6, 126.6, 128.3, 128.4, 128.4, 128.4, 137.6, 138.0, 154.0; IR (neat): 3062, 2931, 2857, 
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1804, 1450, 1386, 1251, 1028, 761, 706 cm-1; HRMS (ESI): [M+Na]+ calcd for 
C22H26O3Na+, 361.1774; found, m/z 361.1779. 
 

 

4,4-diethyl-5,5-diphenyl-1,3-dioxolan-2-one (1f) 
Purified by silica-gel flash column chromatography using n-hexane /EtOAc = 10:1 as an 
eluent; White solid (515.7 mg, 87%); mp 64-66 C; 1H NMR (400 MHz, CDCl3):  = 
0.86 (t, J = 7.2 Hz, 6H), 1.67-1.86 (m, 4H), 7.33-7.42 (m, 10H); 13C NMR (100 MHz, 
CDCl3):  = 8.2, 29.2, 92.9, 93.0, 126.6, 128.3 (× 2C), 138.1, 154.3; IR (KBr): 2983, 2945, 
1794, 1450, 1248, 1055, 1033, 780, 757, 709 cm-1; HRMS (ESI): [M+H]+ calcd for 
C19H21O3

+, 297.1485; found, m/z 297.1484. 
 

 
4,4-diphenyl-1,3-dioxaspiro[4.4]nonan-2-one (1g) 
Purified by silica-gel flash column chromatography using n-hexane /EtOAc = 20:1 as an 
eluent; White solid (518.1 mg, 88%); mp 77-78 C; 1H NMR (400 MHz, CDCl3):  = 
1.65-1.82 (m, 8H), 7.34-7.43 (m, 10H); 13C NMR (100 MHz, CDCl3):  = 23.8, 36.4, 91.1, 
100.1, 126.6, 128.5, 128.6, 138.4, 153.8; IR (KBr): 3063, 2958, 2878, 1793, 1494, 1450, 
1340, 1246, 1029, 996, 764, 707 cm-1; HRMS (ESI): [M]+ calcd for C19H18O3

+, 294.1251; 
found, m/z 294.1252. 
 

 
4,4,5-triphenyl-1,3-dioxolan-2-one (1h) 
Purified by silica-gel flash column chromatography using n-hexane /EtOAc = 10:1 as an 
eluent; White solid (398.6 mg, 63%); mp 97-98 C; 1H NMR (400 MHz, CDCl3):  = 
6.33 (s, 1H), 6.95-7.21 (m, 10H), 7.34-7.48 (m, 3H), 7.61-7.63 (m, 2H); 13C NMR (100 
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MHz, CDCl3):  = 86.6, 91.0, 126.3, 126.5, 127.3, 127.8, 128.0, 128.2, 128.9, 129.1, 
129.2, 133.6, 137.2, 140.6, 153.9; IR (KBr): 3062, 3033, 1786, 1449, 1208, 1178, 1043, 
990, 775, 696 cm-1; HRMS (ESI): [M+H]+ calcd for C21H17O3

+, 317.1172; found, m/z 
317.1179. 
 

 

4,4-diphenyl-5-(p-tolyl)-1,3-dioxolan-2-one (1i) 
Purified by silica-gel flash column chromatography using n-hexane /EtOAc = 5:1 as an 
eluent; White solid (422.9 mg, 64%); mp 126-127 C; 1H NMR (400 MHz, CDCl3):  = 
2.26 (s, 3H), 6.28 (s, 1H), 6.90-6.99 (m, 6H), 7.08-7.15 (m, 3H), 7.38-7.47 (m, 3H), 7.59-
7.61 (m, 2H); 13C NMR (100 MHz, CDCl3):  = 21.2, 86.9, 90.9, 126.2, 126.5, 127.5, 
127.8, 128.0, 128.9, 128.9, 129.0, 130.4, 137.3, 139.2, 140.8, 154.0; IR (KBr): 3064, 3025, 
1784, 1448, 1208, 1181, 1048, 994, 746, 694 cm-1; HRMS (ESI): [M+H]+ calcd for 
C22H19O3

+, 331.1329; found, m/z 331.1329. 
 

 

5-(4-methoxyphenyl)-4,4-diphenyl-1,3-dioxolan-2-one (1j) 
Purified by silica-gel flash column chromatography using n-hexane /EtOAc = 5:1 as an 
eluent; White solid (360.2 mg, 52%); mp 104 C; 1H NMR (400 MHz, CDCl3):  = 3.74 
(s, 3H), 6.26 (s, 1H), 6.68-6.71 (m, 2H), 6.93-7.00 (m, 4H), 7.09-7.15 (m, 3H), 7.37-7.47 
(m, 3H), 7.56-7.60 (m, 2H); 13C NMR (100 MHz, CDCl3):  = 55.2, 86.9, 90.8, 113.6, 
125.3, 126.1, 126.5, 127.9, 128.0, 128.7, 128.9, 129.0, 129.1, 137.4, 153.9, 160.2; IR 
(KBr): 3032, 1783, 1518, 1447, 1260, 1209, 1177, 1042, 697 cm-1; HRMS (ESI): [M+H]+ 
calcd for C22H19O4

+, 347.1278; found, m/z 347.1286. 
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5-(4-fluorophenyl)-4,4-diphenyl-1,3-dioxolan-2-one (1k) 
Purified by silica-gel flash column chromatography using n-hexane /EtOAc = 10:1 as an 
eluent; White solid (635.3 mg, 95%); mp 82 C; 1H NMR (400 MHz, CDCl3):  = 6.32 
(s, 1H), 6.84-6.89 (m, 2H), 6.94-6.97 (m, 4H), 6.99-7.14 (m, 3H), 7.39-7.48 (m, 3H), 
7.57-7.60 (m, 2H); 13C NMR (100 MHz, CDCl3):  = 85.9, 90.9, 115.4 (d, J = 22.1 Hz), 
126.2, 126.4, 128.0, 128.2, 129.0, 129.2, 129.3 (d, J = 8.6 Hz), 129.5 (d, J = 2.9 Hz), 
137.1, 140.4, 153.6, 162.9 (d, J = 251.0 Hz); 19F NMR (373 MHz, CDCl3): δ = −112.8; 
IR (KBr): 3068, 3025, 1798, 1513, 1450, 1236, 1209, 1050, 765, 701 cm-1; HRMS (ESI): 
[M+H]+ calcd for C21H16FO3

+, 335.1078; found, m/z 335.1080. 
 

 

5-(4-chlorophenyl)-4,4-diphenyl-1,3-dioxolan-2-one (1l) 
Purified by silica-gel flash column chromatography using n-hexane /EtOAc = 5:1 as an 
eluent; White solid (609.5 mg, 87%); mp 144 C; 1H NMR (400 MHz, CDCl3):  = 6.23 
(s, 1H), 6.95-6.98 (m, 4H), 7.12-7.17 (m, 5H), 7.42-7.48 (m, 3H), 7.57-7.60 (m, 2H); 13C 
NMR (100 MHz, CDCl3):  = 85.8, 91.0, 126.3, 126.4, 128.0, 128.3, 128.5, 128.7, 129.0, 
129.2, 132.1, 135.2, 136.9, 140.3, 153.6; IR (KBr): 3064, 1798, 1494, 1449, 1211, 1181, 
1050, 808, 749, 692 cm-1; HRMS (ESI): [M+H]+ calcd for C21H16ClO3

+, 351.0783; found, 
m/z 351.0782. 
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5-(4-bromophenyl)-4,4-diphenyl-1,3-dioxolan-2-one (1m) 
Purified by silica-gel flash column chromatography using n-hexane /EtOAc = 5:1 as an 
eluent; White solid (695.6 mg, 88%); mp 144 C; 1H NMR (400 MHz, CDCl3):  = 6.28 
(s, 1H), 6.89-6.91 (m, 2H), 6.94-6.97 (m, 2H), 7.10-7.16 (m, 3H), 7.30-7.32 (m, 2H), 
7.42-7.49 (m, 3H), 7.57-7.59 (m, 2H); 13C NMR (100 MHz, CDCl3):  = 85.8, 90.9, 123.4, 
126.3, 126.4, 128.1, 128.3, 128.9, 129.0, 129.2, 131.5, 132.6, 136.9, 140.2, 153.6; IR 
(KBr): 3060, 3026, 1798, 1489, 1449, 1210, 1181, 1074, 1010, 805, 748, 702 cm-1; HRMS 
(ESI): [M+H]+ calcd for C21H16BrO3

+, 395.0278; found, m/z 395.0274. 
 

 

4,4-bis(4-chlorophenyl)-5,5-dimethyl-1,3-dioxolan-2-one (1n) 
Purified by silica-gel flash column chromatography using n-hexane /EtOAc = 5:1 as an 
eluent; Colorless oil (640.7 mg, 95%); 1H NMR (400 MHz, CDCl3):  = 1.41 (s, 6H), 
7.33 (d, J = 8.4 Hz, 4H), 7.38 (d, J = 8.8 Hz, 4H); 13C NMR (100 MHz, CDCl3):  = 25.5, 
88.7, 91.3, 127.8, 128.8, 134.9, 135.9, 153.2; IR (neat): 2985, 1797, 1495, 1405, 1249, 
1097, 1037, 820, 776, 536 cm-1; HRMS (ESI): [M+H]+ calcd for C17H15Cl2O3

+, 337.0393; 
found, m/z 337.0384. 
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4,4-bis(4-bromophenyl)-5,5-dimethyl-1,3-dioxolan-2-one (1o) 
Purified by silica-gel flash column chromatography using n-hexane /EtOAc = 5:1 as an 
eluent; White solid (724.4 mg, 85%); mp 146-148 C; 1H NMR (400 MHz, CDCl3):  = 
1.41 (s, 6H), 7.26 (d, J = 8.8 Hz, 4H), 7.54 (d, J = 9.2 Hz, 4H); 13C NMR (100 MHz, 
CDCl3):  = 25.5, 88.6, 91.4, 123.1, 128.0, 131.8, 136.4, 153.1; IR (KBr): 2979, 1798, 
1488, 1400, 1251, 1039, 1007, 826, 774, 533 cm-1; HRMS (ESI): [M+H]+ calcd for 
C17H15Br2O3

+, 429.9383; found, m/z 429.9391. 
 

 
4,4-bis(4-methoxyphenyl)-5-methyl-5-pentyl-1,3-dioxolan-2-one (1p) 
Purified by silica-gel flash column chromatography using n-hexane /EtOAc = 5:1 as an 
eluent; Colorless oil (515.2 mg, 67%); 1H NMR (400 MHz, CDCl3):  = 0.82 (t, J = 7.6 
Hz, 3H), 1.12-1.25 (m, 4H), 1.34 (s, 3H), 1.39-1.42 (m, 2H), 1.54-1.58 (m, 2H), 6.87-
6.90 (m, 4H), 7.26-7.31 (m, 4H); 13C NMR (100 MHz, CDCl3):  = 13.9, 22.4, 22.6, 23.3, 
31.9, 37.9, 55.2, 91.1, 92.8, 113.6 (× 2C), 127.8, 127.9, 129.9, 130.4, 154.2, 159.3 (× 2C); 
IR (neat): 2956, 1800, 1610, 1514, 1256, 1181, 1033, 829, 774, 582 cm-1; HRMS (ESI): 
[M+H]+ calcd for C23H29O5

+, 385.2010; found, m/z 385.2009. 
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4-(4-methoxyphenyl)-5,5-dimethyl-4-phenyl-1,3-dioxolan-2-one (1q) 
Purified by silica-gel flash column chromatography using n-hexane /EtOAc = 5:1 as an 
eluent; Colorless oil (533.2 mg, 89%); 1H NMR (400 MHz, CDCl3):  = 1.38 (s, 3H), 
1.43 (s, 3H), 3.80 (s, 3H), 7.89 (d, J = 9.2 Hz, 2H), 7.30-7.40 (m, 7H); 13C NMR (100 
MHz, CDCl3):  = 25.3, 25.8, 55.3, 89.0, 92.2, 113.7, 126.3, 127.9, 128.4 (× 2C), 130.0, 
137.9, 153.9, 159.4; IR (neat): 2983, 1781, 1611, 1513, 1304, 1176, 1031, 758, 586 cm-1; 
HRMS (ESI): [M+H]+ calcd for C18H19O4

+, 299.1278; found, m/z 299.1280. 
 

 
8,8-diphenyl-5,7-dioxaspiro[3.4]octan-6-one (1r) 
Purified by silica-gel flash column chromatography using n-hexane /EtOAc = 10:1 as an 
eluent; White solid (521.4 mg, 93%); mp 99-100 C; 1H NMR (400 MHz, CDCl3):  = 
1.47-1.58 (m, 1H), 1.95-2.06 (m, 1H), 2.30-2.38 (m, 2H), 2.50-2.58 (m, 2H), 7.36-7.41 
(m, 10H); 13C NMR (100 MHz, CDCl3):  = 13.4, 31.9, 91.3, 92.5, 127.1, 128.6, 129.0, 
137.8, 153.2; IR (KBr): 3055, 3003, 2953, 1794, 1448, 1292, 1216, 1116, 1012, 756, 
702cm-1; HRMS (ESI): [M]+ calcd for C18H16O3

+, 280.1094; found, m/z 280.1103. 
 

 

5-ethyl-4,4-diphenyl-1,3-dioxolan-2-one (1s) 
Purified by silica-gel flash column chromatography using n-hexane /EtOAc = 5:1 as an 
eluent; White solid (413.2 mg, 77%); mp 86-87 C; 1H NMR (400 MHz, CDCl3):  = 
1.04 (t, J = 7.2 Hz, 3H), 1.21-1.33 (m, 1H), 1.39-1.49 (m, 1H), 5.18 (dd, J = 2.8, 11.2 Hz, 
1H), 7.19-7.23 (m, 2H), 7.30-7.44 (m, 8H); 13C NMR (100 MHz, CDCl3):  = 10.5, 25.9, 
86.2, 89.5, 126.0, 126.2, 128.4, 128.5, 128.8, 129.0, 137.9, 140.4, 153.9; IR (KBr): 2974, 
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2934, 1791, 1447, 1224, 1032, 1017, 799, 763, 702 cm-1; HRMS (ESI): [M+H]+ calcd for 
C17H17O3

+, 269.1172; found, m/z 269.1178. 
 

 

4,4-diphenyl-1,3-dioxolan-2-one (1t) 
Purified by silica-gel flash column chromatography using n-hexane /EtOAc = 5:1 as an 
eluent; White solid (395.7 mg, 82%); mp 109-110 C; 1H NMR (400 MHz, CDCl3):  = 
4.69 (s, 2H), 7.36-7.40 (m, 10H); 13C NMR (100 MHz, CDCl3):  = 75.8, 87.2, 125.5, 
128.9 (× 2C), 140.0, 154.0; IR (KBr): 3029, 2933, 1801, 1488, 1374, 1220, 1058, 980, 
878, 757, 696 cm-1; HRMS (ESI): [M+H]+ calcd for C15H13O3

+, 241.0859; found, m/z 
241.0856. 
 

 

5-(4-nitrophenyl)-4,4-diphenyl-1,3-dioxolan-2-one (1u) 
Purified by silica-gel flash column chromatography using n-hexane /EtOAc = 5:1 as an 
eluent; White solid (361.4 mg, 50%); mp 156-157 C; 1H NMR (400 MHz, CDCl3):  = 
6.44 (s, 1H), 6.93-6.95 (m, 2H), 7.08-7.14 (m, 3H), 7.22-7.26 (m, 2H), 7.46-7.51 (m, 3H), 
7.52-7.62 (m, 2H), 8.02-8.04 (m, 2H); 13C NMR (100 MHz, CDCl3):  = 84.7, 91.2, 123.3, 
126.4, 126.4, 128.0, 128.2, 128.7, 129.2, 129.6, 136.5, 139.6, 140.9, 148.0, 153.2; IR 
(KBr): 3114, 3086, 1789, 1521, 1350, 1207, 1177, 1048, 761, 699 cm-1; HRMS (ESI): 
[M]+ calcd for C21H15O5N+, 361.0945; found, m/z 361.0951. 
 

 

4,4-dihexyl-5,5-dimethyl-1,3-dioxolan-2-one (1v) 
Purified by silica-gel flash column chromatography using n-hexane /EtOAc = 10:1 as an 
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eluent; Colorless oil (551.8 mg, 97%); 1H NMR (400 MHz, CDCl3):  = 0.90 (t, J = 6.8 
Hz, 6H), 1.18-1.43 (m, 22H), 1.64-1.80 (m, 4H); 13C NMR (100 MHz, CDCl3):  = 14.0, 
22.5, 23.0, 23.4, 29.6, 31.5, 31.8, 86.4, 89.7, 154.0; IR (neat): 2930, 2858, 1798, 1466, 
1378, 1271, 1109, 1025, 779 cm-1; HRMS (ESI): [M+H]+ calcd for C17H33O3

+, 285.2424; 
found, m/z 285.2419. 
 

3.2.2 Preparation of Cyclic Carbonate ((R)-1b) 
Synthesis of (R)-2-hydroxy-2-methyl-1-phenylbutan-1-one ((R)-8b) 

 

To afford (R)-6b, the acid (±)-6b (6.00 g, 50.8 mmol) was neutralized with brucine (20.0 
g, 50.8 mmol) in acetone (80 mL)11, and the two brucine salts were recrystallized from 
methanol. Furthermore, the less-soluble salt was recrystallized from methanol five times. 
The diastereomeric pure salt (4.0 g, 7.8 mmol) was acidified with hydrochloric acid 
solution (6 M, 40 mL) and extracted nine times with diethyl ether. The ether exacts were 
washed with saturated sodium chloride solution and dried over sodium sulfite. The 
solvent was removed in vacuo and the white solid (700 mg, 5.93 mmol) was used directly 
in the following step. Hydroxyketone (R)-8b was prepared from 5.00 mmol of (R)-6b 
according to the literature.12 This afforded 597 mg (67%; 2 steps) of (R)-8b as a colorless 
oil, 99% ee (determined by chiral HPLC: column, Daicel CHIRALPAK® IF; eluent, n-
hexane /2-propanol = 90/10 (v/v); temperature, 20 ℃; flow late, 1.0 mL/min; retention 
time, 6.7 min (minor) and 8.6 min (major)). [a]D

21 −39.0° (c 0.132, CCl4, 99%ee); [lit13. 
[a]D

27 −34.7° (c 0.150, CCl4)]. 
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Preparation of cyclic carbonate ((R)-2b) 

 
Step 1: Under N2 atmosphere, (R)-2-hydroxy-2-methyl-1-phenylbutan-1-one ((R)-8b) 
(446 mg, 2.50 mmol) was dissolved into THF (3.0 mL). After cooling at 0 ℃, a solution 
of pentylmagnesium bromide7 (6.25 mL, 6.25 mmol, 1 M solution in THF) was added 
dropwise, and the reaction mixture was warmed to room temperature. The reaction 
progress was continuously monitored by thin layer chromatography. Upon completion, 
the reaction was quenched by sat. NH4Cl aq., and the mixture was extracted three times 
with Et2O. The combined organic layer was washed with brine, dried over Na2SO4, and 
the solvent was removed under reduced pressure. The residue was purified by silica gel 
flash column chromatography using n-hexane /EtOAc = 7:1 as an eluent to afford (R)-1b 
as a colorless oil (600 mg, 94%). 
Step 2: Cyclic carbonate (R)-2b was prepared by Procedure 3.2.1 using 1.5 mmol of diol 
(R)-1b. This afforded 380 mg (90%) of (R)-2b as a white solid. 
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4. General Procedure & Characterization Data 
4.1 Procedure for Conventional Pinacol Rearrangement 

 
The 1,2-diol 4 (0.1 mmol) was dissolved in dehydrated CH2Cl2 (1.0 mL) and ZrCl4 

(46.6 mg, 0.2 mmol) was added. The reaction mixture was stirred at room temperature 
under N2, and the reaction progress was monitored by thin layer chromatography. Upon 
completion, the reaction was quenched by sat. NaHCO3 aq., and extracted three times 
with CH2Cl2. The combined organic layer was dried over Na2SO4, and the solvent was 
removed under reduced pressure. The residue was purified by preparative thin layer 
chromatography (n-Hexane : EtOAc = 5 : 1) to give ketones (3 and/or 2). 
 

 
3,3-diphenylbutan-2-one (3a)14 
Colorless oil (lit.48, White solid) (22.2 mg, 99%); (lit.14, 41C); 1H NMR (400 MHz, 
CDCl3):  = 1.87 (s, 3H), 2.11 (s, 3H), 7.18-7.21 (m, 4H), 7.25-7.35 (m, 6H); 13C NMR 
(100 MHz, CDCl3):  = 26.4, 27.6, 62.3, 126.9, 128.3, 128.3, 143.5, 209.2; IR (neat): 
3058, 2985, 1708, 1494, 1445, 1352, 1195, 1028, 762, 700, 577 cm-1; HRMS (ESI): 
[M+H]+ calcd for C16H17O+, 225.1274; found, m/z 225.1277. 
 

 
3,3-diphenylpentan-2-one (3b) 
Colorless oil (quant.); 1H NMR (400 MHz, CDCl3):  = 0.69 (t, J = 7.6 Hz, 3H), 2.03 (s, 
3H), 2.35 (q, J = 7.6 Hz, 2H), 7.25-7.35 (m, 10H); 13C NMR (100 MHz, CDCl3):  = 9.4, 
27.2, 30.0, 66.7, 126.8, 128.1, 129.4, 141.2, 208.2; IR (neat): 3058, 2974, 2937, 1705, 
1599, 1494, 1448, 1352, 1188, 756, 702, 570 cm-1; HRMS (ESI): [M]+ calcd for C17H18O+, 
238.1352; found, m/z 238.1360. 
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5-methyl-3,3-diphenylhexan-2-one (3c) 
Colorless oil (14.5 mg, 54%); 1H NMR (400 MHz, CDCl3):  = 0.63 (d, J = 6.8 Hz, 6H), 
1.35 (m, 1H), 2.02 (s, 3H), 2.26 (d, J = 6.8 Hz, 2H), 7.24-7.33 (m, 10H); 13C NMR (100 
MHz, CDCl3):  = 24.3, 24.9, 27.2, 45.9, 66.5, 126.8, 128.1, 129.5, 141.8, 208.1; IR 
(neat): 2955, 2868, 1706, 1494, 1444, 1352, 1187, 1159, 762, 701 cm-1; HRMS (ESI): 
[M+H]+ calcd for C19H23O+, 267.1743; found, m/z 267.1740. 
 

 
5-methyl-2,2-diphenylhexane-3-one (3c’) 
Colorless oil (9.3 mg, 35%); 1H NMR (400 MHz, CDCl3):  = 0.77 (d, J = 6.8 Hz, 6H), 
1.87 (s, 3H), 2.05 (m, 1H), 2.30 (d, J = 6.8 Hz, 2H), 7.17-7.20 (m, 4H), 7.25-7.35 (m, 
6H); 13C NMR (100 MHz, CDCl3):  = 22.4, 24.3, 26.4, 47.9, 62.1, 126.8, 128.2, 128.5, 
143.6, 210.4; IR (KBr): 2956, 2870, 1708, 1494, 1444, 1153, 1028, 1011, 761, 728, 700 
cm-1; HRMS (ESI): [M+H]+ calcd for C19H23O+, 267.1743; found, m/z 267.1732. 
 

 
3,3-diphenyloctan-2-one (3d) 
Colorless oil (23.3 mg, 83%); 1H NMR (400 MHz, CDCl3):  = 0.79 (t, J = 6.8 Hz, 3H), 
0.94-1.02 (m, 2H), 1.19-1.27 (m, 4H), 2.03 (s, 3H), 2.25-2.30 (m, 2H), 7.24-7.35 (m, 
10H); 13C NMR (100 MHz, CDCl3):  = 14.0, 22.4, 24.5, 27.2, 32.4, 37.3, 66.4, 126.8, 
128.1, 129.3, 141.6, 208.3; IR (neat): 2954, 1707, 1495, 1352, 1188, 702 cm-1; HRMS 
(ESI): [M+H]+ calcd for C20H25O+, 281.1900; found, m/z 281.1901. 
 

 
2,2-diphenyloctan-3-one (3d’) 
Colorless oil (3.1 mg, 11%); 1H NMR (400 MHz, CDCl3):  = 0.81 (t, J = 7.6 Hz, 3H), 
1.09-1.21 (m, 4H), 1.46 (quin, J = 7.6 Hz, 2H), 1.86 (s, 3H), 2.38 (t, J = 7.6 Hz, 2H), 
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7.17-7.35 (m, 10H); 13C NMR (100 MHz, CDCl3):  = 13.9, 22.4, 24.2, 26.4, 31.2, 39.5, 
62.2, 126.8, 128.3, 128.4, 143.8, 211.5; IR (neat): 2931, 1709, 1494, 1445, 1028, 762, 
700 cm-1; HRMS (ESI): [M+H]+ calcd for C20H25O+, 281.1900; found, m/z 281.1905. 
 

 
3,3-diphenylnonan-2-one (2e) 
Colorless oil (26.8 mg, 91%); 1H NMR (400 MHz, CDCl3):  = 0.82 (t, J = 6.8 Hz, 3H), 
0.94-1.01 (m, 2H), 1.18-1.27 (m, 6H), 2.03 (s, 3H), 2.26-2.30 (m, 2H), 7.25-7.35 (m, 
10H); 13C NMR (100 MHz, CDCl3):  = 14.0, 22.6, 24.9, 27.2, 29.9, 31.6, 37.3, 66.4, 
126.8, 128.1, 129.3, 141.6, 208.3; IR (neat): 2953, 2930, 2857, 1707, 1599, 1495, 1440, 
1351, 1160, 752, 701, 580 cm-1; HRMS (ESI): [M+H]+ calcd for C21H27O+, 295.2056; 
found, m/z 295.2057. 
 

 
4,4-diphenylhexan-3-one (3f) 
Colorless oil (quant.); 1H NMR (400 MHz, CDCl3):  = 0.68 (t, J = 7.6 Hz, 3H), 0.88 (t, 
J = 7.2 Hz, 3H), 2.34 (m, J = 7.2, 7.6 Hz, 4H), 7.24-7.35 (m, 10H); 13C NMR (100 MHz, 
CDCl3):  = 9.1, 9.5, 30.0, 32.5, 66.6, 126.8, 128.1, 129.4, 141.5, 211.5; IR (neat): 3058, 
2973, 2937, 2878, 1707, 1494, 1449, 1128, 1033, 756, 701 cm-1; HRMS (ESI): [M+H]+ 
calcd for C18H21O+, 253.1587; found, m/z 253.1588. 
 

 
2,2-diphenylcyclohexan-1-one (3g) 
White solid (23.3 mg, 80%); mp 100-101 C; 1H NMR (400 MHz, CDCl3):  = 1.81-1.98 
(m, 4H), 2.49-2.62 (m, 4H), 7.05-7.07 (m, 4H), 7.23-7.34 (m, 6H); 13C NMR (100 MHz, 
CDCl3):  = 22.1, 27.8, 39.1, 40.7, 63.9, 126.8, 128.3, 128.5, 142.3, 211.3; IR (KBr): 
3052, 2940, 2866, 1706, 1495, 1445, 1118, 758, 748, 702, 571 cm-1; HRMS (ESI): 
[M+H]+ calcd for C18H19O+, 251.1430; found, m/z 251.1428. 
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2,2-diphenyl-1-(p-tolyl)ethan-1-one (3i)15 

 

Purified by silica-gel flash column chromatography using n-hexane /EtOAc = 5:1 as an 
eluent; White solid (22.5 mg, 95% combined yield, 2i/3i = 79:21); 1H NMR (400 MHz, 
CDCl3, signals for 2i where distinguishable are marked*, signals for 3i where 
distinguishable are marked**, signal where the two overlap are marked***):  = 2.30* (s, 
3H), 2.35** (s, 3H), 6.00* (s, 1H), 6.02** (s, 1H), 7.11-7.32*** (m, 9H), 7.38* (t, J = 
7.2 Hz, 2H), 7.48* (t, J = 7.2 Hz, 1H), 7.91** (d, J = 8.4 Hz, 2H), 7.99* (d, J = 8.8 Hz, 
2H); 13C NMR (100 MHz, CDCl3, signals for 2i where distinguishable are marked*, 
signals for 3i where distinguishable are marked**):  = 21.0*, 21.6**, 59.0*, 59.2**, 
127.0***, 128.53*, 128.6***, 128.91*, 128.9*, 129.0**, 129.06*, 129.09**, 129.3**, 
129.4*, 132.9*, 134.2**, 136.0*, 136.8*, 136.8*, 139.2**, 139.3*, 143.8**, 197.7**, 
198.3*. 
 

 

1-(4-fluorophenyl)-2,2-diphenylethan-1-one (3k) 
White solid (10.7 mg, 37%); mp 131-133 C; 1H NMR (400 MHz, CDCl3):  = 5.98 (s, 
1H), 7.04-7.09 (m, 2H), 7.25-7.34 (m, 10H), 8.00-8.04 (m, 2H); 13C NMR (100 MHz, 
CDCl3):  = 59.5, 115.7 (d, J = 22.0 Hz), 127.2, 128.8, 129.1, 131.6 (d, J = 8.6 Hz), 133.1 
(d, J = 2.9 Hz), 138.8, 165.6 (d, J = 255.8 Hz), 196.6; 19F NMR (373 MHz, CDCl3): δ = 
−106.3; IR (KBr): 3062, 3027, 1680, 1594, 1503, 1237, 1203, 1157, 821, 745, 697, 597 
cm-1; HRMS (ESI): [M+H]+ calcd for C20H16FO+, 291.1180; found, m/z 291.1178. 
 

 

1-(4-chlorophenyl)-2,2-diphenylethan-1-one (3l) 
White solid (14.4 mg, 47%); mp 106-108 C; 1H NMR (400 MHz, CDCl3):  = 5.96 (s, 



S31 
 

1H), 7.24-7.38 (m, 12H), 7.93 (d, J = 9.2 Hz, 2H); 13C NMR (100 MHz, CDCl3):  = 59.5, 
127.3, 128.8, 128.9, 129.1, 130.4, 135.0, 138.7, 139.5, 197.0; IR (KBr): 3025, 1678, 1588, 
1400, 1208, 1092, 996, 700, 623 cm-1; HRMS (ESI): [M+H]+ calcd for C20H16ClO+, 
307.0884; found, m/z 307.0884. 
 

 

1-(4-bromophenyl)-2,2-diphenylethan-1-one (3m)15 
White solid (14.5 mg, 41%); mp 105-106 C; 1H NMR (400 MHz, CDCl3):  = 5.95 (s, 
1H), 7.24-7.35 (m, 10H), 7.54 (d, J = 8.8 Hz, 2H), 7.85 (d, J = 8.0 Hz, 2H); 13C NMR 
(100 MHz, CDCl3):  = 59.5, 127.3, 128.2, 128.8, 129.1, 130.5, 131.9, 135.4, 138.6, 197.2. 
 

 
3,3-bis(4-chlorophenyl)butan-2-one (3n) 
Colorless oil (23.2 mg, 79%); 1H NMR (400 MHz, CDCl3):  = 1.85 (s, 3H), 2.11 (s, 3H), 
7.09 (d, J = 8.8 Hz, 4H), 7.31 (d, J = 8.8 Hz, 4H); 13C NMR (100 MHz, CDCl3):  = 26.2, 
27.3, 61.3, 128.6, 129.6, 133.1, 141.5, 208.1; IR (neat): 2985, 1711, 1490, 1353, 1173, 
1096, 1012, 824, 735, 557 cm-1; HRMS (ESI): [M+H]+ calcd for C16H15Cl2O+, 293.0495; 
found, m/z 293.0490. 
 

 
3,3-bis(4-bromophenyl)butan-2-one (3o) 
White solid (35.9 mg, 94%); mp 84-86 C; 1H NMR (400 MHz, CDCl3):  = 1.84 (s, 3H), 
2.11 (s, 3H), 7.03 (d, J = 8.8 Hz, 4H), 7.46 (d, J = 8.8 Hz, 4H); 13C NMR (100 MHz, 



S32 
 

CDCl3):  = 26.0, 27.3, 61.5, 121.3, 129.9, 131.6, 142.0, 207.9; IR (KBr): 2968, 1712, 
1487, 1353, 1192, 1079, 1007, 821, 554 cm-1; HRMS (ESI): [M+H]+ calcd for 
C16H15Br2O+, 380.9484; found, m/z 380.9487. 
 

 
3,3-bis(4-methoxyphenyl)octan-2-one (3p) 
Colorless oil (22.5 mg, 66%); 1H NMR (400 MHz, CDCl3):  = 0.80 (t, J = 7.2 Hz, 3H), 
0.94-1.24 (m, 2H), 1.21-1.24 (m, 4H), 2.01 (s, 3H), 2.17-2.23 (m, 2H), 3.81 (s, 6H), 6.86 
(d, J = 9.2 Hz, 4H), 7.16 (d, J = 9.2 Hz, 4H); 13C NMR (100 MHz, CDCl3):  = 14.1, 22.5, 
24.6, 27.0, 32.4, 37.5, 55.2, 65.0, 113.5, 130.4, 133.7, 158.2, 208.7; IR (neat): 2954, 1704, 
1608, 1509, 1251, 1182, 1036, 827, 569 cm-1; HRMS (ESI): [M+H]+ calcd for C22H29O3

+, 
341.2111; found, m/z 341.2115. 
 

 
2,2-bis(4-methoxyphenyl)octan-3-one (3p’) 
Colorless oil (3.1 mg, 9%); 1H NMR (400 MHz, CDCl3):  = 0.81 (t, J = 7.6 Hz, 3H), 
1.09-1.25 (m, 4H), 1.45 (quin, J = 7.6 Hz, 2H), 1.81 (s, 3H), 2.36 (t, J = 7.6 Hz, 2H), 3.81 
(s, 3H), 6.85 (d, J = 9.2 Hz, 4H), 7.08 (d, J = 9.2 Hz, 4H); 13C NMR (100 MHz, CDCl3): 
 = 13.9, 22.4, 24.3, 26.5, 31.3, 39.2, 55.3, 60.8, 113.6, 129.4, 136.0, 158.2, 211.9; IR 
(neat): 2955, 1705, 1607, 1509, 1250, 1180, 1032, 828, 571 cm-1; HRMS (ESI): [M+H]+ 
calcd for C22H29O3

+, 341.2111; found, m/z 341.2115. 
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3-(4-methoxyphenyl)-3-phenylbutan-2-one (3q) 
Colorless oil (24.2 mg, 95%); 1H NMR (400 MHz, CDCl3):  = 1.84 (s, 3H), 2.10 (s, 3H), 
3.81 (s, 3H), 6.87 (d, J = 9.2 Hz, 2H), 7.11-7.19 (m, 4H), 7.24-7.35 (m, 3H); 13C NMR 
(100 MHz, CDCl3):  = 26.4, 27.5, 55.2, 61.6, 113.6, 126.8, 128.2, 128.3, 129.4, 135.2, 
143.9, 158.3, 209.4; IR (neat): 2983, 1708, 1608, 1510, 1352, 1252, 1184, 1031, 703 cm-

1; HRMS (ESI): [M+H]+ calcd for C17H19O2
+, 255.1380; found, m/z 255.1381. 

Similarly, Cyclic carbonate 2q was treated with 2.0 equivalent of zirconium(IV) 
chloride in dichloromethane at room temperature to give 1.0 mg (4% yield) of 3q.  
 

 

2,2-diphenylcyclopentan-1-one (3r)16 
White solid (20.8 mg, 88%); mp 68 C; 1H NMR (400 MHz, CDCl3):  = 1.94 (quin, J = 
7.6 Hz, 2H), 2.45 (t, J = 8.0 Hz, 2H), 2.72 (t, J = 6.4 Hz, 2H), 7.20-7.31 (m, 10H); 13C 
NMR (100 MHz, CDCl3):  = 18.8, 38.1, 38.2, 62.5, 126.7, 128.0, 128.4, 142.1, 217.8. 

Similarly, cyclic carbonate 1r was treated with 2.0 equivalent of zirconium(IV) 
chloride in dichloromethane at room temperature to give 22.9 mg (97% yield) of 3r.  
 

 
1,1-diphenylbutan-2-one (3u) 
Colorless oil (20.2 mg, 90%); 1H NMR (400 MHz, CDCl3):  = 1.06 (t, J = 7.6 Hz, 3H), 
2.58 (q, J = 7.6 Hz, 2H), 5.14 (s, 1H), 7.22-7.34 (m, 10H); 13C NMR (100 MHz, CDCl3): 
 =8.1, 36.1, 63.9, 127.1, 128.6, 128.9, 138.6, 209.2; IR (neat): 3061, 3027, 2977, 2937, 
1716, 1599, 1495, 1452, 1348, 1107, 1033, 750, 697, 619 cm-1; HRMS (ESI): [M+H]+ 
calcd for C16H17O+, 225.1274; found, m/z 225.1275. 

Similarly, cyclic carbonate 1u was treated with 10 mol% of zirconium(IV) chloride in 
mesitylene at 150 ℃ to give 20.4 mg (91% yield) of 3u.  
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2,2-diphenylacetaldehyde (3t)17 
Colorless oil (11.4 mg, 58%); 1H NMR (400 MHz, CDCl3):  = 4.88 (d, J = 2.0 Hz, 1H), 
7.20-7.39 (m, 10H), 9.93 (d, J = 2.0 Hz, 1H); 13C NMR (100 MHz, CDCl3):  = 64.0, 
127.6, 128.9, 129.1, 136.2, 198.5; HRMS (ESI): [M+H]+ calcd for C14H13O+, 197.0961; 
found, m/z 197.0965. 

Similarly, cyclic carbonate 1t was treated with 10 mol% of zirconium(IV) chloride in 
mesitylene at 150 ℃ to give 16.3 mg (83% yield) of 3t.  
 

 

1-(4-nitrophenyl)-2,2-diphenylethan-1-one (3u) 
Paleyellow solid (25.1 mg, 79%); mp 130-131 C; 1H NMR (400 MHz, CDCl3):  = 5.99 
(s, 1H), 7.24-7.36 (m, 10H), 8.10-8.12 (m, 2H), 8.21-8.23 (m, 2H); 13C NMR (100 MHz, 
CDCl3):  = 60.2, 123.8, 127.5, 128.9, 129.0, 129.9, 137.9, 141.2, 150.0, 196.7; IR (KBr): 
3073, 3024, 1687, 1601, 1520, 1346, 1202, 835, 747, 703 cm-1; HRMS (ESI): [M+H]+ 
calcd for C20H16O3N+, 3118.1125; found, m/z 318.1118. 

Similarly, cyclic carbonate 1u was treated with 1.0 equivalent of zirconium(IV) 
chloride in mesitylene at 150 ℃ to give 23.8 mg (75% yield) of 3u.  
 
 
4.2 Procedure for Decarboxylative 1,2-Rearrangement 

 

The cyclic carbonate 1 (0.1 mmol) was dissolved in dehydrated CH2Cl2 (1.0 mL) and 
ZrCl4 (46.6 mg, 0.2 mmol) was added. The reaction mixture was stirred at room 
temperature under N2, and the reaction progress was monitored by thin layer 
chromatography. Upon completion, the reaction was quenched by sat. NaHCO3 aq., and 
extracted three times with CH2Cl2. The combined organic layer was dried over Na2SO4, 
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and the solvent was removed under reduced pressure. The residue was purified by 
preparative thin layer chromatography (n-Hexane : EtOAc = 5 : 1) to give ketone 2. 
 

 
2-methyl-1,2-diphenylpropan-1-one (2a)18 
White solid (21.1 mg, 94%); mp 38 C (lit.18, 41C); 1H NMR (400 MHz, CDCl3):  = 
1.60 (s, 6H), 7.19-7.37 (m, 8H), 7.47-7.50 (m, 2H); 13C NMR (100 MHz, CDCl3):  = 
27.8, 51.4, 125.7, 126.7, 127.9, 129.0, 129.7, 131.6, 136.2, 145.2, 203.7. 
 

 
2-methyl-1,2-diphenylbutan-1-one (2b) 
Colorless oil (19.1 mg, 80%); 1H NMR (400 MHz, CDCl3):  = 0.75 (t, J = 7.6 Hz, 3H), 
1.55 (s, 3H), 2.02-2.20 (m, 2H), 7.18-7.37 (m, 8H), 7.43-7.45 (m, 2H); 13C NMR (100 
MHz, CDCl3):  = 8.6, 23.7, 32.0, 54.9, 126.2, 126.7, 127.9, 128.8, 129.4, 131.5, 136.9, 
144.3, 203.8; IR (neat): 3059, 2971, 2937, 1677, 1597, 1446, 1234, 963, 762, 701 cm-1; 
HRMS (ESI): [M]+ calcd for C17H18O+, 238.1352; found, m/z 238.1345. 
HPLC conditions: Daicel CHIRALPAK® IF column, n-hexane /2-propanol = 85/15 (v/v), 
20 ℃ , flow late = 1.0 mL/min, tR = 4.16 min (major enantiomer), 4.44 (minor 
enantiomer). [a]D

22 −59.3° (c 0.150, C6H6, 99%ee), [cf. (S)-2b ; lit19. [a]D
20 +37° (c 1.0, 

C6H6)] 
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2,4-dimethyl-1,2-diphenylpentan-1-one (2c) 
Colorless oil (26.1 mg, 98%); 1H NMR (400 MHz, CDCl3):  = 0.73 (dd, J = 4.8, 6.8 Hz, 
6H), 1.56 (m, 1H), 1.61 (s, 3H), 1.98-2.12 (m, 2H), 7.18-7.36 (m, 8H), 7.41-7.43 (m, 2H); 
13C NMR (100 MHz, CDCl3):  = 24.5, 24.7, 25.0, 48.0, 54.9, 126.3, 126.7, 127.9, 128.8, 
129.4, 131.4, 137.1, 144.5, 204.1; IR (neat): 3059, 2955, 2868, 1676, 1597, 1445, 1238, 
964, 761, 701 cm-1; HRMS (ESI): [M+Na]+ calcd for C19H22ONa+, 289.1563; found, m/z 
289.1563. 
 

 
2-methyl-1,2-diphenylheptan-1-one (2d) 
Colorless oil (26.6 mg, 95%); 1H NMR (400 MHz, CDCl3):  = 0.78 (t, J = 7.2 Hz, 3H), 
1.00-1.20 (m, 6H), 1.56 (s, 3H), 1.96-2.15 (m, 2H), 7.18-7.36 (m, 8H), 7.42-7.44 (m, 2H); 
13C NMR (100 MHz, CDCl3):  = 13.9, 22.3, 23.7, 24.5, 32.3, 39.1, 54.7, 126.2, 126.7, 
127.9, 128.9, 129.4, 131.5, 136.9, 144.6, 203.8; IR (neat): 2932, 1677, 1597, 1446, 1376, 
1240, 970, 701 cm-1; HRMS (ESI): [M+H]+ calcd for C20H25O+, 281.1900; found, m/z 
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281.1902. 
 

 
2-methyl-1,2-diphenyloctan-1-one (2e) 
Colorless oil (29.1 mg, 99%); 1H NMR (400 MHz, CDCl3):  = 0.80 (t, J = 6.4 Hz, 3H), 
1.17 (m, 8H), 1.56 (s, 3H), 1.96-2.15 (m, 2H), 7.16-7.35 (m, 8H), 7.43-7.45 (m, 2H); 13C 
NMR (100 MHz, CDCl3):  = 14.0, 22.5, 24.0, 24.5, 29.8, 31.4, 39.3, 54.6, 126.1, 126.7, 
127.8, 128.8, 129.3, 131.4, 136.9, 144.6, 203.7; IR (neat): 3059, 2929, 2858, 1677, 1597, 
1445, 1242, 964, 762, 701 cm-1; HRMS (ESI): [M+H]+ calcd for C21H27O+, 295.2056; 
found, m/z 295.2054. 
 

 
2-ethyl-1,2-diphenylbutan-1-one (2f)18 
Colorless oil (22.7 mg, 90%); 1H NMR (400 MHz, CDCl3):  = 0.66 (t, J = 7.6 Hz, 6H), 
2.08-2.18 (m, 4H), 7.17-7.21 (m, 2H), 7.26-7.41 (m, 8H); 13C NMR (100 MHz, CDCl3): 
 = 7.8, 26.3, 58.5, 126.8, 127.0, 127.9, 128.7, 129.3, 131.4, 137.4, 143.0, 204.1. 
 

 
phenyl(1-phenylcyclopentyl)methanone (2g) 
Colorless oil (21.0 mg, 84%); 1H NMR (400 MHz, CDCl3):  = 1.66-1.78 (m, 4H), 2.06-
2.11 (m, 2H), 2.49-2.54 (m, 2H), 7.19-7.38 (m, 8H), 7.61-7.63 (m, 2H); 13C NMR (100 
MHz, CDCl3):  = 24.6, 37.4, 63.3, 126.0, 126.5, 127.9, 128.9, 129.8, 131.7, 136.1, 144.5, 
202.1; IR (neat): 3058, 2957, 2871, 1675, 1597, 1494, 1446, 1236, 1178, 1010, 757, 700 
cm-1; HRMS (ESI): [M+H]+ calcd for C18H19O+, 251.1430; found, m/z 251.1424. 
 

 
1,2,2-triphenylethan-1-one (2h)15 
White solid (23.1 mg, 85%); mp 134-135 C (lit.20, 131-132 C); 1H NMR (400 MHz, 
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CDCl3):  = 6.04 (s, 1H), 7.23-7.50 (m, 13H), 7.99-8.01 (m, 2H); 13C NMR (100 MHz, 
CDCl3):  = 59.4, 127.1, 128.6, 128.7, 128.9, 129.1, 133.0, 136.8, 139.0, 198.2. 

Similarly, 1,2-diol 4h was treated with 2.0 equivalent of zirconium(IV) chloride in 
dichloromethane at room temperature to give 27.0 mg (99% yield) of 2h.  
 

 

1,2-diphenyl-2-(p-tolyl)ethan-1-one (2i) 
White solid (27.2 mg, 95%); mp 95-96 C; 1H NMR (400 MHz, CDCl3):  = 2.29 (s, 3H), 
6.00 (s, 1H), 7.11-7.50 (m, 12H), 7.98-8.00 (m, 2H); 13C NMR (100 MHz, CDCl3):  = 
21.0, 59.0, 127.0, 128.5, 128.6, 128.9, 128.9, 129.1, 129.4, 132.9, 136.0, 136.8, 136.8, 
139.3, 198.3; IR (KBr): 3058, 3027, 2916, 1681, 1447, 1204, 791, 755, 698, 684, 604 cm-

1; HRMS (ESI): [M+H]+ calcd for C21H19O+, 287.1430; found, m/z 287.1430. 
 

 

2-(4-methoxyphenyl)-1,2-diphenylethan-1-one (2j)21 
Colorless oil (25.1 mg, 83%); 1H NMR (400 MHz, CDCl3):  = 3.76 (s, 3H), 5.99 (s, 1H), 
6.84-6.87 (m, 2H), 7.18-7.52 (m, 10H), 7.98-8.01 (m, 2H); 13C NMR (100 MHz, CDCl3): 
 = 55.2, 58.5, 114.1, 127.0, 128.6, 128.6, 128.9, 129.0, 130.1, 131.1, 132.9, 136.8, 139.4, 
158.6, 198.4. 

Similarly, 1,2-diol 4j was treated with 2.0 equivalent of zirconium(IV) chloride in 
dichloromethane at room temperature to give 29.9 mg (99% yield) of 2j.  
 

 

2-(4-fluorophenyl)-1,2-diphenylethan-1-one (2k) 
White solid (25.3 mg, 87%); mp 106-107 C; 1H NMR (400 MHz, CDCl3):  = 6.02 (s, 
1H), 6.98-7.00 (m, 2H), 7.02-7.53 (m, 10H), 7.98-8.00 (m, 2H); 13C NMR (100 MHz, 
CDCl3):  = 58.5, 115.5 (d, J = 21.1 Hz), 127.3, 128.6, 128.9, 128.9, 128.9, 130.7 (d, J = 



S39 
 

7.7 Hz), 133.3, 134.8 (d, J = 2.8 Hz), 136.5, 138.9, 161.9 (d, J = 247.2 Hz), 198.0; 19F 
NMR (373 MHz, CDCl3): δ = −116.9; IR (KBr): 3057, 3029, 1682, 1597, 1507, 1448, 
1218, 759, 740, 694 cm-1; HRMS (ESI): [M+Na]+ calcd for C20H15FNaO+, 313.0999; 
found, m/z 313.1000. 

Similarly, 1,2-diol 4k was treated with 2.0 equivalent of zirconium(IV) chloride in 
dichloromethane at room temperature to give 18.3 mg (63% yield) of 2k.  
 

 

2-(4-chlorophenyl)-1,2-diphenylethane-1-one (2l) 
Colorless oil (29.1 mg, 95%); 1H NMR (400 MHz, CDCl3):  = 6.00 (s, 1H), 7.19 (d, J = 
8.4 Hz, 2H), 7.24-7.32 (m, 7H), 7.39-7.42 (m, 2H), 7.50-7.51 (m, 1H), 7.98 (d, J = 7.2 
Hz, 2H); 13C NMR (100 MHz, CDCl3):  = 58.6, 127.4, 128.7, 128.8, 128.9, 128.9, 128.9, 
130.5, 133.1, 133.2, 136.5, 137.6, 138.6, 197.8; IR (neat): 3062, 1685, 1596, 1490, 1208, 
1091, 1015, 798, 697 cm-1; HRMS (ESI): [M+H]+ calcd for C20H16ClO+, 307.0884; found, 
m/z 307.0889. 

Similarly, 1,2-diol 4l was treated with 2.0 equivalent of zirconium(IV) chloride in 
dichloromethane at room temperature to give 14.4 mg (47% yield) of 2l.  
 

 

2-(4-bromophenyl)-1,2-diphenylethan-1-one (2m) 
Colorless oil (33.7 mg, 96%); 1H NMR (400 MHz, CDCl3):  = 5.99 (s, 1H), 7.14 (d, J = 
8.8 Hz, 2H), 7.24-7.53 (m, 10H), 7.98 (d, J = 7.6 Hz, 2H) ; 13C NMR (100 MHz, CDCl3): 
 = 58.7, 121.3, 127.4, 128.7, 128.91, 128.93, 128.94, 130.9, 131.7, 133.2, 136.5, 138.2, 
138.5, 197.7; IR (neat): 3061, 3027, 1685, 1596, 1487, 1447, 1292, 1208, 1073, 1010, 
795, 749, 697, 636 cm-1; HRMS (ESI): [M+H]+ calcd for C20H16BrO+, 351.0379; found, 
m/z 351.0374. 

Similarly, 1,2-diol 4m was treated with 2.0 equivalent of zirconium(IV) chloride in 
dichloromethane at room temperature to give 17.2 mg (49% yield) of 2m.  
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1,2-bis(4-chlorophenyl)-2-methylpropan-1-one (2n) 
Colorless oil (28.7 mg, 98%); 1H NMR (400 MHz, CDCl3):  = 1.58 (s, 6H), 7.21-7.23 
(m, 4H), 7.33 (d, J = 8.8 Hz, 2H), 7.44 (d, J = 8.8 Hz, 2H); 13C NMR (100 MHz, CDCl3): 
 = 27.7, 51.0, 127.0, 128.4, 129.3, 131.2, 132.8, 133.9, 138.3, 143.6, 201.8; IR (neat): 
2978, 1680, 1586, 1488, 1251, 1092, 976, 840, 757, 572 cm-1; HRMS (ESI): [M+H]+ 
calcd for C16H15Cl2O+, 293.0495; found, m/z 293.0487. 
 

 

1,2-bis(4-bromophenyl)-2-methylpropan-1-one (2o) 
White solid (32.1 mg, 84%); mp 105-107 C; 1H NMR (400 MHz, CDCl3):  = 1.57 (s, 
6H), 7.16 (d, J = 8.8 Hz, 2H), 7.35-7.40 (m, 4H), 7.47 (d, J = 8.8 Hz, 2H); 13C NMR (100 
MHz, CDCl3):  = 27.7, 51.1, 120.9, 127.0, 127.4, 131.3, 131.3, 132.2, 134.3, 144.1, 
201.9; IR (KBr): 2973, 1673, 1583, 1488, 1248, 978, 825, 752, 568 cm-1; HRMS (ESI): 
[M+H]+ calcd for C16H15Br2O+, 380.9475; found, m/z 380.9475. 
 

 

1,2-bis(4-methoxyphenyl)-2-methylheptan-1-one (2p) 
Colorless oil (27.9 mg, 82%); 1H NMR (400 MHz, CDCl3):  = 0.79 (t, J = 7.2 Hz, 3H), 
0.99-1.27 (m, 6H), 1.52 (s, 3H), 1.91-2.11 (m, 2H), 3.76 (s, 3H), 3.79 (s, 3H), 6.70 (d, J 
= 9.2 Hz, 2H), 6.87 (d, J = 9.2 Hz, 2H), 7.18 (d, J = 8.4 Hz, 2H), 7.51 (d, J = 9.2 Hz, 2H); 
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13C NMR (100 MHz, CDCl3):  = 13.9, 22.4, 23.8, 25.0, 32.4, 39.6, 53.7, 55.1, 55.2, 
113.0, 114.1, 127.1, 129.3, 131.9, 137.3, 158.1, 162.0, 202.3; IR (neat): 2933, 1667, 1600, 
1509, 1251, 1032, 832, 588 cm-1; HRMS (ESI): [M+H]+ calcd for C22H29O3

+, 341.2111; 
found, m/z 341.2109. 
 
2-(4-methoxyphenyl)-2-methyl-1-phenylpropan-1-one (2p)22 
1-(4-methoxyphenyl)-2-methyl-2-phenylpropan-1-one (2p’) 

 

Purified by silica-gel flash column chromatography using n-hexane /EtOAc = 5:1 as an 
eluent; Colorless oil (21.1 mg, 83% combined yield, 2q/2q’ = 58:42); 1H NMR (400 MHz, 
CDCl3, signals for 2q where distinguishable are marked*, signals for 2q’ where 
distinguishable are marked**, signal where the two overlap are marked***):  = 1.58* (s, 
6H), 1.60** (s, 6H), 3.76** (s, 3H), 3.80* (s, 3H), 6.70** (d, J = 9.2 Hz, 2H), 6.89* (d, 
J = 9.2 Hz, 2H), 7.23-7.36*** (m, 5H), 7.48* (d, J = 9.2 Hz, 2H), 7.54** (d, J = 9.2 Hz, 
2H); 13C NMR (100 MHz, CDCl3, signals for 2q where distinguishable are marked*, 
signals for 2q’ where distinguishable are marked**):  = 27.9**, 28.1*, 50.7*, 51.2**, 
55.2**, 55.3*, 113.1**, 114.3*, 125.6**, 126.6**, 126.8*, 127.9*, 128.4**, 128.9**, 
129.6*, 131.5*, 132.3**, 136.4*, 137.2*, 146.0**, 158.3*, 162.2**, 202.0**, 204.0*. 
 
4.3 Procedure for House-Meinwald Rearrangement 
4.3.1 Procedure for the Preparation of Oxirane (5a) 

 
Step 1: Under N2 atmosphere, 2-Hydroxy-2-methyl-1-phenylpropan-1-one (3.0 mL, 20 
mmol) was dissolved into THF (20 mL). After cooling at 0 ℃, a solution of 
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phenylmagnesium bromide (40 mL, 40 mmol, 1 M solution in THF) was added dropwise, 
and the reaction mixture was warmed to room temperature. The reaction progress was 
continuously monitored by thin layer chromatography. Upon completion, the reaction was 
quenched by sat. NH4Cl aq., and the mixture was extracted several times with EtOAc. 
The combined organic layer was washed with brine, dried over Na2SO4, and the solvent 
was removed under reduced pressure. The resulting compound S5 was pure enough 
(yellow oil, 4.25 g, 94%), and so used in the next reaction without purification. 
Step 2: Under N2 atmosphere, alcohol S5 (4.25 g, 18.8 mmol) was dissolved into toluene 
(20 mL). To the solution, p-TsOH (809.3 mg, 4.7 mmol) was added, and the reaction 
mixture was stirred under reflux. The reaction was monitored by thin layer 
chromatography until consumption of starting material was observed. The reaction 
mixture was cooled to room temperature and quenched by sat. NaHCO3 aq., and the 
mixture was extracted three times with Et2O. The combined organic layer was washed 
with brine, dried over Na2SO4, and the solvent was removed under reduced pressure. The 
resulting compound S6 was pure enough (yellow oil, 2.54 g, 65%), and so used in the 
next reaction without purification. 
Step 2: Alkene S6 (2.54 g, 12.2 mmol) was dissolved in dehydrate CH2Cl2 (10.0 mL), 
and the solution was cooled to 0 ℃. To the solution, m-CPBA (70% purity; 6.0 g, 24 
mmol) was added in batches. The reaction mixture was then allowed to stir at room 
temperature, and the reaction progress was monitored by thin layer chromatography. 
Upon completion, the reaction was quenched by sat. Na2S2O3 aq., and extracted three 
times with CH2Cl2. The combined organic layer was dried over Na2SO4, and the solvent 
was removed under reduced pressure. The residue was purified by column 
chromatography to obtain epoxide 5a. 
 

 
2,2-dimethyl-3,3-diphenyloxirane (5a) 
White solid (2.2 g, 49% (three steps)); mp 62-63 C; 1H NMR (400 MHz, CDCl3):  = 
1.21 (s, 6H), 7.22 (t, J = 7.6 Hz, 2H), 7.31 (t, J = 7.6 Hz, 4H), 7.46 (d, J = 7.6 Hz, 4H); 
13C NMR (100 MHz, CDCl3):  = 21.8, 65.2, 71.2, 127.0, 127.1, 128.1, 140.4; IR (KBr): 
2957, 1447, 1198, 1076, 925, 765, 703 cm-1; HRMS (ESI): [M+H]+ calcd for C16H17O+, 
225.1274; found, m/z 225.1278. 
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4.3.2 House-Meinwald Rearrangement of Oxirane (5a) 

 
The epoxide 5a (0.1 mmol) was dissolved in dehydrated CH2Cl2 (1.0 mL) and ZrCl4 

(46.6 mg, 0.2 mmol) was added. The reaction mixture was stirred at room temperature 
under N2, and the reaction progress was monitored by thin layer chromatography. Upon 
completion, the reaction was quenched by sat. NaHCO3 aq., and extracted three times 
with CH2Cl2. The combined organic layer was dried over Na2SO4, and the solvent was 
removed under reduced pressure. The residue was purified by preparative thin layer 
chromatography (n-Hexane : EtOAc = 5 : 1) to afford 3,3-diphenylbutan-2-one 3a (19.1 
mg, 85%) as a colorless oil. 
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DFI E diol_cyc_butyl_Carbon.als
C single pulse decoupled gated E
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DFI E cyc_H_pBr_Carbon.als
C single pulse decoupled gated E
DA I 2020-03-30 08:34:47

B C 13C
E D carbon.jxp      
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DFI E cyc_pClpCl_ e e_ roton.als
C single_pulse
DA I 2020-11-25 00:32:07
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DFI E cyc_pClpCl_ e e_Carbon.als
C single pulse decoupled gated E
DA I 2020-11-25 00:33:20
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DFI E cyc_pBrpBr_ e e_ roton.als
C single_pulse
DA I 2020-12-02 09:22:38

B C 1H
E D proton.jxp      
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BFI         0.87 Hz
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F E      7422.80 Hz
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CDC 3
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C single pulse decoupled gated E
DA I 2020-12-02 09:23:51
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C single_pulse
DA I 2020-10-09 09:47:57
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C single pulse decoupled gated E
DA I 2020-10-09 13:24:21
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DFI E cyc_ h _ e e_Carbon.als
C single pulse decoupled gated E
DA I 2020-09-13 11:12:04
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DFI E cyc_cyc_butyl_ roton.als
C single_pulse
DA I 2020-03-27 03:07:07
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DFI E cyc_cyc_butyl_Carbon.als
C single pulse decoupled gated E
DA I 2020-03-27 03:08:20

B C 13C
E D carbon.jxp      

BF        99.55 Hz
B E         5.13 Hz
BFI         0.98 Hz
I        26214

F E     25000.00 Hz
CA         1024

AC       1.0486 sec
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CDC 3
E EF         0.00 ppm
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DFI E cyc_H_Et_ roton.als
C single_pulse
DA I 2020-03-27 05:44:45

B C 1H
E D proton.jxp      
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DFI E cyc_H_Et_Carbon.als
C single pulse decoupled gated E
DA I 2020-03-27 05:45:58

B C 13C
E D carbon.jxp      

BF        99.55 Hz
B E         5.13 Hz
BFI         0.98 Hz
I        26214

F E     25000.00 Hz
CA         1024

AC       1.0486 sec
D       2.0000 sec

1         3.59 usec
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C E         19.8 c

CDC 3
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BF         0.12 Hz
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DFI E cyc_H_H_ roton.als
C single_pulse
DA I 2020-12-21 18:23:17
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DFI E cyc_H_H_Carbon.als
C single pulse decoupled gated E
DA I 2020-12-23 00:13:16
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DFI E cyc_H_p 2_ roton.als
C single_pulse
DA I 2020-03-28 15:33:31

B C 1H
E D single_pulse.ex2
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C single pulse decoupled gated E
DA I 2020-03-28 16:28:44
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C single pulse decoupled gated E
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C single_pulse
DA I 2020-03-31 13:17:20
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DFI E pro_diol_ e_iBu_fr2_2_Carbon.als
C single pulse decoupled gated E
DA I 2020-03-31 13:18:33
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DFI E Ex616_fr2-1_ roton-1-1.als
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DA I 2020-03-31 12:45:15
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DFI E pro_diol_ e_iBu_fr2_1_Carbon.als
C single pulse decoupled gated E
DA I 2020-03-31 12:46:28
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DFI E pro_diol_ e_n entyl_fr2_ roton.als
C single_pulse
DA I 2020-07-05 14:23:09
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DFI E pro_diol_ e_n entyl_fr2_Carbon.als
C single pulse decoupled gated E
DA I 2020-07-05 14:24:21
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DFI E pro_diol_ e_n entyl_fr1_Carbon.als
C single pulse decoupled gated E
DA I 2020-12-22 22:25:27
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C single_pulse
DA I 2020-07-15 16:38:56
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DFI E pro_diol_ e_nHexyl_fr2_Carbon.als
C single pulse decoupled gated E
DA I 2020-07-15 16:40:09
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DFI E pro_diol_Et_Et_Carbon.als
C single pulse decoupled gated E
DA I 2020-07-13 13:10:59
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E D carbon.jxp      
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DFI E pro_diol_cyc_pentyl_ roton.als
C single_pulse
DA I 2020-07-13 13:42:34
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DFI E pro_diol_cyc_pentyl_Carbon.als
C single pulse decoupled gated E
DA I 2020-07-13 13:43:46

B C 13C
E D carbon.jxp      
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DFI E pro_diol_H_p e_proton.als
C single_pulse
DA I 2021-01-12 15:15:30
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DFI E pro_diol_H_p e_Carbon.als
C single pulse decoupled gated E
DA I 2021-01-12 15:16:43

B C 13C
E D carbon.jxp      

BF        99.55 Hz
B E         5.13 Hz
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I        26214
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DFI E pro_diol_H_pF_fr1_ roton.als
C single_pulse
DA I 2020-03-28 10:44:23

B C 1H
E D proton.jxp      

BF       395.88 Hz
B E         6.28 Hz
BFI         0.87 Hz
I        13107

F E      5938.24 Hz
CA            8

AC       2.2073 sec
D       5.0000 sec

1         3.14 usec
I C 1H
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CDC 3
E EF         0.00 ppm
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DFI E pro_diol_H_pF_fr1_Carbon.als
C single pulse decoupled gated E
DA I 2020-03-28 10:45:35

B C 13C
E D carbon.jxp      

BF        99.55 Hz
B E         5.13 Hz
BFI         0.98 Hz
I        26214

F E     25000.00 Hz
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DFI E pro_diol_H_pF_Fluorine.als
C single_pulse
DA I 2022-07-04 20:52:34

B C 19F
E D single_pulse.jxp
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B E         3.36 Hz
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DFI E pro_diol_H_pCl_2_ roton.als
C single_pulse
DA I 2020-12-27 15:11:14

B C 1H
E D proton.jxp      

BF       395.88 Hz
B E         6.28 Hz
BFI         0.87 Hz
I        16384

F E      7422.80 Hz
CA            8
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D       5.0000 sec
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CDC 3
E EF         0.00 ppm
BF         0.12 Hz
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DFI E pro_diol_H_pCl_Ex914_fr1_Carbon.al
C single pulse decoupled gated E
DA I 2020-12-27 15:12:27
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DFI E pro_diol_H_pBr_ roton.als
C single_pulse
DA I 2022-04-09 20:16:25

B C 1H
E D proton.jxp      
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DFI E pro_diol_H_pBr_Carbon.als
C single pulse decoupled gated E
DA I 2022-04-09 20:19:13

B C 13C
E D carbon.jxp      

BF        99.55 Hz
B E         5.13 Hz
BFI         0.98 Hz
I        32767

F E     31250.00 Hz
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CDC 3
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DFI E pro_diol_pClpCl_ e e_ roton-1-1.als
C single_pulse
DA I 2020-11-24 23:27:51
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E D proton.jxp      

BF       395.88 Hz
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I        16384

F E      7422.80 Hz
CA            8
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1         3.14 usec
I C 1H
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CDC 3
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DFI E pro_diol_pClpCl_ e e_Carbon-1-1
C single pulse decoupled gated E
DA I 2020-11-24 23:29:04
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DFI E pro_diol_pBrpBr_ e e_ roton.als
C single_pulse
DA I 2020-12-04 17:43:44
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BF       395.88 Hz
B E         6.28 Hz
BFI         0.87 Hz
I        16384

F E      7422.80 Hz
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DFI E pro_diol_pBrpBr_ e e_Carbon.als
C single pulse decoupled gated E
DA I 2020-12-04 17:45:59

B C 13C
E D carbon.jxp      
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DFI E pro_diol_ _ en entyl_fr4_ r
C single_pulse
DA I 2020-10-18 04:52:22

B C 1H
E D proton.jxp      
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CA            8
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CDC 3
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DFI E pro_diol_ _ en entyl_fr4_Ca
C single pulse decoupled gated E
DA I 2020-10-18 04:53:35
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E D carbon.jxp      

BF        99.55 Hz
B E         5.13 Hz
BFI         0.98 Hz
I        26214

F E     25000.00 Hz
CA         3409

AC       1.0486 sec
D       2.0000 sec

1         3.59 usec
I C 1H
C E         19.5 c

CDC 3
E EF         0.00 ppm
BF         0.12 Hz
GAI           50

2
0
8
.6

5
3

1
5
8
.2

2
1

1
3
3
.7

2
4

1
3
0
.3

5
2

1
1
3
.4

6
1

 7
7
.3

4
3

 7
7
.0

2
7

 7
6
.7

0
1

 6
4
.9

5
6

 5
5
.2

3
1

 3
7
.4

9
8

 3
2
.4

1
1

 2
6
.9

8
8

 2
4
.6

4
1

 2
2
.5

0
5

 1
4
.0

6
4

Me

O
MeO

OMe

n-Pent

3p

S150�



10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

DFI E pro_diol_ _ en entyl_fr3_ r
C single_pulse
DA I 2020-10-17 23:10:01

B C 1H
E D proton.jxp      

BF       395.88 Hz
B E         6.28 Hz
BFI         0.87 Hz
I        13107

F E      5938.24 Hz
CA            8

AC       2.2073 sec
D       5.0000 sec

1         3.14 usec
I C 1H
C E         19.6 c

CDC 3
E EF         0.00 ppm
BF         0.12 Hz
GAI           46

4
.0

0

4
.0

0

6
.0

0

2
.0

1

3
.0

0

2
.0

0

4
.0

0

3
.0

0

7
.2

6
3

7
.0

9
4

7
.0

8
9

7
.0

7
7

7
.0

7
1

6
.8

7
3

6
.8

6
5

6
.8

6
0

6
.8

4
8

6
.8

4
3

3
.8

0
9

2
.3

7
8

2
.3

6
0

2
.3

4
0

1
.8

0
8

1
.5

5
4

1
.4

9
2

1
.4

7
2

1
.4

5
3

1
.4

3
5

1
.4

1
6

1
.2

0
4

1
.1

8
7

1
.1

7
0

1
.1

3
3

1
.1

1
6

0
.8

3
0

0
.8

1
3

0
.7

9
4

0
.0

7
0

0
.0

3
8

0
.0

0
9

0
.0

0
0

-
0
.0

0
8

-
0
.0

3
8

n-Pent

O

Me

MeO

OMe
3p'

S151�



200 150 100 50 0

DFI E pro_diol_ _ en entyl_fr3_Ca
C single pulse decoupled gated E
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C single pulse decoupled gated E
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DFI E pro_cyc_cyc_butyl_ roton.als
C single_pulse
DA I 2020-04-01 15:47:11
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DFI E pro_cyc_cyc_butyl_Carbon.als
C single pulse decoupled gated E
DA I 2020-04-01 15:48:24
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DFI E pro_diol_H_Et_ roton.als
C single_pulse
DA I 2020-07-13 13:54:60
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DFI E pro_diol_H_Et_Carbon.als
C single pulse decoupled gated E
DA I 2020-07-13 13:56:12
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DFI E pro_diol_H_H_ roton.als
C single_pulse
DA I 2020-12-29 06:43:36
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DFI E pro_diol_H_H_Carbon.als
C single pulse decoupled gated E
DA I 2020-12-29 06:44:48
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DFI E pro_diol_H_p 2_fr1_ roton.als
C single_pulse
DA I 2020-07-14 14:29:35
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DFI E pro_diol_H_p 2_Carbon.als
C single pulse decoupled gated E
DA I 2020-07-14 14:30:47

B C 13C
E D carbon.jxp      

BF        99.55 Hz
B E         5.13 Hz
BFI         0.98 Hz
I        26214

F E     25000.00 Hz
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DFI E pro_cyc_ e_ e_ roton.als
C single_pulse
DA I 2020-04-01 14:29:32

B C 1H
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DFI E pro_cyc_ e_ e_Carbon.als
C single pulse decoupled gated E
DA I 2020-04-01 14:30:45
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C single_pulse
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DFI E pro_cyc_ e_Et_Carbon.als
C single pulse decoupled gated E
DA I 2020-03-31 18:30:44

B C 13C
E D carbon.jxp      
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C single_pulse
DA I 2020-07-06 16:45:46
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C single pulse decoupled gated E
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C single pulse decoupled gated E
DA I 2020-07-06 16:38:50

B C 13C
E D carbon.jxp      

BF        99.55 Hz
B E         5.13 Hz
BFI         0.98 Hz
I        26214

F E     25000.00 Hz
CA           33

AC       1.0486 sec
D       2.0000 sec

1         3.59 usec
I C 1H
C E         20.2 c

CDC 3
E EF        77.00 ppm
BF         0.12 Hz
GAI           50

2
0
3
.8

2
6

1
4
4
.5

9
0

1
3
6
.8

8
7

1
3
1
.4

6
5

1
2
9
.3

6
7

1
2
8
.8

4
0

1
2
7
.8

4
4

1
2
6
.6

8
4

1
2
6
.1

4
8

 7
7
.3

1
6

 7
7
.0

0
0

 7
6
.6

7
4

 5
4
.6

4
9

 3
9
.3

3
0

 3
1
.4

6
4

 2
9
.7

9
7

 2
4
.4

8
9

 2
4
.0

0
1

 2
2
.4

7
8

 1
3
.9

8
9

Ph

O
Me

Ph
n-Hex

2e

S172�



10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

DFI E pro_cyc_Et_Et_ roton.als
C single_pulse
DA I 2020-04-02 09:15:34

B C 1H
E D proton.jxp      

BF       395.88 Hz
B E         6.28 Hz
BFI         0.87 Hz
I        13107

F E      5938.24 Hz
CA            8

AC       2.2073 sec
D       5.0000 sec

1         3.14 usec
I C 1H
C E         20.1 c

CDC 3
E EF         0.00 ppm
BF         0.12 Hz
GAI           40

5
.4

8
4
.0

6
2
.1

0

4
.0

2

6
.0

0

7
.4

0
7

7
.4

0
3

7
.3

9
1

7
.3

8
5

7
.3

8
2

7
.3

7
5

7
.3

6
8

7
.3

6
4

7
.3

5
5

7
.3

5
3

7
.3

4
6

7
.3

4
1

7
.3

3
8

7
.3

3
1

7
.3

2
8

7
.3

2
4

7
.3

1
6

7
.2

9
0

7
.2

8
3

7
.2

7
9

7
.2

7
4

7
.2

6
1

7
.2

5
6

7
.2

1
0

7
.2

0
6

7
.1

9
2

7
.1

7
6

7
.1

7
1

2
.1

8
0

2
.1

6
3

2
.1

5
0

2
.1

4
5

2
.1

3
2

2
.1

2
5

2
.1

1
3

2
.1

0
7

2
.0

9
4

2
.0

7
7

1
.5

6
1

0
.6

6
3

0
.6

4
4

0
.6

2
5

Ph

O
Et

Ph
Et

2f

S173�



200 150 100 50 0

DFI E pro_cyc_Et_Et_Carbon.als
C single pulse decoupled gated E
DA I 2020-04-02 09:16:46
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DFI E pro_cyc_cyc_pentyl_ roton.als
C single_pulse
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DFI E pro_cyc_cyc_pentyl_Carbon.als
C single pulse decoupled gated E
DA I 2020-04-02 10:17:11
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DFI E pro_cyc_H_ h_ roton.als
C single_pulse
DA I 2020-06-10 15:59:34
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C single pulse decoupled gated E
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DA I 2020-07-05 17:05:02
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DFI E pro_cyc_H_p e_Carbon.als
C single pulse decoupled gated E
DA I 2020-07-05 17:06:15

B C 13C
E D carbon.jxp      

BF        99.55 Hz
B E         5.13 Hz
BFI         0.98 Hz
I        26214

F E     25000.00 Hz
CA          149

AC       1.0486 sec
D       2.0000 sec

1         3.59 usec
I C 1H
C E         20.5 c

CDC 3
E EF        77.00 ppm
BF         0.12 Hz
GAI           50

1
9
8
.2

9
8

1
3
9
.2

6
3

1
3
6
.7

7
2

1
3
6
.7

5
3

1
3
5
.9

8
7

1
3
2
.9

2
1

1
2
9
.4

2
4

1
2
9
.0

5
1

1
2
8
.9

2
6

1
2
8
.9

0
7

1
2
8
.6

2
0

1
2
8
.5

3
3

1
2
7
.0

0
0

 7
7
.3

1
6

 7
7
.0

0
0

 7
6
.6

7
4

 5
9
.0

1
7

 2
1
.0

0
2

Ph

O

Ph
H

Me

2i

S180�



10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

DFI E pro_cyc_H_p e_ roton.als
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DA I at ep 01 12:39:05 2018
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DFI E pro_cyc_H_p e_Carbon.als
C single pulse decoupled gated E
DA I 2020-07-06 16:57:41
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C single pulse decoupled gated E
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C single pulse decoupled gated E
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C single pulse decoupled gated E
DA I 2020-11-25 08:56:56
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C single pulse decoupled gated E
DA I 2020-12-05 18:48:37
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DA I 2020-10-13 09:42:50

B C 1H
E D proton.jxp      

BF       395.88 Hz
B E         6.28 Hz
BFI         0.87 Hz
I        13107

F E      5938.24 Hz
CA            8

AC       2.2073 sec
D       5.0000 sec

1         3.14 usec
I C 1H
C E         20.9 c

CDC 3
E EF         0.00 ppm
BF         0.12 Hz
GAI           22

2
.0

0

2
.0

0

2
.0

0
2
.0

0

3
.0

0
3
.0

0

2
.0

0

3
.0

0

6
.0

1

3
.0

1

7
.5

2
7

7
.5

2
0

7
.5

1
4

7
.5

0
3

7
.4

9
7

7
.2

6
0

7
.2

0
3

7
.1

9
5

7
.1

8
9

7
.1

7
8

7
.1

7
3

6
.8

8
8

6
.8

8
0

6
.8

7
5

6
.8

6
3

6
.8

5
7

6
.7

1
8

6
.7

1
0

6
.7

0
5

6
.6

9
3

6
.6

8
7

6
.6

8
0

3
.7

9
3

3
.7

6
1

2
.1

1
1

2
.0

7
7

2
.0

4
9

1
.9

8
8

1
.9

7
6

1
.9

5
7

1
.9

4
6

1
.9

2
3

1
.5

2
4

1
.2

1
0

1
.2

0
2

1
.1

9
1

1
.1

7
6

1
.0

3
7

0
.8

0
5

0
.7

8
7

0
.7

7
0

0
.0

0
0

O
Me

MeO

OMe

n-Pent

2p

S194�



200 150 100 50 0

DFI E pro_cyc_ _ en entylCarbon
C single pulse decoupled gated E
DA I 2020-10-13 09:44:03
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C single pulse decoupled gated E
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DA I 2020-12-21 18:59:07

B C 13C
E D carbon.jxp      

BF        99.55 Hz
B E         5.13 Hz
BFI         0.98 Hz
I        32767

F E     31250.00 Hz
CA           32

AC       1.0486 sec
D       2.0000 sec

1         3.59 usec
I C 1H
C E         18.6 c

CDC 3
E EF        77.00 ppm
BF         0.72 Hz
GAI           50

1
4
0
.4

0
3

1
2
8
.1

1
1

1
2
7
.0

6
7

1
2
6
.9

9
0

 7
7
.3

1
6

 7
7
.0

0
0

 7
6
.6

7
4

 7
1
.1

7
5

 6
5
.1

5
9

 2
1
.8

4
6

Ph
Ph

Me
Me

O

5a

S199�


