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Figure S1. Comparative overview of 400.13 MHz 1H HR-MAS NMR (upper) of leaf tissue (10 ± 0.05 mg swollen in 40 µL CD3OD) and 1H NMR (lower) of leaf extract (100 ± 1.0 mg in 500 µL CD3OD) from Citronella gonogonha Mart. Figure was produced in TopSpin v.3.6.3 software package (Bruker BioSpin: https://www.bruker.com).
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Figure S2. Mass spectrum of kaempferol-3-O-dihexoside (1a) in the negative ion mode.
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Figure S3. Mass spectrum of kaempferol-3-O-dihexoside (1b) in the negative ion mode.
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Figure S4. Mass spectrum of 3-caffeoylquinic acid (3) in the negative ion mode.
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Figure S5. Mass spectrum of 5-caffeoylquinic acid (4) in the negative ion mode.
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Figure S6. Mass spectrum of kingiside (5a) in the positive ion mode.

[image: ]
Figure S7. Mass spectrum of kingiside (5b) in the positive ion mode.
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Figure S8. 1H-13C direct correlation through multiplicity edited HSQC NMR (1H = 400.13/13C = 100.6 MHz) of extract from grinded leaf (100 ± 1.0 mg in 500 L CD3OD) of Citronella gonogonha Mart. Blue color signifies CH/CH3 and red assignments denote CH2. Metabolites: 1, kaempferol-3-O-dihexoside; 2, caffeoyl glucoside; 3, 3-O-caffeoylquinic acid; 4, 5-O-caffeoylquinic acid; 5, kingiside; 6, 8-epi-kingisidic acid; 7, (7α)-7-O-methylmorroniside; 8, (7β)-7-O-methylmorroniside; 9, alpigenoside; 10, sucrose; 11 - 12, α-glucoses; 13, alanine; 14, fatty (linolenic) acid. The 2D NMR spectrum was produced in TopSpin v3.6.3 software package (Bruker BioSpin: https://www.bruker.com), signal annotations were generated in Microsoft PowerPoint v16.56 (https://officecdnmac.microsoft.com), and the final image was prepared in GIMP v2.10.24 software package (https://www.gimp.org).
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Figure S9. 1H-13C long-range correlation from HMBC NMR (1H = 400.13/13C = 100.6 MHz) of extract from grinded leaf (100 ± 1.0 mg in 500 L CD3OD) of Citronella gonogonha Mart. Metabolites: 1, kaempferol-3-O-dihexoside; 2, caffeoyl glucoside; 3, 3-O-caffeoylquinic acid; 4, 5-O-caffeoylquinic acid; 5, kingiside; 6, 8-epi-kingisidic acid; 7, (7α)-7-O-methylmorroniside; 8, (7β)-7-O-methylmorroniside; 9, alpigenoside; 10, sucrose; 11 - 12, α-glucoses; 13, alanine; 14, fatty (linolenic) acid. 2D NMR spectrum was produced in TopSpin v3.6.3 software package (Bruker BioSpin: https://www.bruker.com), signal annotations in Microsoft PowerPoint v16.56 (https://officecdnmac.microsoft.com), and for final figure the GIMP v.2.10.24 software package (https://www.gimp.org) were used.
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Figure S10. 1H-1H DQF-COSY NMR (1H = 400.13 MHz) of powdered leaf extract (100 ± 1.0 mg in 500 µL CD3OD) from Citronella gonogonha Mart. Metabolites: 1, kaempferol-3-O-dihexoside; 2, caffeoyl glucoside; 3, 3-O-caffeoylquinic acid; 4, 5-O-caffeoylquinic acid; 5, kingiside; 6, 8-epi-kingisidic acid; 7, (7α)-7-O-methylmorroniside; 8, (7β)-7-O-methylmorroniside; 9, alpigenoside. The 2D NMR spectrum was produced in TopSpin v3.6.3 software package (Bruker BioSpin: https://www.bruker.com), signal annotations were generated in Microsoft PowerPoint v16.56 (https://officecdnmac.microsoft.com), and the final image was prepared in GIMP v2.10.24 software package (https://www.gimp.org).




























Chemical structures elucidation. The following chemical structures of major metabolites detected in 1H HR-MAS NMR have been discriminated by high-resolution 2D (1H-13C HSQC and HMBC, and 1H-1H DQF-COSY) NMR with the support of literature, as described. 


Structural detail for kaempferol-3-O-dihexoside (1a, b)
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	Experimental data in comparison with Ref.1

	Metabolite
	Position
	δH (J in Hz)
	δC (HSQC)
	(LRJH-C) HMBC

	
	1 – 5
	-
	-
	-

	kaempferol-3-O-dihexoside [1 (a, b)]
	6
	6.21 (d = 2.1)
	99.9
	94.5

	
	7
	-
	-
	-

	
	8
	6.39 (d = 2.1)
	94.5
	99.9

	
	1′
	-
	123.0
	-

	
	2′/6′
	8.08 (d = 9.0)
	132.0
	161.6

	
	4′
	-
	161.6
	-

	
	3′/5′
	6.90 (m)
	115.0
	123.0; 115.0


Table S1. 1H HR-MAS and 2D NMR-based structure confirmation of kaempferol (1) detected in the leaves of Citronella gongonha Mart. (Cardiopteridaceae). Experimental data: 1H 400.13 and 13C 100.6 MHz; CD3OD included TMS (v/v, 0.05%) as reference standard. All chemical shifts (δ) are in ppm and coupling constants (J) are given in Hertz (Hz). Doublet (d), and multiplet (m). Heteronuclear (1H-13C) single quantum correlation (HSQC). Long-range (1H-13C) Heteronuclear multiple bond correlation (L-RJH-C HMBC).


































Structural detail for caffeoyl glucoside (2)


	Experimental data in comparison with Ref.2

	Metabolite
	Position
	δH (J in Hz)
	δC (HSQC)
	(LRJH-C) HMBC

	Caffeoyl glucoside (2)
	1
	-
	128.1
	-

	
	2
	7.08 (d = 2.0)
	115.1
	149.0; 147.0; 123.0

	
	3
	-
	149.0
	-

	
	4
	-
	147.0
	-

	
	5
	6.77 (d = 8.2)
	116.4
	128.1; 149.0; 147.0; 123.0

	
	6
	6.95 (dd = 8.2; 2.0)
	123.0
	115.1; 149.0; 147.0

	
	7
	7.61 (d = 15.9)
	146.8
	115.1; 123.0; 169.0

	
	8
	6.41 (d = 15.9)
	115.5
	128.1; 169.0; 99.9

	
	9
	-
	169.0
	-

	
	1′
	4.70 (d = 7.9)
	99.9
	94.0; 77.7; 75.1

	
	1″
	5.11 (d = 3.7)
	94.0
	99.9


Table S2. 1H HR-MAS and 2D NMR-based structure confirmation of caffeoyl glucoside (2) detected in the leaves of Citronella gongonha Mart. (Cardiopteridaceae). Experimental data: 1H 400.13 and 13C 100.6 MHz; CD3OD included TMS (v/v, 0.05%) as reference standard. All chemical shifts (δ) are in ppm and coupling constants (J) are given in Hertz (Hz). Doublet (d), and doublet of doublet (dd). Heteronuclear (1H-13C) single quantum correlation (HSQC). Long-range (1H-13C) Heteronuclear multiple bond correlation (L-RJH-C HMBC).

































Structural detail for 3- and 5-O-caffeoylquinic acids (3, 4)
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	Experimental data in comparison with Ref.2

	Metabolite
	Position
	δH (J in Hz)
	δC (HSQC)
	(LRJH-C) HMBC

	3- and 5-O-caffeoylquinic acid (3,4)
	1
	-
	127.8
	-

	
	2
	7.06 (d = 2.0) in 3
	115.1
	147.0; 149.5; 123.0

	
	
	7.04 (d = 2.0) in 4
	
	

	
	3
	-
	147.0
	-

	
	4
	-
	149.5
	-

	
	5
	6.78 (d = 8.2)
	116.4
	127.8; 147.0; 149.5; 123.0

	
	6
	6.96 (dd = 8.2; 2.0)
	123.0
	115.1; 147.0; 149.5 

	
	7
	7.59 (d = 15.9) in 3
	146.8
	115.1; 123.0; 169.0

	
	
	7.55 (d = 15.9) in 4
	
	

	
	8
	6.30 (d = 15.9) in 3
	115.1
	127.8; 169.0

	
	
	6.27 (d = 15.9) in 4
	
	

	
	9
	-
	169.0
	-


Table S3. 1H HR-MAS and 2D NMR-based structure confirmation of 3-O-caffeoylquinic acid and 5-O-caffeoylquinic acid (3,4) detected in the leaves of Citronella gongonha Mart. (Cardiopteridaceae). Experimental data: 1H 400.13 and 13C 100.6 MHz; CD3OD included TMS (v/v, 0.05%) as reference standard. All chemical shifts (δ) are in ppm and coupling constants (J) are given in Hertz (Hz). Doublet (d), doublet of doublet (dd). Heteronuclear (1H-13C) single quantum correlation (HSQC). Long-range (1H-13C) Heteronuclear multiple bond correlation (L-RJH-C HMBC).




































Structural detail for kingiside (5)


	Experimental data in comparison with Refs.3,4

	Metabolite
	Position
	δH (J in Hz)
	δC (HSQC)
	(LRJH-C) HMBC

	Kingiside (5)
	1
	5.65 (d = 6.1)
	94.4
	28.0; 76.5; 100.0

	
	3
	7.52 (s)
	154.1
	94.4; 111.6; 28.0; 168.1

	
	4
	-
	111.6
	-

	
	5
	3.22 (m)
	28.0
	154.1; 111.6; 174.5; 76.5; 40.0

	
	6a, b
	3.01 (dd = 17.1; 7.6)
	34.4
	111.6; 28.0; 174.5; 40.0

	
	
	2.61 (17.1; 6.0)
	
	

	
	7
	-
	174.5
	-

	
	8
	4.76 (dd = 6.6; 4.0)
	76.5
	19.0

	
	9
	2.42 (dddd = 13.6; 10.2; 6.1; 4.1)
	40.0
	94.4; 111.6; 28.0; 174.5 

	
	10
	1.52 (d = 6.8)
	19.0
	174.5; 76.5; 40.0

	
	11
	-
	168.1
	-

	
	12
	3.71 (s)
	51.5
	168.1

	
	1′
	4.87 (br, d)
	100.0
	94.4; 77.8; 75.2


Table S4. 1H HR-MAS and 2D NMR-based structure confirmation of kingiside (5) detected in the leaves of Citronella gongonha Mart. (Cardiopteridaceae). Experimental data: 1H 400.13 and 13C 100.6 MHz; CD3OD included TMS (v/v, 0.05%) as reference standard. All chemical shifts (δ) are in ppm and coupling constants (J) are given in Hertz (Hz). Singlet (s), doublet (d), doublet of doublets (dd), doublet of doublet of doublets (ddd), multiplet (m). Heteronuclear (1H-13C) single quantum correlation (HSQC). Long-range (1H-13C) Heteronuclear multiple bond correlation (L-RJH-C HMBC).





























Structural detail for 8-epi-kingisidic acid (6)


	Experimental data in comparison to Ref.4

	Metabolite
	Position
	δH (J in Hz)
	δC (HSQC)
	(LRJH-C) HMBC

	8-epi-kngisidic acid (6)
	1
	5.49 (d = 7.7)
	96.1
	98.1

	
	3
	7.51 (s)
	154.1
	96.1; 111.6; 28.0; 168.2 

	
	4
	-
	111.6
	-

	
	5
	3.11 (m)
	28.0
	96.1; 111.6 

	
	6a, b
	3.01 (dd = 17.1; 7.6)
	34.4
	111.6; 28.0; 174.5; 40.0; 

	
	
	2.61 (dd = 17.1; 6.0)
	
	

	
	7
	-
	174.5
	-

	
	8
	4.76 (dd = 6.6; 4.0)
	76.5
	19.0

	
	9
	2.42 (dddd = 13.6; 10.2; 6.1; 4.1)
	40.0
	174.5

	
	10
	1.52 (d = 6.8)
	19.0
	-

	
	11
	-
	168.2
	-

	
	1′
	4.48 (d = 7.8)
	98.1
	-


Table S5. 1H HR-MAS and 2D NMR-based structure confirmation of 8-epi-kingisidic acid (6) detected in the leaves of Citronella gongonha Mart. (Cardiopteridaceae). Experimental data: 1H 400.13 and 13C 100.6 MHz; CD3OD included TMS (v/v, 0.05%) as reference standard. All chemical shifts (δ) are in ppm and coupling constants (J) are given in Hertz (Hz). Singlet (s), doublet (d), doublet of doublet (dd), multiplet (m). Heteronuclear (1H-13C) single quantum correlation (HSQC). Long-range (1H-13C) Heteronuclear multiple bond correlation (L-RJH-C HMBC).
































Structural detail for (7α)-7-O-methylmorroniside (7)
[image: ]
	Experimental data in comparison with Ref.5

	Metabolite
	Position
	δH (J in Hz)
	δC (HSQC)
	(LRJH-C) HMBC

	(7α)-7-O-methylmorroniside (7)
	1
	5.83 (d = 9.3)
	95.5
	74.0; 100.0

	
	3
	7.48 (br, s)
	153.5
	111.6; 31.6; 168.2

	
	4
	-
	111.6
	-

	
	5
	2.80 (m)
	31.6
	-

	
	6a, b
	1.18 (dt = 13.0; 10.0)
	37.4
	-

	
	
	2.07 (m)
	
	

	
	7
	-
	-
	-

	
	7 – OCH3
	3.50 (s)
	-
	-

	
	8
	3.91 (m)
	74.0
	-

	
	9
	1.80 (m)
	40.0
	-

	
	10
	1.39 (d = 6.9)
	19.7
	74.0; 40.0

	
	11
	-
	168.2
	-

	
	11 – OCH3
	3.69 (s)
	51.6
	-

	
	1′
	4.87 (m)
	100.0
	-


Table S6. 1H HR-MAS and 2D NMR-based structure confirmation of (7α)-7-O-methylmorroniside (7) detected in the leaves of Citronella gongonha Mart. (Cardiopteridaceae). Experimental data: 1H 400.13 and 13C 100.6 MHz; CD3OD included TMS (v/v, 0.05%) as reference standard. All chemical shifts (δ) are in ppm and coupling constants (J) are given in Hertz (Hz). Singlet (s), doublet (d), multiplet (m). Heteronuclear (1H-13C) single quantum correlation (HSQC). Long-range (1H-13C) Heteronuclear multiple bond correlation (L-RJH-C HMBC).































Structural detail for (7β)-7-O-methylmorroniside (8)
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	Experimental data in comparison with Ref.5

	Metabolite
	Position
	δH (J in Hz)
	δC (HSQC)
	(LRJH-C) HMBC

	(7β)-7-O-methylmorroniside (8)
	1
	5.87 (d = 9.2)
	95.5
	99.9

	
	3
	7.51 (s)
	153.7
	95.5; 111.6; 28.0; 168.1 

	
	4
	-
	111.6
	-

	
	5
	3.11 (m)
	28.0
	111.6; 99.9

	
	6a, b
	1.52 (d = 6.8)
	34.3
	40.3

	
	
	1.92 (m)
	
	

	
	7
	4.76 (m)
	99.9
	-

	
	7 – OCH3
	3.37 (s)
	51.5
	-

	
	8
	4.55 (m)
	65.6
	99.9

	
	9
	1.82 (m)
	40.3
	-

	
	10
	1.35 (d = 6.9)
	22.2
	-

	
	11
	-
	168.1
	-

	
	11 – OCH3
	3.70 (s)
	51.6
	168.1

	
	1′
	4.65 (d = 7.8)
	99.9
	-


Table S7. 1H HR-MAS and 2D NMR-based structure confirmation of (7β)-7-O-methylmorroniside (8) detected in the leaves of Citronella gongonha Mart. (Cardiopteridaceae). Experimental data: 1H 400.13 and 13C 100.6 MHz; CD3OD included TMS (v/v, 0.05%) as reference standard. All chemical shifts (δ) are in ppm and coupling constants (J) are given in Hertz (Hz). Singlet (s), doublet (d), doublet of doublets (dd), multiplet (m). Heteronuclear (1H-13C) single quantum correlation (HSQC). Long-range (1H-13C) Heteronuclear multiple bond correlation (L-RJH-C HMBC).































Structural detail for alpigenoside (9)


	Experimental data in comparison with Ref.5

	Metabolite
	Position
	δH (J in Hz)
	δC (HSQC)
	(LRJH-C) HMBC

	Alpigenoside (9)
	1
	5.71 (d = 8.5)
	97.6
	100.0

	
	3
	7.48 (br, s)
	153.4
	97.6; 111.6; 31.6; 168.8

	
	4
	-
	111.6
	-

	
	5
	3.23 (m)
	31.6
	175.0

	
	6a, b
	2.42 (dddd = 13.6; 10.2; 6.1; 4.1)
	37.8
	111.6; 31.6; 175.0; 46.0 

	
	
	2.81 (m)
	
	

	
	7
	-
	175.0
	-

	
	7 – OCH3
	3.67 (s)
	51.5
	-

	
	8
	4.04 (m)
	68.0
	-

	
	9
	1.90 (m)
	46.0
	97.6; 68.0; 22.2

	
	10
	1.35 (d = 6.9)
	22.2
	68.0; 46.0

	
	11
	-
	168.8
	-

	
	11 – OCH3
	3.69 (s)
	51.5
	168.8

	
	1′
	4.87 (m)
	100.0
	-


Table S8. 1H HR-MAS and 2D NMR-based structure confirmation of alpigenoside (9) investigated in the leaves of Citronella gongonha Mart. (Cardiopteridaceae). Experimental data: 1H 400.13 and 13C 100.6 MHz; CD3OD included TMS (v/v, 0.05%) as reference standard. All chemical shifts (δ) are in ppm and coupling constants (J) are given in Hertz (Hz). Singlet (s), doublet (d), multiplet (m). Heteronuclear (1H-13C) single quantum correlation (HSQC). Long-range (1H-13C) Heteronuclear multiple bond correlation (L-RJH-C HMBC).
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R = dihexoside (1a,b)
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R = 3-quinic acid (3)

5-quinic acid (4)
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