
S1 
 

Total Synthesis of Cardenolides Acospectoside A and Acovenoside B 
Benzhang Liu 1,2, Peng Xu 1,2,* and Biao Yu 1,2,* 

1 School of Chemistry and Materials Science, Hangzhou Institute for Advanced Study, University of Chinese Academy of Sciences, 1 Sub-lane Xiangshan, Hangzhou 310024, China  

2 State Key Laboratory of Chemical Biology, Shanghai Institute of Organic Chemistry, University of Chi-nese Academy of Sciences, Chinese Academy of Sciences, 345 Lingling Road, Shanghai 200032, China 

* Correspondence: peterxu@sioc.ac.cn (P.X.); byu@sioc.ac.cn (B.Y.) 
 

 

Table of Contents 
 

Copies of 1H NMR and 13C NMR spectra of compounds 1-28……….…….…….…….…….…….…….…….…….…….…….…….…….…….…….…….…….…….…….…….…….……….S2 

Comparison of 13C NMR data of the synthetic 1-2 with those reported for the natural products…. …….…….…….…….…….…….…….…….…….……. ….…….………….…….…….…….S60 

  



S2 
 

 
Figure S1 1H NMR spectrum of compound 7 (CDCl3, 500 MHz) 
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Figure S2 13C NMR spectrum of compound 7 (CDCl3, 125 MHz) 
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Figure S3 1H NMR spectrum of compound 8 (CDCl3, 500 MHz) 
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Figure S4 13C NMR spectrum of compound 8 (CDCl3, 125 MHz) 
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Figure S5 1H NMR spectrum of compound 9 (CDCl3, 500 MHz) 
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Figure S6 13C NMR spectrum of compound 9 (CDCl3, 125 MHz) 
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Figure S7 1H NMR spectrum of compound 5 (CDCl3, 500 MHz) 
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Figure S8 13C NMR spectrum of compound 5 (CDCl3, 125 MHz) 
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Figure S9 1H NMR spectrum of compound 10 (CDCl3, 400 MHz) 
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Figure S10 13C NMR spectrum of compound 10 (CDCl3, 100 MHz) 
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Figure S11 1H NMR spectrum of compound 11 (CDCl3, 500 MHz) 
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Figure S12 13C NMR spectrum of compound 11 (CDCl3, 125 MHz) 
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Figure S13 1H NMR spectrum of compound 12 (CDCl3, 400 MHz) 
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Figure S14 13C NMR spectrum of compound 12 (CDCl3, 100 MHz) 

010203040506070809010011012013014015016017018019000

f1 (ppm)

-100

0

100

200

300

400

500

600

700

800

900

1000

1100

1200

1300

1400

1500

1600

1700

1800

1900

2000

2100

2200

2300

2400

1
8

.8
2

0
.1

2
0

.8
2

2
.7

2
5

.8
2

9
.8

3
0

.3
3

1
.1

3
3

.5
3

5
.8

4
0

.4
4

1
.5

4
3

.0

5
0

.9

7
0

.8
7

2
.7

7
5

.7

1
1

3
.1

1
2

7
.7

1
2

7
.9

1
2

8
.6

1
3

8
.0

1
5

3
.6



S16 
 

 
Figure S15 1H NMR spectrum of compound 13 (CDCl3, 500 MHz) 

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.5

f1 (ppm)

-50

0

50

100

150

200

250

300

350

400

450

500

550

600

650

3
.0

6
3

.1
0

1
.1

1
3

.1
1

1
.0

2
3

.1
2

1
.0

4
1

.0
6

3
.1

4
0

.6
9

3
.0

9

1
.0

1

1
.0

3

1
.0

3

2
.0

8

1
.0

1

1
.0

0

0
.7

0
3

.8
8

1
.0

5
1

.1
1

1
.2

3
1

.2
4

1
.3

4
1

.3
5

1
.3

7
1

.3
8

1
.3

9
1

.4
1

1
.4

1
1

.4
2

1
.4

3
1

.4
4

1
.5

3
1

.5
6

1
.5

7
1

.6
1

1
.6

2
1

.6
2

1
.6

3
1

.6
4

1
.6

5
1

.6
5

1
.6

5
1

.6
6

1
.6

6
1

.7
8

1
.8

1
1

.9
2

1
.9

2
1

.9
4

1
.9

5
2

.2
0

2
.2

1
2

.2
2

2
.2

2
2

.2
3

2
.2

3
2

.2
4

2
.2

5
2

.2
5

2
.2

6
2

.2
6

2
.8

0
2

.8
1

2
.8

4
2

.8
5

2
.8

5
2

.9
7

2
.9

8
2

.9
8

2
.9

9
3

.7
2

3
.7

3
3

.7
4

4
.4

0
4

.4
2

4
.4

4
4

.4
6

4
.9

6
4

.9
7

4
.9

8
5

.5
1

5
.5

2
5

.5
2

5
.5

3
7

.2
5

7
.2

5
7

.2
5

7
.3

0
7

.3
0

7
.3

1
7

.3
1

7
.3

2
7

.3
2

7
.3

4



S17 
 

 
Figure S16 13C NMR spectrum of compound 13 (CDCl3, 125 MHz) 
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Figure S17 1H NMR spectrum of compound 4α (CDCl3, 600 MHz) 
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Figure S18 13C NMR spectrum of compound 4α (CDCl3, 150 MHz) 
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Figure S19 COSY spectrum of compound 4α (CDCl3, 600 MHz) 
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Figure S20 HSQC spectrum of compound 4α (CDCl3, 600 MHz) 
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Figure S21 1H NMR spectrum of compound 4β (CDCl3, 500 MHz) 
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Figure S22 13C NMR spectrum of compound 4β (CDCl3, 125 MHz) 
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Figure S23 1H NMR spectrum of compound 14 (CDCl3, 500 MHz) 
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Figure S24 13C NMR spectrum of compound 14 (CDCl3, 125 MHz) 
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Figure S25 1H NMR spectrum of compound 16 (CDCl3, 400 MHz) 
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Figure S26 13C NMR spectrum of compound 16 (CDCl3, 100 MHz) 
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Figure S27 1H NMR spectrum of compound 18 (CDCl3, 500 MHz) 
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Figure S28 13C NMR spectrum of compound 18 (CDCl3, 125 MHz) 
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Figure S29 1H NMR spectrum of compound 3 (CDCl3, 500 MHz) 
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Figure S30 13C NMR spectrum of compound 3 (CDCl3, 125 MHz) 
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Figure S31 COSY spectrum of compound 3 (CDCl3, 500 MHz) 
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Figure S32 HSQC spectrum of compound 3 (CDCl3, 500 MHz) 
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Figure S33 1H NMR spectrum of compound 20 (CDCl3, 600 MHz) 
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Figure S34 13C NMR spectrum of compound 20 (CDCl3, 150 MHz) 
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Figure S35 COSY spectrum of compound 20 (CDCl3, 600 MHz) 
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Figure S36 HSQC spectrum of compound 20 (CDCl3, 600 MHz) 
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Figure S37 1H NMR spectrum of compound 2 (CDCl3, 400 MHz) 
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Figure S38 13C NMR spectrum of compound 2 (CDCl3, 150 MHz) 
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Figure S39 COSY spectrum of compound 2 (CDCl3, 600 MHz) 
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Figure S40 HSQC spectrum of compound 2 (CDCl3, 600 MHz) 
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Figure S41 1H NMR spectrum of compound 22 (CDCl3, 500 MHz) 

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5.0

f1 (ppm)

0

100

200

300

400

500

600

700

800

900

2
.9

8

3
.0

2

0
.9

4

2
.9

9
1

.0
2

1
.0

1

1
.0

2

0
.9

5
1

.0
0

1
.9

3
1

.9
3

1
.9

6
0

.9
5

1
.9

3

1
.3

9
1

.4
1

2
.3

3
2

.5
4

2
.5

5
3

.4
8

3
.6

6
3

.6
6

3
.6

7
3

.9
0

3
.9

1
3

.9
1

3
.9

1
3

.9
1

3
.9

2
3

.9
2

3
.9

2
3

.9
3

3
.9

3
4

.4
5

4
.4

6
4

.4
7

4
.4

7
4

.4
8

4
.4

8
4

.4
9

4
.5

0
5

.5
6

5
.5

6
5

.7
0

5
.7

0
5

.7
0

5
.7

0
5

.7
1

5
.7

1
7

.4
2

7
.4

2
7

.4
4

7
.4

5
7

.4
5

7
.5

5
7

.5
5

7
.5

5
7

.5
6

7
.5

7
7

.5
7

7
.5

8
7

.5
8

7
.5

8
8

.0
0

8
.0

0
8

.0
0

8
.0

1
8

.0
1

8
.0

2
8

.0
2



S43 
 

 
Figure S42 13C NMR spectrum of compound 22 (CDCl3, 125 MHz) 
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Figure S43 1H NMR spectrum of compound 24 (CDCl3, 500 MHz) 
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Figure S44 13C NMR spectrum of compound 24 (CDCl3, 125 MHz) 
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Figure S45 COSY spectrum of compound 24 (CDCl3, 500 MHz) 
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Figure S46 HSQC spectrum of compound 24 (CDCl3, 500 MHz) 
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Figure S47 1H NMR spectrum of compound 25 (CDCl3, 500 MHz) 
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Figure S48 13C NMR spectrum of compound 25 (CDCl3, 125 MHz) 
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Figure S49 1H NMR spectrum of compound 26 (CDCl3, 500 MHz) 
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Figure S50 13C NMR spectrum of compound 26 (CDCl3, 125 MHz) 
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Figure S51 1H NMR spectrum of compound 28 (CDCl3, 400 MHz) 
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Figure S52 13C NMR spectrum of compound 28 (CDCl3, 150 MHz) 
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Figure S53 COSY spectrum of compound 28 (CDCl3, 600 MHz) 
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Figure S54 HSQC spectrum of compound 28 (CDCl3, 600 MHz) 
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Figure S55 1H NMR spectrum of compound 1 (C5D5N, 400 MHz) 
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Figure S56 13C NMR spectrum of compound 1 (C5D5N, 150 MHz) 
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Figure S57 COSY spectrum of compound 1 (C5D5N, 600 MHz) 
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Figure S58 HSQC spectrum of compound 1 (C5D5N, 600 MHz) 
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Comparison of 13C NMR data of the synthetic 1 and 2 with those reported for the natural products 

Table S1 Comparison of the Spectroscopic Data of Natural and Synthetic Acovenoside B (2) 

13C 

position 

Natural 

(125 MHz, CDCl3) [1] 

Synthetic 

(150 MHz, CDCl3) 
Δδ (ppm) 

1 74.2 74.2 0.0 

2 29.9 29.9 0.0 

3 68.7 68.7 0.0 

4 27.8 27.8 0.0 

5 

6 

31.1 31.1 0.0 

25.8 25.8 0.0 

7 20.6 20.6 0.0 

8 

9 

41.6 41.7 -0.1 

35.9 36.9 -1.0 

10 38.7 38.8 -0.1 

11 21.6 21.6 0.0 

12 39.7 39.8 -0.1 

13 49.5 49.5 0.0 

14 85.3 85.4 -0.1 

15 33.1 31.1 0.0 

16 26.9 26.9 0.0 

17 50.8 50.8 0.0 

18 15.8 15.8 0.0 

19 18.4 18.5 -0.1 

20 174.5 174.5 0.0 

21 73.5 73.5 0.0 
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22 117.8 117.9 -0.1 

23 174.4 174.3 0.1 

1-OAc 

1-OAc 

170.7 170.8 -0.1 

21.4 21.5 -0.1 

1' 97.4 97.4 0.0 

2' 68.6 68.6 0.0 

3' 75.4 75.4 0.0 

4' 70.0 70.1 -0.1 

5' 66.2 66.2 0.0 

6' 16.5 16.6 -0.1 

3'-OMe 55.5 55.6 -0.1 

 

  



S62 
 

 

Table S2 Comparison of the Spectroscopic Data of Natural and Synthetic Acospectoside A (1) 

13C 

position 

Natural 

(125MHz, C5D5N) [1] 

Synthetic 

(150 MHz, C5D5N) 
Δδ (ppm) 

1 74.5 74.3 -0.2 

2 30.0 29.9 -0.1 

3 69.6 69.4 -0.2 

4 28.2 28.1 -0.1 

5 

6 

31.5 31.4 -0.1 

26.2 26.1 -0.1 

7 21.0 21.0 0 

8 

9 

41.5 41.5 0 

36.7 36.7 0 

10 38.9 38.9 0 

11 21.8 21.7 -0.1 

12 39.5 39.4 -0.1 

13 49.9 49.8 -0.1 

14 84.4 84.3 -0.1 

15 32.9 32.9 0 

16 27.2 27.1 -0.1 

17 51.2 51.1 -0.1 

18 16.1 16.0 -0.1 

19 18.4 18.3 -0.1 

20 176.0 175.7 -0.3 

21 73.7 73.5 -0.2 
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22 117.6 117.6 0 

23 174.7 174.4 -0.3 

1-OAc 

1-OAc 

170.9 170.6 -0.3 

21.4 21.3 -0.1 

1' 99.1 99.0 -0.1 

2' 69.9 69.8 -0.1 

3' 76.4 76.4 0 

4' 76.4 76.5 0.1 

5' 67.4 67.3 -0.1 

6' 17.2 17.2 0 

3'-OMe 55.9 55.9 0 

1'' 105.1 105.1 0 

2'' 75.3 75.3 0 

3'' 78.2 78.3 0.1 

4'' 71.4 71.3 -0.1 

5'' 78.5 78.4 -0.1 

6'' 62.7 62.6 -0.1 
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