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1. General Information 

General Procedures. All reactions were performed in oven-dried or flame-dried reaction 

vessels, modified Schlenk flasks, or round-bottom flasks. The flasks were fitted with Teflon 

screw caps and reactions were conducted under an atmosphere of argon if needed. Gas-tight 

syringes with stainless steel needles were used to transfer air- and moisture-sensitive liquids. 

All moisture and/or air sensitive solid compounds were manipulated inside normal desiccators. 

Flash column chromatography was performed using silica gel (40–63 µm, 230–400 mesh).  

Analytical thin layer chromatography (TLC) was performed on silica gel 60 F254 aluminum 

plates (Merck) containing a 254 nm fluorescent indicator. TLC plates were visualized by 

exposure to short wave ultraviolet light (254 nm) and to a solution of KMnO4 (1 g of KMnO4, 

6 g of K2CO3 and 0.1 g of KOH in 100 mL of H2O) or vanillin (2 g of vanillin and 4 mL of 

concentrated H2SO4 in 100 mL of EtOH) followed by heating.  

Organic solutions were concentrated at 30-50 °C on rotary evaporators at ~10 torr followed 

by drying on vacuum pump at ~1 torr. Reaction temperatures are reported as the temperature 

of the bath surrounding the vessel unless otherwise stated. 

 

Materials. Commercial reagents and solvents were were obtained from Adamas-beta, Aldrich 

Chemical Co., Alfa Aesar, Macklin and Energy Chemical and used as received with the 

following exceptions: THF, Et2O and toluene were purified by refluxing over Na-

benzophenone under positive argon pressure followed by distillation.
 [1]

 The enone substrates 

were prepared according to literature procedure. 
[2]

  

 

Instrumentation.  

 Proton nuclear magnetic resonance (
1
H NMR) spectra were recorded with Bruker AV 

400 MHz spectrometers. Proton chemical shifts are reported in parts per million (δ scale), 

and are referenced using residual protium in the NMR solvent (CDCl3: δ 7.26 (CHCl3)). 

Data are reported as follows: chemical shift [multiplicity (s = singlet, d = doublet, t = 

triplet, q = quartet, m = multiplet, br s = broad singlet), coupling constant(s) (Hz), 

integration].  

 Carbon-13 nuclear magnetic resonance (
13

C NMR) spectra were recorded with Bruker 

AV 400 MHz spectrometers. Carbon chemical shifts are reported in parts per million (δ 

scale), and are referenced using the carbon resonances of the solvent (δ 77.0 (CHCl3)). 

Data are reported as follows: chemical shift [multiplicity (if not singlet), assignment (Cq 

= fully substituted carbon)]. 

 High resolution mass spectra (HRMS) were recorded on a Waters SYNAPT G2 using an 

electrospray (ESI) ionization source. 
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2. Optimization Study of the Asymmetric oxo-IEDDA Reactions of Aldehyde 1a and 

the Cyclic Enone 2a
a
 

 

       Entry Solvent Acid 
b
   yield[%] 

c
 ee [%] 

d
 

 1 DCM BA 70 98 

 2 THF BA 40 >99 

 3 CH3CN BA 30 96 

 4 Toluene BA 20 99 

 5
[d]

 1,4-dioxane BA 82 >99 

 6 Chloroform  BA 64 99 

 7 THF:H2O (10:1) BA 90 >99 

 8 CH3CN:H2O (10:1) BA 75 98 

 9 1,4-dioxane:H2O (10:1) BA 80 >99 

 10      THF:H2O (10:1) None  N.D trace 

 11 THF:H2O (10:1) PNBA 92 97 

 12 THF:H2O (10:1) ONBA 81 99 

 13 THF:H2O (10:1) SA 80 99 

 14 THF:H2O (10:1) AA 78 99 

 15
 e
 THF:H2O (10:1) BA 70 >99 

 16 
f
 THF:H2O (10:1) BA 82 99 

a
 Unless otherwise noted, the title reacitons were performed with 0.15 mmol of 1a, 0.1 mmol of 2a, 

0.02 mmol of 3a and 0.02 mmol of the acid in 1 mL of the solvent for 16 hours; and the dr value of this 

reaction was generally >95:5 which was determined by 
1
H-NMR analysis of the crude product.

 b
BA: 

Benzoic acid; PNBA: p-Nitrobenzoc acid; ONBA: o-Nitrobenzoc acid; SA: Salicylic acid; AA: Acetic 

acid. 
c
 Isolated yield. 

d
 Determined by chiral HPLC analysis. 

e
 Reaction was performed in 0.5 ml of the 

solvent. 
f
 Reaction was performed in 2 ml of the solvent. 
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We firstly screened the solvent for the secondary amine catalyzed asymmetric oxo-

IEDDA reaction of n-propanal 1a and the cyclic enone 2a under room temperature. As 

summarized in the above table (entries 1-9), the co-solvent of THF/H2O (10:1) has 

demonstrated to be the optimal choice. Then, various kinds of acid additives including 

benzoic acid, p-nitrobenzoc acid, o-nitrobenzoc acid, salicylic acid and acetic acid, were also 

investigated (entries 10-14). Regarding the isolated yield, enantioselectivity as well as the cost 

of the material, we chose benzoic acid as the best additive for this reaction; it is noteworthy 

that no reaction happened in the absence of acid (entry 10). Finally, we studied the 

concentration of this reaction; however, lower yield was obtained by either increasing or 

reducing the amount of the solvent (entries 15-16). Thus, the desired product 4a could be 

obtained in high yield (90% yield) and with excellent stereoselectivity (>95:5 dr, >99% ee) 

under the optimal condition (entry 7). 

 

3. General Procedure for the Synthesis of Chiral Bicyclic Dihydropyranes 4 by using 

Normal Saturated Aldehydes 

          

A glass tube was charged with pyrrolidine-2,3-dione 2 (0.2 mmol), amine catalyst 3a 

(0.04 mmol, 13 mg) and benzoic acid (0.04 mmol, 4.9 mg) in THF/H2O (v/v = 10:1, 0.1 M, 2 

mL). The saturated aldehydes 1 (0.3 mmol) was added with a syringe, and the reaction was 

sealed with a Teflon cap and stirred at room temperature for about 16 hours. When the 

reaction was complete, the mixture was directly purified by column chromatography on silica 

gel eluting with petroleum ether/ethyl acetate (6:1 to 2:1) to afford the corresponding bicyclic 

dihydropyranes 4, which was dried under vacuum and further analyzed by 
1
H-NMR, 

13
C-

HMR, HRMS, chiral HPLC analysis, etc.
 
 

 

(2S,3R,4S)-6-benzyl-2-hydroxy-3-methyl-4-phenyl-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7(2H)-

one 4a 
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Prepared according to the general procedure using n-propanal (17.4 mg, 0.3 mmol, 1.5 equiv) 

and 1-benzyl-4-benzylidenepyrrolidine-2,3-dione 2a (55.4 mg, 0.2 mmol, 1.0 equiv). 

Purification of the crude product via column chromatography delivered 4a as a white solid 

with 90% yield. The diastereomeric ratio was determined to be >95:5 by crude 
1
H-NMR 

analysis, and the enantiomeric excess of the major product was determined to be >99% by 

chiral HPLC analysis on Chiralpak AD-H column (25% 2-propanol/n-hexane, 1 mL/min), UV 

220 nm, tmajor = 6.48 min, tminor = 12.19 min; [α]D
20

 = 86.4 (c = 1.0 in CH2Cl2).  

NMR and HRMS data for the product 4a:  
1
H NMR (400 MHz, CDCl3): δ (ppm): 7.32 – 7.26 (m, 4H), 7.25 – 7.22 (m, 2H), 7.19 – 7.16 

(m, 2H), 7.14 – 7.12 (m, 2H), 5.66 (d, J = 2.4 Hz, 1H), 4.73 (d, J = 15.2 Hz, 1H), 4.41 (d, J = 

15.2 Hz, 1H), 3.53 – 3.36 (m, 3H), 2.16 – 2.07 (m, 1H), 0.96 (d, J = 6.8 Hz, 3H).  
13

C NMR (100 MHz, CDCl3): δ (ppm): 166.9, 142.4, 140.5, 136.7, 128.7, 128.6, 128.4, 

128.0, 127.6, 127.1, 124.3, 96.9, 47.9, 46.5, 41.5, 39.7, 14.2 

HRMS (ESI): m/z calculated for C21H21NO3Na
+
: 358.1419, found: 358.1417. 

 

(2S,3R,4S)-6-benzyl-4-(4-bromophenyl)-2-hydroxy-3-methyl-3,4,5,6-tetrahydropyrano[2,3-c] 

pyrrol-7(2H)-one 4b  

 

Prepared according to the general procedure using n-propanal (17.4 mg, 0.3 mmol, 1.5 equiv) 

and 1-benzyl-4-(4-bromobenzylidene)-pyrrolidine-2,3-dione 2b (71.2 mg, 0.2 mmol, 1.0 

equiv). Purification of the crude product via column chromatography delivered 4b as a white 

solid with 92% yield. The diastereomeric ratio was determined to be 91:9 by crude 
1
H-NMR 

analysis, and the enantiomeric excess of the major product was determined to be >99% by 

chiral HPLC analysis on Chiralpak AD-H column (25% 2-propanol/n-hexane, 1 mL/min), UV 

220 nm, tmajor = 6.43 min, tminor = 11.10 min; [α]D
20

 = +46.9 (c = 1.60 in CH2Cl2).  

NMR and HRMS data for the product 4b:  
1
H NMR (400 MHz, CDCl3): δ (ppm): 7.43 (d, J = 8.4 Hz, 2H), 7.32 – 7.23 (m, 3H), 7.22 – 

7.13 (m, 2H), 7.02 (d, J = 8.4 Hz, 2H), 6.24 (br s, 1H), 5.71 (br s, 1H), 4.69 (d, J = 14.8 Hz, 

1H), 4.44 (d, J = 14.8 Hz, 1H), 3.50 – 3.44 (m, 2H), 3.35 (d, J = 18.0 Hz, 1H), 2.11 – 2.03 (m, 

1H), 0.95 (d, J = 6.8 Hz, 3H).  
13

C NMR (100 MHz, CDCl3): δ (ppm): 166.7, 142.7, 139.5, 136.6, 131.9, 130.2, 128.7, 

128.1, 127.7, 123.3, 121.0, 96.8, 47.8, 46.6, 41.1, 39.8, 14.2 

HRMS (ESI): m/z calculated for C21H20BrNO3Na
+
: 436.0524, found: 436.0527. 
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(2S,3R,4S)-6-benzyl-4-(4-chlorophenyl)-2-hydroxy-3-methyl-3,4,5,6-tetrahydropyrano[2,3-c] 

pyrrol-7(2H)-one 4c  

 

Prepared according to the general procedure using n-propanal (17.4 mg, 0.3 mmol, 1.5 equiv) 

and 1-benzyl-4-(4-chlorobenzylidene)-pyrrolidine-2,3-dione 2c (62.2 mg, 0.2 mmol, 1.0 

equiv). Purification of the crude product via column chromatography delivered 4c as a white 

solid with 93% yield. The diastereomeric ratio was determined to be 90:10 by crude 
1
H-NMR 

analysis, and the enantiomeric excess of the major product was determined to be 99% by 

chiral HPLC analysis on Chiralpak AD-H column (25% 2-propanol/n-hexane, 1 mL/min), UV 

220 nm, tmajor = 6.36 min, tminor = 10.88 min; [α]D
20

 = +68.3 (c = 1.14 in CH2Cl2).  

NMR and HRMS data for the product 4c:  
1
H NMR (400 MHz, CDCl3): δ (ppm): 7.24 – 7.18 (m, 5H), 7.12 – 7.09 (m, 2H), 7.02 – 6.98 

(m, 2H), 6.11 (br s, 1H), 5.63 (d, J = 2.4 Hz, 1H), 4.62 (d, J = 14.8 Hz, 1H), 4.37 (d, J = 14.8 

Hz, 1H), 3.44 – 3.37 (m, 2H), 3.28 (d, J = 18.4 Hz, 1H), 2.04 – 1.96 (m, 1H), 0.88 (d, J = 6.8 

Hz, 3H).  
13

C NMR (100 MHz, CDCl3): δ (ppm): 166.7, 142.6, 139.0, 136.6, 133.0, 129.8, 129.0, 

128.7, 128.1, 127.7, 123.5, 96.8, 47.8, 46.6, 41.0, 39.8, 14.1 

HRMS (ESI): m/z calculated for C21H20ClNO3Na
+
: 392.1029, found: 392.1029. 

 

 
(2S,3R,4S)-6-benzyl-4-(4-fluorophenyl)-2-hydroxy-3-methyl-3,4,5,6-tetrahydropyrano[2,3-c] 

pyrrol-7(2H)-one 4d  

 

Prepared according to the general procedure using n-propanal (17.4 mg, 0.3 mmol, 1.5 equiv) 

and 1-benzyl-4-(4-fluorobenzylidene)-pyrrolidine-2,3-dione 2d (59.0 mg, 0.2 mmol, 1.0 

equiv). Purification of the crude product via column chromatography delivered 4d as a white 

solid with 98% yield. The diastereomeric ratio was determined to be 89:11 by crude 
1
H-NMR 

analysis, and the enantiomeric excess of the major product was determined to be 99% by 
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chiral HPLC analysis on Chiralpak AD-H column (25% 2-propanol/n-hexane, 1 mL/min), UV 

220 nm, tmajor = 6.45 min, tminor = 11.48 min; [α]D
20

 = +68.9 (c = 1.51 in CH2Cl2).  

NMR and HRMS data for the product 4d:  
1
H NMR (400 MHz, CDCl3): δ (ppm): 7.31 – 7.23 (m, 3H), 7.21 – 7.17 (m, 2H), 7.12 – 7.08 

(m, 2H), 7.02 – 6.97 (m, 2H), 6.31 (br s, 1H), 5.71 (d, J = 2.4 Hz, 1H), 4.69 (d, J = 14.8 Hz, 

1H), 4.44 (d, J = 14.8 Hz, 1H), 3.53 – 3.45 (m, 2H), 3.35 (d, J = 18.4 Hz, 1H), 2.11 – 2.03 (m, 

1H), 0.95 (d, J = 6.8 Hz, 3H).  
13

C NMR (100 MHz, CDCl3): δ (ppm): 166.8, 163.1, 160.7, 142.5, 136.7, 136.1, 136.0, 

129.8, 128.7, 128.1, 127.6, 123.8, 115.8, 115.6, 96.8, 47.8, 46.6, 40.9, 39.9, 14.2 

HRMS (ESI): m/z calculated for C21H20FNO3Na
+
: 376.1325, found: 376.1325. 

 

 

(2S,3R,4S)-6-benzyl-2-hydroxy-3-methyl-4-(4-nitrophenyl)-3,4,5,6-tetrahydropyrano[2,3-c] 

pyrrol-7(2H)-one 4e  

 

Prepared according to the general procedure using n-propanal (17.4 mg, 0.3 mmol, 1.5 equiv) 

and 1-benzyl-4-(4-nitrobenzylidene)-pyrrolidine-2,3-dione 2e (64.4 mg, 0.2 mmol, 1.0 equiv). 

Purification of the crude product via column chromatography delivered 4e as a white solid 

with 98% yield. The diastereomeric ratio was determined to be >95:5 by crude 
1
H-NMR 

analysis, and the enantiomeric excess of the major product was determined to be >99% by 

chiral HPLC analysis on Chiralpak AD-H column (25% 2-propanol/n-hexane, 1 mL/min), UV 

220 nm, tmajor = 9.68 min, tminor = 15.75 min; [α]D
20

 = +54.8 (c = 0.99 in CH2Cl2).  

NMR and HRMS data for the product 4e:  
1
H NMR (400 MHz, CDCl3): δ (ppm): 8.18 (d, J = 8.8 Hz, 2H), 7.35 – 7.26 (m, 5H), 7.18 (d, 

J = 8.0 Hz, 2H), 6.74 (br s, 1H), 5.76 (br s, 1H),  4.67 (d, J = 14.8 Hz, 1H), 4.48 (d, J = 14.8 

Hz, 1H), 3.69 (d, J = 10.8 Hz, 1H), 3.49 (d, J = 18.4 Hz, 1H), 3.34 (d, J = 18.4 Hz, 1H), 2.18 

– 2.11 (m, 1H), 0.98 (d, J = 6.8 Hz, 3H).  
13

C NMR (100 MHz, CDCl3): δ (ppm): 166.6, 148.4, 147.3, 143.1, 136.4, 129.3, 128.8, 

128.1, 127.8, 124.1, 122.1, 96.6, 47.7, 46.6, 41.7, 39.9, 14.2 

HRMS (ESI): m/z calculated for C21H20N2O5Na
+
: 403.1270, found: 403.1269. 
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(2S,3R,4S)-6-benzyl-4-(3-bromophenyl)-2-hydroxy-3-methyl-3,4,5,6-tetrahydropyrano[2,3-c] 

pyrrol-7(2H)-one 4f  

 

Prepared according to the general procedure using n-propanal (17.4 mg, 0.3 mmol, 1.5 equiv) 

and 1-benzyl-4-(3-bromobenzylidene)-pyrrolidine-2,3-dione 2f (71.2 mg, 0.2 mmol, 1.0 

equiv). Purification of the crude product via column chromatography delivered 4f as a white 

solid with 94% yield. The diastereomeric ratio was determined to be 90:10 by crude 
1
H-NMR 

analysis, and the diastereoisomers cannot be separated by simple column chromatography; in 

order to get clean NMR and HPLC spectrum, 4f was transformed to its analogue 4f’[3]
, thus 

the enantiomeric excess of 4f’was determined to be >99% by chiral HPLC analysis on 

Chiralpak AD-H column (10% 2-propanol/n-hexane, 1 mL/min), UV 220 nm, tmajor = 36.58 

min, tminor = 39.84 min; [α]D
20

 = +110.5 (c = 1.76 in CH2Cl2, data for 4f`).  

NMR and HRMS data for the product 4f’:  
1
H NMR (400 MHz, CDCl3): δ (ppm): 7.44 – 7.41 (m, 1H), 7.33 – 7.26 (m, 4H), 7.21 – 7.18 

(m, 3H), 7.07 – 7.05 (m, 1H), 6.20 (d, J = 2.4 Hz, 1H), 4.75 (d, J = 14.8 Hz, 1H), 4.43 (d, J = 

14.8 Hz, 1H), 3.56 – 3.47 (m, 2H), 3.36 (d, J = 18.4 Hz, 1H), 2.44 – 2.36 (m, 1H), 0.95 (d, J = 

6.8 Hz, 3H).  
13

C NMR (100 MHz, CDCl3): δ (ppm): 164.1, 141.9, 141.1, 136.5, 131.0, 130.6, 128.7, 

127.9, 127.7, 125.1, 123.1, 94.1, 47.2, 46.5, 41.8, 41.7, 14.7 

HRMS (ESI): m/z calculated for C21H19BrClNO2Na
+
: 454.0185, found: 454.0186. 

 

(2S,3R,4S)-6-benzyl-4-(3-chlorophenyl)-2-hydroxy-3-methyl-3,4,5,6-tetrahydropyrano[2,3-c] 

pyrrol-7(2H)-one 4g  

 

Prepared according to the general procedure using n-propanal (17.4 mg, 0.3 mmol, 1.5 equiv) 

and 1-benzyl-4-(3-chlorobenzylidene)-pyrrolidine-2,3-dione 2g (62.2 mg, 0.2 mmol, 1.0 

equiv). Purification of the crude product via column chromatography delivered 4g as a white 

solid with 95% yield. The diastereomeric ratio was determined to be 91:9 by crude 
1
H-NMR 

analysis, and the enantiomeric excess of the major product was determined to be >99% by 

chiral HPLC analysis on Chiralpak AD-H column (25% 2-propanol/n-hexane, 1 mL/min), UV 

220 nm, tmajor = 6.16 min, tminor = 12.18 min; [α]D
20

 = +57.1 (c = 1.38 in CH2Cl2).  
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NMR and HRMS data for the product 4g:  
1
H NMR (400 MHz, CDCl3): δ (ppm): 7.32 – 7.23 (m, 5H), 7.20 – 7.17 (m, 2H), 7.13 – 7.12 

(m, 1H), 7.04 – 7.01 (m, 1H), 5.90 (br s, 1H), 5.70 (br s, 1H), 4.74 (d, J = 14.8 Hz, 1H), 4.42 

(d, J = 14.8 Hz, 1H), 3.50 – 3.46 (m, 2H), 3.36 (d, J = 18.4 Hz, 1H), 2.14 – 2.06 (m, 1H), 0.97 

(d, J = 6.8 Hz, 3H).  
13

C NMR (100 MHz, CDCl3): δ (ppm): 166.6, 142.7, 142.6, 136.7, 134.7, 130.1, 128.7, 

128.1, 128.0, 127.9, 127.7, 127.5, 123.2, 96.7, 47.7, 46.5, 41.4, 39.7, 14.2 

HRMS (ESI): m/z calculated for C21H20ClNO3Na
+
: 392.1029, found: 392.1023. 

 

 
(2S,3R,4S)-6-benzyl-2-hydroxy-3-methyl-4-(p-tolyl)-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-

7(2H)-one 4h  

 

Prepared according to the general procedure using n-propanal (17.4 mg, 0.3 mmol, 1.5 equiv) 

and 1-benzyl-4-(4-methylbenzylidene)-pyrrolidine-2,3-dione 2h (58.2 mg, 0.2 mmol, 1.0 

equiv). Purification of the crude product via column chromatography delivered 4h as a white 

solid with 96% yield. The diastereomeric ratio was determined to be 90:10 by crude 
1
H-NMR 

analysis, and the enantiomeric excess of the major product was determined to be >99% by 

chiral HPLC analysis on Chiralpak AD-H column (25% 2-propanol/n-hexane, 1 mL/min), UV 

220 nm, tmajor = 5.87 min, tminor = 9.94 min; [α]D
20

 = +52.5 (c = 1.71 in CH2Cl2).  

NMR and HRMS data for the product 4h:  
1
H NMR (400 MHz, CDCl3): δ (ppm): 7.51 – 7.44 (m, 3H), 7.39 – 7.37 (m, 2H), 7.31 (d, J = 

8.0 Hz, 2H), 7.22 (d, J = 8.0 Hz, 2H), 5.92 (br s, 1H), 4.90 (d, J = 14.8 Hz, 1H), 4.64 (d, J = 

14.8 Hz, 1H), 3.70 – 3.65 (m, 2H), 3.60 (d, J = 18.4 Hz, 1H), 2.53 (s, 3H), 2.33 – 2.28 (m, 

1H), 1.16 (d, J = 6.8 Hz, 3H).  
13

C NMR (100 MHz, CDCl3): δ (ppm): 166.9, 142.3, 137.4, 136.8, 136.7, 129.4, 128.6, 

128.3, 128.0, 127.5, 124.5, 96.9, 48.0, 46.5, 41.1, 39.8, 21.0, 14.2 

HRMS (ESI): m/z calculated for C22H23NO3Na
+
: 372.1576, found: 372.1575. 
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(2S,3R,4S)-6-benzyl-2-hydroxy-4-(4-methoxyphenyl)-3-methyl-3,4,5,6-tetrahydropyrano[2,3-c] 

pyrrol-7(2H)-one 4i  

 

Prepared according to the general procedure using n-propanal (17.4 mg, 0.3 mmol, 1.5 equiv) 

and 1-benzyl-4-(4-methoxybenzylidene)-pyrrolidine-2,3-dione 2i (61.4 mg, 0.2 mmol, 1.0 

equiv). Purification of the crude product via column chromatography delivered 4i as a white 

solid with 99% yield. The diastereomeric ratio was determined to be 92:8 by crude 
1
H-NMR 

analysis, and the enantiomeric excess of the major product was determined to be >99% by 

chiral HPLC analysis on Chiralpak AD-H column (25% 2-propanol/n-hexane, 1 mL/min), UV 

220 nm, tmajor = 7.14 min, tminor = 14.98 min; [α]D
20

 = +58.2 (c = 1.66 in CH2Cl2).  

NMR and HRMS data for the product 4i:  
1
H NMR (400 MHz, CDCl3): δ (ppm): 7.51 – 7.45 (m, 3H), 7.39 – 7.37 (m, 2H), 7.25 (d, J = 

8.4 Hz, 2H), 7.04 (d, J = 8.4 Hz, 2H), 5.91 (br s, 1H), 4.90 (d, J = 14.8 Hz, 1H), 4.64 (d, J = 

14.8 Hz, 1H), 3.99 (s, 3H), 3.71 – 3.57 (m, 3H), 2.30 – 2.25 (m, 1H), 1.16 (d, J = 6.8 Hz, 3H).  
13

C NMR (100 MHz, CDCl3): δ (ppm): 166.9, 158.6, 142.3, 136.8, 132.3, 129.3, 128.6, 

128.0, 127.5, 124.6, 114.1, 96.9, 55.2, 47.9, 46.5, 40.7, 39.8, 14.2 

HRMS (ESI): m/z calculated for C22H23NO4Na
+
: 388.1525, found: 388.1518. 

 

 

(2S,3R,4S)-6-benzyl-2-hydroxy-3-methyl-4-(m-tolyl)-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-

7(2H)-one 4h  

 

Prepared according to the general procedure using n-propanal (17.4 mg, 0.3 mmol, 1.5 equiv) 

and 1-benzyl-4-(3-methylbenzylidene)-pyrrolidine-2,3-dione 2j (58.2 mg, 0.2 mmol, 1.0 

equiv). Purification of the crude product via column chromatography delivered 4j as a white 

solid with 86% yield. The diastereomeric ratio was determined to be 91:9 by crude 
1
H-NMR 

analysis, and the enantiomeric excess of the major product was determined to be >99% by 

chiral HPLC analysis on Chiralpak AD-H column (25% 2-propanol/n-hexane, 1 mL/min), UV 

220 nm, tmajor = 5.52 min, tminor = 9.56 min; [α]D
20

 = +50.8 (c = 1.18 in CH2Cl2).  

NMR and HRMS data for the product 4j:  
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1
H NMR (400 MHz, CDCl3): δ (ppm): 7.30 – 7.24 (m, 3H), 7.20 – 7.16 (m, 3H), 7.05 (d, J = 

7.6 Hz, 1H), 6.93 – 6.91 (m, 2H), 5.70 (br s, 1H), 4.71 (d, J = 14.8 Hz, 1H), 4.43 (d, J = 14.8 

Hz, 1H), 3.50 – 3.36 (m, 3H), 2.31 (s, 3H), 2.15 – 2.08 (m, 1H), 0.96 (d, J = 6.8 Hz, 3H).  
13

C NMR (100 MHz, CDCl3): δ (ppm): 166.9, 142.3, 137.4, 136.8, 136.7, 129.4, 128.6, 

128.3, 128.0, 127.5, 124.5, 96.9, 48.0, 46.5, 41.1, 39.8, 21.0, 14.2 

HRMS (ESI): m/z calculated for C22H23NO3Na
+
: 372.1576, found: 372.1575. 

 
(2S,3R,4S)-6-benzyl-2-hydroxy-4-(2-methoxyphenyl)-3-methyl-3,4,5,6-tetrahydropyrano[2,3-c] 

pyrrol-7(2H)-one 4k 

 

Prepared according to the general procedure using n-propanal (17.4 mg, 0.3 mmol, 1.5 equiv) 

and 1-benzyl-4-(2-methoxybenzylidene)-pyrrolidine-2,3-dione 2k (61.4 mg, 0.2 mmol, 1.0 

equiv). Purification of the crude product via column chromatography delivered 4k as a white 

solid with 94% yield. The diastereomeric ratio was determined to be 90:10 by crude 
1
H-NMR 

analysis, and the enantiomeric excess of the major product was determined to be 96% by 

chiral HPLC analysis on Chiralpak AD-H column (25% 2-propanol/n-hexane, 1 mL/min), UV 

220 nm, tmajor = 8.00 min, tminor = 17.83 min; [α]D
20

 = +29.3 (c = 1.66 in CH2Cl2).  

NMR and HRMS data for the product 4k:  
1
H NMR (400 MHz, CDCl3): δ (ppm): 7.51 – 7.43 (m, 4H), 7.39 – 7.37 (m, 2H), 7.25 (d, J = 

7.6 Hz, 1H), 7.09 (t, J = 7.6 Hz, 1H), 7.04 (d, J = 8.0 Hz, 1H), 5.87 (br s, 1H), 4.78 (q, J = 

15.2 Hz, 2H), 4.19 (d, J = 10.4 Hz, 1H), 3.91 (s, 3H), 3.70 (d, J = 18.4 Hz, 1H), 3.56 (d, J = 

18.4 Hz, 1H), 2.48 – 2.44 (m, 1H), 1.15 (d, J = 6.8 Hz, 3H).  
13

C NMR (100 MHz, CDCl3): δ (ppm): 166.9, 157.8, 141.8, 137.0, 130.0, 128.6, 128.3, 

128.1, 127.9, 127.4, 125.0, 120.7, 110.7, 96.9, 60.4, 55.2, 48.0, 46.4, 14.1 

HRMS (ESI): m/z calculated for C22H23NO4Na
+
: 388.1525, found: 388.1528. 

 

(2S,3R,4S)-6-benzyl-4-(3,4-dimethoxyphenyl)-2-hydroxy-3-methyl-3,4,5,6-tetrahydropyrano[2,3-

c]pyrrol-7(2H)-one 4l  
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Prepared according to the general procedure using n-propanal (17.4 mg, 0.3 mmol, 1.5 equiv) 

and 1-benzyl-4-(3,4-dimethoxybenzylidene)pyrrolidine-2,3-dione 2l (67.4 mg, 0.2 mmol, 1.0 

equiv). Purification of the crude product via column chromatography delivered 4l as a white 

solid with 81% yield. The diastereomeric ratio was determined to be 89:11 by crude 
1
H-NMR 

analysis, and the enantiomeric excess of the major product was determined to be >99% by 

chiral HPLC analysis on Chiralpak AD-H column (25% 2-propanol/n-hexane, 1 mL/min), UV 

220 nm, tmajor = 7.89 min, tminor = 16.68 min; [α]D
20

 = 46.3 (c = 1.26 in CH2Cl2).  

NMR and HRMS data for the product 4l:  
1
H NMR (400 MHz, CDCl3): δ (ppm): 7.30 – 7.22 (m, 3H), 7.19 – 7.17 (m, 2H), 6.79 (d, J = 

8.0 Hz, 1H), 6.70 (dd, J = 8.4 Hz, J = 2.4 Hz, 1H), 6.57 (d, J = 2.4 Hz, 1H), 6.41 (br s, 1H), 

5.73 (br s, 1H), 4.58 (q, J = 15.2 Hz, 2H), 3.86 (s, 3H), 3.79 (s, 3H), 3.52 – 3.38 (m, 3H), 2.12 

– 2.04 (m, 1H), 0.98 (d, J = 6.8 Hz, 3H).  
13

C NMR (100 MHz, CDCl3): δ (ppm): 166.9, 158.6, 142.3, 136.8, 132.3, 129.3, 128.6, 

128.0, 127.5, 124.6, 114.1, 96.9, 55.2, 47.9, 46.5, 40.7, 39.8, 14.2 

HRMS (ESI): m/z calculated for C22H23NO4Na
+
: 388.1525, found: 388.1518. 

 
(2S,3R,4S)-6-benzyl-2-hydroxy-4-(3-hydroxy-4-methoxyphenyl)-3-methyl-3,4,5,6-tetrahydro 

pyrano[2,3-c]pyrrol-7(2H)-one 4m  

 

Prepared according to the general procedure using n-propanal (17.4 mg, 0.3 mmol, 1.5 equiv) 

and 1-benzyl-4-(3-hydroxy-4-methoxybenzylidene)-pyrrolidine-2,3-dione 2m (64.6 mg, 0.2 

mmol, 1.0 equiv). Purification of the crude product via column chromatography delivered 4m 

as a white solid with 96% yield. The diastereomeric ratio was determined to be 88:12 by 

crude 
1
H-NMR analysis, and the enantiomeric excess of the major product was determined to 

be >99% by chiral HPLC analysis on Chiralpak AD-H column (25% 2-propanol/n-hexane, 1 

mL/min), UV 220 nm, tmajor = 10.18 min, tminor = 29.14 min; [α]D
20

 = +154.6 (c = 0.58 in 

CH2Cl2).  

NMR and HRMS data for the product 4m:  
1
H NMR (400 MHz, CDCl3): δ (ppm): 7.22 – 7.15 (m, 3H), 7.11 – 7.08 (m, 2H), 6.69 (d, J = 

8.4 Hz, 1H), 6.63 (d, J = 2.0 Hz, 1H), 6.54 (dd, J = 8.4 Hz, J = 2.0 Hz, 1H), 5.63 (br s, 1H), 

4.65 (d, J = 14.8 Hz, 1H), 4.32 (d, J = 14.8 Hz, 1H), 3.78 (s, 3H), 3.42 – 3.30 (m, 3H), 2.02 – 

1.99 (m, 1H), 0.88 (d, J = 6.8 Hz, 3H).  
13

C NMR (100 MHz, CDCl3): δ (ppm): 166.8, 145.8, 145.6, 142.2, 136.8, 133.5, 128.7, 

128.1, 128.0, 127.5, 124.5, 114.3, 110.7, 96.9, 55.9, 47.9, 46.5, 40.9, 39.6, 14.2 

HRMS (ESI): m/z calculated for C22H23NO5Na
+
: 404.1474, found: 404.1474. 
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(2S,3R,4S)-6-benzyl-2-hydroxy-3-methyl-4-(naphthalen-2-yl)-3,4,5,6-tetrahydropyrano[2,3-c] 

pyrrol-7(2H)-one 4n  

 

Prepared according to the general procedure using n-propanal (17.4 mg, 0.3 mmol, 1.5 equiv) 

and 1-benzyl-4-(naphthalen-2-ylmethylene)-pyrrolidine-2,3-dione 2n (77.0 mg, 0.2 mmol, 1.0 

equiv). Purification of the crude product via column chromatography delivered 4n as a white 

solid with 95% yield. The diastereomeric ratio was determined to be 92:8 by crude 
1
H-NMR 

analysis, and the enantiomeric excess of the major product was determined to be 99% by 

chiral HPLC analysis on Chiralpak AD-H column (25% 2-propanol/n-hexane, 1 mL/min), UV 

220 nm, tmajor = 6.92 min, tminor = 13.88 min; [α]D
20

 = +65.4 (c = 1.72 in CH2Cl2).  

NMR and HRMS data for the product 4n:  
1
H NMR (400 MHz, CDCl3): δ (ppm): 8.01 – 7.94 (m, 3H), 7.81 (br s, 1H), 7.69 – 7.62 (m, 

2H), 7.47 – 7.40 (m, 4H), 7.35 – 7.33 (m, 2H), 5.98 (br s, 1H), 4.89 (d, J = 14.8 Hz, 1H), 4.59 

(d, J = 14.8 Hz, 1H), 3.89 (d, J = 10.8 Hz, 1H), 3.67 (d, J = 18.4 Hz, 1H), 3.55 (d, J = 18.4 Hz, 

1H), 2.47 – 2.42 (m, 1H), 1.19 (d, J = 6.8 Hz, 3H).  
13

C NMR (100 MHz, CDCl3): δ (ppm): 167.0, 142.5, 137.9, 136.6, 133.4, 132.6, 129.9, 

128.6, 128.5, 128.1, 127.9, 127.6, 127.5, 127.4, 126.3, 125.8, 124.1, 96.9, 48.0, 46.5, 41.8, 

39.6, 14.3 

HRMS (ESI): m/z calculated for C25H23NO3Na
+
: 408.1576, found: 408.1574. 

 
(2S,3R,4R)-6-benzyl-2-hydroxy-3-methyl-4-(thiophen-2-yl)-3,4,5,6-tetrahydropyrano[2,3-c] 

pyrrol-7(2H)-one 4o  

 

Prepared according to the general procedure using n-propanal (17.4 mg, 0.3 mmol, 1.5 equiv) 

and 1-benzyl-4-(thiophen-2-ylmethylene)-pyrrolidine-2,3-dione 2o (56.6 mg, 0.2 mmol, 1.0 

equiv). Purification of the crude product via column chromatography delivered 4o as a white 

solid with 87% yield. The diastereomeric ratio was determined to be 85:15 by crude 
1
H-NMR 

analysis, and the enantiomeric excess of the major product was determined to be 99% by 

chiral HPLC analysis on Chiralpak AD-H column (30% 2-propanol/n-hexane, 1 mL/min), UV 

220 nm, tmajor = 9.22 min, tminor = 18.70 min; [α]D
20

 = +55.8 (c = 0.53 in CH2Cl2).  
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NMR and HRMS data for the product 4o:  
1
H NMR (400 MHz, CDCl3): δ (ppm): 7.24 – 7.17 (m, 3H), 7.13 – 7.10 (m, 3H), 6.87 – 6.84 

(m, 1H), 6.80 – 6.79 (m, 1H), 6.34 (br s, 1H), 5.64 (br s, 1H), 4.63 (d, J = 14.8 Hz, 1H), 4.38 

(d, J = 14.8 Hz, 1H), 3.81 (d, J = 10.8 Hz, 1H), 3.51 – 3.40 (m, 2H), 2.13 – 2.04 (m, 1H), 0.97 

(d, J = 6.8 Hz, 3H).  
13

C NMR (100 MHz, CDCl3): δ (ppm): 166.8, 143.6, 141.8, 136.7, 128.7, 128.0, 127.6, 

126.7, 126.0, 124.4, 123.6, 96.8, 47.9, 46.5, 40.6, 36.9, 14.3 

HRMS (ESI): m/z calculated for C19H19NO3SNa
+
: 364.0983, found: 364.0984. 

 

 
(2S,3R,4R)-6-benzyl-2-hydroxy-3-methyl-4-((E)-styryl)-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-

7(2H)-one 4p  

 

Prepared according to the general procedure using n-propanal (17.4 mg, 0.3 mmol, 1.5 equiv) 

and 1-benzyl-4-((E)-3-phenylallylidene)-pyrrolidine-2,3-dione 2p (60.6 mg, 0.2 mmol, 1.0 

equiv). Purification of the crude product via column chromatography delivered 4p as a white 

solid with 98% yield. The diastereomeric ratio was determined to be 85:15 by crude 
1
H-NMR 

analysis, and the diastereoisomers cannot be separated by simple column chromatography; in 

order to get clean NMR and HPLC spectrum, 4p was transformed to its analogue 4p’
[3]

, thus 

the enantiomeric excess of 4p’ was determined to be >99% by chiral HPLC analysis on 

Chiralpak AD-H column (25% 2-propanol/n-hexane, 1 mL/min), UV 254 nm, tmajor = 9.08 

min, tminor = 10.79 min; [α]D
20

 = +216.2 (c = 0.32 in CH2Cl2, data for 4p’).  

NMR and HRMS data for the product 4p’:  
1
H NMR (400 MHz, CDCl3): δ (ppm): 7.35 – 7.27 (m, 7H), 7.25 – 7.23 (m, 2H), 6.58 (d, J = 

15.4 Hz, 1H), 6.19 (d, J = 2.4 Hz, 1H), 5.85 (dd, J = 15.4 Hz, J = 9.6 Hz, 1H), 4.61 (q, J = 

14.8 Hz, 2H), 3.67 – 3.66 (m, 2H), 3.16 (d, J = 10.4 Hz, 1H), 2.26 – 2.18 (m, 1H), 1.11 (d, J = 

6.8 Hz, 3H).  
13

C NMR (100 MHz, CDCl3): δ (ppm): 164.4, 141.1, 136.8, 136.0, 135.1, 128.8, 128.7, 

128.2, 128.1, 127.7, 126.6, 126.3, 125.4, 94.2, 47.7, 46.6, 39.8, 29.7, 15.0 

HRMS (ESI): m/z calculated for C23H22ClNO2Na
+
: 402.1237, found: 402.1240. 
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(2S,3R,4S)-2-hydroxy-6-(4-methoxybenzyl)-3-methyl-4-phenyl-3,4,5,6-tetrahydropyrano[2,3-c] 

pyrrol-7(2H)-one 4q  

 

Prepared according to the general procedure using n-propanal (17.4 mg, 0.3 mmol, 1.5 equiv) 

and 4-benzylidene-1-(4-methoxybenzyl)-pyrrolidine-2,3-dione 2q (61.4 mg, 0.2 mmol, 1.0 

equiv). Purification of the crude product via column chromatography delivered 4q as a white 

solid with 85% yield. The diastereomeric ratio was determined to be 90:10 by crude 
1
H-NMR 

analysis, and the enantiomeric excess of the major product was determined to be 97% by 

chiral HPLC analysis on Chiralpak AD-H column (30% 2-propanol/n-hexane, 1 mL/min), UV 

220 nm, tmajor = 6.24 min, tminor = 11.75 min; [α]D
20

 = +71.0 (c = 2.32 in CH2Cl2).  

NMR and HRMS data for the product 4q:  
1
H NMR (400 MHz, CDCl3): δ (ppm): 7.24 – 7.20 (m, 2H), 7.18 – 7.14 (m, 1H), 7.06 – 7.00 

(m, 4H), 6.74 – 6.70 (m, 2H), 5.66 (br s, 1H), 4.55 (d, J = 14.8 Hz, 1H), 4.28 (d, J = 14.8 Hz, 

1H), 3.68 (s, 3H), 3.44 (d, J = 10.8 Hz, 1H), 3.40 – 3.25 (m, 2H), 2.07 – 1.99 (m, 1H), 0.88 (d, 

J = 6.8 Hz, 3H).  
13

C NMR (100 MHz, CDCl3): δ (ppm): 166.9, 159.0, 142.4, 140.5, 129.4, 128.8, 128.6, 

128.4, 127.0, 124.0, 114.0, 96.8, 55.2, 47.8, 45.9, 41.5, 39.8, 14.2 

HRMS (ESI): m/z calculated for C22H23NO4Na
+
: 388.1525, found: 388.1528. 

 

(2S,3R,4S)-6-benzyl-3-ethyl-2-hydroxy-4-phenyl-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7(2H)-

one 4r  

 

Prepared according to the general procedure using n-butyraldehyde (21.6 mg, 0.3 mmol, 1.5 

equiv) and 1-benzyl-4-benzylidenepyrrolidine-2,3-dione 2a (55.4 mg, 0.2 mmol, 1.0 equiv). 

Purification of the crude product via column chromatography delivered 4r as a white solid 

with 88% yield. The diastereomeric ratio was determined to be >95:5 by crude 
1
H-NMR 

analysis, and the enantiomeric excess of the major product was determined to be 98% by 

chiral HPLC analysis on Chiralpak AD-H column (20% 2-propanol/n-hexane, 1 mL/min), UV 

220 nm, tmajor = 5.78 min, tminor = 10.08 min; [α]D
20

 = +79.8 (c = 0.94 in CH2Cl2).  

NMR and HRMS data for the product 4r:  
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1
H NMR (400 MHz, CDCl3): δ (ppm): 7.32 – 7.28 (m, 3H), 7.25 – 7.21 (m, 3H), 7.18 – 7.12 

(m, 4H), 6.05 (br s, 1H), 5.88 (br s, 1H), 4.72 (d, J = 14.8 Hz, 1H), 4.40 (d, J = 14.8 Hz, 1H), 

3.54 (d, J = 10.8 Hz, 1H), 3.49 – 3.31 (m, 2H), 1.97 – 1.90 (m, 1H), 1.57 – 1.47 (m, 2H), 0.87 

(t, J = 7.2 Hz, 3H).  
13

C NMR (100 MHz, CDCl3): δ (ppm): 166.8, 142.3, 140.7, 136.8, 128.7, 128.6, 128.1, 

128.0, 127.6, 127.1, 124.4, 94.7, 47.9, 46.5, 46.0, 40.9, 21.6, 11.7 

HRMS (ESI): m/z calculated for C22H23NO3Na
+
: 372.1576, found: 372.1578. 

 

(2S,3R,4S)-6-benzyl-2-hydroxy-4-phenyl-3-propyl-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7(2H)-

one 4s  

 

Prepared according to the general procedure using n-pentanal (25.8 mg, 0.3 mmol, 1.5 equiv) 

and 1-benzyl-4-benzylidenepyrrolidine-2,3-dione 2a (55.4 mg, 0.2 mmol, 1.0 equiv). 

Purification of the crude product via column chromatography delivered 4s as a white solid 

with 92% yield. The diastereomeric ratio was determined to be 94:6 by crude 
1
H-NMR 

analysis, and the enantiomeric excess of the major product was determined to be 96% by 

chiral HPLC analysis on Chiralpak AD-H column (25% 2-propanol/n-hexane, 1 mL/min), UV 

220 nm, tmajor = 5.23 min, tminor = 8.47 min; [α]D
20

 = +60.8 (c = 1.12 in CH2Cl2).  

NMR and HRMS data for the product 4s:  
1
H NMR (400 MHz, CDCl3): δ (ppm): 7.33 – 7.21 (m, 6H), 7.18 – 7.12 (m, 4H), 6.60 (br s, 

1H), 5.88 (br s, 1H), 4.71 (d, J = 14.8 Hz, 1H), 4.40 (d, J = 14.8 Hz, 1H), 3.55 (d, J = 10.8 Hz, 

1H), 3.46 (d, J = 18.4 Hz, 1H), 3.32 (d, J = 18.4 Hz, 1H), 2.07 – 2.00 (m, 1H), 1.60 – 1.51 (m, 

1H), 1.48 – 1.38 (m, 1H), 1.21 – 1.10 (m, 1H), 0.92 – 0.83 (m, 1H), 0.77 (t, J = 7.2 Hz, 3H).  
13

C NMR (100 MHz, CDCl3): δ (ppm): 167.0, 142.2, 140.7, 136.7, 128.7, 128.6, 128.0, 

127.9, 127.5, 127.1, 124.5, 94.9, 48.0, 46.5, 44.1, 40.9, 30.8, 20.1, 14.1 

HRMS (ESI): m/z calculated for C23H25NO3Na
+
: 386.1732, found: 386.1736. 

 
(2S,3R,4S)-6-benzyl-3-butyl-2-hydroxy-4-phenyl-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7(2H)-

one 4t  
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Prepared according to the general procedure using n-hexanal (30.0 mg, 0.3 mmol, 1.5 equiv) 

and 1-benzyl-4-benzylidenepyrrolidine-2,3-dione 2a (55.4 mg, 0.2 mmol, 1.0 equiv). 

Purification of the crude product via column chromatography delivered 4t as a white solid 

with 82% yield. The diastereomeric ratio was determined to be 93:7 by crude 
1
H-NMR 

analysis, and the enantiomeric excess of the major product was determined to be 97% by 

chiral HPLC analysis on Chiralpak AD-H column (25% 2-propanol/n-hexane, 1 mL/min), UV 

220 nm, tmajor = 5.08 min, tminor = 7.40 min; [α]D
20

 = +58.2 (c = 1.21 in CH2Cl2).  

NMR and HRMS data for the product 4t:  
1
H NMR (400 MHz, CDCl3): δ (ppm): 7.32 – 7.27 (m, 4H), 7.24 – 7.21 (m, 2H), 7.18 – 7.16 

(m, 2H),  7.14 – 7.12 (m, 2H), 5.83 (br s, 1H), 4.72 (d, J = 14.8 Hz, 1H), 4.40 (d, J = 14.8 Hz, 

1H), 3.53 (d, J = 10.8 Hz, 1H), 3.46 (d, J = 18.4 Hz, 1H), 3.32 (d, J = 18.4 Hz, 1H), 2.04 – 

1.97 (m, 1H), 1.58 – 1.48 (m, 1H), 1.40 – 1.32 (m, 1H), 1.26 – 1.05 (m, 4H), 0.77 (t, J = 7.2 

Hz, 3H).  
13

C NMR (100 MHz, CDCl3): δ (ppm): 166.8, 142.2, 140.6, 136.8, 130.1, 128.7, 128.6, 

128.0, 127.6, 127.1, 124.5, 94.9, 47.9, 46.5, 44.2, 40.9, 29.1, 28.3, 22.7, 13.8 

HRMS (ESI): m/z calculated for C24H27NO3Na
+
: 400.1889, found: 400.1892. 

 

(2S,3R,4S)-6-benzyl-2-hydroxy-3-isopropyl-4-phenyl-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-

7(2H)-one 4u  

 

Prepared according to the general procedure using 3-methylbutanal (25.8 mg, 0.3 mmol, 1.5 

equiv) and 1-benzyl-4-benzylidenepyrrolidine-2,3-dione 2a (55.4 mg, 0.2 mmol, 1.0 equiv). 

Purification of the crude product via column chromatography delivered 4u as a white solid 

with 70% yield. The diastereomeric ratio was determined to be 85:15 by crude 
1
H-NMR 

analysis, and the diastereoisomers cannot be separated by simple column chromatography; in 

order to get clean NMR and HPLC spectrum, 4u was transformed to its analogue 4u’
[3]

, thus 

the enantiomeric excess of 4u’ was determined to be 97% by chiral HPLC analysis on 

Chiralpak OD-H column (30% 2-propanol/n-hexane, 1 mL/min), UV 220 nm, tminor = 8.74 

min, tmajor = 13.03 min; [α]D
20

 = +175.0 (c = 0.26 in CH2Cl2, data for 4u’).  

NMR and HRMS data for the product 4u’:  
1
H NMR (400 MHz, CDCl3): δ (ppm): 7.33 – 7.24 (m, 6H), 7.17 – 7.14 (m, 4H), 6.36 (d, J = 

2.4 Hz, 1H), 4.75 (d, J = 14.8 Hz, 1H), 4.35 (d, J = 14.8 Hz, 1H), 3.81 (d, J = 11.2 Hz, 1H), 

3.50 (d, J = 18.4 Hz, 1H), 3.19 (d, J = 18.4 Hz, 1H), 2.42 – 2.37 (m, 1H), 1.75 – 1.67 (m, 1H), 

0.95 (d, J = 7.2 Hz, 3H), 0.79 (d, J = 7.2 Hz, 3H).  
13

C NMR (100 MHz, CDCl3): δ (ppm): 164.4, 140.9, 139.7, 136.8, 129.1, 128.7, 128.1, 

127.9, 127.6, 127.5, 127.4, 91.7, 50.9, 47.4, 46.4, 39.9, 28.1, 21.1, 19.0 

HRMS (ESI): m/z calculated for C23H24ClNO2Na
+
: 404.1393, found: 404.1397. 



 S 18 
 

(2S,3R,4S)-3,6-dibenzyl-2-hydroxy-4-phenyl-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7(2H)-one 4v  

 

Prepared according to the general procedure using 3-phenylpropanal (40.2 mg, 0.3 mmol, 1.5 

equiv) and 1-benzyl-4-benzylidenepyrrolidine-2,3-dione 2a (55.4 mg, 0.2 mmol, 1.0 equiv). 

Purification of the crude product via column chromatography delivered 4v as a white solid 

with 85% yield. The diastereomeric ratio was determined to be 93:7 by crude 
1
H-NMR 

analysis, and the enantiomeric excess of the major product was determined to be 99% by 

chiral HPLC analysis on Chiralpak AD-H column (25% 2-propanol/n-hexane, 1 mL/min), UV 

220 nm, tmajor = 6.25 min, tminor = 7.78 min; [α]D
20

 = +126.8 (c = 0.48 in CH2Cl2).  

NMR and HRMS data for the product 4v:  
1
H NMR (400 MHz, CDCl3): δ (ppm): 7.35 – 7.19 (m, 8H), 7.18 – 7.16 (m, 4H), 7.14 – 7.09 

(m, 1H), 7.06 – 7.04 (m, 2H), 5.45 (br s, 1H), 4.72 (d, J = 14.8 Hz, 1H), 4.40 (d, J = 14.8 Hz, 

1H), 3.65 (d, J = 10.8 Hz, 1H), 3.48 (d, J = 18.4 Hz, 1H), 3.33 (d, J = 18.4 Hz, 1H), 2.77 – 

2.71 (m, 1H), 2.56 (dd, J = 13.6 Hz, J = 3.6 Hz, 1H), 2.29 – 2.22 (m, 1H).  
13

C NMR (100 MHz, CDCl3): δ (ppm): 167.0, 142.2, 140.7, 136.7, 128.7, 128.6, 128.0, 

127.9, 127.5, 127.1, 124.5, 94.9, 48.0, 46.5, 44.1, 40.9, 30.8, 20.1, 14.1 

HRMS (ESI): m/z calculated for C23H25NO3Na
+
: 386.1732, found: 386.1736. 

 

(2S,3R,4S)-6-benzyl-3-(2-(benzyloxy)ethyl)-2-hydroxy-4-phenyl-3,4,5,6-tetrahydropyrano[2,3-c] 

pyrrol-7(2H)-one 4w  

 

Prepared according to the general procedure using 4-(benzyloxy)butanal (40.2 mg, 0.3 mmol, 

1.5 equiv) and 1-benzyl-4-benzylidenepyrrolidine-2,3-dione 2a (55.4 mg, 0.2 mmol, 1.0 

equiv). Purification of the crude product via column chromatography delivered 4w as a white 

solid with 80% yield. The diastereomeric ratio was determined to be 94:6 by crude 
1
H-NMR 

analysis, and the enantiomeric excess of the major product was determined to be 99% by 

chiral HPLC analysis on Chiralpak AD-H column (25% 2-propanol/n-hexane, 1 mL/min), UV 

220 nm, tmajor = 7.11 min, tminor = 10.56 min; [α]D
20

 = +69.1 (c = 1.09 in CH2Cl2).  

NMR and HRMS data for the product 4w:  
1
H NMR (400 MHz, CDCl3): δ (ppm): 7.33 – 7.24 (m, 8H), 7.23 – 7.21 (m, 3H), 7.18 – 7.12 

(m, 4H), 6.37 (br s, 1H), 5.86 (br s, 1H), 4.70 (d, J = 14.8 Hz, 1H), 4.41 (d, J = 14.8 Hz, 1H), 
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4.33 (s, 2H), 3.59 (d, J = 10.8 Hz, 1H), 3.50 – 3.42 (m, 2H), 3.37 – 3.31 (m, 2H), 2.29 – 2.23 

(m, 1H), 1.91 – 1.81 (m, 1H), 1.66 – 1.58 (m, 1H).  
13

C NMR (100 MHz, CDCl3): δ (ppm): 166.8, 142.2, 140.4, 138.2, 136.7, 128.8, 128.6, 

128.4, 128.3, 128.0, 127.6, 127.5, 127.4, 127.2, 124.1, 94.9, 72.6, 68.0, 47.9, 46.5, 41.6, 40.9, 

28.7 

HRMS (ESI): m/z calculated for C29H29NO4Na
+
: 478.1994, found: 478.2000. 

 

 

4. General Procedure for the Synthesis of Chiral Bicyclic Dihydropyranes 6 by 

Directly Using Aqueous Acetaldehyde 

       

A glass tube was charged with pyrrolidine-2,3-dione 2 (0.2 mmol), amine catalyst 3a 

(0.04 mmol, 13 mg) and benzoic acid (0.04 mmol, 4.9 mg) in 2 mL THF. The 40% aqueous 

acetaldehyde 5 (0.6 mmol, 66mg) was added with a syringe, and the reaction was sealed with 

a Teflon cap and stirred at room temperature for about 16 hours. When the reaction was 

complete, the mixture was directly purified by column chromatography on silica gel eluting 

with petroleum ether/ethyl acetate (4:1 to 1:1) to afford the corresponding bicyclic 

dihydropyranes 6, which was analyzed by crude 
1
H-NMR to determine the 

diastereoselectivity of the oxo-IEDDA reaction. Since the diastereoisomers of 6 cannot be 

separated by simple column chromatography in most cases, we transform 6 to its analogue 6’ 

by using the following sequential reactions: a glass tube was charged with 6, Ac2O (5 eq.) and 

DMAP (0.1 eq.) in 1 mL pyridine, and the reaction was stirred at room temperature for about 

2 hours. When the reaction was completed, 2 mL of 20% hydrochloric acid was added to the 

reaction mixture, and the organic material was extracted with ethyl acetate, washed with brine 

and dried over anhydrous Na2SO4, then concentrated under reduced pressure to give the 

corresponding acetylated compound; such compound was dissolved in 2 mL DCM under 

argon, and TiCl4 (5 eq.) was added into the reaction mixture. The reaction was stirred at room 

temperature for about 16 hours. When the reaction was completed, 2 mL DCM and 1mL 

water was added to the reaction mixture. The organic layer was separated, dried over 

anhydrous Na2SO4 and purified by column chromatography on silica gel eluting with 

petroleum ether/ethyl acetate (6:1 to 4:1) to afford the desired pure product 6’ (>95:5 d.r.) 

which was further analyzed by 
1
H-NMR,

 13
C-HMR, HRMS, chiral HPLC analysis, etc.
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(2S,4S)-6-benzyl-2-hydroxy-4-phenyl-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7(2H)-one 6a  

 

According to the general procedure, the crude product was purified via column 

chromatography delivering 6a as a white solid with 95% yield. The diastereomeric ratio was 

determined to be 88:12 by crude 
1
H-NMR analysis. 6a was transformed to its analogue 6a’ 

(only a single diastereoisomer was obtained) with 86% yield. The enantiomeric excess of 6a’ 

was determined to be 99% by chiral HPLC analysis on Chiralpak OD-H column (30% 2-

propanol/n-hexane, 1 mL/min), UV 220 nm, tmajor = 14.96 min, tminor = 20.92 min; [α]D
20

 = 

+124.8 (c = 0.32 in CH2Cl2, data for 6a’).  

NMR and HRMS data for the product 6a’:  
1
H NMR (400 MHz, CDCl3): δ (ppm): 7.35 – 7.27 (m, 6H), 7.21 – 7.15 (m, 4H), 6.44 (t, J = 

2.4 Hz, 1H), 4.75 (d, J = 14.8 Hz, 1H), 4.44 (d, J = 14.8 Hz, 1H), 4.07 (dd, J = 11.6 Hz, J = 

6.0 Hz, 1H), 3.58 (dd, J = 18.4 Hz, J = 1.6 Hz, 1H), 3.46 (dd, J = 18.4 Hz, J = 1.6 Hz, 1H), 

2.53 – 2.47 (m, 1H), 2.40 – 2.33 (m, 1H).  
13

C NMR (100 MHz, CDCl3): δ (ppm): 164.3, 141.8, 139.6, 136.7, 129.1, 128.8, 128.0, 

127.9, 127.7, 127.6, 125.3, 88.4, 47.4, 46.5, 39.6, 34.7 

HRMS (ESI): m/z calculated for C20H18ClNO2Na
+
: 362.0924, found: 362.0927. 

 

 

(2S,4S)-2-hydroxy-6-(4-methoxybenzyl)-4-phenyl-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7(2H)-

one 6b  

 

According to the general procedure, the crude product was purified via column 

chromatography delivering 6b as a white solid with 90% yield. The diastereomeric ratio was 

determined to be 89:11 by crude 
1
H-NMR analysis. 6b was transformed to its analogue 6b’ 

(only a single diastereoisomer was obtained) with 81% yield. The enantiomeric excess of 6b’ 

was determined to be 95% by chiral HPLC analysis on Chiralpak AD-H column (20% 2-

propanol/n-hexane, 1 mL/min), UV 220 nm, tmajor = 22.87 min, tminor = 26.50 min; [α]D
20

 = 

+56.6 (c = 0.54 in CH2Cl2, data for 6b’).  

NMR and HRMS data for the product 6b’:  



 S 21 
 

1
H NMR (400 MHz, CDCl3): δ (ppm): 7.29 – 7.21 (m, 3H), 7.10 – 7.05 (m, 4H), 6.76 (d, J = 

8.4 Hz, 2H), 6.36 (t, J = 2.4 Hz, 1H), 4.63 (d, J = 14.8 Hz, 1H), 4.29 (d, J = 14.8 Hz, 1H), 

3.98 (dd, J = 11.6 Hz, J = 6.0 Hz, 1H), 3.71 (s, 3H), 3.48 (dd, J = 18.4 Hz, J = 1.6 Hz, 1H), 

3.36 (dd, J = 18.4 Hz, J = 1.6 Hz, 1H), 2.45 – 2.39 (m, 1H), 2.32 – 2.25 (m, 1H).  
13

C NMR (100 MHz, CDCl3): δ (ppm): 164.2, 159.1, 141.9, 139.7, 129.5, 129.1, 128.8, 

127.9, 127.7, 125.2, 114.1, 88.4, 55.3, 47.3, 45.9, 39.6, 34.8 

HRMS (ESI): m/z calculated for C21H20ClNO3Na
+
: 392.1029, found: 392.1030. 

 

(2S,4S)-6-benzyl-4-(4-bromophenyl)-2-hydroxy-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7(2H)-one 

6c  

 

According to the general procedure, the crude product was purified via column 

chromatography delivering 6c as a white solid with 88% yield. The diastereomeric ratio was 

determined to be 85:15 by crude 
1
H-NMR analysis. 6c was transformed to its analogue 6c’ 

(only a single diastereoisomer was obtained) with 80% yield. The enantiomeric excess of 6c’ 

was determined to be 97% by chiral HPLC analysis on Chiralpak OD-H column (30% 2-

propanol/n-hexane, 1 mL/min), UV 220 nm, tmajor = 16.79 min, tminor = 22.55 min; [α]D
20

 = 

+121.6 (c = 0.32 in CH2Cl2, data for 6c’).  

NMR and HRMS data for the product 6c’:  
1
H NMR (400 MHz, CDCl3): δ (ppm): 7.46 (d, J = 8.4 Hz, 2H), 7.34 – 7.27 (m, 3H), 7.21 – 

7.19 (m, 2H), 7.05 (d, J = 8.4 Hz, 2H), 6.43 (t, J = 2.4 Hz, 1H), 4.74 (d, J = 14.8 Hz, 1H), 

4.45 (d, J = 14.8 Hz, 1H), 4.04 (dd, J = 11.6 Hz, J = 6.0 Hz, 1H), 3.56 (dd, J = 18.4 Hz, J = 

1.6 Hz, 1H), 3.43 (dd, J = 18.4 Hz, J = 1.6 Hz, 1H), 2.51 – 2.46 (m, 1H), 2.35 – 2.28 (m, 1H).  
13

C NMR (100 MHz, CDCl3): δ (ppm): 164.1, 142.1, 138.6, 136.6, 132.3, 129.6, 128.8, 

128.1, 127.8, 124.4, 121.7, 88.2, 47.3, 46.5, 39.5, 34.3 

HRMS (ESI): m/z calculated for C20H17BrClNO2Na
+
: 440.0029, found: 440.0030. 

 

(2S,4S)-6-benzyl-4-(4-chlorophenyl)-2-hydroxy-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7(2H)-one 

6d  
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According to the general procedure, the crude product was purified via column 

chromatography delivering 6d as a white solid with 92% yield. The diastereomeric ratio was 

determined to be 85:15 by crude 
1
H-NMR analysis. 6d was transformed to its analogue 6d’ 

(only a single diastereoisomer was obtained) with 84% yield. The enantiomeric excess of 6c’ 

was determined to be 95% by chiral HPLC analysis on Chiralpak AD-H column (30% 2-

propanol/n-hexane, 1 mL/min), UV 220 nm, tmajor = 13.38 min, tminor = 14.79 min; [α]D
20

 = 

+56.8 (c = 0.94 in CH2Cl2, data for 6d’).  

NMR and HRMS data for the product 6d’:  
1
H NMR (400 MHz, CDCl3): δ (ppm): 7.34 – 7.26 (m, 5H), 7.21 – 7.19 (m, 2H), 7.12 – 7.09 

(m, 2H), 6.43 (t, J = 2.4 Hz, 1H), 4.74 (d, J = 14.8 Hz, 1H), 4.45 (d, J = 14.8 Hz, 1H), 4.06 

(dd, J = 11.6 Hz, J = 6.0 Hz, 1H), 3.57 (dd, J = 18.4 Hz, J = 1.6 Hz, 1H), 3.43 (dd, J = 18.4 

Hz, J = 1.6 Hz, 1H), 2.51 – 2.46 (m, 1H), 2.35 – 2.28 (m, 1H).  
13

C NMR (100 MHz, CDCl3): δ (ppm): 164.1, 142.0, 138.1, 136.6, 133.6, 129.3, 129.2, 

128.8, 128.1, 127.7, 124.6, 88.2, 47.3, 46.5, 39.5, 34.2 

HRMS (ESI): m/z calculated for C20H17Cl2NO2Na
+
: 396.0534, found: 396.0535. 

 
(2S,4S)-6-benzyl-4-(4-fluorophenyl)-2-hydroxy-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7(2H)-one 

6e  

 

According to the general procedure, the crude product was purified via column 

chromatography delivering 6e as a white solid with 98% yield. The diastereomeric ratio was 

determined to be 87:13 by crude 
1
H-NMR analysis. 6e was transformed to its analogue 6e’ 

(only a single diastereoisomer was obtained) with 85% yield. The enantiomeric excess of 6e’ 

was determined to be 96% by chiral HPLC analysis on Chiralpak AD-H column (30% 2-

propanol/n-hexane, 1 mL/min), UV 220 nm, tmajor = 12.89 min, tminor = 14.60 min; [α]D
20

 = 

+58.3 (c = 1.21 in CH2Cl2, data for 6e’).  

NMR and HRMS data for the product 6e’:  
1
H NMR (400 MHz, CDCl3): δ (ppm): 7.33 – 7.25 (m, 3H), 7.21 – 7.19 (m, 2H), 7.15 – 7.12 

(m, 2H), 7.05 – 6.99 (m, 2H), 6.43 (t, J = 2.4 Hz, 1H), 4.74 (d, J = 14.8 Hz, 1H), 4.45 (d, J = 

14.8 Hz, 1H), 4.07 (dd, J = 11.6 Hz, J = 6.0 Hz, 1H), 3.57 (dd, J = 18.4 Hz, J = 1.6 Hz, 1H), 

3.43 (dd, J = 18.4 Hz, J = 1.6 Hz, 1H), 2.52 – 2.46 (m, 1H), 2.36 – 2.29 (m, 1H).  
13

C NMR (100 MHz, CDCl3): δ (ppm): 164.2, 163.3, 160.9, 141.9, 136.6, 135.3, 135.2, 

129.4, 129.3, 128.8, 128.0, 127.7, 124.9, 116.2, 116.0, 88.3, 47.3, 46.5, 39.7, 34.1 

HRMS (ESI): m/z calculated for C20H17ClFNO2Na
+
: 380.0830, found: 380.0828. 
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(2S,4S)-6-benzyl-4-(3-bromophenyl)-2-hydroxy-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7(2H)-one 

6f 

 

According to the general procedure, the crude product was purified via column 

chromatography delivering 6f as a white solid with 97% yield. The diastereomeric ratio was 

determined to be 86:14 by crude 
1
H-NMR analysis. 6f was transformed to its analogue 6f’ 

(only a single diastereoisomer was obtained) with 82% yield. The enantiomeric excess of 6f’ 

was determined to be 96% by chiral HPLC analysis on Chiralpak AD-H column (30% 2-

propanol/n-hexane, 1 mL/min), UV 220 nm, tminor = 13.32 min, tmajor = 15.70 min; [α]D
20

 = 

+60.8 (c = 0.97 in CH2Cl2, data for 6f’).  

NMR and HRMS data for the product 6f’:  
1
H NMR (400 MHz, CDCl3): δ (ppm): 7.43 – 7.41 (m, 1H), 7.34 – 7.26 (m, 4H), 7.23 – 7.19 

(m, 3H), 7.11 – 7.08 (m, 1H), 6.43 (t, J = 2.4 Hz, 1H), 4.77 (d, J = 14.8 Hz, 1H), 4.45 (d, J = 

14.8 Hz, 1H), 4.04 (dd, J = 11.6 Hz, J = 6.0 Hz, 1H), 3.58 (dd, J = 18.4 Hz, J = 1.6 Hz, 1H), 

3.45 (dd, J = 18.4 Hz, J = 1.6 Hz, 1H), 2.53 – 2.47 (m, 1H), 2.37 – 2.29 (m, 1H).  
13

C NMR (100 MHz, CDCl3): δ (ppm): 164.1, 142.1, 142.0, 136.6, 131.0, 130.9, 130.7, 

128.8, 128.0, 127.7, 126.5, 124.3, 123.1, 88.1, 47.3, 46.5, 39.4, 34.5 

HRMS (ESI): m/z calculated for C20H17BrClNO2Na
+
: 440.0029, found: 440.0027. 

 

(2S,4R)-6-benzyl-4-(2-chlorophenyl)-2-hydroxy-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7(2H)-one 

6g  

 

According to the general procedure, the crude product was purified via column 

chromatography delivering 6g as a white solid with 95% yield. The diastereomeric ratio was 

determined to be 84:16 by crude 
1
H-NMR analysis. 6g was transformed to its analogue 6g’ 

(only a single diastereoisomer was obtained) with 80% yield. The enantiomeric excess of 6g’ 

was determined to be 95% by chiral HPLC analysis on Chiralpak OD-H column (30% 2-

propanol/n-hexane, 1 mL/min), UV 220 nm, tmajor = 12.99 min, tminor = 18.38 min; [α]D
20

 = 

+66.7 (c = 1.06 in CH2Cl2, data for 6g’).  

NMR and HRMS data for the product 6g’:  
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1
H NMR (400 MHz, CDCl3): δ (ppm): 7.39 – 7.37 (m, 1H), 7.34 – 7.26 (m, 3H), 7.24 – 7.19 

(m, 4H), 7.14 – 7.11 (m, 1H), 6.43 (t, J = 2.4 Hz, 1H), 4.72 (d, J = 14.8 Hz, 1H), 4.63 (br s, 

1H), 4.52 (d, J = 14.8 Hz, 1H), 3.64 (dd, J = 18.4 Hz, J = 1.6 Hz, 1H), 3.53 (dd, J = 18.4 Hz, 

J = 1.6 Hz, 1H), 2.55 – 2.50 (m, 1H), 2.36 (br s, 1H).  
13

C NMR (100 MHz, CDCl3): δ (ppm): 164.3, 142.5, 137.1, 136.7, 134.1, 130.3, 129.0, 

128.8, 128.0, 127.7, 127.6, 124.4, 88.3, 47.5, 46.5, 37.8, 29.7 

HRMS (ESI): m/z calculated for C20H17Cl2NO2Na
+
: 396.0534, found: 396.0531. 

 

(2S,4R)-6-benzyl-4-(2,4-dichlorophenyl)-2-hydroxy-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-

7(2H)-one 6h  

 

According to the general procedure, the crude product was purified via column 

chromatography delivering 6h as a white solid with 86% yield. The diastereomeric ratio was 

determined to be 82:18 by crude 
1
H-NMR analysis. 6h was transformed to its analogue 6h’ 

(only a single diastereoisomer was obtained) with 78% yield. The enantiomeric excess of 6h’ 

was determined to be 96% by chiral HPLC analysis on Chiralpak AD-H column (30% 2-

propanol/n-hexane, 1 mL/min), UV 220 nm, tmajor = 11.91 min, tminor = 17.52 min; [α]D
20

 = 

+48.7 (c = 1.22 in CH2Cl2, data for 6h’).  

NMR and HRMS data for the product 6h’:  
1
H NMR (400 MHz, CDCl3): δ (ppm): 7.40 (d, J = 2.4 Hz, 1H), 7.34 – 7.25 (m, 3H), 7.24 – 

7.20 (m, 3H), 7.06 (d, J = 8.4 Hz, 1H), 6.43 (t, J = 2.4 Hz, 1H), 4.70 (d, J = 14.8 Hz, 1H), 

4.59 (br s, 1H), 4.53 (d, J = 14.8 Hz, 1H), 3.63 (dd, J = 18.4 Hz, J = 1.6 Hz, 1H), 3.50 (dd, J = 

18.4 Hz, J = 1.6 Hz, 1H), 2.53 – 2.48 (m, 1H), 2.32 (br s, 1H).  
13

C NMR (100 MHz, CDCl3): δ (ppm): 164.0, 142.7, 136.5, 135.6, 134.7, 134.1, 130.1, 

128.8, 128.2, 128.0, 127.9, 127.8, 123.6, 88.0, 47.3, 46.5, 37.8, 29.7 

HRMS (ESI): m/z calculated for C20H16Cl3NO2Na
+
: 430.0144, found: 430.0142. 

 

 

(2S,4S)-6-benzyl-2-hydroxy-4-(p-tolyl)-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7(2H)-one 6i  
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According to the general procedure, the crude product was purified via column 

chromatography delivering 6i as a white solid with 91% yield. The diastereomeric ratio was 

determined to be 86:14 by crude 
1
H-NMR analysis. 6i was transformed to its analogue 6i’ 

(only a single diastereoisomer was obtained) with 83% yield. The enantiomeric excess of 6i’ 

was determined to be 95% by chiral HPLC analysis on Chiralpak AD-H column (25% 2-

propanol/n-hexane, 1 mL/min), UV 220 nm, tmajor = 11.76 min, tminor = 12.88 min; [α]D
20

 = 

+35.4 (c = 1.14 in CH2Cl2, data for 6i’).  

NMR and HRMS data for the product 6i’:  
1
H NMR (400 MHz, CDCl3): δ (ppm): 7.33 – 7.26 (m, 3H), 7.21 – 7.18 (m, 2H), 7.13 (d, J = 

7.8 Hz, 2H), 7.04 (d, J = 7.8 Hz, 2H), 6.43 (t, J = 2.4 Hz, 1H), 4.74 (d, J = 14.8 Hz, 1H), 4.44 

(d, J = 14.8 Hz, 1H), 4.03 (dd, J = 11.6 Hz, J = 6.0 Hz, 1H), 3.56 (dd, J = 18.4 Hz, J = 1.6 Hz, 

1H), 3.46 (dd, J = 18.4 Hz, J = 1.6 Hz, 1H), 2.50 – 2.44 (m, 1H), 2.38 – 2.31 (m, 4H).  
13

C NMR (100 MHz, CDCl3): δ (ppm): 164.3, 141.7, 137.5, 136.7, 136.5, 129.8, 128.7, 

128.0, 127.7, 127.6, 125.6, 88.5, 47.5, 46.5, 39.7, 34.3, 21.0 

HRMS (ESI): m/z calculated for C21H20ClNO2Na
+
: 376.1080, found: 376.1083. 

 
 (2S,4S)-6-benzyl-2-hydroxy-4-(4-methoxyphenyl)-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7(2H)-

one 6j  

 

According to the general procedure, the crude product was purified via column 

chromatography delivering 6j as a white solid with 95% yield. The diastereomeric ratio was 

determined to be 85:15 by crude 
1
H-NMR analysis. 6j was transformed to its analogue 6j’ 

(only a single diastereoisomer was obtained) with 84% yield. The enantiomeric excess of 6j’ 

was determined to be 95% by chiral HPLC analysis on Chiralpak AD-H column (30% 2-

propanol/n-hexane, 1 mL/min), UV 220 nm, tminor = 15.36 min, tmajor = 16.89 min; [α]D
20

 = 

+115.0 (c = 0.23 in CH2Cl2, data for 6j’).  

NMR and HRMS data for the product 6j’:  
1
H NMR (400 MHz, CDCl3): δ (ppm): 7.26 – 7.19 (m, 3H), 7.14 – 7.11 (m, 2H), 7.02 – 6.99 

(m, 2H), 6.80 – 6.76 (m, 2H), 6.36 (t, J = 2.4 Hz, 1H), 4.67 (d, J = 14.8 Hz, 1H), 4.37 (d, J = 

14.8 Hz, 1H), 3.95 (dd, J = 11.6 Hz, J = 6.0 Hz, 1H), 3.72 (s, 3H), 3.49 (dd, J = 18.4 Hz, J = 

1.6 Hz, 1H), 3.37 (dd, J = 18.4 Hz, J = 1.6 Hz, 1H), 2.43 – 2.37 (m, 1H), 2.29 – 2.22 (m, 1H).  
13

C NMR (100 MHz, CDCl3): δ (ppm): 164.4, 159.1, 141.7, 136.8, 131.5, 128.9, 128.7, 

128.1, 127.7, 125.8, 114.5, 88.6, 55.3, 47.5, 46.5, 39.7, 33.9 

HRMS (ESI): m/z calculated for C21H20ClNO3Na
+
: 392.1029, found: 392.1030. 

 



 S 26 
 

(2S,4S)-6-benzyl-2-hydroxy-4-(2-methoxyphenyl)-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7(2H)-

one 6k  

 

According to the general procedure, the crude product was purified via column 

chromatography delivering 6k as a white solid with 90% yield. The diastereomeric ratio was 

determined to be 86:14 by crude 
1
H-NMR analysis. 6k was transformed to its analogue 6k’ 

(only a single diastereoisomer was obtained) with 81% yield. The enantiomeric excess of 6k’ 

was determined to be 96% by chiral HPLC analysis on Chiralpak AD-H column (30% 2-

propanol/n-hexane, 1 mL/min), UV 220 nm, tmajor = 16.28 min, tminor = 21.60 min; [α]D
20

 = 

+78.5 (c = 0.46 in CH2Cl2, data for 6k’).  

NMR and HRMS data for the product 6k’:  
1
H NMR (400 MHz, CDCl3): δ (ppm): 7.32 – 7.25 (m, 3H), 7.24 – 7.18 (m, 3H), 7.08 (dd, J 

= 7.2 Hz, J = 1.6 Hz, 1H), 6.91 (t, J = 7.2 Hz, 1H), 6.85 (d, J = 8.4 Hz, 1H), 6.44 (t, J = 2.4 

Hz, 1H), 4.60 (dd, J = 17.2 Hz, J = 15.2 Hz, 1H), 4.42 (dd, J = 11.6 Hz, J = 6.0 Hz, 1H), 3.72 

(s, 3H), 3.59 (dd, J = 18.4 Hz, J = 1.6 Hz, 1H), 3.43 (dd, J = 18.4 Hz, J = 1.6 Hz, 1H), 2.53 – 

2.46 (m, 1H), 2.41 – 2.35 (m, 1H).  
13

C NMR (100 MHz, CDCl3): δ (ppm): 164.6, 157.3, 141.1, 137.0, 129.2, 128.8, 128.7, 

127.9, 127.6, 127.3, 126.3, 121.0, 110.9, 89.0, 55.2, 47.6, 46.4, 37.1, 29.7 

HRMS (ESI): m/z calculated for C21H20ClNO3Na
+
: 392.1029, found: 392.1030. 

 
(2S,4S)-6-benzyl-2-hydroxy-4-((E)-styryl)-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7(2H)-one 6l  

 

According to the general procedure, the crude product was purified via column 

chromatography delivering 6l as a white solid with 89% yield. The diastereomeric ratio was 

determined to be 82:18 by crude 
1
H-NMR analysis. 6l was transformed to its analogue 6l’ 

(only a single diastereoisomer was obtained) with 70% yield. The enantiomeric excess of 6l’ 

was determined to be 90% by chiral HPLC analysis on Chiralpak AD-H column (20% 2-

propanol/n-hexane, 1 mL/min), UV 220 nm, tmajor = 9.83 min, tminor = 18.29 min; [α]D
20

 = 

+138.5 (c = 0.38 in CH2Cl2, data for 6l’).  

NMR and HRMS data for the product 6l’:  
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1
H NMR (400 MHz, CDCl3): δ (ppm): 7.34 – 7.28 (m, 7H), 7.25 – 7.23 (m, 3H), 6.60 (d, J = 

15.6 Hz, 1H), 6.42 (t, J = 2.4 Hz, 1H), 5.96 (dd, J = 15.6 Hz, J = 8.8 Hz, 1H), 4.62 (q, J = 

14.8 Hz, 2H), 3.71 – 3.70 (m, 3H), 2.43 – 2.37 (m, 1H), 2.23 – 2.16 (m, 1H).  
13

C NMR (100 MHz, CDCl3): δ (ppm): 164.3, 141.0, 136.7, 136.0, 133.8, 128.8, 128.7, 

128.2, 128.1, 127.7, 127.0, 126.3, 124.8, 88.3, 47.7, 46.6, 37.1, 32.4 

HRMS (ESI): m/z calculated for C22H20ClNO2Na
+
: 388.1080, found: 388.1080. 

 
(2S,4S)-6-benzyl-2-hydroxy-4-(naphthalen-2-yl)-3,4,5,6-tetrahydropyrano[2,3-c]pyrrol-7(2H)-

one 6m  

 

According to the general procedure, the crude product was purified via column 

chromatography delivering 6m as a white solid with 83% yield. The diastereomeric ratio was 

determined to be 84:16 by crude 
1
H-NMR analysis. 6m was transformed to its analogue 6m’ 

(only a single diastereoisomer was obtained) with 82% yield. The enantiomeric excess of 6m’ 

was determined to be 96% by chiral HPLC analysis on Chiralpak AD-H column (25% 2-

propanol/n-hexane, 1 mL/min), UV 220 nm, tminor = 17.36 min, tmajor = 33.53 min; [α]D
20

 = 

+45.4 (c = 1.21 in CH2Cl2, data for 6m’).  

NMR and HRMS data for the product 6m’:  
1
H NMR (400 MHz, CDCl3): δ (ppm): 7.83 – 7.76 (m, 3H), 7.66 (br s, 1H), 7.53 – 7.46 (m, 

2H), 7.31 – 7.22 (m, 4H), 7.19 – 7.17 (m, 2H), 6.48 (t, J = 2.4 Hz, 1H), 4.75 (d, J = 14.8 Hz, 

1H), 4.42 (d, J = 14.8 Hz, 1H), 4.24 (dd, J = 11.6 Hz, J = 6.0 Hz, 1H), 3.59 (dd, J = 18.4 Hz, 

J = 1.6 Hz, 1H), 3.45 (dd, J = 18.4 Hz, J = 1.6 Hz, 1H), 2.59 – 2.45 (m, 2H).  
13

C NMR (100 MHz, CDCl3): δ (ppm): 164.3, 141.9, 136.9, 136.6, 133.4, 132.7, 129.1, 

128.7, 128.1, 127.7, 127.6, 127.5, 127.1, 126.6, 126.3, 125.3, 125.2, 88.4, 47.5, 46.5, 39.4, 

34.9 

HRMS (ESI): m/z calculated for C24H20ClNO2Na
+
: 412.1080, found: 412.1081. 

 

5.   Procedure for Synthetic Transformations of 4a 

 
A dry glass tube was charged with 4a (33.5 mg, 0.1 mmol), Ac2O (51 mg, 0.5 mmol) and 

DMAP (1.2 mg, 0.01 mmol) in 1 mL pyridine, and the reaction was stirred at room 
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temperature for 2 hours. When the reaction was completed, 2 mL of 20% hydrochloric acid 

was added to the reaction mixture, and the organic material was extracted with ethyl acetate, 

washed with brine and dried over anhydrous Na2SO4, then concentrated under reduced 

pressure to give the corresponding acetylated compound; such compound was dissolved in 2 

mL of DCM under argon, and TiCl4 (94.5 mg, 0.5 mmol) was added into the reaction mixture. 

The reaction was stirred at room temperature for 16 hours. When the reaction was completed, 

2 mL DCM and 1mL water was added to the reaction mixture. The organic layer was 

separated, dried over anhydrous Na2SO4 and purified by column chromatography on silica gel 

eluting with petroleum ether/ethyl acetate (6:1 to 4:1) to afford the desired pure product 4a’ as 

a white solid with 88% yield. The diastereomeric ratio was determined to be >95:5 by crude 
1
H-NMR analysis, and the enantiomeric excess was determined to be 99% by chiral HPLC 

analysis on Chiralpak AD-H column (30% 2-propanol/n-hexane, 1 mL/min), UV 220 nm, 

tmajor = 23.32 min, tminor = 25.87 min; [α]D
20

 = +190.2 (c = 0.67 in CH2Cl2).  

NMR and HRMS data for the product 4a’:  
1
H NMR (400 MHz, CDCl3): δ (ppm): 7.35 – 7.23 (m, 6H), 7.20 – 7.17 (m, 2H), 7.13 – 7.11 

(m, 2H), 6.21 (d, J = 2.4 Hz, 1H), 4.74 (d, J = 14.8 Hz, 1H), 4.42 (d, J = 14.8 Hz, 1H), 3.55 – 

3.49 (m, 2H), 3.37 (d, J = 18.4 Hz, 1H), 2.47 – 2.38 (m, 1H), 0.94 (d, J = 6.8 Hz, 3H).  
13

C NMR (100 MHz, CDCl3): δ (ppm): 164.4, 141.7, 138.7, 136.7, 129.0, 128.7, 128.4, 

128.0, 127.7, 127.6, 126.1, 94.4, 47.3, 46.5, 42.0, 41.9, 14.8 

HRMS (ESI): m/z calculated for C21H20ClNO2Na
+
: 376.1080, found: 376.1077. 

 

 In order to rationalize the configuration of newly formed C-Cl bond in the chloro-

compound 4a’, a proposed reaction mechanism and transition state of the above synthetic 

transformation was described. As shown in the following scheme, the Ac protected 

hydroxyl group was firstly eliminated in the presence of Lewis acid. Then, because of 

anomeric effect of the dihydropyran, the nucloephilic chloride preferred to attack the 

oxonium intermediate from the bottom face, generating a configurationally favored axial 

bond. Thus, the corresponding product 4a’ with excellent stereoselectivity was obtained.  
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A dry glass tube was charged with 4a (33.5 mg, 0.1 mmol), TsOH (86 mg, 0.5 mmol) in 1 

mL toluene, and the reaction was stirred at 90 
o
C for 2 hours. When the reaction was 

completed, the reaction mixture was directly purified by column chromatography on silica gel 

eluting with petroleum ether/ethyl acetate (6:1 to 4:1) to afford the desired pure product 7 as a 

white solid with 85% yield. The enantiomeric excess was determined to be 99% by chiral 

HPLC analysis on Chiralpak AD-H column (20% 2-propanol/n-hexane, 1 mL/min), UV 220 

nm, tmajor = 16.47 min, tminor = 35.97 min; [α]D
20

 = +10.4 (c = 1.90 in CH2Cl2).  

NMR and HRMS data for the product 7:  
1
H NMR (400 MHz, CDCl3): δ (ppm): 7.33 – 7.22 (m, 6H), 7.19 – 7.16 (m, 4H), 6.51 (s, 1H), 

4.82 (d, J = 14.8 Hz, 1H), 4.31 (d, J = 14.8 Hz, 1H), 4.08 (s, 1H), 3.53 (d, J = 18.4 Hz, 1H), 

3.34 (d, J = 18.4 Hz, 1H), 1.42 (s, 3H).  
13

C NMR (100 MHz, CDCl3): δ (ppm): 164.1, 141.4, 141.2, 136.7, 135.9, 128.8, 128.7, 

128.0, 127.9, 127.6, 127.4, 123.1, 111.7, 47.3, 46.3, 43.2, 16.2 

HRMS (ESI): m/z calculated for C21H19NO2Na
+
: 340.1313, found: 340.1316. 
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6.   Crystal Data and Structure Refinement for the Enantiopure 4b 

 

Identification code 4b 

Empirical formula C42H40Br2N2O6 

Formula weight 828.58 

Temperature/K 292.71(10) 

Crystal system monoclinic 

Space group P21 

a/Å 9.5936(4) 

b/Å 17.0134(7) 

c/Å 12.4020(5) 

α/° 90 

β/° 111.095(5) 

γ/° 90 

Volume/Å
3
 1888.61(14) 

Z 2 

ρcalcg/cm
3
 1.457 

μ/mm
-1

 3.132 

F(000) 848.0 

Crystal size/mm
3
 0.5 × 0.3 × 0.2 

Radiation CuKα (λ = 1.54184) 

2Θ range for data collection/° 9.244 to 134.144 

Index ranges -10 ≤ h ≤ 11, -20 ≤ k ≤ 20, -13 ≤ l ≤ 14 

Reflections collected 20048 

Independent reflections 6542 [Rint = 0.0568, Rsigma = 0.0594] 
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Data/restraints/parameters 6542/1/473 

Goodness-of-fit on F
2
 1.014 

Final R indexes [I>=2σ (I)] R1 = 0.0546, wR2 = 0.1360 

Final R indexes [all data] R1 = 0.0616, wR2 = 0.1437 

Largest diff. peak/hole / e Å
-3

 0.83/-0.52 

Flack parameter 0.030(15) 

 

 CCDC 1480846 (4b) contains the supplementary crystallographic data for this paper. 

These data can be obtained free of charge from the Cambridge Crystallographic Data 

Centre via www.ccdc.cam.ac.uk/data_request/cif. 

 From the crystallographic data, an intermolecular hydrogen bonding interaction was 

observed. The data of such hydrogen bonding interaction is listed as follows: 

Hydrogen bonds with  H..A < r(A) + 2.000 Angstroms  and  <DHA > 110 deg. 

Appropriate HTAB instructions appended to .res file for future use. 

 

 D-H                  d(D-H)   d(H..A)   <DHA    d(D..A)   A 

 O006-H006        0.840     2.321   144.94    3.047    O005 

 O006-H006        0.840     2.326   135.34    2.983    O007 

 O008-H008        0.840     2.052   155.10    2.836    O004 

 C00N-H00C       0.990     2.597   116.61    3.167    O006 [ -x+1, y-1/2, -z+1 ] 

 C00N-H00C       0.990     2.472   170.48    3.452    O007 [ -x+1, y-1/2, -z+1 ] 
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8.  NMR and HPLC Spectra of the Chiral Bicyclic Dihydropyranes  

 

 

 

 

 

 



 S 33 
 

 

 

 

 

 

 

 

 

 

 

 

 



 S 34 
 

 

 

 

 

 

 



 S 35 
 

 

 

 

 

 

 

 

 

 

 

 

 



 S 36 
 

 

 

 

 

 

 



 S 37 
 

 

 

 

 

 

 

 

 

 

 

 

 



 S 38 
 

 

 

 

 

 

 

 



 S 39 
 

 

 

 

 

 

 

 

 

 

 

 

 



 S 40 
 

 

 

 

 

 

 

 



 S 41 
 

 

 

 

 

 

 

 

 

 

 

 

 



 S 42 
 

 

 

 

 

 

 



 S 43 
 

 

 

 

 

 

 

 

 

 

 

 

 



 S 44 
 

 

 

 

 

 

 



 S 45 
 

 

 

 

 

 

 

 

 

 

 

 

 



 S 46 
 

 

 

 

 

 

 



 S 47 
 

 

 

 

 

 

 

 

 

 

 

 

 



 S 48 
 

 

 

 

 

 

 

 



 S 49 
 

 

 

 

 

 

 

 

 

 

 

 

 



 S 50 
 

 

 

 

 

 

 



 S 51 
 

 

 

 

 

 

 

 

 

 

 

 

 



 S 52 
 

 

 

 

 

 

 



 S 53 
 

 

 

 

 

 

 

 

 

 

 

 

 



 S 54 
 

 

 

 

 

 

 

 



 S 55 
 

 

 

 

 

 

 

 

 

 

 

 

 



 S 56 
 

 

 

 

 

 

 

 



 S 57 
 

 

 

 

 

 

 

 

 

 

 

 

 



 S 58 
 

 

 

 

 

 

 

 



 S 59 
 

 

 

 

 

 

 

 

 

 

 

 

 



 S 60 
 

 

 

 

 

 

 

 



 S 61 
 

 

 

 

 

 

 

 

 

 

 

 

 



 S 62 
 

 

 

 

 

 

 

 



 S 63 
 

 

 

 

 

 

 

 

 

 

 

 

 



 S 64 
 

 

 

 

 

 

 



 S 65 
 

 

 

 

 

 

 

 

 

 

 

 

 



 S 66 
 

 

 

 

 

 

 



 S 67 
 

 

 

 

 

 

 

 

 

 

 

 

 



 S 68 
 

 

 

 

 

 

 



 S 69 
 

 

 

 

 

 

 

 

 

 

 

 

 



 S 70 
 

 

 

 

 

 

 

 



 S 71 
 

 

 

 

 

 

 

 

 

 

 

 

 



 S 72 
 

 

 

 

 

 

 



 S 73 
 

 

 

 

 

 

 

 

 

 

 

 

 



 S 74 
 

 

 

 

 

 

 



 S 75 
 

 

 

 

 

 

 

 

 

 

 

 

 



 S 76 
 

 

 

 

 

 

 



 S 77 
 

 

 

 

 

 

 

 

 

 

 

 

 



 S 78 
 

 

 

 

 

 

 



 S 79 
 

 

 

 

 

 



 S 80 
 

 

 

 

 

 

 

 

 

 

 

 

 



 S 81 
 

 

 

 

 

 

 



 S 82 
 

 

 

 

 

 

 

 

 

 

 

 

 



 S 83 
 

 

 

 

 

 

 



 S 84 
 

 

 

 

 

 

 

 

 

 

 

 

 



 S 85 
 

 

 

 

 

 

 

 



 S 86 
 

 

 

 

 

 

 

 

 

 

 

 

 



 S 87 
 

 

 

 

 

 

 

 



 S 88 
 

 

 

 

 

 

 

 

 

 

 

 

 



 S 89 
 

 

 

 

 

 

 



 S 90 
 

 

 

 

 

 

 

 

 

 

 

 

 



 S 91 
 

 

 

 

 

 

 



 S 92 
 

 

 

 

 

 

 

 

 

 

 

 

 



 S 93 
 

 

 

 

 

 

 

 



 S 94 
 

 

 

 

 

 

 

 

 

 

 

 

 



 S 95 
 

 

 

 

 

 

 



 S 96 
 

 

 

 

 

 

 

 

 

 

 

 

 



 S 97 
 

 

 

 

 

 

 



 S 98 
 

 

 

 

 

 

 

 

 

 

 

 

 



 S 99 
 

 

 

 

 

 

 

 



 S 100 
 

 

 

 

 

 

 

 

 

 

 

 

 



 S 101 
 

 

 

 

 

 

 

 

 



 S 102 
 

 

 

 

 

 

 

 

 

 

 

 

 



 S 103 
 

 

 

 

 

 

 

 



 S 104 
 

 

 

 

 

 

 

 

 

 

 

 

 



 S 105 
 

 

 

 

 

 

 



 S 106 
 

 

 

 

 

 

 

 



 S 107 
 

 

 

 

 

 

 

 

 

 

 

 

 



 S 108 
 

 

 

 

 

 

 

 



 S 109 
 

 

 

 

 


