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Abstract: Phytochemical investigation of the fruits of Crataegus pinnatifida Bunge led to the isolation of four pairs enantiomeric benzofuran lignans (1a/1b-4a/4b) including four undescribed compounds (1a, 2b, 3b and 4b). Their structures were determined by extensive spectroscopic methods and the absolute configurations were further determined by the comparison of experimental and calculated ECD spectra. All the enantiomeric lignans were evaluated for their inhibitory activities to tyrosinase. Among them, compound 4a showed moderate inhibition activity (IC50 = 0.54 mM).

Keywords: Crataegus pinnatifida Bunge, benzofuran lignans, chiral resolution, ECD calculation, anti-tyrosinase activities

Description of drawings
Table S1 1H (600 MHz) and 13C NMR (150 MHz) spectral data for 1-4 (CDCl3).
4
Fig. S1 Key HMBC correlations of compounds 1–4.
5
5Fig. S2 IC50 values of tyrosinase inhibition of compounds 1a-4b.


Fig. S3 Calculated and experimental ECD spectra of 1a/1b-4a/4b.
6
Fig. S4 1H-NMR spectrum of compound 1 (600MHz, CDCl3)
6
Fig. S5 13C-NMR spectrum of compound 1 (150 MHz, CDCl3)
7
Fig. S6 HSQC spectrum of compound 1 (150 MHz, CDCl3)
7
Fig. S7 HMBC spectrum of compound 1 (150 MHz, CDCl3)
8
Fig. S8 NOESY spectrum of compound 1 (150 MHz, CDCl3)
8
Fig. S9 UV spectrum of compound 1………………………………………………………….9
Fig. S10 MS spectrum of compound 1…………………………………………………….....10
11Fig. S11 Experimental ECD spectrum of 1a…………………………………………………

11Fig. S12 Experimental ECD spectrum of 1b……………………………………...………….

Fig. S13 HPLC chromatographic profile and purity report of compound 1
12
12Fig. S14 1H-NMR spectrum of compound 2 (600MHz, CDCl3)


13Fig. S15 13C-NMR spectrum of compound 2 (150MHz, CDCl3)


13Fig. S16 HSQC spectrum of compound 2 (150 MHz, CDCl3)


14Fig. S17 HMBC spectrum of compound 2 (150 MHz, CDCl3)


14Fig. S18 NOESY spectrum of compound 2 (150 MHz, CDCl3)


15Fig. S19 UV spectrum of compound 2……………………………………………………….

16Fig. S20 MS spectrum of compound 2……………………………………………………….

16Fig. S21 Experimental ECD spectrum of 2a………………………………………...……….

17Fig. S22 Experimental ECD spectrum of 2b……………………………………...………….

Fig. S23 HPLC chromatographic profile and purity report of compound 2
17
18Fig. S24 1H-NMR spectrum of compound 3 (600MHz, CDCl3)


18Fig. S25 13C-NMR spectrum of compound 3 (150MHz, CDCl3)


19Fig. S26 HSQC spectrum of compound 3 (150MHz, CDCl3)


19Fig. S27 HMBC spectrum of compound 3 (150MHz, CDCl3)


Fig. S28 NOESY spectrum of compound 3 (150MHz, CDCl3)
20
21Fig. S29 UV spectrum of compound 3……………………………………………………….

22Fig. S30 MS spectrum of compound 3……………………………………………………….

23Fig. S31 Experimental ECD spectrum of 3a…………………………………………………

23Fig. S32 Experimental ECD spectrum of 3b……………………………………...……….…

24Fig. S33 HPLC chromatographic profile and purity report of compound 4


24Fig. S34 1H-NMR spectrum of compound 4 (600MHz, CDCl3)


25Fig. S35 13 C-NMR spectrum of compound 4 (150 MHz, CDCl3)


25Fig. S36 HSQC spectrum of compound 4 (150 MHz, CDCl3)


26Fig. S37 HMBC spectrum of compound 4 (150MHz, CDCl3)


26Fig. S38 NOESY spectrum of compound 4 (150MHz, CDCl3)


27Fig. S39 UV spectrum of compound 4……………………………………………………….

28Fig. S40 UV spectrum of compound 4……………………………………………………….

29Fig. S41 Experimental ECD spectrum of 4a…………………………………………………

29Fig. S42 Experimental ECD spectrum of 4b……………………………...……………….…

Fig. S43 HPLC chromatographic profile and purity report of compound 4
30



Table S1 1H (600 MHz) and 13C NMR (150 MHz) spectral data for 1-4 (CDCl3).
	
	1
	2
	3
	4

	position
	δH
	δC
	δH
	δC
	δH
	δC
	δH
	δC

	1
	-
	133.1
	-
	132.3
	-
	132.4
	-
	133.2

	2
	6.90 (dd 1.7)
	108.8
	6.89 (br s)
	108.9
	6.90 (overlap)
	108.8
	6.93 (d, 1.8)
	108.9

	3
	-
	148.1
	-
	146.9
	-
	146.9
	-
	146.8

	4
	-
	146.8
	-
	146.2
	-
	146.1
	-
	145.8

	5
	6.88 (overlap)
	114.4
	6.89 (br s)
	114.6
	6.90 (overlap)
	114.6
	6.87 (m)
	114.4

	6
	6.92 (dd 1.7, 7.4)
	119.6
	6.89 (br s)
	118.3
	6.90 (overlap)
	118.5
	6.90 (dd, 1.8, 8.2)
	119.6

	7
	5.58
	88.2
	5.67 (d J = 7.1 Hz)
	89.4
	5.67 (d, 7.1)
	89.3
	5.51 (d 7.4)
	87.8

	8
	3.64 (m)
	53.8
	3.68 (m)
	53.1
	3.69 (dd, 6.0, 12.1)
	53.1
	3.58 (m)
	54.1

	9
	3.92 (m)

3.98 (m)
	64.1
	3.98 (m)
	64.1
	3.97 (m)
	64.1
	3.96 (dd, 5.8, 11.0)

3.89 (m)
	64.0

	1'
	-
	134.6
	-
	128.4
	-
	131.9
	-
	128.0

	2'
	6.87 (overlap)
	111.6
	7.52 (br s)
	112.4
	7.52 (s)
	112.4
	6.34 (d, 1.7)
	102.7

	3'
	-
	144.6
	-
	144.7
	-
	144.5
	-
	144.8

	4'
	-
	146.8
	-
	153.4
	-
	153.0
	-
	150.8

	5'
	-
	134.6
	-
	131.4
	-
	128.1
	-
	133.2

	6'
	6.87 (overlap)
	115.4
	7.54 (br s)
	119.6
	7.52 (br s)
	119.6
	6.39 (d, 2.4)
	100.7

	7'
	4.64 (s)
	65.7
	-
	198.9
	-
	196.7
	
	

	8'
	
	
	3.19 (td 2.3, 5.1)
	40.2
	-
	-
	
	

	9'
	-
	-
	4.01 (m)
	58.5
	-
	-
	-
	-

	7'-Me
	-
	-
	-
	-
	2.58 (s)
	26.6
	-
	-

	3-OCH3
	3.87 (3H, s)
	56.0
	3.87 (3H, s)
	56.2
	3.87 (3H, s)
	56.1
	3.87 (3H, s)
	56.2

	3'-OCH3
	3.91 (3H, s)
	56.0
	3.94 (3H, s)
	56.3
	3.95 (3H, s)
	56.3
	3.86 (3H, s)
	56.1
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Fig. S1 Key HMBC correlations of compounds 1–4.
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Fig. S2 IC50 values of tyrosinase inhibition of compounds 1a-4b. Notes: all experiments were conducted in triplicate, and the results were expressed as mean ± SD. The control group was treated with arbutin. *p < 0.05, **p < 0.01 vs the arbutin.
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Fig. S3 Calculated and experimental ECD spectra of 1a/1b-4a/4b
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Fig. S4 1H-NMR spectrum of compound 1 (600MHz, CDCl3)
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Fig. S5 13C-NMR spectrum of compound 1 (150 MHz, CDCl3)
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Fig. S6 HSQC spectrum of compound 1 (150 MHz, CDCl3)
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Fig. S7 HMBC spectrum of compound 1 (150 MHz, CDCl3)
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Fig. S8 NOESY spectrum of compound 1 (150 MHz, CDCl3)
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Fig. S9 UV spectrum of compound 1
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Fig. S10 MS spectrum of compound 1

[image: image11.png]15

10

-10

-15

200

300
Wavelength A/nm

400




Fig. S11 Experimental ECD spectrum of 1a
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Fig. S12 Experimental ECD spectrum of 1b
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Fig. S13 HPLC chromatographic profile and purity report of compound 1
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Fig. S14 1H-NMR spectrum of compound 2 (600MHz, CDCl3)
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Fig. S15 13C-NMR spectrum of compound 2 (150MHz, CDCl3)
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Fig. S16 HSQC spectrum of compound 2 (150 MHz, CDCl3)
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Fig. S17 HMBC spectrum of compound 2 (150 MHz, CDCl3)
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Fig. S18 NOESY spectrum of compound 2 (150 MHz, CDCl3)
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Fig. S19 UV spectrum of compound 2
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Fig. S20 MS spectrum of compound 2
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Fig. S21 Experimental ECD spectrum of 2a
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Fig. S22 Experimental ECD spectrum of 2b
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Fig. S23 HPLC chromatographic profile and purity report of compound 2
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Fig. S24 1H-NMR spectrum of compound 3 (600MHz, CDCl3)
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Fig. S25 13C-NMR spectrum of compound 3 (150MHz, CDCl3)
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Fig. S26 HSQC spectrum of compound 3 (150MHz, CDCl3)
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Fig. S27 HMBC spectrum of compound 3 (150MHz, CDCl3)
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Fig. S28 NOESY spectrum of compound 3 (150MHz, CDCl3)
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Fig. S29 UV spectrum of compound 3
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Fig. S30 MS spectrum of compound 3
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Fig. S31 Experimental ECD spectrum of 3a
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Fig. S32 Experimental ECD spectrum of 3b
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Fig. S33 HPLC chromatographic profile and purity report of compound 3
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Fig. S34 1H-NMR spectrum of compound 4 (600MHz, CDCl3)
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Fig. S35 13 C-NMR spectrum of compound 4 (150 MHz, CDCl3)
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Fig. S36 HSQC spectrum of compound 4(150 MHz, CDCl3)
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Fig. S37 HMBC spectrum of compound 4 (150MHz, CDCl3)
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Fig. S38 NOESY spectrum of compound 4 (150MHz, CDCl3)
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Fig. S39 UV spectrum of compound 4 
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Fig. S40 UV spectrum of compound 4 
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Fig. S41 Experimental ECD spectrum of 4a
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Fig. S42 Experimental ECD spectrum of 4b

[image: image43.png]#  [min] [min]  [mAU*s] [mAU] %
1 2.257 BB 0.0655  94.41566  21.40068  0.1728
2 2.787 BB 0.0747 8.26086 1.58784  0.0151
3 3.177 BV E 0.1457  17.52768 1.55302  0.0321
4 3.327T VB R 0.0962 125.38267 19.71857  0.2295
5 4.271 VB 0.1337  17.96715 1.94709  0.0329
6 4.797 BV R 0.1701 212.63855 19.06550  0.3892
7 5,176 W E 0.1610  21.17493 1.91489  0.0388
8 5.395 VW E 0.1476  32.22217 3.19658  0.0590
9 5.674 VB E 0.1578  25.49771 2.40346  0.0467
10 6.604 BB 0.1485  15.55196 1.64243  0.0285
11 12.578 BB 0.6861 385. 49026 7.54440  0.7056
12 14.053 BV 0.6887 434. 25809 8.16215  0.7949
13 14.639 VB 0.3157 159. 73964 7.70903  0.2924
14 15.393 BV E 0.2781 170.53331 9.56185  0.3122
15 15.867 VV E_0.3371 1653.48425 76.21455 3. 0266
(16 16.495 VW R 0.4173 4.92255¢4 1844.91309 90. 1048
17 17.695 VB E  0.5731 942.02002  27.81818  1.7243
18 19.504 BB 0.4776 1089.69849  32.63533  1.9946





Fig. 43 HPLC chromatographic profile and purity report of compound 4
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