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Isolation of the Known Compounds. Fraction C2-1 (52.5 g) was chromatographed over silica 

gel and eluted with a gradient of MeOH (0−100%) in CHCl3 yielded C2-1-1−C2-1-6. Subfraction 

C2-1-1 (9.5 g) were further separated by Sephadex LH-20 (CH3OH-H2O, 1:1) to yield subfractions 

C2-1-1-1−C2-1-1-8, and C2-1-1-2 (45 mg) was subjected to RP-HPLC (C18 column, 2.0 mL/min), 

using CH3OH-H2O (14:86) containing 0.1% TFA as the mobile phase, to yield 

bis-[(4-hydroxybenzyl)sulfide] (10 mg, tR = 43.2 min). Subfraction C2-1-2 (7.2 g) was 

chromatographed over silica gel and eluted with a gradient of MeOH (0−100%) in CHCl3 to afford 

subfractions C2-1-2-1− C2-1-2-5. Of these, C2-1-2-1 (230 mg) was separated by silica gel CC 

(CHCl3-MeOH, 10:1), and purified by RP HPLC (45% MeOH in H2O, C18 column, 2.0 mL/min) to 

give ethyl (+)-(2S)-2-hydroxy-3-(4-hydroxyphenyl)propanoate (10 mg, tR = 20.2 min) and 

1-(4-hydroxyphenyl)propane-1,2-dione (4.3 mg, tR = 24.5 min). Subfraction C2-1-2-3 (1.8 g) was 

separated by flash chromatography over RP silica gel and eluted with a gradient of MeOH (0−50%) 

in H2O to give C2-1-2-3-1− C2-1-2-3-7. C2-1-2-3-1 (200 mg) was crystallized in MeOH to afford 

1-ethyl citrate (130 mg), and the parent solution was separated by CC over HW-40C (MeOH) to 

afford 4-(hydroxymethyl)-5-nitrobenzene-1,2-diol (4.5 mg). C2-1-2-3-3 (0.5 g) was 

chromatographed over MCI (50% MeOH in H2O), and purified by RP HPLC (40% MeOH in H2O, 

containing 0.1% TFA, C18 colum, 2.0 ml/min) to yield ()-(6R)-6,7-dihydroxy-3,7- 

dimethyloct-2(Z)-enoic acid (2.5 mg, tR = 24.1 min) and 6-ethyl citrate (5.3 mg, tR = 26.2 min). 

Subfraction C3-1-4-4-2 (26 mg) was separated by CC over HW-40F (MeOH) to give 

C3-1-4-4-2-1−C3-1-4-4-2-2, which were separately purified by RP HPLC using 25% MeOH in H2O 

(containing 0.1% TFA) to afford cyclo[glycine-L-S-(4′′-hydroxybenzyl)cysteine] (2 mg, tR = 32.3 

min, C18 column, 2.0 mL/min) from C3-1-4-4-2-1, and using 8% MeOH in H2O (containing 0.1% 

TFA) to afford ()-4-β-D-glucopyranosyl-(1→6)-β-D-glucopyranosyloxybenzyl alcohol (3.1 mg, tR 

= 36.2 min, C18 column, 2.0 mL/min) from C3-1-4-4-2-2. Subfraction of C3-5-2 was separated by 

CC over Sephadex LH-20 (CH3OH-H2O, 1:1) to afford C3-5-2-1−C3-5-2-4. Of these, C-3-5-2-4 was 

subjected to RP-HPLC purification using CH3OH-H2O (15:85, containing 0.1% TFA, Ph column, 

2.0 mL/min) to afford parishin E (6 mg, tR = 28.1 min) and 2-[4-O-(β-D-glucopyranosyl)benzyl] 
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citrate (16.2 mg, tR = 33.4 min). 

HPLCESIMS Analysis of the Aqueous and a CH3CN-eluted Fraction. The aqueous 

extract of Gastrodia elata rhizomes and a CH3CN-eluted fraction, which was prepared by 

chromatography of the aqueous extract (50 mg) over a reversed-phase C18 silica gel (2 g) by 

successive elution with H2O (300 mL) and CH3CN (100 mL), were analyzed by HPLCESIMS 

using the ion extraction method. Sample analyses were performed on an Agilent 1100 series 

LC/MSD trap (Agilent Technologies, Waldbronn, Germany) equipped with an ESI source. A Zorbax 

SB-Aq C18 column (4.6× 150 mm, 5 μm; Agilent, USA) with an inline filter was used for separation: 

flow rate was 1.0 mL min-1; approximately 50% of the elution inlet into the mass spectrometer by 

splitting through a T-piece; column temperature at 25 °C. The crude aqueous extract was analyzed 

under an isocratic elution with 15% CH3CN in H2O containing 0.1% TFA. The CH3CN-eluted 

fraction was analyzed using a programed elution of solvents A (H2O containing 0.1% TFA) and B 

(CH3CN): 15% B in A for 30 min, increasing B from 30% to 45% in 30–45 min, and then system 

re-equilibration with A for 10 min.  

Compounds 1 and 2 were observed in the crude aqueous extract (Figures S125S126), and 

compound 3 in the MeCN-eluted fraction (Figures S127).
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Figure S1. The IR Spectrum of Compound 1 
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Figure S2. The (+)-ESIMS Spectrum of Compound 1
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Figure S3. The (+)-HRESIMS Report of Compound 1, Page 1 
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Figure S4. The (+)-HRESIMS Report of Compound 1, Page 2
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Figure S5. The (+)-HRESIMS Report of Compound 1, Page 3  
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Figure S6. The 1H NMR Spectrum of Compound 1 in Me2CO-d6 (600 MHz) 
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Figure S7. The 13C NMR Spectrum of Compound 1 in Me2CO-d6 (150 MHz) 
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Figure S8. The DEPT Spectrum of Compound 1 in Me2CO-d6 (150 MHz) 



 S15

 
Figure S9. The 1H-1H gCOSY Spectrum of Compound 1 in Me2CO-d6 (600 MHz) 
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Figure S10. The gHSQC Spectrum of Compound 1 in Me2CO-d6 (600 MHz) 
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Figure S11. The gHMBC Spectrum of Compound 1 in Me2CO-d6 (600 MHz) 



 S18

 
Figure S12. The 1H NMR Spectrum of Compound 1 in DMSO-d6 (600 MHz) 
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Figure S13. The UV Spectrum of Compound 1 in MeOH 

 

 
Figure S14. The CD Spectrum of Compound 1 in MeOH 
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Figure S15. The (+)-ESIMS Spectrum of the Synthesized (+)-(S)-[N-(4-Hydroxybenzyl)]pyroglutamate (1) 
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Figure S16. The 1H NMR Spectrum of the Synthesized (+)-(S)-[N-(4-Hydroxybenzyl)]pyroglutamate (1) in Me2CO-d6 (400 MHz) 
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Figure S17. The 13C NMR Spectrum of the Synthesized (+)-(S)-[N-(4-Hydroxybenzyl)]pyroglutamate (1) in Me2CO-d6 (100 MHz) 
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Figure S18. The 1H NMR Spectrum of the Synthesized (+)-(S)-[N-(4-Hydroxybenzyl)]pyroglutamate (1) in DMSO-d6 (400 MHz) 
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Figure S19. The CD Spectrum of the Synthesized (+)-(S)-[N-(4-Hydroxybenzyl)]pyroglutamate (1) in MeOH 
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Figure S20. The (+)-ESIMS Spectrum of the Synthesized ()-(R)-[N-(4-Hydroxybenzyl)]pyroglutamate 
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Figure S21. The 1H NMR Spectrum of the Synthesized ()-(R)-[N-(4-Hydroxybenzyl)]pyroglutamate in Me2CO-d6 (400 MHz) 
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Figure S22. The 13C NMR Spectrum of the Synthesized ()-(R)-[N-(4-Hydroxybenzyl)]pyroglutamate in Me2CO-d6 (100 MHz) 
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Figure S23. The 1H NMR Spectrum of the Synthesized ()-(R)-[N-(4-Hydroxybenzyl)]pyroglutamate in DMSO-d6 (400 MHz) 
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Figure S24. The CD Spectrum of the Synthesized ()-(R)-[N-(4-Hydroxybenzyl)]pyroglutamate in MeOH 
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Figure S25. The IR Spectrum of Compound 2 
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Figure S26. The (+)-ESIMS Spectrum of Compound 2
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Figure S27. The (+)-HRESIMS Report of Compound 2, Page 1 
 
 
 



 S33

 
 

Figure S28. The (+)-HRESIMS Report of Compound 2, Page 2 
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Figure S29. The (+)-HRESIMS Report of Compound 2, Page 3 
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Figure S30. The 1H NMR Spectrum of Compound 2 in Me2CO-d6 (600 MHz) 
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Figure S31. The 13C NMR Spectrum of Compound 2 in Me2CO-d6 (150 MHz) 
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Figure S32. The DEPT Spectrum of Compound 2 in Me2CO-d6 (150 MHz) 
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Figure S33. The 1H-1H gCOSY Spectrum of Compound 2 in Me2CO-d6 (600 MHz) 
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Figure S34. The gHSQC Spectrum of Compound 2 in Me2CO-d6 (600 MHz) 
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Figure S35. The gHMBC Spectrum of Compound 2 in Me2CO-d6 (600 MHz) 
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Figure S36. The UV Spectrum of Compound 2 in MeOH 

 
Figure S37. The CD Spectrum of Compound 2 in MeOH  
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Figure S38. The (+)-ESIMS Spectrum of the Synthesized Ethyl (+)-(S)-[N-(4-Hydroxybenzyl)]pyroglutamate (2) 
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Figure S39. The 1H NMR Spectrum of the Synthesized Ethyl (+)-(S)-[N-(4-Hydroxybenzyl)]pyroglutamate (2) in Me2CO-d6 (400 MHz) 
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Figure S40. The 13C NMR Spectrum of the Synthesized Ethyl (+)-(S)-[N-(4-Hydroxybenzyl)]pyroglutamate (2) in Me2CO-d6 (150 MHz) 
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Figure S41. The DEPT Spectrum of the Synthesized Ethyl (+)-(S)-[N-(4-Hydroxybenzyl)]pyroglutamate (2) in Me2CO-d6 (150 MHz) 
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Figure S42. The CD Spectrum of the Synthesized Ethyl (+)-(S)-[N-(4-Hydroxybenzyl)]pyroglutamate (2) in MeOH 
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Figure S43. The (+)-ESIMS Spectrum of the Synthesized Ethyl (−)-(R)-[N-(4-Hydroxybenzyl)]pyroglutamate  
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Figure S44. The 1H NMR Spectrum of the Synthesized Ethyl (−)-(R)-[N-(4-Hydroxybenzyl)]pyroglutamate in Me2CO-d6 (600 MHz)  
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Figure S45. The 13C NMR Spectrum of the Synthesized Ethyl (−)-(R)-[N-(4-Hydroxybenzyl)]pyroglutamate in Me2CO-d6 (100 MHz) 
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Figure S46. The DEPT Spectrum of the Synthesized Ethyl (−)-(R)-[N-(4-Hydroxybenzyl)]pyroglutamate in Me2CO-d6 (100 MHz) 
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Figure S47. The CD Spectrum of the Synthesized Ethyl (−)-(R)-[N-(4-Hydroxybenzyl)]pyroglutamate in MeOH 
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Figure S48. The IR Spectrum of Compound 3 
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Figure S49. The (+)-ESIMS Spectrum of Compound 3
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Figure S50. The (+)-HRESIMS Report of Compound 3, Page 1 
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Figure S51. The (+)-HRESIMS Report of Compound 3, Page 2 
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Figure S52. The (+)-HRESIMS Report of Compound 3, Page 3 
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Figure S53. The 1H NMR Spectrum of Compound 3 in Me2CO-d6 (600 MHz) 
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Figure S54. The 13C NMR Spectrum of Compound 3 in Me2CO-d6 (150 MHz) 
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Figure S55. The 1H-1H gCOSY Spectrum of 3 in Me2CO-d6 (600 MHz) 
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Figure S56. The gHSQC Spectrum of Compound 3 in Me2CO-d6 (600 MHz) 
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Figure S57. The gHMBC Spectrum of Compound 3 in Me2CO-d6 (600 MHz) 
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Figure S58. The UV Spectrum of Compound 3 in MeOH 

 

 
Figure S59. The CD Spectrum of Compound 3 in MeOH 
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Figure S60. The IR Spectrum of Compound 4
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Figure S61. The (+)-HRESIMS Report of Compound 4, Page 1 
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Figure S62. The (+)-HRESIMS Report of Compound 4, Page 2 
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Figure S63. The (+)-HRESIMS Report of Compound 4, Page 3 
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Figure S64. The 1H NMR Spectrum of Compound 4 in DMSO-d6 (500 MHz) 
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Figure S65. The 13C NMR Spectrum of Compound 4 in DMSO-d6 (125 MHz) 
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Figure S66. The DEPT Spectrum of Compound 4 in DMSO-d6 (125 MHz) 
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Figure S67. The 1H-1H COSY Spectrum of Compound 4 in DMSO-d6 (500 MHz) 
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Figure S68. The HSQC Spectrum of Compound 4 in DMSO-d6 (500 MHz) 
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Figure S69. The HMBC Spectrum of Compound 4 in DMSO-d6 (500 MHz) 
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Figure S70. The UV Spectrum of Compound 4 in MeOH 

 

 
Figure S71. The CD Spectrum of Compound 4 in CH2Cl2 
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Figure S72. The 1H NMR Spectrum of Compound 4 in CD3Cl (400 MHz) 
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Figure S73. The 1H NMR Spectrum of Compound 4-bis-(R)-MPA in CD3Cl (400 MHz)  
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Figure S74. The 1H NMR Spectrum of Compound 4-bis-(S)-MPA in CD3Cl (400 MHz)  
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Figure S75. The (+)-ESIMS Spectrum of the Synthesized Methyl S-(4-Hydroxybenzyl)-L-cysteinate 
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Figure S76. The 1H NMR Spectrum of the Synthesized Methyl S-(4-Hydroxybenzyl)-L-cysteinate in DMSO-d6 (400 MHz)  
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Figure S77. The 13C NMR Spectrum of the Synthesized Methyl S-(4-Hydroxybenzyl)-L-cysteinate in DMSO-d6 (100 MHz) 
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Figure S78. The IR Spectrum of Compound 5
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Figure S79. The (+)-HRESIMS Report of Compound 5, Page 1 
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Figure S80. The (+)-HRESIMS Report of Compound 5, Page 2
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Figure S81. The (+)-HRESIMS Report of Compound 5, Page 3 
 

HO

S
OH

OCH2CH3

O
3

11'3'

5'

7'

5



 S84

 
Figure S82. The 1H NMR Spectrum of Compound 5 in DMSO-d6 (500 MHz) 
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Figure S83. The 13C NMR Spectrum of Compound 5 in DMSO-d6 (125 MHz) 
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Figure S84. The DEPT Spectrum of Compound 5 in DMSO-d6 (125 MHz) 
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Figure S85. The 1H-1H COSY Spectrum of Compound 5 in DMSO-d6 (500 MHz) 
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Figure S86. The HSQC Spectrum of Compound 5 in DMSO-d6 (500 MHz) 
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Figure S87. The HMBC Spectrum of Compound 5 in DMSO-d6 (500 MHz) 

HO

S
OH

OCH2CH3

O
3

11'3'

5'

7'

5



 S90

 
Figure S88. The UV Spectrum of Compound 5 in MeOH 

 

 
Figure S89. The CD Spectrum of Compound 5 in CH2Cl2 
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Figure S90. The 1H NMR Spectrum of Compound 5 in CD3Cl (400 MHz) 
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Figure S91. The 1H NMR Spectrum of Compound 5-bis-(R)-MPA in CD3Cl (400 MHz) 
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Figure S92. The 1H NMR Spectrum of Compound 5-bis-(S)-MPA in CD3Cl (400 MHz)  
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Figure S93. The IR Spectrum of Compound 6 
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Figure S94. The (−)-ESIMS Spectrum of Compound 6
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Figure S95. The (+)-HRESIMS Report of Compound 6, Page 1 
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Figure S96. The (+)-HRESIMS Report of Compound 6, Page 2
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Figure S97. The (+)-HRESIMS Report of Compound 6, Page 3 
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Figure S98. The 1H NMR Spectrum of Compound 6 in MeOH-d4 (600 MHz) 
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Figure S99. The 13C NMR Spectrum of Compound 6 in MeOH-d4 (150 MHz) 
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Figure S100. The DEPT Spectrum of Compound 6 in MeOH-d4 (150 MHz) 
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Figure S101. The 1H-1H gCOSY Spectrum of 6 in MeOH-d4 (600 MHz) 
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Figure S102. The gHSQC Spectrum of Compound 6 in MeOH-d4 (600 MHz) 
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Figure S103. The gHMBC Spectrum of Compound 6 in MeOH-d4 (600 MHz) 
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Figure S104. The UV Spectrum of Compound 6 in MeOH 

 

 
Figure S105. The CD Spectrum of Compound 6 in MeOH 
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Figure S106. The 1H NMR Spectrum of the Ethyl Ester of Compound 6 in DMSO-d6 (600 MHz) 
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Figure S107. The 13C NMR Spectrum of the Ethyl Ester of 6 in DMSO-d6 (150 MHz) 
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Figure S108. The 1H NMR Spectrum of the Methyl Ester of Compound 6 in DMSO-d6 (600 MHz) 
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Figure S109. The 13C NMR Spectrum of the Methyl Ester of Compound 6 in DMSO-d6 (150 MHz) 
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 S110

 
  Figure S110. The IR Spectrum of Compound 7
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Figure S111. The (+)-HRESIMS Report of Compound 7, Page 1 
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Figure S112. The (+)-HRESIMS Report of Compound 7, Page 2
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Figure S113. The (+)-HRESIMS Report of Compound 7, Page 3 
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Figure S114. The 1H NMR Spectrum of Compound 7 in DMSO-d6 (500 MHz) 
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Figure S115. The 13C NMR Spectrum of Compound 7 in DMSO-d6 (125 MHz) 
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Figure S116. The DEPT Spectrum of Compound 7 in DMSO-d6 (125 MHz) 
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Figure S117. The 1H-1H COSY Spectrum of Compound 7 in DMSO-d6 (500 MHz) 
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Figure S118. The HSQC Spectrum of Compound 7 in DMSO-d6 (500 MHz) 
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Figure S119. The HMBC Spectrum of Compound 7 in DMSO-d6 (500 MHz) 
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Figure S120. The UV Spectrum of Compound 7 in MeOH 

 

 
Figure S121. The CD Spectrum of Compound 7 in CH2Cl2 
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Figure S122. The 1H NMR Spectrum of Compound 7 in CD3Cl (400 MHz)  
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Figure S123. The 1H NMR Spectrum of Compound 7-bis-(R)-MPA in CD3Cl (400 MHz)  
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Figure S124. The 1H NMR Spectrum of Compound 7-bis-(S)-MPA in CD3Cl (400 MHz)
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Figure S125. (a) TIC of the aqueous extract of Gastrodia elata Blume rhizomes; (b) The extracted ion 
chromatogram of m/z 236 from the aqueous extract TIC; (c) TIC of compound 1; (b') The (+)-ESIMS of the 
extracted ion; (c') The (+)-ESIMS of compound 1. 
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Figure S340. (a) TIC of the aqueous extract of Gastrodia elata Blume rhizomes; (b) The extracted ion 
chromatogram of m/z 264 from the aqueous extract TIC; (c) TIC of compound 2; (b') The (+)-ESIMS of the 
extracted ion; (c') The (+)-ESIMS of compound 2. 
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Figure S343. (a) TIC of the CH3CN-eluted fraction; (b) The extracted ion chromatogram of m/z 370 from TIC of 
the CH3CN-eluted fraction; (c) TIC of compound 3; (b') The (+)-ESIMS of the extracted ion; (c') The (+)-ESIMS 
of compound 3. 
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