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Indole diketopiperazine alkaloids from the deep-sea-derived fungus Aspergillus sp. FS445
Twelve indole diketopiperazine alkaloids (1‒12) including four new ones aspechinulins A‒D (1, 3, 5 and 12) were isolated from the deep-sea-derived fungus Aspergillus sp. FS445. Their structures were elucidated through spectroscopic analysis and the absolute configurations were determined by analysing the experimental ECD data as well as the quantum chemical calculations. Compounds 1, 3 and 5 represented the first examples of indole diketopiperazine derivatives constructing a C5 unit at 11-NH through an imide linkage. The NO production inhibitory activity of the isolated compounds was evaluated and compounds 2‒5, 7 and 9 exhibited potential inhibitory activities against NO production with the IC50 values in the range of 20 ~ 90 µM.
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Figure S2. The experimental ECD spectrum of 5 and the calculated plots of 12S/12R-5 at b3lyp/6-311+g(d,p) level.
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Figure S3. The Quadrant rule analysis for the peptide bond in 12.

[image: image3.emf]H

N

N

H

O

O

H

R

H

NH

HO

HO

x

y

z

12

: R =


Figure S4. Correlation plots of experimental and calculated 13C NMR of 27R-12 and 27S-12.
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Figure S5. The experimental ECD spectrum of 12 and the calculated plots of 27S/27R-12 at b3lyp/6-311+g(d,p) level.
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Figure S6. The calculated ECD spectra of 12a and 12b at b3lyp/6-311+g(d,p).
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Figure S7. 1H NMR spectrum of 1 in chloroform-d.
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Figure S8. 13C NMR spectrum of 1 in chloroform-d.
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Figure S9. 1H, 1H-COSY spectrum of 1 in chloroform-d.
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Figure S10. HSQC spectrum of 1 in chloroform-d.
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Figure S11. HMBC spectrum of 1 in chloroform-d.
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Figure S12. NOESY spectrum of 1 in chloroform-d.
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Figure S13. 1H-NMR spectrum of 3 in chloroform-d.
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Figure S14. 13C-NMR spectrum of 3 in chloroform-d.
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Figure S15. 1H, 1H-COSY spectrum of 3 in chloroform-d.
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Figure S16. HSQC spectrum of 3 in chloroform-d.
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Figure S17. HMBC spectrum of 3 in chloroform-d.
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Figure S18. NOESY spectrum of 3 in chloroform-d.
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Figure S19. 1H NMR spectrum of 5 in MeOD.
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Figure S20. 13C NMR spectrum of 5 in MeOD.
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Figure S21. 1H-1H COSY spectrum of 5 in MeOD.
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Figure S22. HSQC spectrum of 5 in MeOD.
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Figure S23. HMBC spectrum of 5 in MeOD.
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Figure S24. NOESY spectrum of 5 in MeOD.
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Figure S25. 1H NMR spectrum of 12 in DMSO.
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Figure S26. 13C NMR spectrum of 12 in DMSO.
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Figure S27. 1H-1H COSY spectrum of 12 in DMSO.
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Figure S28. HSQC spectrum of 12 in DMSO.
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Figure S29. HMBC spectrum of 12 in DMSO.
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Figure S30. HRESI TOF MS spectrum of 1.
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	SPECTRUM - simulation : 
	 
	 
	 
	 

	m/z
	Theo. Mass
	Delta (ppm)
	RDB equiv.
	Composition

	404.1971
	404.1969
	0.5
	13.5
	C24 H26 O3 N3


Figure S31. HRESI TOF MS spectrum of 3.
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	SPECTRUM - simulation : 
	 
	 
	 
	 

	m/z
	Theo. Mass
	Delta (ppm)
	RDB equiv.
	Composition

	472.2611
	472.2595
	3.4
	14.5
	C29 H34 O3 N3


Figure S32. HRESI TOF MS spectrum of 5.
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	SPECTRUM - simulation : 
	 
	 
	 
	 

	m/z
	Theo. Mass
	Delta (ppm)
	RDB equiv.
	Composition

	406.2118
	406.2125
	-1.9
	12.5
	C24 H28 O3 N3 


Figure S33. HRESI TOF MS spectrum of 12.
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	SPECTRUM - simulation : 
	 
	 
	 
	 

	m/z
	Theo. Mass
	Delta (ppm)
	RDB equiv.
	Composition

	494.3047
	494.3019
	0.6
	3.5
	C29 H40 O4 N3 


Table S1. The 1H and 13C NMR Data of 1 and 5 recorded at 600 MHz (1H) and 150 MHz (13C).

	position
	1a
	5b

	
	(C, type.
	(H (J in Hz)
	(C, type.
	(H (J in Hz)

	1
	
	8.35, s
	
	

	2
	144.6, C
	
	146.3, C
	

	3
	103.2, C
	
	103.9, C
	

	3a
	125.8, C
	
	125.9, C
	

	4
	119.1, CH
	7.32, d (7.7)
	119.0, CH
	7.24, brd (7.9)

	5
	121.5, CH
	7.19, m
	120.1, CH
	7.08, ddd (8.3, 7.9, 1.3)

	6
	123.5, CH
	7.22, m
	121.3, CH
	7.14, ddd (8.3, 7.1, 1.4)

	7
	111.4, CH
	7.38, d (7.9)
	111.4, CH
	7.43, brd (7.1)

	7a
	134.3, C
	
	135.5, C
	

	8
	114.1, CH
	7.35, s
	118.4, CH
	7.58, s

	9
	123.5, C
	
	122.1, C
	

	10
	156.5, C
	
	161.7, C
	

	12
	132.9, C
	
	53.1, CH
	4.90, q (7.1)

	13
	155.8, C
	
	167.8, C
	

	14
	
	7.64, s
	
	7.64, s

	15
	39.3, C
	
	39.2, C
	

	16
	143.9, CH
	6.06, dd (17.4, 10.6)
	144.6, CH
	6.12, dd (17.1, 10.9)

	17
	113.6, CH2
	5.24, d (10.6)
	111.4, CH2
	5.18, d (10.7)

	
	
	5.21, d (17.4)
	
	5.14, d (17.4)

	18
	27.4, CH2
	1.54, s
	27.7, CH2
	1.59, s

	19
	27.4, CH3
	1.54, s
	27.2, CH3
	1.55, s

	20
	105.3, CH2
	5.85, s
	18.0, CH2
	1.63, s

	
	
	5.20, s
	
	

	1’
	167.7, C
	
	155.7, C
	

	2’
	120.2, CH
	6.15, s
	119.2, CH
	6.48, s

	3’
	165.4, C
	
	167.3, C
	

	4’
	21.7, CH3
	2.35, s
	19.8, CH3
	2.15, s

	5’
	28.2, CH3
	2.06, s
	26.3, CH3
	1.98, s

	aMeasured in chloroform-d; bMeasured in methanol-d4.


Table S2. The 1H and 13C NMR Data of 3 and 12 recorded at 600 MHz (1H) and 150 MHz (13C).

	position
	3a
	position
	12b

	
	(C, type.
	(H (J in Hz)
	
	(C, type.
	(H (J in Hz)

	1
	
	8.30, s
	1
	
	9.56, s

	2
	144.8, C
	
	2
	141.7, C
	

	3
	103.0 C
	
	3
	105.6 C
	

	3a
	126.0, C
	
	3a
	129.8, C
	

	4
	118.1, CH
	7.08, s
	4
	115.5, CH
	7.09, s

	5
	135.2, C
	
	5
	132.1, C
	

	6
	123.5, CH
	7.05, d (8.3)
	6
	122.7, CH
	6.77, s

	7
	111.2, CH
	7.28, d (8.3)
	7
	123.2, C
	

	7a
	132.8 C
	
	7a
	133.3 C
	

	8
	114.3, CH
	7.34, s
	8
	31.7 CH2
	3.30, dd (14.5, 4.0)

	
	
	
	
	
	3.02, dd (14.5, 9.6)

	9
	123.4, C
	
	9
	56.0 CH
	3.95 dd (9.6, 4.0)

	10
	156.6, C
	
	10
	167.9, C
	

	
	
	
	11
	
	7.41, d (3.1)

	12
	133.0, C
	
	12
	50.8, CH
	3.82, m

	13
	155.7, C
	
	13
	168.4, C
	

	14
	
	7.65, s
	14
	
	8.19, d (2.9)

	15
	39.3, C
	
	15
	39.3, C
	

	16
	144.0, CH
	6.04, dd (17.4, 10.6)
	16
	147.0, CH
	6.18, dd (17.5, 10.6)

	17
	113.5, CH2
	5.22, d (10.6)
	17
	111.6, CH2
	5.08, dd (17.5, 1.3)

	
	
	5.18, d (17.4)
	
	
	5.05, dd (10.6, 1.3)

	18
	27.5, CH2
	1.52, s
	18
	28.3, CH2
	1.49, s

	19
	27.5, CH3
	1.52, s
	19
	28.4, CH3
	1.50, s

	20
	105.3, CH2
	5.85, s
	20
	21.2, CH3
	1.33, d (7.0)

	
	
	5.21, s
	
	
	

	21
	34.5, CH2
	3.42, d (7.3)
	21
	34.7, CH2
	3.31, overlap

	22
	134.0, CH
	5.35, t (7.3)
	22
	125.4, CH
	5.32, brt (7.2)

	23
	132.2, C
	
	23
	130.8, C
	

	24
	17.8, CH3
	1.72, s
	24
	18.2, CH3
	1.70, s

	25
	25.7, CH3
	1.72, s
	25
	26.0, CH3
	1.69, s

	1’
	167.8, C
	
	26
	34.7, CH2
	3.18, d (15.0)

	
	
	
	
	
	2.90, dd (15.0, 9.3)

	2’
	120.3, CH
	6.16, s
	27
	79.3, CH
	3.70, brt (8.0)

	3’
	165.2, C
	
	28
	75.8, C
	

	4’
	21.7, CH3
	2.35, s
	29
	27.6, CH3
	1.62, s

	5’
	28.2, CH3
	2.08, s
	30
	30.0, CH3
	1.62, s

	aMeasured in chloroform-d; bMeasured in dimethyl sulphoxide-d5.


Table S3. NO production inhibitory activities of 1‒12.

	Compounds
	IC50 (μM)
	toxicitya (%)

	1
	> 100
	nb

	2
	25 ± 1.7
	5.1

	3
	89 ± 2.0
	4.9

	4
	16 ± 1.3
	1.4

	5
	20 ± 0.28
	1.8

	6
	>100
	n

	7
	37 ± 0.75
	2.5

	8
	>100
	n

	9
	57 ± 2.3
	3.0

	10
	>100
	n

	11
	>100
	n

	12
	>100
	n

	Aminoguanidine
	23 ± 1.1
	

	aThe inhibitory rate against normal RAW 264.7; bNot tested


Table S4. Energy analysis for the conformers of 5.
	compounds
	Conformation
	G (Hartree)
	G (Kcal/mol)
	∆G (Kcal/mol)
	Boltzmann Dist (%)

	5
	5-1
	-1320.85500026
	-828840.3431
	0
	37.94%

	
	5-2
	-1320.85486085 
	-828840.2557
	0.087
	32.72%

	
	5-3
	-1320.85378593 
	-828839.5811
	0.76
	10.47%

	
	5-4
	-1320.854341
	-828839.9295
	0.41
	18.87%
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    5-1
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     5-2
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      5-3
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     5-4
Table S5. Energy analysis for the Conformers of 27R-12.
	compounds
	Conformation
	G (Hartree)
	G (Kcal/mol)
	∆G (Kcal/mol)
	Boltzmann Dist (%)

	27R-12
	27R-12-1
	-1595.09904180
	-1000929.275
	0.37
	21.43%

	
	27R-12-2
	-1595.09963695
	-1000929.648
	0
	40.27%

	
	27R-12-3
	-1595.09958959
	-1000929.618
	0.030
	38.30%
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    27R-12-1
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     27R-12-2
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       27R-12-3
Table S6. Energy analysis for the Conformers of 27S-12.

	compounds
	Conformation
	G (Hartree)
	G (Kcal/mol)
	∆G (Kcal/mol)
	Boltzmann Dist (%)

	27S-12
	27S-12-1
	-1595.09854533  
	-1000928.963
	0.41
	28.84%

	
	27S-12-2
	-1595.09920294  
	-1000929.376
	0
	57.90%

	
	27S-12-3
	-1595.09781235  
	-1000928.503
	0.87
	13.26%
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27S-12-1
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27S-12-2
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27S-12-3
Table S7. Energy analysis for the Conformers of 12a.
	compounds
	Conformation
	G (Hartree)
	G (Kcal/mol)
	∆G (Kcal/mol)
	Boltzmann Dist (%)

	12a
	12a-1
	-1559.18830438  
	-978395.1826
	0
	64.77%

	
	12a-2
	-1559.18772964  
	-978394.822
	0.36
	35.23%
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12a-1
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12a-2

Table S8. Energy analysis for the Conformers of 12b.
	compounds
	Conformation
	G (Hartree)
	G (Kcal/mol)
	∆G (Kcal/mol)
	Boltzmann Dist (%)

	12b
	12b-1
	-1559.18758264   
	-978394.7298
	0.38
	21.46%

	
	12b-2
	-1559.18819228   
	-978395.1123
	0
	40.94%

	
	12b-3
	-1559.18811180
	-978395.0618
	0.05
	37.60%
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12b-1
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12b-2
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12b-3
�The structure of 1 has been inserted here according to the comment of Reviewer 2.


�The structure of 3 has been inserted here according to the comment of Reviewer 2.


�The structure of 5 has been inserted here according to the comment of Reviewer 2.


�The structure of 12 has been inserted here according to the comment of Reviewer 2.
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