
 

S1 

 

 
 

Supporting Information 
 

Exploiting Ortho-Substitution Effect on Formation of Oxygen-containing 

[10]Paracyclophane through Ring-Closing Metathesis  

Li Yang,†a Liqiang Song,†a Chong Huang,a Mingzheng Huanga and Bo Liu*a 

 
 

 

Electronic Supplementary Material (ESI) for Organic Chemistry Frontiers.
This journal is © the Partner Organisations 2015



 

S2 

 

Table of Contents 

 

 

1.  General Information..........................................................................................................S3 

2.  Preparation of Starting Materials. .....................................................................................S4 

3.  General Procedure for RCM reaction. ..............................................................................S9 

4.  Characterization of starting materials. ..............................................................................S9 

5.  Characterization of product.............................................................................................S17 

6.  X-Ray Crystallographic Data..........................................................................................S29 

7.  NMR spectra. ..................................................................................................................S33 

 

            

 



 

S3 

 

1. General Information 

 

All reactions were carried out under an argon atmosphere with dry solvents under anhydrous 

conditions, unless otherwise noted. Dichloromethane was distilled from calcium hydride. All 

the chemicals were purchased commercially and used without further purification, unless 

otherwise stated. Flash chromatography was performed using silica gel (300-400 mesh). 

Reactions were monitored by thin layer chromatography (TLC). Visualization was achieved 

under a UV lamp (254 nm and 365 nm), I2 and by developing the plates with p-anisaldehyde, 

phosphomolybdic acid (PMA) or Cerium Ammonium Molybdate (CAM). 1H and 13C NMR 

were recorded on Bruker DRX-400 MHz spectrometer with TMS as the internal standard and 

were calibrated using residual undeuterated solvent as an internal reference (CDCl3: 1H NMR 

= 7.26, 13C NMR = 77.16; The following abbreviations were used to explain the multiplicities: 

s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br = broad. Coupling constants 

(J) are reported in Hertz (Hz). High resolution Mass spectra (HRMS) were recorded by using 

FTMS-7 spectrometers. Infrared (IR) spectra were recorded on a NEXUS 670 FT-IR Fourier 

Transform Infrared Spectrophotometer and are reported in wavenumbers (cm-1). 
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2.  Preparation of Starting Materials. 

Method A: Starting from L-tyrosine, methyl ester hydrochloride was prepared according to 

the known procedure1. The corresponding amide was got under the condition of HOBt, EDCI 

and Et3N. The phenolic hydroxyl group was protected under the condition of Cs2CO3，NaI，

allylBr and DMF, affording the corresponding product. 

                       

Compounds 8a、8e、8f、8g、8h、8i、11b、11c、11g、11h、11i and 11j were prepared 

according to this method. 

General procedure: 

To the flask contained with the amino acid methyl ester (1.0 equiv), CH2Cl2 was added. Then 

Et3N（3.0 equiv），EDCI（1.2 equiv），HOBt（1.2 equiv） and the corresponding carboxylic 

acid (1.1 equiv) were added sequentially at 0℃. The resulting mixture was warmed to rt. 

When TLC control showed the completion of the reaction, saturated NaHCO3 solution was 

added. The layers were separated and the aqueous layer was extracted by CH2Cl2. The 

combined organic layers was dried over Na2SO4, filtered and concentrated to give the residue, 

which was purified by flash chromatography on silica gel to give the corresponding phenol. 

 

To a solution of above phenol in DMF was added Cs2CO3 (1.2 equiv), NaI (0.1 equiv) and 

bromide (1.5 equiv) sequentially at rt. After stirring at rt. for 4h, saturated NH4Cl solution 

was added at 0℃. The mixture was diluted with water and EtOAc. The layers were separated 
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and the aqueous layer was extracted by EtOAc. The combined organic layers was dried over 

Na2SO4, filtered and concentrated to give the residue, which was purified by flash 

chromatography on silica gel to give product (8a、8e、8f、8g、8h、8i、11b、11c、11g、

11h、11i and 11j with 30% - 85% yield). 

 

Method B: 

Starting from L-tyrosine, compounds 8c、8d and 3 were prepared according to the known 

procedure2. Compounds 8b、11e and 11d were prepared from compound 8bs、11es and 11ds 

respectively following the procedure of allylation, deprotection of Boc with TFA and 

amidation with 4-pentenoic acid. 

 

General procedure: 

The procedure for allylation was similar with that in the method A.  

To a solution of the corresponding compound in CH2Cl2 was added TFA（1/5 V CH2Cl2）at 0

℃. After stirring for 2h at rt, saturated NaHCO3 solution was added at 0℃. The layers were 

separated and the aqueous layer was extracted by CH2Cl2. The combined organic layers was 

dried over Na2SO4, filtered and concentrated to give the crude product which was used in the 

next step directly.  

To a solution of above crude product in CH2Cl2 was added EDCI（1.2 equiv），HOBt (1.2 
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equiv) and the corresponding carboxylic acid (1.1 equiv) sequentially at 0℃. The resulting 

mixture was warmed to rt. When TLC control showed the completion of the reaction, 

saturated NaHCO3 solution was added. The layers were separated and the aqueous layer was 

extracted by CH2Cl2. The combined organic layers was dried over Na2SO4, filtered and 

concentrated to give the residue, which was purified by flash chromatography on silica gel to 

give the corresponding products (8b、11e and 11d with 45% - 67% yield over three steps).  

 

Method C: 

Due to the difficulty of substitution of tyrosine, 11a and 11f were prepared from the 

corresponding aldehydes 11ass3 and 11fss.  

 

General procedure: 

The procedure for allylation was similar with that in the method A.  

To a solution of WHE reagent (1.0 equiv) in CH2Cl2 was added DBU (1.1 equiv) at rt. Then a 

solution of the aldehydes 11as or 11fs (1.0 equiv) in CH2Cl2 was added after 10min. When 

TLC control showed the completion of the reaction, the reaction mixture concentrated to give 

the residue, which was purified by flash chromatography on silica gel to give the 

corresponding product.  

To a solution of above product in MeOH, was added Mg (1.0 equiv) at 0℃. After stirring for 

3h at 0℃, the reaction mixture was added to saturated NH4Cl solution. Then, MeOH was 

removed under reduced pressure, the aqueous layer was extracted with EtOAc and the 

combined organic layers were dried over Na2SO4, filtered and concentrated to give the 

residue, which was purified by flash chromatography on silica gel to give the corresponding 

compounds 11a or 11f as a white solid. 

 

 



 

S7 

 

Method D: 

Compounds 13 and 15 were prepared according to the procedure as below. 

 

General procedure: 

To a suspension of Ph3PCH2OMeCl (3.3 equiv) in THF was added NaHMDS (2.0 M in THF, 

2.8 equiv) at -30℃. After stirring at 0℃ for 20 min, the reaction mixture was cooled to -30℃ 

and a solution of 13-1 in THF was added. The reaction was warmed to rt slowly and stirred at 

rt. overnight, then quenched with saturated NH4Cl solution. The aqueous layer was extracted 

with EtOAc and the combined organic layers were dried over Na2SO4, filtrated and 

concentrated to the crude product which was purified by column chromatography to get the 

corresponding enol ether 13-2. 

To a solution of 13-2 in DCM/THF (3/1) was added 6 N aq. HCl and stirred at room 

temperature. When TLC control showed the completion of the reaction, saturated NaHCO3 

solution was added. The layers were separated and the aqueous layer was extracted by 

CH2Cl2. The combined organic layers was dried over Na2SO4, filtered and concentrated to 

give the crude product 13-3 which was used in the next step directly. 

To a solution of 13-3 in THF was added Grignard reagent (1.0 M in THF, 2.5 equiv) at -78℃. 

The reaction mixture was warmed to rt slowly and stirred for 3h. then quenched with 

saturated NH4Cl solution. The aqueous layer was extracted with EtOAc and the combined 

organic layers were dried over Na2SO4, filtered and concentrated to give the crude product 

which was purified by flash chromatography on silica gel to get the compound 13-4 with 57% 

yield over 3 steps. 

To a suspension of NaH (20 equiv) in DMF was added EtSH ( 20 equiv) at 0℃. After 10 min, 
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a solution of 13-4 in DMF was added. The reaction mixture was stirred at 70℃ for 12h, then 

quenched with saturated NH4Cl solution. The aqueous layer was extracted with EtOAc and 

the combined organic layers were dried over Na2SO4, filtrated and concentrated to the give 

the crude product which was purified by flash chromatography on silica gel to get the 

compound 13-5. 

To a solution of 13-5 in DMF was added CsCO3 (1.2 equiv), NaI(0.1 equiv) and bromide (1.5 

equiv) sequentially at rt. The reaction mixture was stirred at rt. for 4h, then quenched with 

saturated NH4Cl solution at 0℃, diluted with water and EtOAc. The layers were separated 

and the aqueous layer was extracted by CH2Cl2. The combined organic layers were dried over 

Na2SO4, filtrated and concentrated to give the crude product which was purified by flash 

chromatography on silica gel to get compound 13 with 82% yield over 2 steps. 

To a solution of 13 (1.0 equiv) in DCM was added NaHCO3 (4 equiv) and Dess-Martin 

reagent (1.5 equiv) at 0℃. The reaction mixture was stirred at rt. for 1h, then quenched with 

saturated Na2SO3 solution and diluted with DCM. The layers were separated and the aqueous 

layer was extracted by CH2Cl2. The combined organic layers were dried over Na2SO4, 

filtrated and concentrated to give the crude product which was purified by flash 

chromatography on silica gel to give compound 15 with 95% yield. 

 

 

 

 

Reference: 

1.  (a) Pietro, A.; Paola, O.; Mario, A. J Label Compd Radiopharm 2004, 47: 935–945; (b) Mo`nica, P.;  

Silvia, M.; Katy, R.; Paul, L.; Ernest, G. J. Org. Chem. 2007, 72, 1047; (c) Bertold, D. B.; Anita, H. 

L.; Carroll, F. J. Label Compd. Radiopharm 2008, 51 440–443; (d) James, R. C.; Jonathan, M. W.; 

Uta, W.; Craig, A. H. Org. Lett. 2012, 14, 2402-2405.  

2. Huang, M.; Song, L.; Liu, B. Org. Lett.2010, 12, 2504-2507. 

3.  Lawrence, J.; Hepworth, A.; Rennison, D.; McGownc, T.; Hadfield, A. Journal of Fluorine Chemistry 

2003, 123, 101–108. 
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3.  General Procedure for RCM reaction.  

To a flame-dried flask was added the starting material (0.1 mmol), cat. (15 mol %) and CH2Cl2 

(250 mL). The mixture was heated to reflux for 18 hours, then another 10 mol % cat. was added 

(If TLC control showed the completion of the reaction, the reaction was stopped). The 

resultant mixture was allowed to reflux until TLC analysis showed the complete consumption 

of the starting material. After that, the solvent was evaporated and the crude residue was 

purified by flash column chromatography on silica gel to afford the corresponding product. The 

diastereoselectivity was determined by 1H NMR of crude products (obtained by filtration of the 

crude reaction mixture through silica gel). 
 
4.  Characterization of starting materials. 

 
1H NMR (400 MHz, CDCl3) δ 6.98 (d, J = 8.8 Hz, 2H), 6.82 (d, J = 8.4 

Hz, 2H), 6.11 – 5.91 (m, 2H)，5.77 (ddt, J = 16.8, 10.4, 6.4 Hz, 1H), 5.39 

(d, J = 17.2 Hz, 1H), 5.26 (d, J = 10.4 Hz, 1H), 5.02 (d, J = 17.2 Hz, 1H), 

4.97 (d, J = 10.4 Hz, 1H), 4.84 (dt, J = 7.2, 6.0 Hz, 1H), 4.49 (d, J = 5.2 

Hz, 2H), 3.70 (s, 3H), 3.07 (dd, J = 14.0, 6.0 Hz, A of AB, 1H), 3.00 (dd, J = 14.0, 6.0 Hz, B 

of AB, 1H), 2.43 - 2.30 (m, 2H), 2.30 - 2.15 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 172.28, 

171.88, 157.80, 136.94, 133.30, 130.31, 128.04, 117.74, 115.70, 114.84, 68.84, 53.18, 52.36, 

37.09, 35.62, 29.41. [α]D
32 = +73.3 (c 0.72, CH2Cl2). HRMS (ESI) m/z calcd. for 

C18H23NNaO4, [M + Na]+ 340.1519, found 340.1523. IR (thin film): 3300, 2925, 2849, 1744, 

1651, 1511, 1440, 1369, 1244, 1176, 1123, 1023, 919 cm-1. 

                              
1H NMR (400 MHz, CDCl3) δ 6.84 (s, 1H), 6.83 (d, J = 8.8 Hz, 1H), 

6.69 (d, J = 8.0 Hz, 1H), 6.21 – 5.93 (m, 2H), 5.76 (ddt, J = 16.8, 10.0, 

6.4 Hz, 1H), 5.40 (dd, J = 17.2, 1.6 Hz, 1H), 5.24 (dd, J = 10.4, 1.2 Hz, 

1H), 5.02 (dd, J = 17.2, 1.6 Hz, 1H), 4.96 (d, J = 10.0, 1H) 4.81 (dt, J = 

7.6, 6.0 Hz, 1H), 4.48 (d, J = 4.8 Hz, 2H), 3.70 (s, 3H), 3.02 (dd, J = 14.0, 6.0 Hz, A of AB, 

1H), 2.95 (dd, J = 14.0, 6.0 Hz, B of AB, 1H), 2.45 – 2.30 (m, 2H), 2.30 – 2.22 (m, 2H), 2.19 

(s, 3H). 13C NMR (100 MHz, CDCl3) δ 172.35, 171.92, 155.88, 136.91, 133.54, 131.69, 
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127.54, 127.32, 127.00, 116.94, 115.60, 111.26, 68.68, 53.22, 52.24, 37.02, 35.56, 29.42, 

16.29. [α] D
32 = +73 (c 0.88, CH2Cl2). HRMS (ESI) m/z calcd. for C19H26NO4, [M + H]+ 

332.1856, found 332.1859. IR (thin film): 3300, 3076, 2926, 2858, 1744, 1652, 1539, 1505, 

1441, 1373, 1254, 1219, 1134, 1024, 998, 918, 807 cm-1. 

 
1H NMR (400 MHz, CDCl3) δ 7.18 (s, 1H), 6.90 (d, J = 8.0 Hz, 1H), 

6.71 (d, J = 8.4 Hz, 1H), 6.12 – 5.87 (m, 2H), 5.77 (ddt, J = 16.4, 10.4, 

6.0 Hz, 1H), 5.37 (d, J = 17.2 Hz, 1H), 5.25 (d, J = 10.4 Hz, 1H), 5.02 (d, 

J = 17.2 Hz, 1H), 4.96 (d, J = 10.4 Hz, 1H), 4.85 (dt, J = 7.6, 5.6 Hz, 1H), 

4.74 (s, 2H), 4.51 (d, J = 4.4 Hz, 2H), 3.71 (s, 3H), 3.19 – 2.90 (m, 2H), 2.44 – 2.30 (m, 2H), 

2.30 – 2.11 (m, 2H), 0.94 (s, 9H), 0.10 (s, 6H). 13C NMR (100 MHz, CDCl3) δ 172.27, 

171.84, 154.18, 136.95, 133.42, 130.25, 128.14, 127.84, 127.68, 117.17, 115.63, 110.98, 

68.71, 60.07, 53.14, 52.34, 37.32, 35.60, 29.40, 26.10, 18.55, -5.23. [α] D
33 = +43.7 (c 0.67, 

CH2Cl2). HRMS (ESI) m/z calcd. for C25H38NO5Si, [M – H]- 460.2525, found 460.2524. IR 

(thin film): 3327, 2972, 2929, 1745, 1654, 1499, 1442, 1378, 1251, 1214, 1132, 1085, 1049, 

839, 778 cm-1. 

 
1H NMR (400 MHz, CDCl3) δ 7.49 (d, J = 2.0 Hz, 1H), 7.13 (dd, J = 8.4, 

2.0 Hz, 1H), 6.82 (d, J = 8.4 Hz, 1H), 6.22 (d, J = 6.8 Hz, 1H), 5.98 (ddt, 

J = 17.2, 11.2, 4.8 Hz, 1H), 5.71 (ddt, J = 16.8, 10.4, 6.4 Hz, 1H), 5.43 

(dd, J = 17.2, 1.6 Hz, 1H), 5.22 (dd, J = 10.8, 1.6 Hz, 1H), 4.96 (dd, J = 

17.2, 1.6 Hz, 1H), 4.91 (d, J = 10.0 Hz, 1H), 4.78 (dt, J = 7.2, 6.0 Hz, 1H), 4.53 (d, J = 4.4 Hz, 

2H), 3.81 (s, 3H), 3.66 (s, 3H), 3.04 (dd, J = 14.0, 5.6 Hz, A of AB, 1H), 2.94 (dd, J = 14.0, 

6.0 Hz, B of AB, 1H), 2.40 – 2.25 (m, 2H), 2.25 – 2.12 (m, 2H). 13C NMR (100 MHz, CDCl3) 

δ 171.98, 171.93, 166.39, 157.20, 136.81, 134.04, 132.59, 132.56, 127.86, 120.18, 117.30, 

115.54, 113.71, 69.39, 53.05, 52.30, 51.93, 36.74, 35.40, 29.31. [α]D
31 = +55.4 (c 1.2, 

CH2Cl2). HRMS (ESI) m/z calcd. for C20H24NO6, [M – H]- 374.1609, found 374.1600. IR 

(thin film): 3380, 2928, 1728, 1550, 1442, 1256, 1202, 1085, 813 cm-1. 
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1H NMR (400 MHz, CDCl3) δ 7.91 (s, 2H), 7.84 (s, 1H), 7.57 (d, J = 2.0 

Hz, 1H), 7.21 (dd, J = 8.8, 2.4 Hz, 1H), 6.90 (d, J = 8.8 Hz, 1H), 6.12 – 

5.88 (m, 2H), 5.75 (ddt, J = 16.4, 10.0, 6.0 Hz, 1H), 5.43 (s, 1H), 5.39 

(dd, J = 17.6, 1.2 Hz, 1H), 5.24 (dd, J = 10.8, 1.6 Hz, 1H), 5.11 – 4.91 (m, 

2H), 4.86 (dt, J = 7.6, 5.6 Hz, 1H), 4.61 (d, J = 5.2 Hz, 1H), 3.70 (s, 2H), 3.12 (dd, J = 14.0, 

6.0 Hz, 1H), 3.03 (dd, J = 14.0, 5.8 Hz, 1H), 2.45 – 2.30 (m, 2H), 2.30 – 2.13 (m, 2H). 13C 

NMR (100 MHz, CDCl3) δ 172.06, 171.94, 166.00, 157.58, 138.88, 136.90, 134.86, 132.95, 

132.46, 132.04 (q, J = 33 Hz), 128.13 (m), 128.11, 123.30 (q, J = 271 Hz), 122.16 (m), 

119.50, 117.99, 115.81, 113.79, 69.63, 65.11, 53.13, 52.49, 36.96, 35.67, 29.44. [α]D
18 = 47.7 

(c 0.6, CH2Cl2). HRMS (ES) m/z calcd for C28H28F6NO6 [M + H]+ 588.1821; found 588.1818. 

IR (thin film):3300, 3073, 2953, 1747, 1700, 1647, 1283, 1176, 1127, 995, 892 cm-1. 

 
1H NMR (400 MHz, CDCl3) δ 7.57 (d, J = 2.0 Hz, 1H), 7.26 (dd, J = 8.4, 

2.0 Hz, 1H), 6.98 (d, J = 8.4 Hz, 1H), 6.13 (s, 1H), 6.01 (ddd, J = 16.0, 

10.8, 5.2 Hz, 1H), 5.77 (ddd, J = 16.8, 10.4, 6.4 Hz, 1H), 5.46 (d, J = 17.2 

Hz, 1H), 5.31 (dd, J = 10.4, 1.2 Hz, 1H), 5.01 (dd, J = 17.2, 10.4 Hz, 2H), 

4.86 (dt, J = 6.8, 6.0 Hz, 1H), 4.64 (d, J = 4.8 Hz, 2H), 3.74 (s, 3H), 3.16 (dd, J = 14.0, 6.0 Hz, 

A of AB, 1H), 3.03 (dd, J = 14.0, 6.0 Hz, B of AB, 1H), 2.43 – 2.31 (m, 2H), 2.32 – 2.23 (m, 

2H). 13C NMR (100 MHz, CDCl3) δ 172.07, 171.79, 151.14, 139.67, 136.80, 134.92, 131.73, 

128.73, 126.49, 118.49, 115.91, 115.12, 70.16, 53.03, 52.71, 36.78, 35.61, 29.39. [α] D
32 = 

+64.8 (c 0.99, CH2Cl2). HRMS (ESI) m/z calcd. for C18H22N2NaO6, [M + Na]+ 385.1370, 

found 385.1374. IR (thin film): 3318, 1747, 1643, 1530, 1113 cm-1. 
1H NMR (400 MHz, CDCl3) δ 6.90 – 6.69 (m, 3H), 6.14 (d, J = 7.6 Hz, 

1H), 6.01  (ddt, J = 16.4, 10.8, 5.6 Hz, 1H), 5.75 (dtd, J = 16.4, 6.0, 4.4 

Hz, 1H), 5.38 (d, J = 17.6 Hz, 1H), 5.26 (d, J = 10.4 Hz, 1H), 4.99 (dd, J 

= 17.2, 10.0 Hz, 2H), 4.81 (dt, J = 7.2, 6.0 Hz, 1H), 4.54 (d, J = 5.6 Hz, 

2H), 3.70 (s, 3H), 3.04 (dd, J = 14.0, 6.0 Hz, 1H), 2.95 (dd, J = 14.0, 5.6 Hz, 1H), 2.38 – 2.28 

(m, 2H), 2.29 – 2.18 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 172.07, 171.94, 152.58 (d, J = 

245 Hz), 145.75 (d, J = 10 Hz), 136.90, 132.89, 129.30 (d, J = 6 Hz), 124.99 (d, J = 3 Hz), 
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118.32, 117.26 (d, J = 18 Hz), 115.88, 115.45 (d, J = 2 Hz), 70.31, 53.10, 52.53, 37.09, 35.69, 

29.44. [α] D
32 = +51.2 (c 0.33, CH2Cl2). HRMS (ESI) m/z calcd. for C18H23FNO4, [M + H]+ 

336.1606, found 336.1607. IR (thin film): 3295, 2923, 1740, 1649, 1514, 1269, 1088, 627 

cm-1. 

 
1H NMR (400 MHz, CDCl3) δ 7.09 (d, J = 1.6 Hz, 1H), 6.91 (dd, J = 8.4, 

1.6 Hz, 1H), 6.82 (d, J = 8.4 Hz, 1H), 6.04 (m, 2H), 5.78 (ddt, J = 16.4, 

12.0, 5.6 Hz, 1H), 5.44 (d, J = 17.2 Hz, 1H), 5.29 (d, J = 10.4 Hz, 1H), 

5.04 (d, J = 17.6, 1H), 4.99 (d, J = 10.0 Hz, 1H), 4.83 (dt, J = 7.2, 6.0 Hz, 

1H), 4.57 (d, J = 5.2 Hz, 2H), 3.72 (s, 3H), 3.06 (dd, J = 14.0, 6.0 Hz, A of AB, 1H), 2.97 (dd, 

J = 14.0, 6.0 Hz, B of AB, 1H), 2.45 – 2.31 (m, 2H), 2.31 – 2.15 (m, 2H). 13C NMR (100 

MHz, CDCl3) δ 172.1, 172.0, 153.27, 136.89, 132.67, 131.23, 129.29, 128.39, 122.95, 117.99, 

115.86, 113.77, 69.79, 53.11, 52.50, 36.86, 35.66, 29.45. [α] D
32 = +74.1 (c 0.86, CH2Cl2). 

HRMS (ESI) m/z calcd. for C18H22ClNNaO4, [M + Na]+ 374.1130, found 374.1138. IR (thin 

film): 3297, 3077, 2926, 1744, 1652, 1538, 1500, 1442, 1369, 1286, 1256, 1211, 995 cm-1. 

 
1H NMR (400 MHz, CDCl3) δ 7.26 (d, J = 2.0 Hz, 1H), 6.96 (dd, J = 8.4, 

2.0 Hz, 1H), 6.79 (d, J = 8.4 Hz, 1H), 6.17 – 5.91 (m, 2H), 5.78 (ddt, J = 

16.4, 10.4, 6.4 Hz, 1H), 5.46 (d, J = 17.6 Hz, 1H), 5.29 (d, J = 10.4 Hz, 

1H), 5.05 (d, J = 17.2 Hz, 1H), 5.00 (d, J = 10.4 Hz, 1H), 4.83 (dt, J = 

7.6, 6.0 Hz, 1H), 4.56 (d, J = 4.8 Hz, 2H), 3.73 (s, 3H), 3.06 (dd, J = 14.0, 6.0 Hz, A of AB, 

1H), 2.97 (dd, J = 14.0, 5.6 Hz, B of AB, 1H), 2.45 – 2.32 (m, 2H), 2.32 – 2.17 (m, 2H). 13C 

NMR (100 MHz, CDCl3) δ 172.05, 171.95, 154.17, 136.90, 134.30, 132.63, 129.73, 129.15, 

117.90, 115.91, 113.55, 112.24, 69.80, 53.15, 52.52, 36.78, 35.69, 29.48. [α] D
32 = +66.1 (c 

1.2, CH2Cl2). HRMS (ESI) m/z calcd. for C18H22BrNNaO4,  [M + Na]+ 418.0624, found 

418.0623. IR (thin film): 3295, 3077, 2926, 1743, 1652, 1540, 1496, 1441, 1368, 1285, 1255, 

1049, 996, 921 cm-1. 
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1H NMR (400 MHz, CDCl3) δ 7.50 (d, J = 2.0 Hz, 1H), 6.99 (dd, J = 

8.3, 2.0 Hz, 1H), 6.69 (d, J = 8.4 Hz, 1H), 6.19 – 5.91 (m, 2H), 5.78 

(ddt, J = 16.8, 10.4, 6.4 Hz, 1H), 5.49 (d, J = 17.2 Hz, 1H), 5.29 (d, J = 

10.4 Hz, 1H), 5.04 (d, J = 17.2, 1H), 4.99 (d, J = 10.4 Hz, 1H),4.82 (dt, 

J = 7.6, 5.6 Hz, 1H), 4.54 (d, J = 4.4 Hz, 2H), 3.72 (s, 3H), 3.04 (dd, J = 14.0, 5.6 Hz, A of 

AB, 1H), 2.95 (dd, J = 14.0, 5.6 Hz, B of AB, 1H), 2.46 – 2.31 (m, 2H), 2.31 – 2.19 (m, 2H). 
13C NMR (100 MHz, CDCl3) δ 172.04, 171.93, 156.38, 140.36, 136.90, 132.55, 130.27, 

130.15, 117.74, 115.89, 112.33, 86.64, 69.78, 53.16, 52.50, 36.56, 35.66, 29.49. [α] D
32 = 

+57.9 (c 1.2, CH2Cl2). HRMS (ESI) m/z calcd. for C18H22INNaO4, [M + Na]+ 466.0486, 

found 466.0492. IR (thin film): 3291, 3106, 1743, 1650, 1603, 1582, 1538, 1489, 1410, 1336, 

1095, 627 cm-1. 

 
1H NMR (400 MHz, CDCl3) δ 6.76 – 6.49 (m, 2H), 6.17 – 5.90 (m, 2H), 

5.79 (ddt, J = 16.8, 10.0, 6.0 Hz, 1H), 5.30 (dd, J = 17.2, 10.4 Hz, 2H), 

5.03 (dd, J = 19.2, 10.8 Hz, 2H), 4.84 (dd, J = 7.2, 5.6 Hz, 1H), 4.61 (d, J 

= 6.0 Hz, 2H), 3.74 (s, 3H), 3.08 (dd, J = 14.0, 6.0 Hz, A of AB, 1H), 

2.99 (dd, J = 14.0, 5.6 Hz, B of AB, 1H), 2.44 – 2.33 (m, 2H), 2.33 – 2.17 (m, 2H). 13C NMR 

(100 MHz, CDCl3) δ 172.01, 171.77, 155.96 (dd, J = 247, 6 Hz), 136.83, 134.03 (t, J = 14 

Hz), 133.13, 131.73 (t, J = 8.0 Hz), 119.24, 116.04, 113.08 (dd, J = 17, 7.0 Hz), 75.13, 52.95, 

52.68, 37.31, 35.69, 29.43. HRMS (ESI) m/z calcd. for C18H21F2NNaO4, [M + Na]+  

376.1331, found 376.1341. IR (thin film): 2927, 1619, 1401, 1078 cm-1; 

 

 
1H NMR (400 MHz, CDCl3) δ 7.02 (s, 2H), 6.26 – 5.97 (m, 2H), 5.79 

(ddt, J = 16.8, 10.4, 6.4 Hz, 1H), 5.40 (d, J = 17.2 Hz, 1H), 5.27 (d, J = 

10.4 Hz, 1H), 5.14 – 4.93 (m, 2H), 4.83 (dt, J = 7.2, 5.6 Hz, 1H), 4.52 (d, 

J = 5.6 Hz, 2H), 3.74 (s, 3H), 3.08 (dd, J = 14.0, 6.0 Hz, A of AB, 1H), 

2.97 (dd, J = 14.0, 5.6 Hz, B of AB, 1H), 2.44 – 2.34 (m, 2H), 2.34 – 2.22 (m, 2H). 13C NMR 

(100MHz, CDCl3) δ 172.05, 171.71, 150.30, 136.82, 133.67, 133.03, 129.74, 129.54, 118.90, 
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116.05, 74.42, 52.97, 52.67, 36.87, 35.67, 29.48. [α]D
33 = +60.3 (c 1.6, CH2Cl2). HRMS (ESI) 

m/z calcd. for C18H22Cl2NO4, [M + H]+ 386.0920, found 386.0928. IR (thin film): 3293, 3071, 

2953, 1736, 1647, 1538, 1470, 1429, 1256, 1090, 1021, 979, 922, 865, 801 cm-1. 

 
1H NMR (400 MHz, CDCl3) δ 7.23 (s, 2H), 6.28 (d, J = 7.6 Hz, 1H), 

6.12 (ddd, J = 16.8, 11.2, 6.0 Hz, 1H), 5.76 (ddd, J = 16.8, 10.8, 6.0 Hz, 

1H), 5.41 (d, J = 16.8 Hz, 1H), 5.26 (d, J = 10.4 Hz, 1H), 5.12 – 4.90 (m, 

2H), 4.80 (dt, J = 7.2, 6.0 Hz, 1H), 4.48 (d, J = 6.0 Hz, 2H), 3.72 (s, 3H), 3.05 (dd, J = 14.0, 

5.6 Hz, A of AB, 1H), 2.93 (dd, J = 14.0, 6.0 Hz, B of AB, 1H), 2.41 – 2.31 (m, 2H), 2.31 – 

2.21 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 172.08, 171.68, 152.10, 136.78, 134.88, 133.46, 

132.89, 118.73, 118.35, 115.94, 74.12, 52.97, 52.60, 36.52, 35.55, 29.46. [α] D
33 = +57.2 (c 

1.2, CH2Cl2). HRMS (ESI) m/z calcd. for C18H20Br2NO4, [M – H]- 471.9765, found 471.9759. 

IR (thin film): 3288, 3075, 2927, 1735, 1647, 1540, 1448, 1374, 1260, 1201, 1125, 982, 921, 

868, 739 cm-1. 

 
1H NMR (400 MHz, CDCl3) δ 7.50 (s, 2H), 6.17 (ddd, J = 16.0, 10.8, 5.6 

Hz, 1H), 6.10 (d, J = 7.2 Hz, 1H), 5.81 (ddt, J = 16.8, 10.4, 6.4 Hz, 1H), 

5.49 (d, J = 17.2 Hz, 1H), 5.31 (d, J = 10.4 Hz, 1H), 5.16 – 4.95 (m, 2H), 

4.81 (dt, J = 6.8, 6.0 Hz, 1H), 4.47 (d, J = 5.6 Hz, 2H), 3.75 (s, 3H), 3.04 

(dd, J = 13.6, 5.6 Hz, A of AB, 1H), 2.94 (dd, J = 14.0, 5.6 Hz, B of AB, 1H), 2.49 – 2.35 (m, 

2H), 2.35 – 2.19 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 172.03, 171.67, 156.95, 140.75, 

136.87, 136.00, 132.91, 118.89, 116.20, 91.08, 73.97, 53.11, 52.71, 36.12, 35.77, 29.59. [α] 

D
33 = +50.4 (c 1.2, CH2Cl2). HRMS (ESI) m/z calcd. for C18H22I2NO4, [M + H]+ 569.9633, 

found 569.9635. IR (thin film): 3353, 2974, 2927, 1732, 1646, 1544, 1441, 1384, 1264, 1089, 

1049, 881 cm-1. 

 
1H NMR (400 MHz, CDCl3) δ 6.72 (s, 2H), 6.08 (ddd, J = 16.0, 10.4, 

5.6 Hz, 1H), 5.97 (d, J = 7.6 Hz, 1H), 5.78 (ddt, J = 16.8, 10.4, 6.0 Hz, 

1H), 5.41 (dd, J = 17.2, 1.2 Hz, 1H), 5.24 (dd, J = 10.4, 1.2 Hz, 1H), 
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5.03 (dd, J = 17.2, 1.2 Hz, 2H), 4.98 (d, J = 10.0, Hz, 1H), 4.82 (dt, J = 7.6, 6.0 Hz, 1H), 4.27 

(d, J = 5.6 Hz, 2H), 3.71 (s, 3H), 3.01 (dd, J = 14.0, 6.0 Hz, A of AB, 1H), 2.95 (dd, J = 14.0, 

6.0 Hz, B of AB, 1H), 2.39 – 2.31 (m, 2H), 2.31 – 2.24 (m, 2H), 2.22 (s, 6H). 13C NMR (100 

MHz, CDCl3) δ 172.36, 171.96, 155.11, 136.95, 134.13, 131.15, 129.70(2C), 117.24, 115.76, 

73.18, 53.18, 52.33, 37.25, 35.71, 29.51, 16.48. [α] D
32 = +64.9 (c 0.90, CH2Cl2). HRMS (ESI) 

m/z calcd. for C20H28NO4, [M + H]+ 346.2013, found 346.2013. IR (thin film): 3410, 2925, 

1742, 1646, 1497, 1414, 1337 cm-1. 

 
1H NMR (400 MHz, CDCl3) δ 6.26 (s, 2H), 6.09 (d, J = 7.6 Hz, 1H), 

6.02 (ddt, J = 16.4, 10.0, 6.0 Hz, 1H), 5.72 (ddt, J = 16.8, 10.4, 6.4 Hz, 

1H), 5.24 (dd, J = 17.2, 1.6 Hz, 1H), 5.11 (dd, J = 10.4, 1.2 Hz, 1H), 4.97 

(dd, J = 17.2, 1.2 Hz, 1H), 4.92 (d, J = 10.0 Hz, 1H), 4.82 (dt, J = 8.0, 6.0 

Hz, 1H), 4.43 (d, J = 6.0 Hz, 2H), 3.75 (s, 6H), 3.66 (s, 3H), 3.10 – 2.87 (m, 2H), 2.36 – 2.27 

(m, 2H), 2.27 – 2.16 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 172.14, 171.84, 153.36, 136.71, 

135.65, 134.45, 131.58, 117.59, 115.64, 106.15, 74.06, 56.04, 53.00, 52.25, 38.18, 35.52, 

29.36. HRMS (ESI) m/z calcd. for C20H27NNaO6, [M + Na]+ 400.1731, found 400.1736. IR 

(thin film): 3296, 2924, 1742,1647, 1540, 1451, 1377, 1256, 1201, 1024, 949 cm-1; 

 
1H NMR (400 MHz, CDCl3) δ 7.28 (s, 2H), 6.68 (d, J = 7.2 Hz, 1H), 6.25 

– 6.03 (m, 1H), 5.87 (ddd, J = 16.4, 10.4, 5.6 Hz, 1H), 5.43 (dd, J = 17.2, 

1.6 Hz, 1H), 5.29 (dd, J = 17.2, 10.0 Hz, 2H), 5.16 (d, J = 10.4 Hz, 1H), 

4.82 (dt, J = 7.6, 5.6 Hz, 1H), 4.57 – 4.39 (m, 3H), 3.74 (s, 3H), 3.39 (br, 

1H), 3.08 (dd, J = 14.0, 5.2 Hz, 1H), 2.96 (dd, J = 14.0, 6.0 Hz, 1H), 2.49 (dd, J = 11.2, 3.2 

Hz, 1H), 2.38 (dd, J = 15.2, 8.4 Hz, 1H).13C NMR (100 MHz, CDCl3) δ 171.47, 171.32, 

152.20, 139.20, 134.75, 133.57, 132.94, 118.83, 118.42, 115.68, 74.20, 69.67, 53.07, 52.71, 

42.52, 36.52. [α]D
29 = +50.0 (c 0.68, CH2Cl2). HRMS (ESI) m/z calcd. for C18H22Br2NO5, [M 

+ H]+ 489.9859, found 489.9865. IR (thin film): 3409, 2926, 1738, 1643, 1499, 1413, 1337, 

1259, 1094, 869 cm-1. 

 

MeO

O

H
N

O

2 CO2Me
H

OMe11f

Br

O

H
N

O

CO2Me
H

Br

HO

11g



 

S16 

 

1H NMR (400 MHz, CDCl3) δ 7.26 (d, J = 2.0 Hz, 2H), 6.35 (d, J = 7.2 

Hz, 1H), 6.15 (ddt, J = 16.0, 10.4, 5.6 Hz, 1H), 5.83 (ddd, J = 16.8, 10.8, 

6.0 Hz, 1H), 5.58 (dt, J = 6.8, 6.0, 6.0 Hz, 1H), 5.44 (dd, J = 17.2, 1.2 

Hz, 1H), 5.36 – 5.24 (m, 2H), 5.21 (d, J = 10.4 Hz, 1H), 4.80 (dd, J = 

7.2, 6.0 Hz, 1H), 4.51 (d, J = 6.0 Hz, 2H), 3.74 (s, 3H), 3.06 (dd, J = 14.0, 6.0 Hz, A of AB, 

1H), 2.98 (dd, J = 14.0, 5.6 Hz, B of AB, 1H), 2.67 – 2.48 (m, 2H), 2.06 (s, 3H). 13C NMR 

(100 MHz, CDCl3) δ 171.49, 169.92, 168.77, 152.27, 134.97, 134.81, 133.43, 132.95, 118.83, 

118.52, 117.72, 74.21, 71.25, 53.18, 52.69, 41.25, 36.59, 21.21. [α]D
29 = +23.1 (c 0.24, 

CH2Cl2). HRMS (ESI) m/z calcd. for C20H24Br2NO6, [M + H]+ 531.9965, found 531.9969. 

IR (thin film): 3363, 2957, 2928, 2860, 1732, 1677, 1546, 1374, 1260, 1120, 1025, 803 cm-1. 

 
1H NMR (400 MHz, CDCl3) δ 7.23 (s, 2H), 6.17 (d, J = 7.6 Hz, 1H), 

5.78 (ddt, J = 16.8, 10.4, 6.4 Hz, 1H), 5.60 (t, J = 7.2 Hz, 1H), 5.15 – 

4.92 (m, 2H), 4.81 (dt, J = 7.2, 5.6 Hz, 1H), 4.48 (d, J = 7.2 Hz, 2H), 

3.73 (s, 3H), 3.06 (dd, J = 14.0, 5.6 Hz, A of AB, 1H), 2.95 (dd, J = 13.9, 5.6 Hz, B of AB, 

1H), 2.42 – 2.32 (m, 2H), 2.32 – 2.21 (m, 2H), 1.78 (s, 3H), 1.72 (s, 3H). 13C NMR (100 

MHz, CDCl3) δ 172.05, 171.69, 152.28, 139.82, 136.80, 134.64, 133.45, 119.36, 118.63, 

116.01, 70.06, 53.02, 52.62, 36.56, 35.63, 29.49, 25.93, 18.22. [α]D
29 = +62.6 (c 1.0, CH2Cl2). 

HRMS (ESI) m/z calcd. for C20H26Br2NO4, [M + H]+ 502.0223, found 502.0228. IR (thin 

film):2923, 1739, 1645, 1539, 1447, 1383, 1042 cm-1. 

 

 
1H NMR (400 MHz, CDCl3) δ 7.23 (s, 2H), 6.15 (ddt, J = 16.0, 10.4, 

5.6 Hz, 1H), 6.06 (d, J = 7.2 Hz, 1H), 5.44 (dd, J = 17.2, 1.2 Hz, 1H), 

5.29 (dd, J = 10.4, 1.2 Hz, 1H), 5.15 – 4.98 (m, 1H), 4.83 (dt, J = 7.2, 

5.6 Hz, 1H), 4.52 (d, J = 5.6 Hz, 2H), 3.74 (s, 3H), 3.07 (dd, J = 14.0, 6.0 Hz, A of AB, 1H), 

2.99 (dd, J = 14.0, 5.2 Hz, B of AB, 1H), 2.38 – 2.27 (m, 2H), 2.27 – 2.14 (m, 2H), 1.68 (s, 

3H), 1.61 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 172.52, 171.66, 152.27, 134.92, 133.79, 

133.55, 133.02, 122.54, 118.83, 118.49, 74.23, 53.08, 52.65, 36.72, 36.62, 25.86, 24.22, 
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17.90; [α] D
17 = -1.2 (c 0.61, CH2Cl2); HRMS (ESI) m/z calcd. for C20H26Br2NO4, [M + H]+ 

502.0223, found 502.0227. IR (thin film): 2938, 1741, 1656, 1595, 1507, 1459, 1424, 1243, 

1124, 1037 cm-1. 

 
1H NMR (400 MHz, CDCl3) δ 7.16 (s, 2H), 6.15 (ddt, J = 16.4, 10.8, 6.0 Hz, 

1H), 5.80 (ddt, J = 17.2, 10.4, 6.8 Hz, 1H), 5.43 (dd, J = 17.2, 1.2 Hz, 1H), 

5.28 (d, J = 10.4 Hz, 1H), 5.09 – 4.83 (m, 2H), 4.54 (d, J = 5.6 Hz, 2H), 3.91 

– 3.63 (m, 1H), 2.72 (dd, J = 13.6, 4.0 Hz, A of AB, 1H), 2.56 (dd, J = 13.6, 

8.4 Hz, B of AB, 1H), 2.07 (dt, J = 7.6, 6.0 Hz, 2H), 1.54 – 1.32 (m, 6H). 13C NMR (100 

MHz, CDCl3) δ 149.70, 138.84, 136.54, 133.19, 129.76, 129.38, 118.83, 114.66, 74.43, 72.32, 

42.91, 36.92, 33.77, 28.88, 25.22. HRMS (ESI) m/z calcd. for C17H22Cl2NaO2, [M + Na]+ 

351.0895, found 351.0895. IR (thin film): 3412, 3078, 2927, 1640, 1552, 1470, 1415, 1365, 

1264, 1087, 984, 915, 799, 629 cm-1. 

 
1H NMR (400 MHz, CDCl3) δ 7.12 (s, 2H), 6.14 (ddt, J = 16.4, 10.8, 5.6 Hz, 

1H), 5.77 (ddt, J = 17.2, 10.0, 6.8 Hz, 1H), 5.42 (d, J = 16.8 Hz, 1H), 5.28 (d, J 

= 10.4 Hz, 1H), 5.08 – 4.83 (m, 2H), 4.54 (d, J = 5.6 Hz, 2H), 3.59 (s, 2H), 

2.47 (t, J = 7.2 Hz, 2H), 2.03 (q, J = 6.8 Hz, 2H), 1.67 – 1.52 (m, 2H), 1.44 – 

1.28 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 206.96, 150.25, 138.42, 133.09, 131.66, 129.91, 

129.64, 118.90, 114.90, 74.44, 48.37, 42.39, 33.55, 28.36, 23.19. HRMS (ESI) m/z calcd. for  

C17H20Cl2NaO2, [M + Na]+ 349.0738, found 349.0745. IR (thin film): 3078, 2929, 2858, 1641, 

1553, 1471, 1415, 1265, 1082, 984, 914, 799 cm-1. 

5.  Characterization of product. 
1H NMR (400 MHz, CDCl3) δ 7.21 (dd, J = 8.4, 2.0 Hz, 1H), 6.92 – 6.82 

(m, 2H), 6.78 (dd, J = 8.4, 2.4 Hz, 1H), 5.38 (d, J = 10.4 Hz, 1H), 5.25 (ddd, 

J = 15.2, 8.0, 6.8 Hz, 1H), 5.13 (ddd, J = 14.4, 8.8, 4.8 Hz, 1H), 4.96 (ddd, J 

= 15.6, 10.4, 5.2 Hz, 1H), 4.54 (dd, J = 11.6, 5.6 Hz, A of AB, 1H), 4.44 

(dd, J = 12.0, 8.8 Hz, B of AB, 1H), 3.78 (s, 3H), 3.40 (dd, J = 13.2, 5.2 Hz, 1H), 2.44 (t, J = 

12.8 Hz, 1H), 2.39 – 2.21 (m, 2H), 1.97 – 1.85 (m, 1H), 1.77 – 1.66 (m, 1H). 13C NMR (100 

Cl

O Cl
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MHz, CDCl3) δ 172.79, 169.85, 156.86, 139.04, 131.03, 130.52, 130.07, 125.98, 123.22, 

121.26, 73.34, 52.61, 52.32, 38.99, 35.38, 26.73. [α] D
30 = +70.8 (c 0.24, CH2Cl2). HRMS 

(ESI) m/z calcd. for C16H19NNaO4, [M + Na]+ 312.1206, found 312.1206. IR (thin film): 

3337, 2953, 2923, 2855, 1742, 1457, 1260 cm-1. 

 
1H NMR (400 MHz, CDCl3) δ 7.03 (d, J = 8.4 Hz, 1H), 6.89 (d, J = 8.0 

Hz, 1H), 6.76 (s, 1H), 5.45 – 5.31 (m, 1H), 5.31 – 5.15 (m, 2H), 4.96 (td, 

J = 10.8, 5.6 Hz, 1H), 4.54 (dd, J = 11.2, 6.0 Hz, A of AB, 1H), 4.43 – 

4.33 (m, B of AB, 1H), 3.78 (s, 3H), 3.40 (dd, J = 13.2, 5.2 Hz, A' of A'B', 

1H), 2.45 (t, J = 12.8 Hz, B' of A'B',1H), 2.40 – 2.23 (m, 2H), 2.15 (s, 3H), 1.90 – 1.74 (m, 

1H), 1.58 – 1.43 (m, 1H). 13C NMR (100MHz, CDCl3) δ 172.80, 170.26, 154.80, 139.66, 

132.71, 131.30, 130.94, 127.18, 124.61, 122.96, 73.12, 52.55, 52.36, 38.69, 36.05, 26.16, 

16.60. [α] D
27 = -34.0 (c 0.14, CH2Cl2). HRMS (ESI) m/z calcd. for C17H20NO4, [M – H]- 

302.1398, found 302.1387. IR (thin film): 3292, 2927, 1733, 1655, 1544, 1415, 1262, 1166, 

1117 cm-1. 

 
1H NMR (400 MHz, CDCl3) δ 7.07 (s, 1H), 6.75 (d, J = 8.0 Hz, 1H), 6.70 (d, 

J = 8.0 Hz, 1H), 5.34 (d, J = 10.0 Hz, 1H), 5.20 (ddd, J = 13.6, 10.0, 4.8 Hz, 

1H), 5.04 (ddd, J = 14.0, 9.6, 3.6 Hz, 1H), 4.96 (ddd, J = 12.0, 10.4, 4.8 Hz, 

1H), 4.63 (dd, J = 11.6, 4.0 Hz, A of AB,1H), 4.40 (dd, J = 11.6, 10.0 Hz, B 

of AB, 1H), 3.78 (s, 3H), 3.35 (dd, J = 13.2, 5.2 Hz, 1H), 2.43 – 2.21 (m, 3H), 2.17 (s, 3H), 

2.00 – 1.85 (m, 1H), 1.82 – 1.66 (m, 1H). 13C NMR (100 MHz, CDCl3) δ 172.91, 169.57, 

154.98, 138.93, 132.14, 131.61, 130.09, 128.28, 125.76, 120.54, 73.39, 52.59, 52.37, 39.14, 

35.21, 27.06, 16.50. [α] D
27 = +98.2 (c 0.09, CH2Cl2). HRMS (ESI) m/z calcd. for C17H20NO4, 

[M – H]- 302.1398, found 302.1385. IR (thin film): 3292, 2927, 1732, 1655, 1544, 1415, 

1262, 1167, 1117 cm-1. 

 
1H NMR (400 MHz, CDCl3) δ 7.09 (dd, J = 8.0, 2.0 Hz, 1H), 7.05 (s, 

1H), 6.89 (d, J = 8.4 Hz, 1H), 5.41 – 5.21 (m, 2H), 5.10 (d, J = 10.4 



 

S19 

 

Hz, 1H), 4.95 (ddd, J = 12.0, 10.8, 5.6 Hz, 1H), 4.64 (s, 2H), 4.52 (dd, J = 12.0, 5.2 Hz, A of 

AB, 1H), 4.36 (dd, J = 11.6, 8.4 Hz, B of AB, 1H), 3.78 (s, 3H), 3.44 (dd, J = 13.2, 5.2 Hz, A' 

of A'B',1H), 2.54 (t, J = 13.2 Hz, B' of A'B', 1H), 2.40 – 2.19 (m, 2H), 1.86 – 1.75 (m, 1H), 

1.61 – 1.50 (m, 1H), 0.96 (s, 9H), 0.13 (s, 3H), 0.12 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 

172.72, 170.48, 153.08, 140.39, 134.76, 131.11, 129.18, 127.95, 123.92, 122.26, 73.48, 60.17, 

52.58, 52.49, 38.86, 36.01, 26.20, 26.09, 18.64, -5.04, -5.16. [α] D
30 = -18.3 (c 0.06, CH2Cl2). 

HRMS (ESI) m/z calcd. for C23H34NO5Si, [M – H]- 432.2212, found 432.2209. IR (thin film): 

3445, 2957, 2926, 2857, 1727, 1658, 1544, 1458, 1380, 1260, 1120, 1072 cm-1. 

 
1H NMR (400 MHz, CDCl3) δ 7.33 (s, 1H), 6.84 – 6.66 (m, 2H), 5.33 (d, 

J = 10.0 Hz, 1H), 5.15 (dddd, J = 15.2, 9.6, 4.0, 1.2 Hz, 1H), 5.07 (ddd, J 

= 15.2, 9.6, 3.6 Hz, 1H), 4.92 (ddd, J = 12.4, 10.4, 4.8 Hz, 1H), 4.80 (d, J 

= 13.6 Hz, 1H), 4.67 – 4.51 (m, 2H), 4.43 (dd, J = 12.0, 9.6 Hz, 1H), 3.79 

(s, 3H), 3.40 (dd, J = 12.8, 4.8 Hz, A of AB, 1H), 2.40 (t, J = 12.8 Hz, B of AB, 1H), 2.36 – 

2.16 (m, 2H), 1.98 – 1.87 (m, 1H), 1.81 – 1.70 (m, 1H), 0.96 (s, 9H), 0.16 (s, 3H), 0.14 (s, 

3H). 13C NMR (100 MHz, CDCl3) δ 172.95, 169.31, 153.57, 139.20, 135.17, 130.13, 129.14, 

128.46, 125.51, 119.95, 73.03, 60.61, 52.56, 52.48, 39.44, 35.08, 29.85, 27.10, 26.22, 18.70, 

-5.05, -5.11. [α] D
30 = +71.6 (c 0.09, CH2Cl2). HRMS (ESI) m/z calcd. for C23H34NO5Si, [M – 

H]- 432.2212, found 432.2199. IR (thin film): 3348, 2973, 2926, 2889, 1741, 1657, 1381, 

1089, 1049 cm-1. 

 
1H NMR (400 MHz, CDCl3) δ 7.41 (d, J = 2.0 Hz, 1H), 7.36 (dd, J = 

8.4, 2.0 Hz, 1H), 6.95 (d, J = 8.0 Hz, 1H), 5.49 (d, J = 10.4 Hz, 1H), 

5.32 (dt, J = 15.2, 7.2, 7.2 Hz, 1H), 5.14 (ddd, J = 14.8, 8.4, 5.6 Hz, 

1H), 5.04 (ddd, J = 12.0, 10.4, 5.6 Hz, 1H), 4.51 (dd, J = 11.6, 6.4 Hz, 

A of AB, 1H), 4.44 (dd, J = 11.6, 8.4 Hz, B of AB,1H), 3.92 (s, 3H), 3.79 (s, 3H), 3.42 (dd, J 

= 13.2, 5.2 Hz, A' of A'B', 1H), 2.52 (t, J = 12.8 Hz, B' of A'B', 1H), 2.39 – 2.18 (m, 2H), 1.94 

– 1.80 (m, 1H), 1.72 (ddd, J = 14.8, 12.0, 2.4 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 172.42, 

170.09, 167.11, 156.79, 139.44, 133.97, 132.90, 131.14, 125.89, 125.59, 125.06, 74.05, 52.70, 
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52.46, 51.68, 38.59, 35.18, 26.44. [α] D
17 = -60.6 (c 0.24, CH2Cl2). HRMS (ESI) m/z calcd. 

for C18H20NO6, [M – H]- 346.1296, found 346.1286. IR (thin film): 3348, 2954, 2925, 1728, 

1660, 1492, 1438, 1254, 1212, 945 cm-1. 

 
1H NMR (400 MHz, CDCl3) δ 7.77 (d, J = 2.0 Hz, 1H), 7.01 (dd, J = 8.4, 

2.0 Hz, 1H), 6.85 (d, J = 8.4 Hz, 1H), 5.46 (d, J = 9.6 Hz, 1H), 5.30 (dddd, J 

= 11.6, 9.6, 4.8, 1.6 Hz, 1H), 5.14 (ddd, J = 14.8, 10.0, 4.4 Hz, 1H), 4.94 

(ddd, J = 12.4, 10.4, 5.2 Hz, 1H), 4.72 (dd, J = 12.0, 4.8 Hz, A of AB, 1H), 

4.51 (dd, J = 12.0, 9.6 Hz, B of AB,1H), 3.89 (s, 3H), 3.79 (s, 3H), 3.39 (dd, J = 13.2, 5.2 Hz, 

A of AB, 1H), 2.44 (t, J = 12.8 Hz, B of AB, 1H), 2.40 – 2.23 (m, 2H), 1.99 – 1.86 (m, 1H), 

1.86 – 1.74 (m, 1H). 13C NMR (100MHz, CDCl3) δ 172.63, 169.31, 166.21, 157.05, 139.27, 

134.51, 132.18, 130.08, 126.07, 125.20, 122.71, 73.63, 52.71, 52.26, 52.20, 39.09, 34.90, 

26.81. [α] D
17 = +120.9 (c 0.18, CH2Cl2). HRMS (ESI) m/z calcd. for C18H20NO6, [M – H]- 

346.1296, found 346.1283. IR (thin film): 3365, 2925, 1727, 1657, 1576, 1441, 1264, 1207, 

1118, 1078 cm-1. 

 
1H NMR (400 MHz, CDCl3) δ 7.96 (s, 2H), 7.86 (s, 1H), 7.45 (s, 

1H), 7.40 (d, J = 8.4 Hz, 1H), 6.99 (d, J = 8.4 Hz, 1H), 5.60 – 

5.46 (m, 2H), 5.41 (d, J = 13.2 Hz, 1H), 5.32 – 5.19 (m, 1H), 5.19 

– 5.09 (m, 1H), 5.04 (td, J = 10.8, 5.6 Hz, 1H), 4.49 (dd, J = 11.6, 6.8 Hz, 1H, A of AB), 4.42 

(dd, J = 11.6, 7.6 Hz, 1H, B of AB), 3.79 (s, 3H), 3.43 (dd, J = 13.2, 5.2 Hz, 1H, A' of A'B'), 

2.54 (t, J = 12.8 Hz, 1H, B' of A'B'), 2.37 – 2.18 (m, 2H), 1.88 – 1.75 (m, 1H), 1.75 –1.56 (m, 

1H). 13C NMR (100 MHz, CDCl3) δ 172.37, 170.07, 166.22, 157.18, 139.78, 138.90, 134.54, 

132.94, 132.18 (q, J = 33 Hz), 131.33, 128.08 (m), 125.42, 125.36, 124.39, 123.32 (q, J = 271 

Hz), 122.26 (m), 74.09, 65.13, 52.71, 51.65, 38.52, 35.30, 26.26. [α]D
18 -78.8 (c 0.17, 

CH2Cl2). HRMS (ESI) m/z calcd. for C26H24F6NO6 [M + H]+ 560.1508; found 560.1497. IR 

(thin film): 3358, 2958, 1735, 1663, 1280, 1175, 1133 cm-1. 
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1H NMR (400 MHz, CDCl3) δ 7.98 (s, 2H), 7.84 (s, 1H), 7.82 (d, J = 

2.4 Hz, 1H), 7.05 (dd, J = 8.4, 2.4 Hz, 1H), 6.88 (d, J = 8.4 Hz, 1H), 

5.65 – 5.46 (m, 2H), 5.40 (d, J = 13.6 Hz, 1H), 5.23 (dddd, J = 15.2, 

9.6, 4.0, 1.2 Hz, 1H), 5.15 (ddd, J = 15.2, 9.6, 4.0 Hz, 1H), 4.94 (ddd, J 

= 12.4, 10.0, 5.2 Hz, 1H), 4.72 (dd, J = 12.0, 4.0 Hz, A of AB, 1H), 4.53 (dd, J = 12.0, 9.6 Hz, 

B of AB, 1H), 3.79 (s, 3H), 3.40 (dd, J = 13.2, 4.8 Hz, A' of A'B', 1H), 2.45 (d, J = 12.8 Hz, 

B' of A'B', 1H), 2.40 – 2.18 (m, 2H), 2.02 – 1.87 (m, 1H), 1.87 – 1.76 (m, 1H). 13C NMR 

(100 MHz, CDCl3) δ 172.58, 169.22, 165.51, 157.30, 139.43, 139.31, 135.09, 132.54, 132.00 

(q, J = 33 Hz), 130.23, 127.81 (m), 125.77, 124.27, 122.45, 123.41 (q, J = 271 Hz), 121.96 

(m), 73.52, 64.89, 52.72, 52.26, 39.11, 34.75, 26.87. [α]D
19 103.4° (c 0.17, CH2Cl2). HRMS 

(ESI) m/z calcd. for C26H23F6NNaO6 [M + Na]+ 582.1327; found 582.1332. IR (thin film): 

3358, 3068, 2925, 2851, 1739, 1654, 1280, 1175, 1132, 798 cm-1. 

 
1H NMR (400 MHz, CDCl3) δ 7.50 (s, 1H), 7.46 (d, J = 8.4 Hz, 1H), 7.07 

(d, J = 8.4 Hz, 1H), 5.85 – 5.69 (m, 1H), 5.43 – 5.17 (m, 2H), 5.05 (ddd, J 

= 12.0, 10.4, 5.2 Hz, 1H), 4.53 (dd, J = 11.6, 6.4 Hz, A of AB, 1H), 4.46 

(dd, J = 11.6, 7.6 Hz, B of AB, 1H), 3.82 (s, 3H), 3.45 (dd, J = 13.2, 5.2 

Hz, A' of A'B', 1H), 2.55 (t, J = 12.8 Hz, B' of A'B', 1H), 2.41 – 2.19 (m, 2H), 1.97 – 1.85 (m, 

1H), 1.86 – 1.74 (m, 1H). 13C NMR (100 MHz, CDCl3) δ 172.24, 170.04, 150.55, 144.33, 

140.51, 135.06, 132.16, 126.73, 126.58, 125.30, 74.09, 52.92, 51.57, 38.52, 34.85, 26.21. 

[α]D
17 = -258.7 (c 0.28, CH2Cl2). HRMS (ESI) m/z calcd. for C16H18N2NaO6, [M + Na]+ 

357.1057, found 357.10563. IR (thin film):, 2924, 1457, 1260, 1072 cm-1. 

 
1H NMR (400 MHz, CDCl3) δ 7.83 (d, J = 1.6 Hz, 1H), 7.10 (dd, J = 8.4, 

2.0 Hz, 1H), 6.95 (d, J = 8.4 Hz, 1H), 5.65 (d, J = 9.2 Hz, 1H), 5.32 (dddd, J 

= 14.8, 10.0, 4.0, 1.2 Hz, 1H), 5.20 (ddd, J = 14.4, 10.0, 3.6 Hz, 1H), 4.97 

(ddd, J = 12.4, 10.0, 5.2 Hz, 1H), 4.79 (dd, J = 11.6, 3.6 Hz, A of AB,1H), 

4.52 (dd, J = 11.2, 10.4 Hz, B of AB, 1H), 3.80 (s, 3H), 3.41 (dd, J = 13.2, 4.8 Hz, A' of A'B', 

1H), 2.49 (t, J = 12.4 Hz, B' of A'B', 1H), 2.45 – 2.33 (m, 1H),  2.29 (ddd, J = 16.0, 6.0, 2.0 
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Hz, 1H), 2.02 – 1.89 (m, 1H), 1.89 – 1.75 (m, 1H). 13C NMR (100MHz, CDCl3) δ 172.24, 

169.17, 150.60, 144.19, 140.48, 135.08, 131.07, 126.31, 125.35, 123.44, 74.37, 52.86, 52.00, 

38.99, 34.40, 26.88. [α]D
17 = +323.2 (c 0.28, CH2Cl2). HRMS (ESI) m/z calcd. for 

C16H19N2O6, [M + H]+ 335.1238, found 335.1243. IR (thin film): 3343, 2973, 1667, 1460, 

1223, 1090, 1047 cm-1. 

 
1H NMR (400 MHz, CDCl3) δ 6.99 (dd, J = 8.4, 1.6 Hz, 1H), 6.91 (t, J = 

8.4 Hz, 1H), 6.66 (dd, J = 12.0, 1.6 Hz, 1H), 5.50 (d, J = 10.0 Hz, 1H), 5.43 

– 5.20 (m, 2H), 4.99  (ddd, J = 12.0, 10.4, 5.2 Hz, 1H), 4.69 – 4.55 (m, A 

of AB, 1H), 4.49 (dd, J = 10.0, 4.4 Hz, B of AB, 1H), 3.79 (s, 3H), 3.39 (dd, 

J = 13.2, 4.8 Hz, 1H), 2.49 – 2.33 (m, 2H), 2.33 – 2.19 (m, 1H), 2.03 – 1.88 (m, 1H), 1.88 – 

1.71 (m, 1H). 13C NMR (100 MHz, CDCl3) δ 172.52, 169.70, 155.38 (d, J = 246 Hz), 143.21 

(d, J = 11 Hz), 138.81, 132.69 (d, J = 7 Hz), 126.17, 125.58 (d, J = 4 Hz), 125.43 (d, J = 4 

Hz), 118.45 (d, J = 20 Hz), 72.70 (d, J = 5Hz), 52.72, 52.20, 39.03, 34.84, 26.79. [α] D
30 = 

+54.5 (c 0.22, CH2Cl2). HRMS (ESI) m/z calcd. for C16H18FNNaO4, [M + Na]+ 330.1112, 

found 330.1111. IR (thin film): 3164, 2953, 2849, 1660, 1403, 1092 cm-1. 

 
1H NMR (400 MHz, CDCl3) δ 7.00 (d, J = 11.6 Hz, 1H), 6.84 (t, J = 8.0 Hz, 

1H), 6.66 (d, J = 8.0 Hz, 1H), 5.43 – 5.31 (m, 2H), 5.24 (ddd, J = 15.2, 8.8, 

5.6 Hz, 1H), 5.03 (td, J = 11.2, 5.2 Hz, 1H), 4.65 (dd, J = 11.2, 6.4 Hz, A of 

AB, 1H), 4.38 (dd, J = 11.2, 8.8 Hz, B of AB, 1H), 3.79 (s, 3H), 3.38 (dd, J 

= 13.2, 5.2 Hz, Aˊ of AB, 1H), 2.46 (t, J = 12.8 Hz, B of AB, 1H), 2.41 – 2.23 (m, 2H), 2.01 

– 1.86 (m, 1H), 1.77 – 1.65 (m, 1H). 13C NMR (100 MHz, CDCl3) δ 172.54, 169.84, 156.43 

(d, J = 246Hz), 143.91 (d, J = 12Hz), 140.27,132.43 (d, J = 7Hz), 126.03 (d, J = 3Hz), 125.46, 

123.80 (d, J = 2Hz), 117.40 (d, J = 20Hz), 73.91, 52.70, 51.84, 38.91, 35.36, 26.59. [α] D
30 = 

+74.3 (c 0.22, CH2Cl2). HRMS (ESI) m/z calcd. for C16H19FNO4, [M + H]+ 308.1293, found 

308.1300. IR (thin film): 3164, 2953, 2914, 2849, 1660, 1403, 1092 cm-1. 
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1H NMR (400 MHz, CDCl3) δ 7.12 (dd, J = 8.0, 1.6 Hz, 1H), 6.99 (d, J = 

1.6 Hz, 1H), 6.95 (d, J = 8.0 Hz, 1H), 5.57 (d, J = 10.4 Hz, 1H), 5.41 (dt, J 

= 15.2, 7.6 Hz, 1H), 5.29 (ddd, J = 14.4, 8.0, 6.0 Hz, 1H), 5.04 (ddd, J = 

12.4, 10.8, 5.6 Hz, 1H), 4.77 (dd, J = 11.6, 8.0 Hz, A of AB, 1H), 4.42 (dd, 

J = 11.2, 6.8 Hz, B of AB, 1H), 3.80 (s, 3H), 3.40 (dd, J = 13.2, 5.2 Hz, 1H), 2.44 (t, J = 12.8 

Hz, 1H), 2.39 – 2.22 (m, 2H), 1.97 – 1.84 (m, 1H), 1.77 – 1.66 (m, 1H). 13C NMR (100 MHz, 

CDCl3) δ 172.59, 170.12, 152.19, 139.52, 132.77, 131.90, 128.50, 127.55, 125.60, 125.32, 

72.96, 52.75, 51.86, 38.56, 35.30, 26.38. [α] D
30 = -27.1 (c 0.26, CH2Cl2). HRMS (ESI) m/z 

calcd. for C16H17ClNO4, [M – H]- 322.0852, found 322.0841. IR (thin film): 3166, 2958, 

2920, 1726, 1650, 1402, 1095, 1025 cm-1. 

 
1H NMR (400 MHz, CDCl3) δ 7.31 (d, J = 1.6 Hz, 1H), 6.84 (d, J = 8.4 Hz, 

1H), 6.78 (dd, J = 8.0, 1.6 Hz, 1H), 5.50 (d, J = 10.0 Hz, 1H), 5.34 (ddd, J 

= 14.4, 9.6, 4.8 Hz, 1H), 5.13 (ddd, J = 14.4, 9.6, 4.4 Hz, 1H), 5.00 (ddd, J 

= 12.0, 10.4, 5.2 Hz, 1H), 4.76 (dd, J = 11.6, 5.2 Hz, A of AB, 1H), 4.40 (t, 

J = 10.0 Hz, B of AB, 1H), 3.79 (s, 3H), 3.35 (dd, J = 13.2, 5.2 Hz, 1H), 2.47 – 2.32 (m, 2H), 

2.27 (ddd, J = 16.0, 6.0, 2.4 Hz, 1H), 1.99 – 1.86 (m, 1H), 1.82 – 1.72 (m, 1H). 13C NMR 

(100 MHz, CDCl3) δ 172.58, 169.52, 152.38, 139.87, 131.92, 131.06, 129.31, 128.70, 125.47, 

122.81, 74.24, 52.70, 52.01, 38.86, 34.99, 26.83. [α] D
30 = +125.9 (c 0.32, CH2Cl2). HRMS 

(ESI) m/z calcd. for C16H17ClNO4, [M – H]- 322.0852, found 322.0842. IR (thin film): 3369, 

2920, 2844, 1660, 1084 cm-1. 

 
1H NMR (400 MHz, CDCl3) δ 7.22 (d, J = 1.6 Hz, 1H), 7.16 (dd, J = 8.4, 

1.6 Hz, 1H), 6.93 (d, J = 8.4 Hz, 1H), 5.88 (d, J = 10.4 Hz, 1H), 5.43 (dt, J 

= 15.2, 7.6 Hz, 1H), 5.29 (dt, J = 15.2, 7.2 Hz, 1H), 5.03 (td, J = 11.6, 5.2 

Hz, 1H), 4.78 (dd, J = 11.2, 7.2 Hz, A of AB, 1H), 4.38 (dd, J = 11.2, 7.6 

Hz, B of AB, 1H), 3.81 (s, 3H), 3.39 (dd, J = 13.2, 5.6 Hz, A' of A'B', 1H), 2.45 (t, J = 12.8 

Hz, B' of A'B', 1H), 2.37 – 2.15 (m, 2H), 1.94 – 1.82 (m, 1H), 1.75 – 1.56 (m, 1H). 13C NMR 

(100 MHz, CDCl3) δ 172.85, 170.34, 153.29, 139.92, 134.91, 133.07, 129.05, 125.23, 124.84, 
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117.49, 73.42, 52.80, 51.93, 38.30, 35.36, 26.21. [α] D
27 = -37.9 (c 0.48, CH2Cl2). HRMS 

(ESI) m/z calcd. for C16H17BrNO4, [M – H]- 366.0346, found 366.0344. IR (thin film): 3413, 

2925, 1607, 1501, 1411, 1336 cm-1. 

 
1H NMR (400 MHz, CDCl3) δ 7.47 (s, 1H), 6.84 (dd, J = 8.0, 1.2 Hz, 1H), 

6.80 (d, J = 8.0 Hz, 1H), 5.73 (d, J = 10.0 Hz, 1H), 5.32 (ddd, J = 14.4, 9.6, 

4.4 Hz, 1H), 5.10 (ddd, J = 14.4, 10.0, 4.0 Hz, 1H), 4.98 (td, J = 12.0, 12.0, 

5.2 Hz, 1H), 4.74 (dd, J = 11.6, 4.4 Hz, A of AB,1H), 4.39 (t, J = 10.4 Hz, 

B of AB, 1H), 3.77 (s, 3H), 3.34 (dd, J = 13.2, 4.8 Hz, 1H), 2.48 – 2.28 (m, 2H), 2.29 – 2.11 

(m, 1H), 1.98 – 1.83 (m, 1H), 1.76 (t, J = 13.3 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 

172.58, 169.55, 153.30, 139.81, 133.87, 132.23, 130.06, 125.35, 122.50, 118.33, 77.48, 77.16, 

76.84, 74.19, 52.63, 52.08, 38.61, 34.80, 26.83. [α] D
27 = +98.6 (c 0.51, CH2Cl2). HRMS (ESI) 

m/z calcd. for C16H19BrNO4, [M + H]+ 368.0492, found 368.0503. IR (thin film): 3298, 2953, 

1616, 1589 cm-1. 

 
1H NMR (400 MHz, CDCl3) δ 7.44 (d, J = 6.4 Hz, 1H), 7.20 (dd, J = 8.4, 

6.0 Hz, 1H), 6.89 (d, J = 8.0 Hz, 1H), 5.50 (dt, J = 15.6, 7.6 Hz, 1H), 5.31 

(dt, J = 15.2, 7.2 Hz, 1H), 5.02 (ddd, J = 12.4, 10.8, 6.0 Hz, 1H), 4.77 (dd, 

J = 11.6, 6.4 Hz, 1H), 4.37  (dd, J = 10.8, 9.2 Hz, 1H), 3.80 (s, 3H), 3.39 

(dd, J = 13.6, 5.6 Hz, 1H), 2.45 (t, J = 12.8 Hz, 1H), 2.39 – 2.18 (m, 2H), 1.95 – 1.73 (m, 1H), 

1.75 – 1.62 (m, 1H). 13C NMR (100MHz, CDCl3) δ 172.55, 170.30, 156.08, 140.69, 140.31, 

133.30, 130.06, 124.58, 123.91, 93.36, 73.94, 52.78, 51.90, 38.15, 35.70, 26.04. [α]D
27 = -36.7 

(c 0.30, CH2Cl2). HRMS (ESI) m/z calcd. for C16H17INO4, [M – H]- 414.0208, found 

414.0200. IR (thin film): 3355, 2926, 2849, 1599, 1419 cm-1. 

 
1H NMR (400 MHz, CDCl3) δ 7.72 (d, J = 2.0 Hz, 1H), 6.86 (dd, J = 8.0, 

1.6 Hz, 1H), 6.74 (d, J = 8.0 Hz, 1H), 5.56 (d, J = 10.0 Hz, 1H), 5.34 (ddd, J 

= 14.8, 10.4, 4.0 Hz, 1H), 5.07 (ddd, J = 14.4, 10.4, 4.0 Hz, 1H), 4.96 (ddd, 

J = 12.0, 10.0, 4.8 Hz, 1H), 4.75 (dd, J = 11.6, 4.0 Hz, 1H), 4.41 (t, J = 11.2 
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Hz, 1H), 3.78 (s, 3H), 3.33 (dd, J = 13.2, 4.9 Hz, 1H), 2.45 – 2.31 (m, 2H), 2.25 (dd, J = 15.5, 

5.8 Hz, 1H), 2.00 – 1.85 (m, 1H), 1.86 – 1.71 (m, 1H). 13C NMR (100 MHz, CDCl3) δ 172.63, 

170.34, 156.08, 140.71, 140.32, 133.30, 130.05, 124.55, 123.89, 93.40, 73.95, 52.80, 51.93, 

38.14, 35.68, 26.03. [α]D
27 = +70.0 (c 0.48, CH2Cl2). HRMS (ESI) m/z calcd. for C16H17INO4, 

[M – H]- 414.0208, found 414.0200. IR (thin film): 3378, 2927, 2865, 1654, 1621, 1460, 

1249, 1097 cm-1. 

 
1H NMR (400 MHz, CDCl3) δ 6.84 (d, J = 9.6 Hz, 1H), 6.51 (d, J = 10.0 

Hz, 1H), 5.65 (br, 1H), 5.52 – 5.27 (m, 2H), 5.04 (td, J = 11.6, 5.2 Hz, 

1H), 4.71 – 4.41 (m, 2H), 3.79 (s, 3H), 3.36 (dd, J = 13.2, 4.8 Hz, 1H), 

2.53 – 2.35 (m, 2H), 2.31 (dd, J = 16.0, 4.0 Hz, 1H), 2.06 – 1.89 (m, 1H), 

1.88 – 1.75 (m, 1H). 13C NMR (100 MHz, CDCl3) δ 172.29, 169.80, 157.40 (dd, J = 247, 8 

Hz), 156.45 (dd, J = 246, 7 Hz), 140.25, 132.44 (t, J = 9.0 Hz), 132.07 (t, J = 14.0 Hz), 

125.36, 114.00, 113.89 (d, J = 22 Hz), 113.02 (dd, J = 20, 4 Hz), 73.28, 52.78, 51.80, 39.07, 

34.79, 26.70. HRMS (ESI) m/z calcd. for C16H17F2NNaO4, [M + Na]+ 348.1018, found 

348.1019. IR (thin film): 3271, 3077, 2994, 2943, 2843, 1745, 1636, 1592, 1556, 1460, 1427, 

1250, 1125, 989 cm-1. 
 

1H NMR (400 MHz, CDCl3) δ 7.23 (d, J = 2.0 Hz, 1H), 6.91 (d, J = 2.0 

Hz, 1H), 5.77 (d, J = 10.4 Hz, 1H), 5.53 (ddd, J = 15.2, 8.0, 7.2 Hz, 1H), 

5.34 (ddd, J = 14.8, 9.2, 5.2 Hz, 1H), 5.07 (ddd, J = 12.4, 10.4, 5.6 Hz, 

1H), 4.76 (dd, J = 11.2, 9.2 Hz, A of AB, 1H), 4.67 (dd, J = 11.2, 6.4 Hz, 

B of AB, 1H), 3.80 (s, 3H), 3.35 (dd, J = 13.2, 5.2 Hz, 1H), 2.50 – 2.34 (m, 2H), 2.28 (ddd, J 

= 15.6, 5.6, 2.4 Hz, 1H), 2.01 – 1.86 (m, 1H), 1.86 – 1.73 (m, 1H). 13C NMR (100 MHz, 

CDCl3) δ 172.42, 169.88, 148.36, 140.42, 133.21, 131.27, 130.47, 129.78, 129.30, 124.89, 

77.48, 77.16, 76.84, 72.25, 52.82, 51.58, 38.53, 34.77, 26.50. [α] D
27 = +24.1 (c 0.29, CH2Cl2). 

HRMS (ESI) m/z calcd. for C16H16Cl2NO4, [M – H]- 356.0462, found 356.0454. IR (thin 

film): 3413, 3305, 2925, 1739, 1650, 1411, 1336, 1205, 1095 cm-1. 
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1H NMR (400 MHz, CDCl3) δ 7.44 (d, J = 1.6 Hz, 1H), 7.14 (s, 1H), 5.97 

– 5.72 (m, 1H), 5.59 (ddd, J = 15.6, 8.0, 7.6 Hz, 1H), 5.35 (ddd, J = 15.2, 

9.2, 5.6 Hz, 1H), 5.06  (ddd, J = 12.0, 10.4, 5.6 Hz, 1H), 4.80 (dd, J = 

10.8, 9.6 Hz, A of AB, 1H), 4.67 (dd, J = 11.2, 6.8 Hz, B of AB, 1H), 3.80 

(s, 3H), 3.35 (dd, J = 13.2, 5.2 Hz, 1H), 2.51 – 2.32 (m, 2H), 2.32 – 2.17 (m, 1H), 2.02 – 1.84 

(m, 1H), 1.86 – 1.69 (m, 1H). 13C NMR (100 MHz, CDCl3) δ 172.49, 169.92, 150.22, 140.56, 

134.23, 134.19, 133.43, 124.84, 120.87, 118.56, 72.11, 52.85, 51.63, 38.24, 34.74, 26.46. [α] 

D
16 = +7.1 (c 0.35, CH2Cl2). HRMS (ESI) m/z calcd. for C16H17Br2NNaO4, [M + Na]+ 

467.9417, found 467.9418. IR (thin film): 3351, 2927, 1729, 1649, 1534, 1445, 1393, 1231, 

1155, 982, 835 cm-1. 

 
1H NMR (400 MHz, CDCl3) δ 7.68 (d, J = 1.6 Hz, 1H), 7.45 (s, 1H), 6.16 

(d, J = 10.0 Hz, 1H), 5.65 (dt, J = 15.6, 8.0 Hz, 1H), 5.33 (ddd, J = 14.8, 

8.8, 6.0 Hz, 1H), 5.05 (ddd, J = 12.0, 10.4, 5.2 Hz, 1H), 4.80 (dd, J = 10.8, 

9.2 Hz, A of AB, 1H), 4.64 (dd, J = 10.8, 6.8 Hz, B of AB, 1H), 3.81 (s, 

3H), 3.30 (dd, J = 13.2, 5.2 Hz, 1H), 2.51 – 2.30 (m, 2H), 2.30 – 2.13 (m, 1H), 1.97 – 1.84 (m, 

1H), 1.84 – 1.67 (m, 1H). 13C NMR (100 MHz, CDCl3) δ 172.67, 170.03, 154.86, 141.21, 

140.76, 140.21, 135.27, 124.72, 94.90, 92.31, 71.88, 52.90, 51.71, 37.56, 34.63, 26.41. [α] D
16 

= -7.9 (c 1.5, CH2Cl2). HRMS (ESI) m/z calcd. for C16H16I2NO4, [M – H]- 539.9174, found 

539.9170. IR (thin film): 3101, 2953, 2925, 1731, 1647, 1410, 1331 cm-1. 

 
1H NMR (400 MHz, CDCl3) δ 6.89 (s, 1H), 6.59 (s, 1H), 5.45 (d, J = 10.0 

Hz, 1H), 5.38 (dt, J = 15.2, 7.6 Hz, 1H), 5.10 (ddd, J = 14.8, 8.0, 6.0 Hz, 

1H), 4.96 (ddd, J = 12.0, 10.8, 5.2 Hz, 1H), 4.50 – 4.30 (m, 2H), 3.78 (s, 

3H), 3.33 (dd, J = 13.2, 5.2 Hz, A of AB, 1H), 2.37 (t, J = 12.8 Hz, B of 

AB, 1H), 2.34 – 2.21 (m, 2H), 2.19 (s, 3H), 2.16 (s, 3H), 1.95 – 1.82 (m, 1H), 1.73 – 1.54 (m, 

1H). 13C NMR (100 MHz, CDCl3) δ 173.00, 170.04, 152.50, 139.09, 132.40, 130.90, 130.83, 

130.25, 129.00, 124.94, 71.00, 52.52, 52.29, 38.77, 35.31, 26.48, 17.08, 16.98. [α] D
29 = +29.2 

(c 0.39, CH2Cl2). HRMS (ESI) m/z calcd. for C18H23NNaO4, [M + Na]+ 340.1519, found 
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340.1522. IR (thin film): 3277, 2973, 1734, 1649, 1543, 1434, 1205, 1090, 1049, 952, 882 

cm-1. 

 
1H NMR (400 MHz, CDCl3) δ 6.48 (s, 1H), 6.16 (s, 1H), 5.56 – 5.32 (m, 

2H), 5.22 – 4.99 (m, 2H), 4.65 – 4.38 (m, 2H), 3.85 (s, 3H), 3.81 (s, 3H), 

3.77 (s, 3H), 3.41 (dd, J = 13.2, 5.2 Hz, 1H), 2.46 – 2.30 (m, 2H), 2.26 

(dd, J = 15.2, 6.0 Hz, 1H), 1.99 – 1.87  (m, 1H), 1.68 (d, J = 12.8 Hz, 

1H). 13C NMR (100 MHz, CDCl3) δ 172.78, 170.18, 154.59, 153.31, 138.56, 133.33, 131.85, 

126.12, 107.73, 106.17, 71.52, 56.32, 56.09, 52.59, 51.99, 39.72, 35.49, 26.74. HRMS (ESI) 

m/z calcd. for C18H23NNaO6, [M + Na]+ 372.1418, found 372.1425. IR (thin film): 3285, 

3080, 2952, 1736, 1647, 1541, 1442, 1283, 1230, 1024 cm-1. 

 
1H NMR (400 MHz, CDCl3) δ 7.45 (s, 1H), 7.11 (s, 1H), 5.99 – 5.83 (m, 

1H), 5.83 – 5.69 (m, 1H), 5.48 (dd, J = 15.2, 3.6 Hz, 1H), 5.02 (ddd, J = 

12.0, 10.4, 5.6 Hz, 1H), 4.97 – 4.87 (m, 2H), 4.74 (dd, J = 10.8, 6.8 Hz, 

1H), 4.22 (s, 1H), 3.81 (s, 3H), 3.38  (dd, J = 13.6, 5.6 Hz, A of AB, 1H), 

2.70 (dd, J = 16.0, 6.0 Hz, B of AB, 1H), 2.40 (t, J = 12.8 Hz, A' of A'B', 1H), 1.95 (d, J = 

16.0 Hz, B' of A'B', 1H). 13C NMR (100 MHz, CDCl3) δ 171.76, 171.01, 150.39, 143.04, 

134.23, 133.86, 133.76, 122.67, 121.18, 117.91, 71.29, 68.48, 53.03, 51.13, 38.62, 38.18. [α] 

D
17 = +0.9 (c 0.44, CH2Cl2). HRMS (ESI) m/z calcd. for C16H17Br2NNaO5, [M + Na]+ 

483.9366, found 483.9361. IR (thin film): 3350, 2958, 2925, 1727, 1680, 1600, 1451, 1284, 

1208 cm-1. 

 
1H NMR (400 MHz, CDCl3) δ 7.46 (d, J = 1.6 Hz, 1H), 7.15 (s, 1H), 5.89 

(ddd, J = 15.6, 10.4, 5.2 Hz, 1H), 5.83 (m, 1H), 5.76 (ddd, J = 15.6, 7.6, 

2.0 Hz, 1H), 5.28 – 5.12 (m, 1H), 5.01 (td, J = 12.0, 5.6 Hz, 1H), 4.81 (t, J 

= 10.4 Hz, A of AB, 1H), 4.68 (dd, J = 10.8, 5.2 Hz, B of AB, 1H), 3.80 

(s, 3H), 3.32 (dd, J = 13.2, 5.6 Hz, A' of A'B', 1H), 2.85 – 2.67 (m, 1H), 2.44 (t, J = 12.8 Hz, 

B' of A'B', 1H), 2.16 (dd, J = 17.2, 3.6 Hz, 1H), 1.99 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 
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172.20, 170.63, 167.10, 149.88, 139.58(2C), 134.55, 134.27, 124.11, 120.53, 118.57, 71.97, 

70.21, 52.94, 51.74, 40.15, 38.55, 21.30. [α] D
17 = - 33.8 (c 0.45, CH2Cl2). HRMS (ESI) m/z 

calcd. for C18H19Br2NNaO6, [M + Na]+ 525.9471, found 525.9477. IR (thin film): 3405, 2971, 

1673, 1412, 880 cm-1. 

 
1H NMR (400 MHz, CDCl3) δ 7.09 (d, J = 3.2 Hz, 2H), 5.47 – 5.25 (m, 2H), 

4.83 (dd, J = 11.2, 8.4 Hz, 1H), 4.71 (dd, J = 10.4, 6.0 Hz, 1H), 3.74 (td, J = 

9.2, 5.2 Hz, 1H), 3.13 (dd, J = 12.4, 4.8 Hz, 1H), 2.42 (dd, J = 12.4, 9.6 Hz, 

1H), 2.05 – 1.89 (m, 1H), 1.81 – 1.58 (m, 2H), 1.50 (td, J = 13.2, 5.6 Hz, 

1H), 1.39 – 1.26 (m, 1H), 1.24 – 1.12 (m, 1H), 0.93 – 0.77 (m, 1H), 0.43 – 0.22 (m, 1H), 

-0.45 (qt, J = 13.2, 3.6 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 147.68, 142.10, 135.39, 

131.02, 130.64, 129.63, 129.30, 124.02, 72.89, 72.36, 44.57, 38.56, 31.98, 28.80, 24.36. 

HRMS (ESI) m/z calcd. for C15H18Cl2KO2, [M + K]+ 339.0315, found 339.0311. IR (thin 

film): 3354, 2925, 2855, 1660, 1554, 1471, 1402, 1247, 1201, 1079, 1008, 980 cm-1.                    

 
1H NMR (400 MHz, CDCl3) δ 7.20 (s, 2H), 5.52 – 5.24 (m, 2H), 4.80 (d, J = 

6.4 Hz, 2H), 3.52 (s, 2H), 2.25 – 2.06 (m, 2H), 1.95 – 1.72 (m, 2H), 1.19 – 

0.99 (m, 2H), 0.50 – 0.26 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 208.12, 

148.57, 141.62, 131.58, 131.45, 129.86, 124.41, 72.57, 51.94, 43.00, 31.56, 

29.46, 25.54. HRMS (ESI) m/z calcd. for C15H16Cl2NaO2, [M + Na]+ 321.0425, found 

321.0425. IR (thin film): 2926, 1705, 1472, 1401, 1247, 1085, 979, 927, 801 cm-1. 
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6. X-Ray Crystallographic Data 

a) X-Ray Crystallographic Data for 12b. 

 
Structure deposited at the Cambridge Crystallographic Data Centre (CCDC 1436892) 

Crystal data and structure refinement for CCDC 1436892 
 
Empirical formula C16H17Cl2NO4 
Formula weight 358.20 
Temperature/K 294.39(10) 
Crystal system orthorhombic 
Space group P212121 
a/Å 8.3061(2) 
b/Å 9.7010(2) 
c/Å 20.7173(6) 
α/° 90 
β/° 90 
γ/° 90 
Volume/Å3 1669.35(7) 
Z 4 
ρcalcg/cm3 1.425 
μ/mm-1 3.671 
F(000) 744.0 
Crystal size/mm3 0.65 × 0.15 × 0.05 
Radiation CuKα (λ = 1.54184) 
2Θ range for data collection/° 8.536 to 134.148 
Index ranges -9 ≤ h ≤ 9, -8 ≤ k ≤ 11, -24 ≤ l ≤ 24 
Reflections collected 8970 
Independent reflections 2975 [Rint = 0.0359, Rsigma = 0.0291] 
Data/restraints/parameters 2975/0/209 
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Goodness-of-fit on F2 1.022 
Final R indexes [I>=2σ (I)] R1 = 0.0478, wR2 = 0.1284 
Final R indexes [all data] R1 = 0.0510, wR2 = 0.1329 
Largest diff. peak/hole / e Å-3 0.37/-0.26 
Flack parameter -0.004(8) 
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b) X-Ray Crystallographic Data for 12c. 

 

Structure deposited at the Cambridge Crystallographic Data Centre (CCDC 1436896) 

Crystal data and structure refinement for CCDC 1436896 

Empirical formula C16H17Br2NO4 
Formula weight 447.12 
Temperature/K 292.36(10) 
Crystal system monoclinic 
Space group P21 
a/Å 8.3327(7) 
b/Å 9.5492(9) 
c/Å 11.4501(10) 
α/° 90 
β/° 108.133(9) 
γ/° 90 
Volume/Å3 865.83(14) 
Z 2 
ρcalcg/cm3 1.715 
μ/mm-1 6.107 
F(000) 444.0 
Crystal size/mm3 0.7 × 0.2 × 0.15 
Radiation CuKα (λ = 1.54184) 
2Θ range for data collection/° 11.174 to 134.15 
Index ranges -9 ≤ h ≤ 9, -10 ≤ k ≤ 11, -12 ≤ l ≤ 13 
Reflections collected 8597 
Independent reflections 2858 [Rint = 0.0351, Rsigma = 0.0383] 
Data/restraints/parameters 2858/1/209 
Goodness-of-fit on F2 1.082 
Final R indexes [I>=2σ (I)] R1 = 0.0459, wR2 = 0.1264 
Final R indexes [all data] R1 = 0.0479, wR2 = 0.1290 
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Largest diff. peak/hole / e Å-3 0.57/-0.39 
Flack parameter -0.06(2) 
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7.  NMR spectra. 
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