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1. General Considerations. 

All commercially available compounds were used as received. 1H and 13C spectra 

were recorded on a Bruker Avance 400, 600 spectrometer, and CDCl3 was purchased 

from Aldrich. The chemical shifts (δ) are given in parts per million relative to internal 

standard TMS (0 ppm for 1H), CDCl3 (77.0 ppm for 13C). Flash column 

chromatography was performed on silica gel 60 (particle size 200-400 mesh ASTM, 

purchased from Yantai, China) and eluted with petroleum ether/ethyl acetate. Solvents 

were dried and purified according to the procedure from ‘Purification of Laboratory 

Chemicals book’. Unless otherwise noted, all other reagents and starting materials were 

purchased from commercial sources and used without further purification. 

2.  Screening Results. 

The Standard condition was listed below and the screening experiments were 

tested by changing the relevant parameters based on this procedure:  

Under argon atmosphere, a 5 mL Shlenk tube was charged with the gemi-

bis(boronates) compound 1a (48.2 mg, 0.125 mmol, 1.25 equiv) and anhydrous THF 

(0.2 mL). The mixture was stirred for 10 min to dissolve, then cooled down to -78 oC. 

The nBuLi (0.125 mmol, 50uL, 2.5M in hexane) was added to the solution in one 

portion and the reaction mixture was stirred for 30 min. The mixture was then allowed 

to warm to 0 oC and stirred for another 30 min. Another 5 mL sealed tube was charged 

with Pd(OAc)2 (2.2 mg, 0.01 mmol, 10 mol%), PPh3 (6.0 mg, 0.023 mmol, 23 mol%) 

and anhydrous N,N-dimethylformamide (1 mL) under argon atmosphere. The mixture 

was stirred for 10 min and the above lithium organoborate solution was added to this 

tube with stirring for another 10 min. Allyl methyl carbonate 2a (11.6 mg, 0.1 mmol) 

was added to the mixture. The tube was sealed with stirring at room temperature for 12 

h. The reaction mixture was quenched by saturated aq. NH4Cl (2 mL) and extracted by 

ethyl acetate (2 mL ×3). The organic layers were combined, dried over anhydrous 

Na2SO4, concentrated under vacuo. CH2Br2 (17.2 mg, 0.1 mmol) as internal standard 

and CDCl3 were added. The solution was analyzed by 1H NMR to give the yield of the 

product 3a. 

Table S1 screening results on pre-active reagent. 

 

Entry Pre-active reagent Yield 

1 nBuLi 89% 

2 NaOtBu 0 

3 LiOtBu 0 

4 MeLi 4% 

5 No Pre-active reagent 0 
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Table S2 screening results on leaving group. 

 

Entry LG Yield 

1 OCOOMe 89% 

2 Cl 76% 

3 Br 70% 

4 OBz 88% 

5 OTs 80% 

6 OPO(OPh)2 62% 

 

Table S3 screening results on aldehyde source and mixed solvent. 

 

Entry Solvent Yield 

1 THF/DMF (v/v 1/5) 89% 

2 THF/DMF (v/v 10/1) 18% 

3 THF/HCOOBu (v/v 1/5) 0 

4 THF/HCOOBn (v/v 1/5) 0 

5 THF/HCOOBn (v/v 1/1) 0 

 

Table S4 screening results on ligand. 

 

Entry Ligand Yield 

1 PPh3 (23 mol%) 89% 

2 Bipyridine 44% 

3 1,10-Phenanthroline 16% 

4 dppbz 46% 

5 dppm 16% 

6 dppe 60% 

7 dppf 54% 

8 No ligand 30% 
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Table S5 screening results on catalyst. 

 

Entry Catalyst Yield 

1 Pd(OAc)2 89% 

2 PdCl2 89% 

3 Pd(PPh3)2Cl2 77% 

4 Pd(PhCN)2Cl2 76% 

5 NiBr2(dme) 0 

6 Cu(OAc)2 Trace 

7 CuI 0 

8 Fe(OAc)2 0 

9 Pd(OAc)2 (5 mol%), PPh3 

(12 mol%) 

80% 

10 No catalyst 0 

11 No catalyst, no ligand 0 

 

Table S6 screening results on additive. 

 

Entry Additive Yield 

1 No additive 89% 

2 LiBr 25% 

3 LiCl 15% 

4 KI 79% 

5 K3PO4 11% 

3. Mechanism study. 

A proposed mechanism was listed in Scheme S1. The lithium organoborate was 

obtained in situ by mixing the compound 1a with nBuLi. It reacted with DMF to give 

the two isomers 9 and 9’ through the C/O isomerization. In this process, another lithium 

organoborate salt was produced. It was also possible existing as the mixture of PinBBu 

and LiNMe2. The two isomers 9 and 9’ reacted with π-allylic palladium species to 

give the intermediate I and I’. The reductive elimination of the species afforded the 

product 3a (Route A). Another two possibilities were involved 10 (Route B) or 11 

(Route C) as the intermediate in which the α-boron aldehyde or C/O isomerization was 

not vital process in this transformation. 
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Scheme S1 The proposed mechanism. 

 

In order to gain some insights on this mechanism, some experiments as listed 

below were conducted. 

 

Under argon atmosphere, a 5 mL Shlenk tube was charged with the gemi-

bis(boronates) compound 1a (96.5 mg, 0.25 mmol) and anhydrous THF (0.4 mL). The 

mixture was stirred for 10 min to dissolve, then cooled down to -78 oC. The nBuLi (0.25 

mmol, 100uL, 2.5M in hexane) was added to the solution in one portion and the reaction 

mixture was stirred for 30 min. The mixture was then allowed to warm to 0 oC and 

stirred for another 30 min. Then DMF (2 mL) was added and stirred for another 12 h. 

The mixture was transferred to NMR tube and immediately checked by 11B NMR (34.1 

ppm, 23.8 ppm, Figure S1, top).S1 D2O (0.2 mL) was added to the NMR tube, then the 

mixture was checked by 11B NMR (5.2 ppm, Figure S1, bottom). S2, S3 According to the 

literature, it was proposed as PinB(OD)2Li. After flash column chromatography, 

compound 10 was isolated in 83% and the spectrum was listed below (Figure S2, top).  

                                                        
S1 E. W. H. Ng, K.-H. Low, P. Chiu, J. Am. Chem. Soc. 2018, 140, 3537. 
S2 S. Nave, R. P. Sonawane, T. G. Elford, V. K. Aggarwal, J. Am. Chem. Soc. 2010, 132, 17096. 
S3 W. G. Henderson, M. J. How, G. R. Kennedy, E. F. Mooney, Carbohydr. Res. 1973, 28, 1. 
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Figure S1: The 11B NMR spectrum. 
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Figure S2: The 1H NMR spectrum of compound 10. 

 

To exclude the possibility that compound 10 as an intermediate and the product 

was obtained from 10 with allyl methyl carbonate in the presence of the LiNMe2 and 

palladium catalyst, some control experiments as listed below were conducted. 
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Under argon atmosphere, a 5 mL Shlenk tube was charged with compound 10 

(40.5 mg, 0.25 mmol, 1.25 equiv) and anhydrous THF (0.4 mL). The mixture was 

stirred for 10 min to dissolve, then cooled down to -78 oC. The LDA (0.25 mmol, 2.0 

M in THF) was added to the solution in one portion and the reaction mixture was stirred 

for 30 min. The mixture was then allowed to warm to 0 oC and stirred for another 30 

min. Then DMF (2 mL) was added and stirred for another 10 min. Another 5 mL sealed 

tube was charged with Pd(OAc)2 (4.4 mg, 0.02 mmol, 10 mol%), PPh3 (12.0 mg, 0.046 

mmol, 23 mol%) and anhydrous N,N-dimethylformamide (2 mL) under argon 

atmosphere. The mixture was stirred for 10 min and the above mixture of compound 

10 and LDA was added to this tube following another 10 min stirring. Allyl methyl 

carbonate 2a (23.2 mg, 0.2 mmol) was added to the mixture. The tube was sealed and 

stirred at room temperature for 12 h. The reaction mixture was quenched by saturated 

aq. NH4Cl (2 mL) and extracted by ethyl acetate (2 mL ×3). The organic layers were 

combined, dried over anhydrous Na2SO4, concentrated under vacuo. CH2Br2 (17.2 mg, 

0.1 mmol) as internal standard and CDCl3 were added. The solution was analyzed by 
1H NMR to give the yield of the product 3a. Some variation on this process and the 

results were summarized on Table S7. 

Table S7 mechanism study on compound 10. 

 

Theoretically, in the first step, compound 9 was synthesized accompany with equal 

equivalent Me2NLi in solution. From the above results, it indeed gave the product 3a 

by reacting compound 10 with allyl methyl carbonate 2a in the presence of LDA but 

with very low yield. In addition, considering the basic reaction solution, if compound 

10 was produced by quenching with acidic proton, it should quenched the Me2NLi 

firstly. So these results could exclude that 3a was produced through the process with 

compound 10 as intermediate based on these experiments.   

 

 
Under argon atmosphere, a 5 mL Shlenk tube was charged with the gemi-

bis(boronates) compound 1a (96.5 mg, 0.25 mmol, 1.25 equiv). Anhydrous THF (1 mL) 

was added to this vial. The mixture was stirred for 10 min to dissolve, then cooled down 

to -78 oC. The nBuLi (0.25 mmol, 100uL, 2.5M in hexane) was added to the solution in 

one portion and the reaction mixture was stirred for 30 min. The mixture was then 
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allowed to warm to 0 oC and stirred for another 30 min. Then Pd(OAc)2 (4.4 mg, 0.02 

mmol, 10 mol%), PPh3 (12.0 mg, 0.046 mmol, 23 mol%) and allyl methyl carbonate 

2a (23.2 mg, 0.2 mmol) were added to the mixture. The tube was sealed with stirring at 

room temperature for 12 h. DMF (4 mL) was added and the mixture was stirred for 

another 12h. The reaction mixture was quenched by saturated aq. NH4Cl (2 mL) and 

extracted by ethyl acetate (2 mL ×3). The organic layers were combined, dried over 

anhydrous Na2SO4, concentrated under vacuo. CH2Br2 (17.2 mg, 0.1 mmol) as internal 

standard and CDCl3 were added. The solution was analyzed by 1H NMR to show no 

product 3a was detected.  

If the reaction was conducted in the absence of Pd(OAc)2/PPh3, only trace product 

11 was detected in the first step. No further experiment was conducted to study the 

synthesis of product 3a in the second step. 

4.  General Procedure for Experiments. 

4.1  General procedure for difunctionalizaiton 

Under argon atmosphere, a 5 mL Shlenk tube was charged with the gemi-

bis(boronates) compound 1 (0.25 mmol, 1.25 equiv). Anhydrous THF (0.4 mL) was 

added to this vial. The mixture was stirred for 10 min to dissolve, then cooled down to 

-78 oC. The nBuLi (0.25 mmol, 100uL, 2.5M in hexane) was added to the solution in 

one portion and the reaction mixture was stirred for 30 min. The mixture was then 

allowed to warm to 0 oC and stirred for another 30 min. Another 5 mL sealed tube was 

charged with Pd(OAc)2 (4.4 mg, 0.02 mmol, 10 mol%), PPh3 (12.0 mg, 0.046 mmol, 

23 mol%) and anhydrous N,N-dimethylformamide (2 mL) under argon atmosphere. The 

mixture was stirred for 10 min and the above lithium organoborate solution was added 

to this tube following another 10 min stirring. Allyl methyl carbonate 2 (0.2 mmol) was 

added to the mixture. The tube was sealed and stirred at room temperature for 12 h. The 

reaction mixture was quenched by saturated aq. NH4Cl (2 mL) and extracted with ethyl 

acetate (2 mL ×3). The organic layers were combined, dried over anhydrous Na2SO4, 

concentrated under vacuo. The residue was purified carefully by column 

chromatography on silica gel with a gradient eluent of petroleum ether/ethyl acetate 

affording the product (3 or 4). 

4.2  Procedures for diborylation of ketones. 

Procedure AS4:  

 

 
Under argon atmosphere, a 25 mL sealed tube equipped with a Teflon-coated 

magnetic stir bar was charged with CuCl (0.05 mmol), ICyCl (0.05 mmol), NaOtBu 

(0.06 mmol). THF (0.5 mL) was added and the tube was stirred at room temperature 

                                                        
S4 L. Wang, T. Zhang, W. Sun, Z. He, C. Xia, Y. Lan, C. Liu, J. Am. Chem. Soc. 2017, 139, 5257. 
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for 1 h. Then THF was evaporated. The tube was filled with argon again. B2Pin2 (2.2 

mmol), NaOtBu (2.6 mmol), ketone (1 mmol) and toluene (10 mL) were added. The 

tube was sealed and stirred for 12 h at 100 oC. After cooling to room temperature, the 

reaction was diluted with ethyl acetate (5 mL) and filtered through Celite. The filtrate 

was concentrated under reduced pressure. The residue was purified by column 

chromatography on silica gel with a gradient eluent of petroleum ether/ethyl acetate 

affording the product. 

 

Procedure B S5: 

 

Tosylhydrazine (1.82 g, 10 mmol) was dissolved in methanol (10 ml). Ketone (10 

mmol) was added. The mixture was heated to 70 oC and stirred overnight. The 

precipitate was collected, washed with petroleum ether (5 mL ×3) and dried in vacuum 

to give the N-tosylhydrazone which was used directly in the next step. 

60% NaH (240 mg, 6 mmol) was added carefully to N-tosylhydrazone (5 mmol) 

in dry toluene (10 mL) under argon atmosphere, and the mixture was stirred for 1 h. 

Then B2pin2 (1.52g, 6 mmol) was added. The reaction mixture was stirred at 100 oC for 

12 h and then quenched with water (20 mL) and ethyl acetate (10 mL). The aqueous 

layer was then extracted with ethyl acetate (20 mL ×3). The organic layers ware 

combined and dried over anhydrous Na2SO4, concentrated under reduced pressure. The 

residue was purified by flash column chromatography on silica gel with a gradient 

eluent of petroleum ether/ethyl acetate affording the product.  

4.3  Procedures for synthesis of ketones. 

Procedure CS6:  

 

To a stirred solution of carboxylic acid (11 mmol) in dry CH2Cl2 (40 mL) at room 

temperature, CDI (11 mmol) was added carefully. The mixture was stirred for 30 min 

then N,O-Dimethylhydroxylamine hydrochloride (10 mmol) was added. The reaction 

mixture was stirred at room temperature until completion (monitored by TLC analysis). 

The mixture was washed with saturated aq. NaHCO3, brine, dried over anhydrous 

Na2SO4, concentrated under reduced pressure to give the weinreb amide without further 

purification. 

The weinreb amide (5 mmol) was dissolved in THF (10 mL) under argon 

atmosphere. After the reaction mixture wad cooled to 0 oC, the Grignard reagent was 

added dropwise to the reaction mixture. After stirring for 10-14 h. the reaction mixture 

was diluted with ethyl acetate and quenched by saturated aq. NH4Cl. The mixture was 

                                                        
S5 H. Li, X. Shangguan, Z. Zhang, S. Huang, Y. Zhang, J. Wang, Org. Lett. 2014, 16, 448. 
S6 K. Kubota, S. Osaki, M. Jin, H. Ito, Angew. Chem. Int. Ed. 2017, 56, 6646. 
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then exacted with ethyl acetate and dried over anhydrous Na2SO4, concentrated under 

reduced pressure. The residue was purified by flash column chromatography with a 

gradient eluent of hexane and ethyl acetate to give the corresponding ketone. 

 

4.4  Procedures for synthesis of compound 8. 

 

The gemi-bis(boronates) compound was prepared according to General Procedure 

A from the starting compound 5 to give 52% isolated yield on 1 mmol scale. 

Under Arogon atmosphere, a 25 mL Shlenk tube was charged with the gemi-

bis(boronates) compound (0.5 mmol, 1.25 equiv) Anhydrous THF (0.8 mL) was added 

to this vial. The mixture was stirred for 10 min to dissolve, then cooled down to -78 oC. 

The nBuLi (0.5 mmol, 200uL, 2.5M in hexane) was added to the solution in one portion 

and the reaction mixture was stirred for 30 min. The mixture was then allowed to warm 

to 0 oC and stirred for another 30 min. Another 25 mL sealed tube was charged with 

Pd(OAc)2 (8.8 mg, 0.04 mmol, 10 mol%), PPh3 (24.0 mg, 0.092 mmol, 23 mol%) and 

anhydrous N,N-dimethylformamide (4 mL) under argon atmosphere. The mixture was 

stirred for 10 min and the above lithium organoborate solution was added to this tube 

following another 10 min stirring. Allyl methyl carbonate 2 (0.4 mmol) was added to 

the mixture. The tube was sealed and stirred at room temperature for 24 h. The reaction 

mixture was quenched by saturated aq. NH4Cl (4 mL) and extracted with ethyl acetate 

(4 mL ×3). The organic layers were combined, dried over anhydrous Na2SO4, 

concentrated under vacuo. The residue was purified carefully by column 

chromatography on silica gel (eluent solution: petroleum ether/ethyl acetate, 20/1 v/v) 

affording the product 6 as a colorless oil in 74% yield. 1H NMR (600 MHz, CDCl3) δ 

9.40 (s, 1H), 5.58 (ddt, J = 17.5, 10.2, 7.5 Hz, 1H), 4.99 (dd, J = 17.5, 10.2 Hz, 2H), 

3.86 (s, 4H), 2.14 (d, J = 7.5 Hz, 2H), 1.96-1.88 (m, 2H), 1.64-1.58 (m, 2H), 1.54-1.44 

(m, 4H); 13C NMR (151 MHz, CDCl3) δ 205.8, 132.4, 118.7, 108.2, 64.3, 48.8, 40.0, 

31.2, 28.0; HRMS: m/z (ESI) calculated [M+Na]+:233.1154, measured: 233.1128. 

A 25 mL Shlenk tube was charged with CuCl (3.9 mg, 0.04 mmol, 20 mol%), 

PdCl2 (1.4 mg, 0.008 mmol, 4 mol%). After degassed and filled with oxygen three times, 

the mixed solution of N,N-dimethylformamide (2.5 mL) and water (1 mL) was added. 

After stirring for 30 min, 6 (42 mg, 0.2 mmol) was added to the reaction mixture under 

oxgen atmosphere and the mixture was stirred for 12 h. Upon completion, the solution 

was filtered through Celite and washed with ethyl acetate (2 mL ×3). The filtrate was 

concentrated under reduced pressure. The residue was purified by column 

chromatography on silica gel (eluent solution: petroleum ether/ethyl acetate, 20/1 v/v) 

affording the product 7 as a colorless oil in 96% yield. 1H NMR (400 MHz, CDCl3) δ 

9.76 (s, 1H), 3.94 (s, 4H), 2.78 (s, 2H), 2.13 (s, 3H), 2.09-2.01 (m, 2H), 1.72-1.55 (m, 



S12 

 

6H). 

To a stirred solution of the keto aldehyde 7 (0.2 mmol) in THF (2 mL) at room 

temperature, 1N KOH aqueous solution (0.24 mL, 0.24 mmol, 1.2 equiv) was added 

carefully. The reaction mixture was stirred at room temperature overnight. Unpon 

completion, the mixture was then diluted with ethyl acetate (2 mL), washed with brine, 

dried over anhydrous Na2SO4 and concentrated under vacuo. The residue was purified 

by column chromatography on silica gel (eluent solution: petroleum ether/ethyl acetate, 

20/1 v/v) affording the final product 8 as a pale-yellow solid in 92% yield. 1H NMR 

(400 MHz, CDCl3) δ 7.56 (d, J = 5.6 Hz, 1H), 6.08 (d, J = 5.6 Hz, 1H), 3.97 (s, 4H), 

2.28 (s, 2H), 1.86-1.76 (m, 4H), 1.70-1.60 (m, 2H), 1.59-1.50 (m, 2H).1H NMR was in 

agreement with the literature S7. 

 

5  The characterization of the new products 

 

The title compound was synthesized according to General Procedure C from 3-(4-

fluorophenyl)propanoic acid. The overall yield (2 steps) was 87%. 

1H NMR (600 MHz, CDCl3) δ 7.16-7.10 (m, 2H), 6.98-6.91 (m, 2H), 2.86 (t, J = 7.6 

Hz, 2H), 2.70 (t, J = 7.6 Hz, 2H), 2.37 (t, J = 7.5 Hz, 2H), 1.56-1.49 (m, 2H), 1.31-1.23 

(m, 2H), 0.88 (t, J = 7.4 Hz, 3H); 13C NMR (151 MHz, CDCl3) δ 210.0 , 161.2 (d, J = 

243.8 Hz), 136.7 (d, J = 3.3 Hz), 129.6 (d, J = 7.8 Hz), 115.1 (d, J = 21.1 Hz), 44.1, 

42.7, 28.8, 25.8, 22.2, 13.7; HRMS: m/z (ESI) calculated [M+Na]+:231.1161, measured: 

231.1132. 

 

 

The title compound was synthesized according to General Procedure C from 3-(4-

chlorophenyl) propanoic acid. The overall yield (2 steps) was 96%. 
1H NMR (600 MHz, CDCl3) δ 7.23 (d, J = 8.4 Hz, 2H), 7.11 (d, J = 8.4 Hz, 2H), 2.85 

(t, J = 7.5 Hz, 2H), 2.70 (t, J = 7.5 Hz, 2H), 2.37 (t, J = 7.5 Hz, 2H), 1.56-1.50 (m, 2H), 

1.31-1.24 (m, 2H), 0.88 (t, J = 7.4 Hz, 3H); 13C NMR (151 MHz, CDCl3) δ 209.8, 139.6, 

131.7, 129.6, 128.4, 43.9, 42.7, 28.9, 25.8, 22.2, 13.8; HRMS: m/z (ESI) calculated 

[M+H]+:225.1046, measured: 225.1036. 

 

 

                                                        
S7 A. Srikrishna, P. P. Kumar, Tetrahedron 2000, 56, 8189. 
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The title compound was synthesized according to General Procedure C from 3-(4-

(trifluoromethyl)phenyl) propanoic acid. The overall yield (2 steps) was 78%. 
1H NMR (600 MHz, CDCl3) δ 7.53 (d, J = 8.0 Hz, 1H), 7.30 (d, J = 8.0 Hz, 1H), 2.95 

(t, J = 7.5 Hz, 1H), 2.75 (t, J = 7.5 Hz, 1H), 2.39 (t, J = 7.5 Hz, 1H), 1.57-1.51 (m, 1H), 

1.32-1.24 (m, 1H), 0.89 (t, J = 7.3 Hz, 2H); 13C NMR (151 MHz, CDCl3) δ 209.7, 145.3, 

128.7, 128.4 (q, J = 32.2 Hz),125.3 (q, J = 3.8 Hz), 124.4 (q, J = 271.9 Hz), 43.6, 42.7, 

29.4, 25.8, 22.3, 13.8; HRMS: m/z (ESI) calculated [2M+Na]+:539.2361, measured: 

539.2358. 

 

 

 

The title compound 1b was synthesized according to General Procedure B from 

nonan-5-one. The yield was 55%. 
1H NMR (600 MHz, CDCl3) δ 1.64-1.57 (m, 4H), 1.29 (q, J = 7.4 Hz, 4H), 1.22 (s, 

24H), 1.20-1.14 (m, 4H), 0.88 (t, J = 7.4 Hz, 6H); 13C NMR (151 MHz, CDCl3) δ 82.8, 

29.4, 28.4, 24.7, 23.5, 14.3; HRMS: m/z (ESI) calculated [M+Na]+: 403.3167, 

measured: 403.3165. 

 

 

The title compound 1c was synthesized according to General Procedure B from 3-

(4-fluorophenyl) propan-3-one. The yield was 37%. 
1H NMR (600 MHz, CDCl3) δ 7.17-7.11 (m, 2H), 6.95-6.90 (m, 2H), 2.50-2.42 (m, 2H), 

1.89-1.84 (m, 2H), 1.73-1.66 (m, 2H), 1.33 (q, J = 7.3 Hz, 2H), 1.26-1.20 (m, 26H), 

0.91 (t, J = 7.3 Hz, 2H); 13C NMR (151 MHz, CDCl3) δ 161.0 (d, J = 242.7 Hz), 139.4 

(d, J = 3.3 Hz), 129.7 (d, J = 7.7 Hz), 114.7 (d, J = 20.8 Hz), 83.0, 33.0, 31.9, 29.5, 

28.5, 24.8, 24.7, 23.4, 14.3; HRMS: m/z (ESI) calculated [M+Na]+: 469.3073, 

measured: 469.3075. 

 

 

The title compound 1d was synthesized according to General Procedure B from 3-

(4-chlorophenyl) propan-3-one. The yield was 30%. 
1H NMR (600 MHz, CDCl3) δ 7.20 (d, J = 8.3 Hz, 2H), 7.12 (d, J = 8.3 Hz, 2H), 2.52-

2.41 (m, 2H), 1.90-1.82 (m, 2H), 1.75-1.66 (m, 2H), 1.33 (q, J = 7.3 Hz, 2H), 1.26-1.19 

(m, 26H), 0.91 (t, J = 7.3 Hz, 3H); 13C NMR (151 MHz, CDCl3) δ 142.2, 131.0, 129.8, 

128.1, 83.0, 33.1, 31.7, 29.5, 28.5, 24.8, 24.7, 23.4, 14.3; HRMS: m/z (ESI) calculated 

[M+Na]+:485.2777, measured: 485.2787. 



S14 

 

 

 

The title compound 1e was synthesized according to General Procedure B from 3-

(4-(trifluoromethyl)phenyl) propan-3-one. The yield was 67%. 
1H NMR (600 MHz, CDCl3) δ 7.49 (d, J = 8.0 Hz, 2H), 7.30 (d, J = 8.0 Hz, 2H), 2.61-

2.48 (m, 2H), 1.94-1.85 (m, 2H), 1.75-1.67 (m, 2H), 1.34 (q, J = 7.3 Hz, 2H), 1.28-1.21 

(m, 26H), 0.91 (t, J = 7.3 Hz, 3H); 13C NMR (151 MHz, CDCl3) δ 148.0, 128.8, 127.7 

(q, J = 32.1 Hz), 125.0 (q, J = 3.7 Hz), 124.5 (q, J = 271.5 Hz), 83.0, 33.7, 31.6, 29.5, 

28.6, 24.8, 24.7, 23.4, 14.3; HRMS: m/z (ESI) calculated [M+Na]+:519.3041, measured: 

519.3042. 

 

 
The title compound 1f was synthesized according to General Procedure A from 1-

(4-methoxyphenyl)hexan-2-one. The yield was 50%. 
1H NMR (600 MHz, CDCl3) δ 7.15 (d, J = 8.6 Hz, 2H), 6.75 (d, J = 8.6 Hz, 2H), 3.76 

(s, 3H), 2.91 (s, 2H), 1.55-1.48 (m, 2H), 1.36-1.26 (m, 2H), 1.24 (s,12H), 1.21 (s, 12H), 

0.88 (t, J = 7.2 Hz, 2H); 13C NMR (151 MHz, CDCl3) δ 157.5, 134.0, 130.6, 113.0, 

83.1, 55.2, 33.5, 29.5, 28.3, 25.0, 24.7, 23.4, 14.3; HRMS: m/z (ESI) calculated 

[M+Na]+:467.3116, measured: 467.3114. 

 

 

The title compound 1g was synthesized according to General Procedure B from 1-

benzylpiperidin-4-one. The yield was 35%. 
1H NMR (600 MHz, CDCl3) δ 7.31-7.25 (m, 4H), 7.24-7.18 (m, 1H), 3.44 (s, 2H), 2.50-

2.25 (m, 4H), 1.85-1.75 (m, 4H), 1.20 (s, 24H); 13C NMR (151 MHz, CDCl3) δ 138.2, 

129.3, 127.9, 126.6, 82.9, 63.9, 54.1, 28.7, 24.8, 24.6; HRMS: m/z (ESI) calculated 

[M+H]+:428.3143, measured: 428.3147. 
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The title compound 1h was synthesized according to General Procedure A from 

1,4-dioxaspiro[4.5]decan-8-one. The yield was 52%. 
1H NMR (600 MHz, CDCl3) δ 3.92 (s, 4H), 1.82 (t, J = 6.0 Hz, 4H), 1.61 (t, J = 6.0 Hz, 

4H), 1.21 (s, 24H); 13C NMR (151 MHz, CDCl3) δ 109.2, 83.0, 64.0, 34.9, 26.8, 24.6; 

HRMS: m/z (ESI) calculated [2M+Na]+: 811.5294, measured: 811.5289. 

 

 
1H NMR (600 MHz, CDCl3) δ 9.51 (s, 1H), 7.28 (dd, J = 7.8, 7.2 Hz, 2H), 7.19 (t, J = 

7.8 Hz, 1H), 7.16 (d, J = 7.2 Hz, 2H), 5.77-5.68 (m, 1H), 5.16-5.09 (m, 2H), 2.56-2.47 

(m, 2H), 2.36-2.27 (m, 2H), 1.87-1.81 (m, 1H), 1.80-1.74 (m, 1H), 1.12 (s, 3H); 13C 

NMR (151 MHz, CDCl3) δ 205.8, 141.9, 132.8, 128.5, 128.3, 126.0, 118.8, 49.0, 39.6, 

37.3, 30.5, 18.6; HRMS: m/z (ESI) calculated [M+Na]+: 225.1255, measured: 225.1249.  

 

 
1H NMR (600 MHz, CDCl3)δ 9.55 (s, 1H), 7.33 (d, J = 7.2 Hz, 2H), 7.29 (dd, J = 7.2, 

5.4 Hz, 2H), 7.27 (dd, J = 7.8, 4.8 Hz, 2H), 7.24-7.17 (m, 2H), 7.16 (d, J = 7.8 Hz, 2H), 

6.45 (d, J = 15.5 Hz, 1H), 6.11 (dt, J = 15.5, 7.6 Hz, 1H), 2.60-2.49 (m, 2H), 2.49-2.39 

(m, 2H), 1.92-1.84 (m, 1H), 1.84-1.76 (m, 1H), 1.17 (s, 3H); 13C NMR (151 MHz, 

CDCl3) δ 205.7, 141.7, 137.0, 133.6, 128.5, 128.4, 128.2 , 127.3, 126.1, 126.0, 124.4, 

49.6, 38.8, 37.4, 30.5, 18.7; HRMS: m/z (ESI) calculated [M+Na]+: 301.1568, 

measured: 301.1567. 

 

 
1H NMR (600 MHz, CDCl3) δ 9.56 (s, 1H), 7.28 (dd, J =7.8, 7.2 Hz, 2H), 7.23 (d, J = 

8.0 Hz, 2H), 7.19 (t, J = 7.2 Hz, 1H), 7.16 (d, J = 7.8 Hz, 2H), 7.11 (d, J = 8.0 Hz, 2H), 

6.42 (d, J = 15.7 Hz, 1H), 6.06 (dt, J = 15.7, 7.6 Hz, 1H), 2.60-2.50 (m, 2H), 2.49-2.39 

(m, 2H), 2.33 (s, 3H), 1.92-1.87 (m, 1H), 1.84-1.78 (m, 1H), 1.17 (s, 3H); 13C NMR 

(151 MHz, CDCl3) δ 205.9, 141.8, 137.2, 134.3, 133.5, 129.2, 128.5, 128.3, 126.0, 

123.3, 49.6, 38.9, 37.4, 30.5, 21.2, 18.7; HRMS: m/z (ESI) calculated [M+Na]+: 

315.1725, measured: 315.1741. 
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1H NMR (600 MHz, CDCl3) δ 9.56 (s, 1H), 7.28 (dd, J = 7.8, 7.2 Hz, 2H), 7.22-7.17 

(m, 2H), 7.17-7.14 (m, 3H), 7.13 (d, J = 7.8 Hz, 1H), 7.04 (d, J = 7.4 Hz, 1H), 6.42 (d, 

J = 15.5 Hz, 1H), 6.09 (dt, J = 15.5, 7.6 Hz, 1H), 2.61-2.50 (m, 2H), 2.50-2.39 (m, 2H), 

2.33 (s, 3H), 1.93-1.86 (m, 1H), 1.84-1.77 (m, 1H), 1.17 (s, 3H); 13C NMR (151 MHz, 

CDCl3) δ 205.8, 141.7, 138.1, 136.9, 133.7, 128.5, 128.4, 128.2, 128.1, 126.8, 126.0, 

124.1, 123.3, 49.6, 38.9, 37.4, 30.5, 21.4, 18.7; HRMS: m/z (ESI) calculated [M+Na]+: 

315.1725, measured: 315.1747. 

 

 
1H NMR (600 MHz, CDCl3) δ 9.56 (s, 1H), 7.37 (dd, J = 4.8, 3.6 Hz, 1H), 7.27 (dd, J 

= 7.8, 7.2 Hz, 2H), 7.21-7.10 (m, 4H), 6.65 (d, J = 15.5 Hz, 1H), 5.97 (dt, J = 15.5, 7.6 

Hz, 1H), 2.61-2.51 (m, 2H), 2.51-2.42 (m, 2H), 2.31 (s, 3H), 1.94-1.86 (m, 1H), 1.86-

1.78 (m, 1H), 1.18 (s, 3H); 13C NMR (151 MHz, CDCl3) δ 205.71 , 141.7, 136.3, 135.0, 

131.7, 130.2, 128.5, 128.2, 127.3, 126.04, 126.02, 125.9, 125.7, 49.5, 39.0, 37.3, 30.5, 

19.8, 18.7; HRMS: m/z (ESI) calculated [M+Na]+: 315.1725, measured: 315.1711. 

 

 
1H NMR (600 MHz, CDCl3) δ 9.55 (s, 1H), 7.31-7.24 (m, 6H), 7.19 (t, J = 7.4 Hz, 1H), 

7.16 (d, J = 6.9 Hz, 2H), 6.39 (d, J = 15.5 Hz, 1H), 6.08 (dt, J = 15.5, 7.6 Hz, 1H), 2.60-

2.49 (m, 2H), 2.49-2.38 (m, 2H), 1.93-1.85 (m, 1H), 1.84-1.76 (m, 1H), 1.17 (s, 3H); 
13C NMR (151 MHz, CDCl3) δ 205.6, 141.6, 135.5, 132.9, 132.4, 128.6, 128.5, 128.2, 

127.3, 126.1, 125.2, 49.5, 38.7, 37.4, 30.5, 18.7; HRMS: m/z (ESI) calculated [M+Na]+: 

335.1179, measured: 335.1177. 

 

 
1H NMR (600 MHz, CDCl3) δ 9.55 (s, 1H), 7.28 (dd, J = 7.8, 7.8 Hz, 2H), 7.28-7.22 

(m, 1H), 7.19 (t, J = 7.2 Hz, 1H), 7.16 (d, J = 7.2 Hz, 2H), 7.09 (d, J = 7.8 Hz, 1H), 

7.03 (ddd, J = 10.2, 2.4, 1.8 Hz, 1H), 6.91 (tdd, J = 8.4, 2.4, 0.6 Hz, 1H), 6.42 (d, J = 

15.5 Hz, 1H), 6.12 (dt, J = 15.5, 7.6 Hz, 1H), 2.60-2.50 (m, 2H), 2.50-2.41 (m, 2H), 

1.93-1.85 (m, 1H), 1.84-1.77 (m, 1H), 1.18 (s, 3H); 13C NMR (151 MHz, CDCl3) δ 

205.5, 163.0 (d, J = 245.2 Hz), 141.6, 139.3 (d, J = 7.7 Hz), 132.6 (d, J = 2.4 Hz), 132.0 

(d, J = 8.4 Hz), 128.5, 128.2, 126.1, 126.0 (d, J = 15.7 Hz), 122.0 (d, J = 2.7 Hz), 114.1 

(d, J = 21.4 Hz), 112.6 (d, J = 21.7 Hz), 49.5, 38.7, 37.4, 30.5, 18.8; HRMS: m/z (ESI) 

calculated [M+Na]+: 319.1474, measured: 319.1468. 
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1H NMR (600 MHz, CDCl3) δ 9.50 (s, 1H), 7.46 (dd, J = 8.0, 1.7 Hz, 1H), 7.38 (dd, J 

= 7.8, 1.7 Hz, 1H), 7.21 (dd, J = 8.1, 6.9 Hz, 2H), 7.20-7.16 (m, 1H), 7.13-7.09 (m, 4H), 

7.02 (ddd, J = 7.8, 7.8, 1.7 Hz, 1H), 6.73 (d, J = 15.4 Hz, 1H), 5.97 (dt, J = 15.4, 7.6 

Hz, 1H), 2.53-2.47 (m, 2H), 2.48-2.38 (m, 2H), 1.86-1.80 (m, 1H), 1.79-1.72 (m, 1H), 

1.12 (s, 3H); 13C NMR (151 MHz, CDCl3) δ 205.7, 141.7, 137.0, 132.8, 132.6, 128.7, 

128.5, 128.3, 127.8, 127.5, 127.1, 126.1, 123.2, 49.5, 38.6, 37.4, 30.5, 18.9; HRMS: 

m/z (ESI) calculated [M+Na]+: 379.0673, measured: 379.0667. 

 

 
1H NMR (600 MHz, CDCl3) δ 9.56 (s, 1H), 7.30-7.24 (m, 4H), 7.19 (t, J = 7.4 Hz, 1H), 

7.16 (d, J = 7.7 Hz, 3H), 6.84 (d, J = 8.3 Hz, 2H), 6.39 (d, J = 15.4 Hz, 1H), 5.96 (dt, J 

= 15.4, 7.5 Hz, 1H), 3.80 (s, 2H), 2.61-2.49 (m, 3H), 2.48-2.39 (m, 2H), 1.93-1.85 (m, 

1H), 1.84-1.77 (m, 1H), 1.17 (s, 3H); 13C NMR (151 MHz, CDCl3) δ 205.9, 159.0, 

141.8, 133.0, 129.9, 128.5, 128.2, 127.3, 126.0, 122.0, 113.9, 55.3，49.6, 38.9, 37.4, 

30.5, 18.7; HRMS: m/z (ESI) calculated [M+Na]+: 331.1674, measured: 331.1666. 

 

 
1H NMR (600 MHz, CDCl3) δ 9.54 (s, 1H), 7.33 (dd, J = 8.5, 7.5 Hz, 2H), 7.30-7.21 

(m, 3H), 7.18 (t, J = 7.8 Hz, 1H), 7.15 (d, J = 7.2 Hz, 2H), 7.12-7.06 (m, 2H), 7.02-7.98 

(m, 3H), 6.85 (ddd, J = 8.2, 2.5, 1.0 Hz, 1H), 6.40 (d, J = 15.5 Hz, 1H), 6.09 (dt, J = 

15.5, 7.6 Hz, 1H), 2.60-2.49 (m, 2H), 2.48-2.36 (m, 2H), 1.91-1.85 (m, 1H), 1.83-1.75 

(m, 1H), 1.16 (s, 3H); 13C NMR (151 MHz, CDCl3) δ 205.6, 157.4, 157.1, 141.6, 138.9, 

133.1, 129.8, 129.7, 128.5, 128.2, 126.0, 125.3, 123.2, 121.1, 118.7, 117.8, 116.6, 49.5, 

38.7, 37.4, 30.5, 18.7; HRMS: m/z (ESI) calculated [M+Na]+: 393.1830, measured: 

393.1818. 

 

 
1H NMR (600 MHz, CDCl3) δ 9.56 (s, 1H), 7.56 (s, 1H), 7.49 (d, J = 7.7 Hz, 1H), 7.47 

(d, J = 7.7 Hz, 1H), 7.41 (dd, J = 7.7, 7.7 Hz, 1H), 7.28 (dd, J = 7.8, 7.2 Hz, 2H), 7.20 



S18 

 

(t, J = 7.2 Hz, 1H), 7.17 (d, J = 7.8 Hz, 2H), 6.47 (d, J = 15.5 Hz, 1H), 6.19 (dt, J = 

15.5, 7.6 Hz, 1H), 2.63-2.53 (m, 2H), 2.53-2.42 (m, 2H), 1.94-1.87 (m, 1H), 1.85-1.79 

(m, 1H), 1.19 (s, 3H); 13C NMR (151 MHz, CDCl3) δ 205.5, 141.6, 137.7, 132.3, 130.9 

(q, J = 32.1 Hz), 129.2 (d, J = 0.8 Hz), 129.0, 128.5, 128.2, 126.6, 126.1, 124.1 (q, J = 

272.3 Hz), 123. 9 (q, J = 3.7 Hz), 122.8 (q, J = 3.8 Hz), 49.6, 38.7, 37.5, 30.5, 18.8; 

HRMS: m/z (ESI) calculated [M+Na]+: 369.1442, measured: 369.1455. 

 

 
1H NMR (600 MHz, CDCl3) δ 9.59 (s, 1H), 7.69 (d, J = 8.8 Hz, 1H), 7.67 (d, J = 8.6 

Hz, 1H), 7.61 (s, 1H), 7.52 (dd, J = 8.6, 1.7 Hz, 1H), 7.28 (dd, J = 7.8, 7.2 Hz, 2H), 

7.20 (t, J = 7.2 Hz, 1H), 7.17 (d, J = 7.8 Hz, 2H), 7.12 (dd, J = 8.8, 2.5 Hz, 1H), 7.10 

(d, J = 2.5 Hz, 1H), 6.58 (d, J = 15.4 Hz, 1H), 6.18 (dt, J = 15.4, 7.6 Hz, 1H), 3.91 (s, 

3H), 2.63-2.54 (m, 2H), 2.54-2.45 (m, 2H), 1.96-1.89 (m, 1H), 1.87-1.80 (m, 1H), 1.20 

(s, 3H); 13C NMR (151 MHz, CDCl3) δ 205.9, 157.6, 141.8, 134.0, 133.8, 132.4, 129.4, 

128.9, 128.5, 128.3, 127.0, 126.0, 125.7, 124.0, 123.6, 119.0, 105.8, 55.3, 49.7, 39.0, 

37.4, 30.5, 18.7; HRMS: m/z (ESI) calculated [M+K]+: 397.1570, measured: 397.1557. 

 

 

1H NMR (600 MHz, CDCl3) δ 9.55 (s, 1H), 7.36 (d, J = 12.4 Hz, 2H), 7.31-7.24 (m, 

3H), 7.19 (t, J = 7.4 Hz, 1H), 7.16 (d, J = 7.6 Hz, 2H), 6.49 (s, 1H), 6.30 (d, J = 15.4 

Hz, 1H), 5.81 (dt, J = 15.4, 7.6 Hz, 1H), 2.60-2.48 (m, 2H), 2.45-2.35 (m, 2H), 1.93-

1.84 (m, 1H), 1.83-1.76 (m, 1H), 1.16 (s, 3H); 13C NMR (151 MHz, CDCl3) δ 205.8, 

143.4, 141.7, 139.9, 128.5, 128.2, 126.1, 123.91, 123.86, 123.3, 107.5, 49.5, 38.8, 37.4, 

30.5, 18.7; HRMS: m/z (ESI) calculated [M+Na]+: 291.1361, measured: 291.1357. 

 

 
1H NMR (600 MHz, CDCl3) δ 9.55 (s, 1H), 7.28 (dd, J = 7.8, 7.2 Hz, 2H), 7.19 (t, J = 

7.2 Hz, 1H), 7.16 (d, J = 7.8 Hz, 2H), 7.11 (d, J = 5.0 Hz, 1H), 6.94 (dd, J = 5.0, 3.5 

Hz, 1H), 6.89 (d, J = 3.5 Hz, 1H), 6.57 (d, J = 15.4 Hz, 1H), 5.95 (dt, J = 15.4, 7.6 Hz, 

1H), 2.61-2.49 (m, 2H), 2.47-2.34 (m, 2H), 1.92-1.85 (m, 1H), 1.84-1.77 (m, 1H), 1.17 

(s, 3H); 13C NMR (151 MHz, CDCl3) δ 205.7, 142.1, 141.7, 128.5, 128.2, 127.3, 126.8, 
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126.1, 125.0, 124.2, 123.8, 49.6, 38.6, 37.4, 30.5, 18.8; HRMS: m/z (ESI) calculated 

[M+Na]+: 307.1133, measured: 307.1126. 

 
1H NMR (600 MHz, CDCl3) δ 9.57 (s, 1H), 7.58 (d, J = 7.3 Hz, 2H), 7.53 (s, 1H), 7.47-

7.41 (m, 3H), 7.40-7.34 (m, 2H), 7.33 (dd, J = 7.8, 6.0 Hz, 1H), 7.27 (dd, J = 7.8, 7.2 

Hz, 2H), 7.21-7.14 (m, 3H), 6.51 (d, J = 15.7 Hz, 1H), 6.18 (dt, J = 15.4, 7.6 Hz, 1H), 

2.61-2.52 (m, 2H), 2.52-2.42 (m, 2H), 1.94-1.87 (m, 1H), 1.86-1.78 (m, 1H), 1.18 (s, 

3H); 13C NMR (151 MHz, CDCl3) δ 205.7, 141.7, 141.6, 141.0, 137.5, 133.6, 129.0, 

128.7, 128.5, 128.2, 127.3, 127.1, 126.3, 126.0, 125.1, 125.0, 124.8, 49.6, 38.9, 37.4, 

30.5, 18.7; HRMS: m/z (ESI) calculated [M+Na]+: 377.1881, measured: 377.1876. 

 

 
1H NMR (600 MHz, CDCl3)

 δ 9.52 (s, 1H), 7.32-7.24 (m, 4H), 7.21 (t, J =7.2 Hz, 1H), 

7.18 (t, J = 7.2 Hz, 1H), 7.16-7.12 (m, 4H), 4.90 (s, 1H), 4.87 (s, 1H), 3.32-3.18 (m, 

2H), 2.54 (td, J = 13.2, 4.9 Hz, 1H), 2.43 (td, J = 13.2, 4.9 Hz, 1H), 2.36 (d, J = 14.4 

Hz, 1H), 2.18 (d, J = 14.4 Hz, 1H), 1.87 (td, J = 13.2, 4.9 Hz, 1H), 1.72 (td, J = 13.2, 

4.9 Hz, 1H), 1.15 (s, 3H); 13C NMR (151 MHz, CDCl3) δ 206.1, 144.2, 141.7, 138.9, 

129.0, 128.4, 128.4, 128.2, 126.3, 126.0, 116.6, 49.6, 43.9, 41.4, 38.0, 30.4, 18.2; 

HRMS: m/z (ESI) calculated [M+Na]+: 315.1725, measured: 315.1719. 

 

 
1H NMR (600 MHz, CDCl3) δ 9.52 (s, 1H), 7.28 (dd, J = 7.8, 7.2 Hz, 2H), 7.19 (t, J = 

7.2 Hz, 1H), 7.16 (d, J = 7.8 Hz, 2H), 6.27 (s, 1H), 5.58 (s, 1H), 4.18 (q, J = 7.2 Hz, 

2H), 2.72 (d, J = 13.8 Hz, 1H), 2.61-2.55 (m, 1H), 2.53 (d, J = 13.8 Hz, 1H), 2.51-2.44 

(m, 1H), 1.95-1.86 (m, 1H), 1.74-1.66 (m, 1H), 1.28 (t, J = 7.2 Hz, 3H), 1.09 (s, 3H); 
13C NMR (151 MHz, CDCl3) δ 205.0, 167.1, 141.6, 136.3, 128.9, 128.4, 128.2, 126.0, 

61.0, 49.4, 37.9, 37.7, 30.4, 17.7, 14.0; HRMS: m/z (ESI) calculated [2M+Na]+: 

517.3036, measured: 517.3009. 
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1H NMR (600 MHz, CDCl3) δ 9.51 (s, 1H), 7.92 (d, J = 8.4 Hz, 2H), 7.28 (dd, J = 7.6, 

7.2 Hz, 2H), 7.19 (t, J = 7.6 Hz, 1H), 7.14 (d, J = 7.2 Hz, 2H), 6.92 (d, J = 8.4 Hz, 2H), 

5.82-5.73 (m, 2H), 4.56 (d, J = 4.2 Hz, 2H), 2.55 (s, 3H), 2.53-2.48 (m, 2H), 2.37-2.31 

(m, 2H), 1.86-1.79 (m, 1H), 1.79-1.71 (m, 1H), 1.13 (s, 3H); 13C NMR (151 MHz, 

CDCl3) δ 205.4, 196.8, 162.3, 141.6, 130.5, 130.3, 129.5, 128.5, 128.3, 128.2, 126.1, 

114.3, 68.2, 49.1, 37.9, 37.4, 30.4, 26.3, 18.7; HRMS: m/z (ESI) calculated [M+Na]+: 

373.1774, measured: 373.1812. 

 

 
1H NMR (600 MHz, CDCl3) δ 9.51 (s, 1H), 7.28 (dd, J = 7.8, 7.2 Hz, 2H), 7.20 (t, J = 

7.2 Hz, 1H), 7.16 (d, J = 7.8 Hz, 2H), 5.08 (t, J = 7.6 Hz, 1H), 5.05 (t, J = 6.9 Hz, 1H), 

2.57-2.50 (m, 1H), 2.50-2.43 (m, 1H), 2.25 (d, J = 7.6 Hz, 2H), 2.10-2.04 (m, 2H), 2.04-

1.99 (m, 2H), 1.89-1.82 (m, 1H), 1.80-1.73 (m, 1H), 1.66 (s, 3H), 1.62 (s, 3H), 1.59 (s, 

3H), 1.10 (s, 3H); 13C NMR (151 MHz, CDCl3) δ 206.4, 142.0, 138.4, 131.56, 128.4, 

128.2, 126.0, 124.0, 118.3, 49.9, 39.9, 37.2, 33.9, 30.6, 26.5, 25.7, 18.3, 17.7, 16.2; 

HRMS: m/z (ESI) calculated [M+Na]+: 321.2194, measured: 321.2154. 

 
1H NMR (600 MHz, CDCl3) δ 9.50 (s, 1H), 7.34-7.31 (m, 4H), 7.28-7.24 (m, 3H), 7.18 

(t, J = 7.4 Hz, 1H), 7.15 (d, J = 7.2 Hz, 2H), 5.69 (dt, J = 15.0, 5.8 Hz, 1H), 5.62 (dt, J 

= 15.0, 7.1 Hz, 1H), 4.48 (s, 2H), 3.98 (d, J = 5.8 Hz, 2H), 2.56-2.46 (m, 2H), 2.36-

2.27 (m, 2H), 1.87-1.81 (m, 1H), 1.79-1.72 (m, 1H), 1.20 (s, 3H); 13C NMR (151 MHz, 

CDCl3) δ 205.6, 141.7, 138.2, 130.6, 128.4, 128.3, 128.2, 128.0, 127.7, 127.6, 126.0, 

71.9, 70.3, 49.1, 38.1, 37.2, 30.4, 18.6; HRMS: m/z (ESI) calculated [M+Na]+: 

345.1830, measured: 345.1793. 
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1H NMR (600 MHz, CDCl3) δ 9.45 (s, 1H), 7.65 (d, J = 7.9 Hz, 2H), 7.30 (d, J = 7.9 

Hz, 2H), 7.27 (dd, J = 7.2, 7.2 Hz, 2H), 7.18 (t, J = 7.2 Hz, 1H), 7.13 (d, J = 7.2 Hz, 

2H), 5.59-5.33 (m, 2H), 3.56 (d, J = 5.8 Hz, 2H), 2.61 (s, 3H), 2.53-2.43 (m, 2H), 2.42 

(s, 3H), 2.33-2.21 (m, 2H), 1.83-1.76 (m, 1H), 1.75-1.68 (m, 1H), 1.08 (s, 3H); 13C 

NMR (151 MHz, CDCl3) δ 205.3, 143.3, 141.4, 134.1, 129.7, 129.6, 128.4, 128.3, 128.1, 

127.3, 126.0, 52.1, 49.0, 37.8, 37.2, 34.1, 30.2, 21.4, 18.5; HRMS: m/z (ESI) calculated 

[M+H]+: 400.1946, measured: 400.1956. 

 

 

 
1H NMR (600 MHz, CDCl3) δ 9.50 (s, 1H), 7.29 (dd, J = 7.8, 7.2 Hz, 2H), 7.20 (t, J = 

7.2 Hz, 1H), 7.17 (d, J = 7.8 Hz, 2H), 5.47 (dd, J = 15.3, 6.8 Hz, 1H), 5.28 (dtd, J = 

15.3, 7.5, 1.2 Hz, 1H), 2.58-2.44 (m, 2H), 2.28-2.19 (m, 2H), 1.98-1.89 (m, 1H), 1.84-

1.78 (m, 1H), 1.77-1.71 (m, 1H), 1.71-1.65 (m, 4H), 1.66-1.62 (m, 1H), 1.30-1.22 (m, 

2H), 1.19-1.13 (m, 1H), 1.10 (s, 3H), 1.09-1.02 (m, 2H); 13C NMR (151 MHz, CDCl3) 

δ 206.2, 142.0, 140.9, 128.4, 128.2, 125.9, 121.2, 49.2, 40.8, 38.5, 37.1, 33.0, 30.4, 26.1, 

25.9, 18.4. HRMS: m/z (ESI) calculated [M+Na]+: 307.2038, measured: 307.2057.  

 

 
1H NMR (600 MHz, CDCl3) δ 9.49 (s, 1H), 7.13-7.07 (m, 2H), 6.96 (t, J = 8.6 Hz, 2H), 

5.70 (m, 1H), 5.15 (dd, J = 15.0, 7.4 Hz, 1H), 2.51-2.40 (m, 2H), 2.39-2.29 (m, 2H), 

1.76 (t, J = 8.7 Hz, 2H), 1.58-1.52 (m, 2H), 1.35-1.28 (m, 2H), 1.23-1.17 (m, 2H), 0.91 

(t, J = 7.3 Hz, 3H); 13C NMR (151 MHz, CDCl3) δ 206.2, 161.3 m(d, J = 243.8 Hz), 

137.5 (d, J = 3.1 Hz), 132.8, 129.5 (d, J = 7.8 Hz), 118.5, 115.2 (d, J = 21.1 Hz), 52.0, 

35.9, 34.4, 32.2, 29.1, 25.7, 23.2, 13.9; HRMS: m/z (ESI) calculated [M+Na]+: 

285.1631, measured: 285.1631. 
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1H NMR (600 MHz, CDCl3) δ 9.49 (s, 1H), 7.24 (d, J = 8.1 Hz, 2H), 7.08 (d, J = 8.1 

Hz, 2H), 5.70 (m, 1H), 5.13 (dd, J = 15.6, 8.4 Hz, 1H), 2.51-2.39 (m, 2H), 2.39-2.30 

(m, 2H), 1.75 (t, J = 9.0 Hz, 2H), 1.58-1.53 (m, 2H), 1.35-1.28 (m, 2H), 1.23-1.16 (m, 

2H), 0.91 (t, J = 7.4 Hz, 3H); 13C NMR (151 MHz, CDCl3) δ 206.1, 140.4, 132.7, 131.7, 

129.5, 128.5, 118.6, 52.0, 36.0, 34.1, 32.2, 29.3, 25.7, 23.2, 13.9; HRMS: m/z (ESI) 

calculated [M+Na]+: 301.1335, measured: 301.1344.  

 
1H NMR (600 MHz, CDCl3) δ 9.43 (s, 1H), 7.45 (d, J = 7.8 Hz, 2H), 7.19 (d, J = 7.8 

Hz, 2H), 5.67-5.59 (m, 1H), 5.10-5.05 (m, 2H), 2.52-2.40 (m, 2H), 2.33-2.24 (m, 2H), 

1.74-1.67 (m, 2H), 1.55-1.45 (m, 2H), 1.24 (q, J = 7.3 Hz, 2H), 1.16-1.09 (m, 2H), 0.83 

(t, J = 7.3 Hz, 3H); 13C NMR (151 MHz, CDCl3) δ 206.0, 146.1, 132.6, 128.5, 128.4 

(q, J = 32.4 Hz), 125.3 (q, J = 3.6 Hz), 124.2 (q, J = 271.9 Hz), 118.6, 52.0, 36.0, 33.9, 

32.2, 29.8, 25.7, 23.2, 13.9; HRMS: m/z (ESI) calculated [M+Na]+: 335.1599, 

measured: 335.1597. 

 
1H NMR (600 MHz, CDCl3) δ 9.50 (s, 1H), 6.93 (d, J = 8.6 Hz, 2H), 6.73 (d, J = 8.6 

Hz, 2H), 5.73-5.65 (m, 1H), 5.20-4.97 (m, 2H), 3.71 (s, 3H), 2.72 (q, J = 14.2 Hz, 2H), 

2.23 (dd, J = 14.7, 7.3 Hz, 1H), 2.12 (dd, J = 14.7, 7.3 Hz, 1H), 1.49-1.42 (m, 1H), 

1.42-1.35 (m, 1H), 1.22-1.10 (m, 4H), 0.83 (t, J = 7.0 Hz, 3H); 13C NMR (151 MHz, 

CDCl3) δ 206.8, 158.2, 133.1, 131.1, 128.6, 118.6, 113.6, 55.2, 53.3, 38.5, 35.8, 31.9, 

25.7, 23.2, 14.0; HRMS: m/z (ESI) calculated [M+Na]+: 283.1674, measured: 283.1675. 
 

 
1H NMR (600 MHz, CDCl3) δ 9.68 (s, 1H), 7.29-7.25 (m, 4H), 7.24-7.20 (m, 2H), 7.13-

7.09 (m, 4H), 5.94-5.84 (m, 1H), 5.21 (d, J = 10.1 Hz, 1H), 5.14 (d, J = 17.1 Hz, 1H), 

2.99 (d, J = 14.1 Hz, 2H), 2.83 (d, J = 14.1 Hz, 2H), 2.27 (d, J = 7.2 Hz, 2H); 13C NMR 

(151 MHz, CDCl3) δ 206.5, 136.3, 133.2, 130.4, 128.3, 126.7, 119.3, 53.5, 40.2, 35.4; 

HRMS: m/z (ESI) calculated [M+Na]+: 287.1412, measured: 287.1410. 
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1H NMR (600 MHz, CDCl3) δ 9.32 (s, 1H), 7.59 (d, J = 8.2 Hz, 2H), 7.25 (d, J = 8.0 

Hz, 2H), 5.39-5.27 (m, 2H), 3.48 (d, J = 4.5 Hz, 2H), 2.54 (s, 3H), 2.36 (s, 3H), 2.19-

2.09 (m, 2H), 1.42-1.32 (m, 4H), 1.19 (q, J = 7.3 Hz, 4H), 1.11-0.97 (m, 4H), 0.81 (t, J 

= 7.3 Hz, 6H); 13C NMR (151 MHz, CDCl3) δ 206.5, 143.3, 134.1, 130.3, 129.6, 127.7, 

127.4, 52.2, 52.1, 34.1, 34.0, 32.0, 25.5, 23.2, 21.5 13.9; HRMS: m/z (ESI) calculated 

[M+Na]+: 416.2235, measured: 416.2202. 

 

1H NMR (400 MHz, CDCl3) δ 9.42 (s, 1H), 7.04 (d, J = 5.1 Hz, 1H), 6.90-6.85 (m, 1H), 

6.81 (d, J = 3.5 Hz, 1H), 6.47 (d, J = 15.4 Hz, 1H), 5.81 (dt, J = 15.4, 7.6 Hz, 1H), 2.30 

(d, J = 7.6 Hz, 2H), 1.48-1.41 (m, 4H), 1.26-1.20 (m, 4H), 1.13-1.03 (m, 4H), 0.83 (t, 

J = 7.2 Hz, 6H); 13C NMR (101 MHz, CDCl3) δ 206.8, 142.4, 127.2, 126.2, 124.9, 

124.7, 123.6, 52.5, 34.9, 32.3, 25.7, 23.3, 13.9; HRMS: m/z (ESI) calculated [M+H]+: 

279.1783, measured: 279.1776. 

 

 
1H NMR (600 MHz, CDCl3) δ 9.31 (s, 1H), 7.20 (dd, J = 7.8, 7.2 Hz, 2H), 7.13-1.07 

(m, 3H), 5.38 (dt, J = 15.0, 6.7 Hz, 1H), 5.20 (dt, J = 15.0, 7.2 Hz, 2H), 2.58 (t, J = 7.5 

Hz, 2H), 2.28-2.19 (m, 2H), 2.02 (d, J = 7.2 Hz, 2H), 1.76-1.71 (m, 2H), 1.51-1.46 (m, 

2H), 1.46-1.40 (m, 1H), 1.25-1.17 (m, 4H), 1.16-1.11 (m, 1H); 13C NMR (151 MHz, 

CDCl3) δ 207.3, 141.8, 133.4, 128.4, 128.2, 125.7, 124.6, 49.8, 39.5, 35.8, 34.4, 30.7, 

25.6, 22.5; HRMS: m/z (ESI) calculated [M+Na]+: 279.1725, measured: 279.1723. 

 

 
1H NMR (600 MHz, CDCl3) δ 9.56 (s, 1H), 8.06 (d, J = 8.4 Hz, 1H), 7.83 (d, J = 7.2 

Hz, 1H), 7.75 (d, J = 8.4 Hz, 1H), 7.52-7.45 (m, 3H), 7.41 (dd, J = 7.8, 7.2 Hz, 1H), 

7.12 (d, J = 15.4 Hz, 1H), 6.07 (dt, J = 15.4, 7.6 Hz, 1H), 2.45 (dd, J = 7.6, 1.4 Hz, 2H), 

2.02-1.93 (m, 2H), 1.67-1.60 (m, 2H), 1.58-1.52 (m, 1H), 1.46-1.35 (m, 4H), 1.35-1.28 

(m, 1H); 13C NMR (151 MHz, CDCl3) δ 206.9, 135.0, 133.5, 131.0, 130.7, 128.4, 127.7, 

127.7, 125.9, 125.7, 125.6, 123.8, 123.8, 50.2, 40.1, 30.9, 25.6, 22.5; HRMS: m/z (ESI) 

calculated [M+Na]+: 301.1568, measured: 301.1556. 
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1H NMR (600 MHz, CDCl3) δ 9.47 (s, 1H), 6.26 (d, J = 1.4 Hz, 1H), 5.55 (s, 1H), 4.17 

(q, J = 7.1 Hz, 2H), 3.92 (s, 4H), 2.52 (s, 2H), 2.03-1.97 (m, 2H), 1.70-1.64 (m, 2H), 

1.59-1.47 (m, 4H), 1.28 (t, J = 7.1 Hz, 3H); 13C NMR (151 MHz, CDCl3) δ 204.8, 166.8, 

135.8, 129.0, 108.2, 64.25 , 64.22 , 61.0, 48.8, 38.3, 31.3, 28.4, 14.0; HRMS: m/z (ESI) 

calculated [M+H]+: 283.1546, measured: 283.1547. 

 
1H NMR (400 MHz, CDCl3) δ 9.49 (s, 1H), 7.24-7.19 (m, 2H), 7.16-7.07 (m, 3H), 6.99 

(d, J = 7.2 Hz, 2H), 6.87 (dd, J = 7.2, 7.2 Hz, 1H), 6.82 (d, J = 8.0 Hz, 1H), 4.83 (s, 

1H), 4.80 (s, 1H), 4.17-4.09 (m, 1H), 4.04-3.96 (m, 1H), 3.08-2.97 (m, 2H), 2.66 (d, J 

= 14.4 Hz, 1H), 2.44 (d, J = 14.4 Hz, 1H), 2.27 (ddd, J = 14.4, 6.0, 2.8 Hz, 1H), 2.00-

1.90 (m, 1H); 13C NMR (101 MHz, CDCl3 δ 200.6, 155.5, 143.9, 138.7, 129.0, 128.8, 

128.5, 128.4, 126.3, 121.1, 120.5, 117.9, 117.6, 63.3, 49.1, 43.6, 41.5, 26.7; HRMS: 

m/z (ESI) calculated [M+Na]+: 315.1361, measured: 315.1346. 

 

 
1H NMR (600 MHz, CDCl3) δ 9.46 (s, 1H), 7.36-7.32 (m, 4H), 7.32-7.30 (m, 2H), 7.30-

7.27 (m, 4H), 5.62 (dt, J = 15.0, 5.8 Hz, 1H), 5.55 (dt, J = 15.0, 7.2 Hz, 1H), 4.47 (s, 

2H), 3.95 (d, J = 5.8 Hz, 2H), 3.45 (s, 2H), 2.71-2.61 (m, 2H), 2.23 (d, J = 7.2 Hz, 2H), 

2.13-2.04 (m, 2H), 2.02-1.95 (m, 2H), 1.63-1.53 (m, 2H); 13C NMR (151 MHz, CDCl3) 

δ 206.1, 138.1, 130.7, 129.1, 128.3, 128.3, 128.2, 127.7, 127.6, 127.4, 127.0, 71.9, 70.2, 

63.2, 50.3, 48.2, 30.5, 24.8; HRMS: m/z (ESI) calculated [M+Na]+: 386.2096, 

measured: 386.2105. 

 
1H NMR (600 MHz, CDCl3) δ 7.19 (t, J = 7.6 Hz, 2H), 7.09 (m, 3), 5.76 (ddt, J = 17.3, 

10.1, 7.4 Hz, 1H), 4.97 (d, J = 17.3 Hz, 1H), 4.93 (d, J = 10.1 Hz, 1H), 2.55-2.43 (m, 

2H), 2.16 (dd, J = 13.6, 7.6 Hz, 1H), 1.97 (dd, J = 13.6, 7.6 Hz, 1H), 1.64 (td, J = 12.9, 
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5.0 Hz, 1H), 1.43 (td, J = 12.9, 5.0 Hz, 1H), 1.18 (s, 12), 0.93 (s, 3H); 13C NMR (151 

MHz, CDCl3) δ 143.5, 136.4, 128.3, 128.2, 125.5, 116.4, 83.1, 43.3, 41.4, 32.4, 24.9, 

24.8, 21.3; HRMS: m/z (ESI) calculated [M+Na]+: 323.2158, measured: 323.2130. 
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