Isolation, Structure Elucidation, and Antiproliferative Activity of
Butanolides and Lignan Glycosides from the Fruit of

Hernandia nymphaeifolia

Simayijiang Aimaiti,! Yohei Saito, ' Shuichi Fukuyoshi, ' Masuo Goto,> Katsunori Miyake, *
David J. Newman, Barry R. O’Keefe,’® Kuo-Hsiung Leeb,” and Kyoko Nakagawa-Goto'**

School of Pharmaceutical Sciences, College of Medical, Pharmaceutical and Health Sci-
ences, Kanazawa University, Kanazawa, 920-1192, Japan

Natural Products Research Laboratories, UNC Eshelman School of Pharmacy, University of
North Carolina at Chapel Hill, Chapel Hill, North Carolina 27599-7568, United States
Tokyo University of Pharmacy and Life Sciences, Hachioji, Tokyo, 192-0392, Japan

* NIH Special Volunteer, Wayne, Pennsylvania 19087, United States

Natural Products Branch, Developmental Therapeutics Program, Division of Cancer Treat-
ment and Diagnosis, National Cancer Institute, NCI at Frederick, Frederick, Maryland
21702-1201, United States

Molecular Targets Program, Center for Cancer Research, National Cancer Institute, NCI at
Frederick, Frederick, Maryland 21702-1201, United States

Chinese Medicine Research and Development Center, China Medical University and Hospi-

tal, Taichung, 40447, Taiwan

You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)



http://www.novapdf.com

Figure S1.
Figure S2.
Figure S3.
Figure S4.
Figure S5.
Figure S6.
Figure S7.
Figure S8.
Figure S9.

Figure S10.
Figure S11.
Figure S12.
Figure S13.
Figure S14.
Figure S15.
Figure S16.
Figure S17.
Figure S18.
Figure S19.

Figure S20
Figure S21
Figure S22

Figure S23.
Figure S24.
Figure S25.
Figure S26.
Figure S27.
Figure S28.
Figure S29.
Figure S30.
Figure S31.
Figure S32.
Figure S33.
Figure S34.

Table of Contents

"H NMR spectrum of 1 (600MHz, in CDCL3). .....covvieueeeiieniieniereeieiieeneens 1
3C NMR spectrum of 1 (150MHz, in CDCI3). ....ooovveveeieereeereeeeeereeveenneen, 2
H-H COSY experiment of 1 (600MHz, in CDC13) .....cvvvvvieeeeiiieeeieeeeeeeeenn. 3
HMQC experiment of 1 (600MHz, in CDCI3). «c.evvvvuiiieeeeeeeeeiiiiiiiiiiieiineen. 4
HMBC experiment of 1 (600MHz, in CDCI3)......ceevviiieiiiiieiiieeienieeininnnnn. 5
NOESY experiment of 1 (600MHz, in CDC13). ...coeeevvveiieiieiiiiiieeeee 6
"H NMR spectrum of 2 (400MHz, in CDCL3). ...ccvoovvievieevieniieieeeeieiieeneens 7
13C NMR spectrum of 2 (100MHz, in CDCL3). ...coveeevieeeeeereceeeeeeeeeeene 8
H-H COSY experiment of 2 (400MHz, in CDC13). ....cvvvvvieeeviieeeeieeeeeeeeen. 9
HMQC experiment of 2 (400MHz, in CDCI3)......ccccvvvvmiiiiiiiiienneeeeeenenen. 10
HMBC experiment of 2 (400MHz, in CDCI3). c.ccuvvuiiiieeeeerieeeeeeiiiiiinnnns 11
NOESY experiment of 2 (400MHz, in CDCL3)...ccvvueueiereeereeeeeeeiiiiiinenns 12
"H NMR spectrum of 3 (400MHz, in CDCL3).....cveevveeeeieeeeeereeeeeeeeene 13
3C NMR spectrum of 3 (100MHz, in CDCL) ..ccoveeevveeeiieceieeieeeeeeeeee 14
H-H COSY experiment of 3 (400MHz, in CDCI3)......vvvvviveeeeeeiiinne, 15
HMQC experiment of 3 (400MHz, in CDCI3)......cccevvevmmiiiiiieienneeieeneeen. 16
HMBC experiment of 3 (400MHz, in CDCl3)....cccevviiiimiiiiiiiiiieneeeeeneeeen. 17
NOESY experiment of 3 (400MHz, in CDCL3) ..cevvueeiiereeeeieeeeeeiiiiiininns 18
"H NMR spectrum of 4 (400MHz, in CDCL3).......ccveevveeveereeereeriecreenee. 19
.BC NMR spectrum of 4 (100MHz, in CDCI3). ...ccoeooveeeeeerieeeee e 20
. COSY experiment of 4 (400MHz, in CDCI3). ...ccocevvviiimiiiiiieeeeeeeeeeneeen. 21
HMQC experiment of 4 (400MHz, in CDCI3)....uuueeeeieeiieiiiiiiiiiiiieeeennn. 22
HMBC experiment of 4 (400MHz, in CDCI3)......cccevvvvmmmiiiiiiineneeeeeenenen. 23
NOESY experiment of 4 (400MHz, in CDCL3)...ccvvuuueeeeeeeeeieieeeeniiiiinenns 24
"H NMR spectrum of 5 (400MHz, in CDCL3)......cccvveveeveereereerieerienee. 25
3C NMR spectrum of 5 (100MHz, in CDCL)...cvveeevveeeieecieeeee e 26
H-H COSY experiment of 5 (400MHz, in CDCI3).....ccoevvvveneiieeeniieneeee, 27
HMQC experiment of 5 (400MHz, in CDCI3)......cccovvvimiiiiiieiienneeeeeenenen. 28
HMBC experiment of S (400MHz, in CDCI3)......cccvvvremmiiiiiiiieeneeeeeeeenen. 29
NOESY experiment of 5 (400MHz, in CDCI3) ...ccovvviiiiiiiiiiiiiiiniiennnannn. 30
"H NMR spectrum of 6 (600MHz, in CDCL3) ......cceevveeeevreeereereeereenene. 31
3C NMR spectrum of 6 (150MHz, in CDCL) ..ccvveeevveeeiieceieeieeeveeeeee 32
H-H COSY experiment of 6 (600MHz, in CDCl3)......cccoeeeeeeecinnnninnnnnne, 33
HMQC experiment of 6 (600MHz, in CDCI3).....cccuueeeriviiineeeeeeiicnnnnn. 34

You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)



http://www.novapdf.com

Figure S35.
Figure S36.
Figure S37.
Figure S38.
Figure S39.
Figure S40.
Figure S41.
Figure S42.
Figure S43.
Figure S44.
Figure S45.
Figure S46.
Figure S47.
Figure S48.
Figure S49.
Figure S50.
Figure S51.
Figure S52.
Figure S53.
Figure S54.
Figure S56.
Figure S57.

Figure S58.
Figure S59.
Figure S60.
Figure S61.
Figure S62.
Figure S63.
Figure S64.
Figure S65.
Figure S66.

HMBC experiment of 6 (600MHz, in CDCI3)........cooeereevveiieiiiieeee 35
NOESY experiment of 6 (600MHz, in CDCI3)......cuuueeeeeeeeieieeeeiiiiiinnans 36
"H NMR spectrum of 7 (400MHz, in CDCL3).....cveevveeeieeeeeeeeeeeeeeeenne 37
3C NMR spectrum of 7 (100MHz, in CDCL)...cvveeevveeceieciveeieeeeeeeeene 38
H-H COSY experiment of 7 (400MHz, in CDCL3)......cccoeeeeeeeeeeeeeiinnen, 39
HMQC experiment of 7 (400MHz, in CDCI3)......cccevvvimiiiiiiieienneeeeeennnen. 40
HMBC experiment of 7 (400MHz, in CDCI3)......cccovvvemmmiiiiiiiieneeeeeennnen. 41
NOESY experiment of 7 (400MHz, in CDCL3)...ccvvueueierieereeeeeeeniiiieneanns 42
EIMS spectrum for 7 ......cooooiiiiiiiiiiiieeeeeeeee e 43
"H MNR spectrum of 8 (400MHz, in CD30D)........cccoevvevvveeneeereeennnne. 44
3C MNR spectrum of 8 (100MHz, in CD30D)........cc.cccvevvvevreeriereennene. 45
H-H COSY experiment of 8 (400MHz, in CD30D)........ccoevvivevneienennns 46
HMQC experiment of 8 (400MHz, in CD30D).......ccccvvvmmiiiviiierieeeeenenen. 47
HMBC experiment of 8 (400MHz, in CD30D) .......cccevvvmuiiieeieeneeeeeenenen. 48
NOESY experiment of 8 (400MHz, in CD30D)........ueevieriiiiieiiiiiiinnnnns 49
ROESY experiment of 8 (400MHz, in CD30D)......ccccvvvueiiiveiiereeeneenneen. 50
"H MNR spectrum of 9 (400MHz, in CD30D)........cccovvvevereecneeereeennnne 51
3C MNR spectrum of 9 (100MHz, in CD30D).......cccoovveveveecreeeeeennnne. 52
H-H COSY experiment of 9 (400MHz, in CD30D)........ccoevvveeeneienennns 53
HMQC experiment of 9 (400MHz, in CD30D)......ccccevvvmmiiiveiiereeeeeenneen. 54
NOESY experiment of 9 (400MHz, in CD30D)........uveveeiiiiieiieiiiiiinnnns 56
"H NMR spectrum of 9 (400MHz, in DMSO-dg).....cocevveveeeceeeeeeenrenne. 57
HRFABMS data of 1......oeiniii e 58
HRFABMS data of 2. ...c.oiiiii e 58
HRFABMS data of 3. .. ..o 59
HRFABMS data of ..o 59
HRFABMS data of 5. 60
HRFABMS data of 6. ......c.ouiieiiiiiiii e 60
HRFABMS data 0f 7...oueieiiiiiiiiniiiiiiiiiireereeceee e 61
HRFABMS data 0f 8.....coviuiiiiiiiiiiiiiiiiireneeceeeereee e 61
HRFABMS data 0f9...c.oiuiniiiiiiiiiiiiiiiireeneeceee e 62

You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)



http://www.novapdf.com

Figure S1. 'H NMR spectrum of 1 (600MHz, in CDCl;).
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Figure S2. 1*C NMR spectrum of 1 (150MHz, in CDCl3).
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Figure S3. H-H COSY experiment of 1 (600MHz, in CDCl3).
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Figure S4. HMQC experiment of 1 (600MHz, in CDCI;).
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Figure S5. HMBC experiment of 1 (600MHz, in CDCl;).
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Figure S6. NOESY experiment of 1 (600MHz, in CDCl3).
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Figure S7. 'H NMR spectrum of 2 (400MHz, in CDCl;).
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Figure S8. *C NMR spectrum of 2 (100MHz, in CDCl5).
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Figure S9. H-H COSY experiment of 2 (400MHz, in CDCl3).
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Figure S10. HMQC experiment of 2 (400MHz, in CDC]l3).
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Figure S11. HMBC experiment of 2 (400MHz, in CDCl3).
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Figure S12. NOESY experiment of 2 (400MHz, in CDCl;).
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Figure S13. 'H NMR spectrum of 3 (400MHz, in CDCl3).
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Figure S14. *C NMR spectrum of 3 (100MHz, in CDCl;)
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Figure S15. H-H COSY experiment of 3 (400MHz, in CDCl;)

|
8
: |
E| M“ /
2.1 1 NV, O S | "
<
&
4
=4
<]
=
< -]
o
&
=}
24
&
< ®
H o
@ ©
- - @ -
.,o{’ m.@@ °
= @ =« - L}
z
2]
g
g
5
So
él\'iﬁs © DR
8, F . - %
.
T A N B S T e L L B T I e e I RRARRRREEE
7.0 6.0 5.0 4.0 30 2.0 1.0 0 0 1.0 2.0
X : parts per Million : 1H labundance

You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)



http://www.novapdf.com

Figure S16. HMQC experiment of 3 (400MHz, in CDCl;3)
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Figure S18. NOESY experiment of 3 (400MHz, in CDCl;s)
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Figure S19. 'H NMR spectrum of 4 (400MHz, in CDCl3).
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Figure S20."*C NMR spectrum of 4 (100MHz, in CDCl3).
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Figure S21. COSY experiment of 4 (400MHz, in CDCl3).
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Figure S22 HMQC experiment of 4 (400MHz, in CDCI;).
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Figure S23. HMBC experiment of 4 (400MHz, in CDCl).
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Figure S24. NOESY experiment of 4 (400MHz, in CDCl;).
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Figure S25. '"H NMR spectrum of 5 (400MHz, in CDCl3).
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Figure S26. 1*C NMR spectrum of 5 (100MHz, in CDCI;).
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Figure S27. H-H COSY experiment of 5 (400MHz, in CDCl;).
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Figure S28. HMQC experiment of 5 (400MHz, in CDCI3).
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Figure S29. HMBC experiment of 5 (400MHz, in CDCl).
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Figure S30. NOESY experiment of 5 (400MHz, in CDCl;s)
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Figure S31. '"H NMR spectrum of 6 (600MHz, in CDCl;5)
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Figure S32. *C NMR spectrum of 6 (150MHz, in CDCl;)
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Figure S33. H-H COSY experiment of 6 (600MHz, in CDCl;3)
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Figure S34. HMQC experiment of 6 (600MHz, in CDCl;3)
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Figure S35. HMBC experiment of 6 (600MHz, in CDCls)
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Figure S36. NOESY experiment of 6 (600MHz, in CDCl;).
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Figure S37. 'H NMR spectrum of 7 (400MHz, in CDCl3).
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Figure S38. '*C NMR spectrum of 7 (100MHz, in CDCl5).

] (@]
g7 1
HOS e
MeO A 5 13_
© 7
g M\MM.Imm‘WWWHMMwmMIm\.mmI‘MMWWMM bt o I LR LMLML“MJLWMIMU\ o il L

150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0
) A AN | S,
g 258 §45558% g BEER&ENENERAS
XZpa%SpCrMilliOn:l?)C%EE Tomees - coooooaaaans

=
g
IS
<

38

You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)



http://www.novapdf.com

Figure S39. H-H COSY experiment of 7 (400MHz, in CDCl;).
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Figure S40. HMQC experiment of 7 (400MHz, in CDC]l3).
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Figure S41. HMBC experiment of 7 (400MHz, in CDCI).
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Figure S42. NOESY experiment of 7 (400MHz, in CDCl;).
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Figure S43. EIMS spectrum for 7
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Figure S44. 'H MNR spectrum of 8 (400MHz, in CDs0D)

0L'L oce

00T

9zl
N
e e

!

L

U

#

bt

|

1

T
6.0

7.0

M T A I I A AN S B A AN AN RS AR M AN B LARAE A RSN AR AARSA B AANRS SAARSAARM
TECLTOTCSTYTETTTITOCTOT ST LTI ST VI ETTTI'TOTL6080L090CS0¥0¢€0T0T10 0 10

Qouepunqe

X : parts per Million : 1H

44

You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)


http://www.novapdf.com

Figure S45. *C MNR spectrum of 8 (100MHz, in CD30D)
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Figure S46. H-H COSY experiment of 8 (400MHz, in CD30D)
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Flgure S47. HMQC experiment of 8 (4OOMHZ in CD3;0D)
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Figure S48. HMBC experiment of 8 (400MHz, in CD;0D)
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Figure S49. NOESY experiment of 8 (400MHz, in CD;0D)
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Figure S50. ROESY experiment of 8 (400MHz, in CD3;0D)
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Figure S51. 'H MNR spectrum of 9 (400MHz, in CD30D)
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Figure S52. 1*C MNR spectrum of 9 (100MHz, in CD30D)
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Figure S53. H-H COSY experiment of 9 (400MHz, in CD30D)
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Figure S54. HMQC experiment of 9 (400MHz, in CD30D).
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Figure S55. HMBC experiment of 9 (400MHz, in CD30D).
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Figure S56. NOESY experiment of 9 (400MHz, in CD;0D).
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Figure S57. 'H NMR spectrum of 9 (400MHz, in DMSO-dp).
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Figure S58. HRFABMS data of 1.

Data : EI-HR-2017-066 Date : 09-Mar-2018 15:59

Instrument @ MStation

Sample : 165A-HPH-F13-e-1

Mate ; Mo 225

Inket : Direct [orm Mode @ El+

BT : 2.50 min Scan# @ 31

Elements | C 25/0, H43/0, O 3/0

Mass Toleranoe 1000ppm, Smmu if mfz < 5, 50mmu if mde = 50
Unsaturation (U.S.) @ =0.5 - 10.0

Observed mfz ] Err[ppm J/ rmw] U.5, Composition
1 3%0.3137 21.80 +0.8B f  +0.3 5.0 C25 H42 D3

Figure S59. HRFABMS data of 2.

Data : EI-HR-2017-008 Date : 27-Jun-2017 11:33

Instrurmsent @ MStation

Sample ; 1654-HPE-F3-b-4

Mote : M0 .33

Inbat : Direct Ion Mode @ EI+

BT : 1.50 min Scand 1 19

Elerments : € 29/0, H 50/0, O 3/0

Mass Tolerance 2 1000ppm, Spmu if myfz < 5, S0mimu il mfz = 50
Unsaturabion (U.S.) @ -0.5% - 10.0

Observed mfz [ m % Errppm / mmu] U.S. Compasition
1 4463743 27.14 1.8y 1.7 5.0 C29 H50 03
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Figure S60. HRFABMS data of 3.

Data - EI-HR-2017-065 Date © 09-Mar-Z01E 1553
Imstrument @ MStation
Sample @ 165A-HPE-F3-b-2-a
Mate @ No 226
Inlet : Direct Ton Mode @ El4
BT : 2.25 min Scan# @ 28
Elerents « C 25/0, H 44/0, O 370
Mass Tolerance 1 1000ppm, Smmuw if mfz < &, 50mmu of myfz = 50
Unsaturation (LS.} @ -0.5 - 10.0
Observed m/z [ppm [ e U.5, Compesition

392.3302 26,64 +2.9 f +1.2 4.0 C25 H44 03

Figure S61. HRFABMS data of 4.

Data : HFEEY_20180117108 Date : 03-5o0p-Z018 11:22
Instrument ;. M3tabion

Sample | 1654 _HPB_F1_e

Note : Macl

[rlet @ Carect Ion Mode @ FAB+

RT : 6.61 min Scan# : 70

Elemeants : O 38,0, H 45/0, O 3/0, Na 1/0

Mass Tolerance s 1000ppm, Smmu if mfz = 5, S0mmu if mdz = 50
Ursatueration {U.5.) - -0.5 - 5.0
rd mf 2 [ nE% u.5, Composit
441.3357 100,00 i 1Ll 4.3 27 Ham 0O

59

You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)



http://www.novapdf.com

Figure S62. HRFABMS data of S.

Data : EI-HR-2017-027 Date : 18-0ct-2017 13:51

Instrument @ M3tation

Sample : 165A-HPE-F4-d-1

Maote - Nog1

Inlet : Direct Ion Mode  ET+

RT @ 14.33 min Scan# - 173

Elements @ C 29/0, H 50/0, O 3/0

Mass Talerance LO0Dpom, Smme il mfz < 5, SO0mmu if mdz = 500
Unsaturation (U.5.) @ -0.5 - 20.0

Qbserved mf2 [ni% Err[ppm f mmu] U.5. Compasitian
1 446.3749 25.71 =21.5 ¢ -1.1 5.0 €29 H50 03

Figure S63. HRFABMS data of 6.

Data : EI-HR-2017-025 Date : 18-0ct-2017 10:28

Instrument | M5tation

Sample @ 165A-HP-LHa-F&-5-g-1

Mote : Mo.23

Indiat © CHrect Ion Mode ; EI+

BT : 10.58 min Scan# @ 128

Elements ; © 25/0, H 44,0, O 4/0

Mass Toleranoe S 1000ppm, Smmo it mfz = 5, 500mmu i mfz = 500
Unsaturation (U.5.) @ <05 - 10.0

Qbserved mfz  Int% Err[ppm / mmul U.5., Compasition
1 408.3230 216.136 -2.4 f -1.0 4.0 C25 H44 04
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Figure S64. HRFABMS data of 7.

Data : EI-HR-2017-064 Date @ 09-Mar-2018 1548

Instrument | MStation

Sample @ 1654A-HPE-F4-f-2-b

Note : No.227

It @ Chrect Ton Mode | EI+

RT : 3.84 min Scan# 1 47

Elements @ C 28/0, H 50/0, 0a/0

Mascs Tolerance S 1000ppm, Smmu il myfz = 5, S0mmu if mfz = 50
Unsatyration (U.5.) - =05 - 10.0

Qbserved mfiz  Inl% Errlppm | ] U.5, Composilian
1 450.3702 16.95 -1.6 ¢/ -0.7 4.0 C28 HSO 04

Figure S65. HRFABMS data of 8.

Data : SFEHEF 20180117330 Date : 23-0ct-2019 16:50
Instrument : MStation

Sample | 165A_HPBE_F5 a 4 b

Mote | NBA+NaCl

Inlet - Direct Ion Mode ;| FAB+

BT @ 2.22 min Scan# @ 20

Elements : C 27/0, H 36/0, O 13/0, Na 1/0

Mass Tolerance - 1000ppm, S if myz < 5, S0mmu if myfz = 50
Unsaturation (U.5.) - -0.5 - 10.0

Observed mfz Inte Err[ppm / nmmu] U.5, Composition
1 591.2022 34.41 5.3 4 3.2 9.5 C27 H3Ie 013 MNa
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Figure S66. HRFABMS data of 9.

Data : HFEEY¥_20180117331 Date : 23-0ct-2019 17:12
Instrument @ MStation

Sample : 1654_HPB_F5_d_1 c 1 b

Note : MBA4NaCl

[nlet @ Dhract Ion Mode : FAB+

RT : 2.689 min Scan# | 24

Elements : C 26/0, H 34,0, 0O 12/0, Na 1/0

Mass Tolerance : 1000ppm, Smmu if mfz < 5, S0mmu if mfz = 50
Unsaturation (UL5.) : -0.5 - 10.0

Observed mfz Int% Err[ppm J/ nmul U,%, Compasition
1 561.1958H 7 .66 +1.8 ¢ +1.0 9.5 C26 H3I4 012 Na
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