d antioxidants m\n\w

Supplementary materials
New Megastigmane and Polyphenolic Components of Henna
Leaves and Their Tumor-Specific Cytotoxicity on Human Oral
Squamous Carcinoma Cell Lines

Mohamed A. A. Orabi'’, Esam A Orabi2*, Ahmed Abdullah Al Awadh3, Mohammed Merae Alshahrani3, Basel A.
Abdel-Wahab*, Hiroshi Sakagami® and Tsutomu Hatano¢

1 Department of Pharmacognosy, College of Pharmacy, Najran University, Najran 66454, Saudi Arabia; mohamedor-
abi@azhar.edu.eg; maorabi@nu.edu.sa.

2 Department of Chemistry and Biochemistry, Concordia University, 7141 Sherbrooke Street West, Montréal, Québec
H4B 1R6, Canada; e_orabi@live.concordia.ca.

3 Department of Clinical Laboratory Sciences, Faculty of Applied Medical Sciences, Najran University, Najran 66454,
Saudi Arabia; aaalawadh@nu.edu.sa (AAAA), mmalshahrani@nu.edu.sa (MMA)

¢ Department of Pharmacology, College of Pharmacy, Najran University, Najran 64462, Saudi Arabia; bab-
delnaem@nu.edu.sa

5 Meikai University Research Institute of Odontology (M-RIO), 1-1 Keyakidai, Sakado, Saitama 350-0283, Japan;
sakagami@dent.meikai.ac.jp

¢ Graduate School of Medicine, Dentistry and Pharmaceutical Sciences, Okayama University, Tsushima, Okayama
700-8530, Japan; hatano-t@cc.okayama-u.ac.jp

* Correspondence: mohamedorabi@azhar.edu.eg (M.A.A.O.; e_orabi@live.concordia.ca (E.A.O.)

S1


mailto:mohamedorabi@azhar.edu.eg
mailto:mohamedorabi@azhar.edu.eg
mailto:maorabi@nu.edu.sa
mailto:e_orabi@live.concordia.ca
mailto:aaalawadh@nu.edu.sa
mailto:mmalshahrani@nu.edu.sa
mailto:babdelnaem@nu.edu.sa
mailto:babdelnaem@nu.edu.sa
mailto:sakagami@dent.meikai.ac.jp
mailto:mohamedorabi@azhar.edu.eg
mailto:e_orabi@live.concordia.ca

Table of content

List of content Page
Figure S1: Positive mode HRESIMS spectrum of compound 1 S4
Figure S2: Negative mode HRESIMS spectrum of compound 1 S5
Figure S3: tH NMR spectrum of compound 1 [600 MHz, acetone-ds + D20 (9+1)] S6
Figure S54: Expanded '"H NMR spectrum of compound 1 [600 MHz, acetone-ds + D20 (9+1)] 57
Figure S5: Expanded 'H NMR spectrum of compound 1 [600 MHz, acetone-ds + D20 (9+1)] S8
Figure S6: "H-"H COSY spectrum of compound 1 [600 MHz, acetone-ds + D20 (9+1)] S9
Figure S7: Expanded 'H-'"H COSY spectrum of compound 1 [600 MHz, acetone-ds + D20 (9+1)] 510
Figure S8: Expanded 'H-'H COSY spectrum of compound 1 [600 MHz, acetone-ds + D20 (9+1)] S11
Figure S9: 3C NMR spectrum of compound 1 [151 MHz, acetone-ds + D20 (9+1)] S12
Figure 510: HSQC spectrum of compound 1 [600 MHz, acetone-d6 + D20 (9+1)] S13
Figure S11: Expanded HSQC spectrum of compound 1 [600 MHz, acetone-ds + D20 (9+1)] S14
Figure S12: Expanded HSQC spectrum of compound 1 [600 MHz, acetone-ds + D20 (9+1)] 515
Figure S13: HMBC spectrum of compound 1 [600 MHz, acetone-ds + D20 (9+1)] S16
Figure S14: Expanded HMBC spectrum of compound 1 [600 MHz, acetone-ds + D20 (9+1)] S17
Figure S15: NOESY spectrum of compound 1 [600 MHz, acetone-ds + D20 (9+1)] S18
Figure S16: Expanded NOESY spectrum of compound 1 [600 MHz, acetone-ds + D20 (9+1)] S19
Figure S17: Expanded NOESY spectrum of compound 1 [600 MHz, acetone-ds + D20 (9+1)] 520
Figure S18: "H NMR spectrum of compound 2 (600 MHz, DMSO-db) 521
Figure S19: '"H-'"H COSY spectrum of compound 2 (600 MHz, DMSO-ds) 522
Figure S20: 3C NMR spectrum of compound 2 (151 MHz, DMSO-ds) 523
Figure 521: HSQC spectrum of compound 2 (600 MHz, DMSO-ds) 524
Figure 522: 'H NMR spectrum of compound 3 [600 MHz, acetone-ds + D20 (9+1)] 525
Figure 523: '"H-'"H COSY spectrum of compound 3 [600 MHz, acetone-ds + D20 (9+1)] 526
Figure 524: 13C spectrum of compound 3 [151 MHz, acetone-ds + D20 (9+1)] 527
Figure 525: HSQC spectrum of compound 3 [600 MHz, acetone-ds + D20 (9+1)] 528

S2



Figure 526:
Figure 527:
Figure 528:
Figure 529:
Figure S30.
Figure S31:
Figure 532:
Figure S33:
Figure 534:
Figure 535:
Figure S36:
Figure S37:
Figure 538:
Figure 539:

Figure 540:

HMBC spectrum of compound 3 [600 MHz, acetone-ds + D20 (9+1)]

H NMR spectrum of compound 4 (600 MHz, DMSO-ds)

13C NMR spectrum of compound 4 (151 MHz, DMSO-ds)

'H NMR spectrum of compound 5 [600 MHz, acetone-ds + D20 (9+1)]
'H-'H COSY spectrum of compound 5 [600 MHz, acetone-ds + D20 (9+1)]
H NMR spectrum of compound 6 [600 MHz, acetone-ds + D20 (9+1)]
H-"H COSY spectrum of compound 6 [600 MHz, acetone-ds + D20 (9+1)]
'H NMR spectrum of compound 7 [600 MHz, acetone-ds + D20 (9+1)]
H-"H COSY spectrum of compound 7 [600 MHz, acetone-ds + D20 (9+1)]
H NMR spectrum of compound 8 [600 MHz, acetone-ds + D20 (9+1)]
'H-'"H COSY spectrum of compound 8 [600 MHz, acetone-ds + D20 (9+1)]
'H NMR spectrum of compound 9 [600 MHz, acetone-ds + D20 (9+1)]
H-"H COSY spectrum of compound 9 [600 MHz, acetone-ds + D20 (9+1)]
H NMR spectrum of compound 10 [600 MHz, acetone-ds + D20 (9+1)]

'H-"H COSY spectrum of compound 10 [600 MHz, acetone-ds + D20 (9+1)]

Experimental procedures of TD-DFT calculation of the ECD spectrum of 1

Figure S41: 3D structures of possible stereoisomers of compound 1

Figure 542:

Calculated (A) and practically measured (B) ECD spectra of compound 1

529

S30

S31

S32

S33

S34

S35

536

S37

S38

539

540

541

542

543

544

545

546

S3



Intens.:
x106]

360.33164

697 .66019
l 563.20722
i Ll 1

+MS, 0.4-0.5min #(24-27)

400 600 800 1000

1200 | 1400 m/z

Intens.

x104

563.20722

561.19246 566.88882
I_J“l_l _I.J . k _'\__‘R.L:\_/kI R S L.

-

+MS, 0.4-0.5min #(24-27)

575.19008577.20130

..L _Jnl..._n o J't._.

560.0  562.5 565.0 567.5 570.0

Figure S1. Positive mode HRESIMS spectrum of compound 1

S4

572.5

575.0 577.5 miz




Intens.
x104 |

0_

200

53921277

433.20662

300.99834

833.28417 1135.39706
) L} T

-MS, 0.1-1.0min #(3-60)

400 600 ' 800 1000 1200 1400

1600 1800 = m/z

Intens.

x104

539.21277

540.21542

N

T

-ME, 0.1-1.0min #(3-60)

543.20839

542.21072
) LN

\K\_ 541.21335
538.19933

539 69659 540.70405 J]k

T _JT\‘_ T T |_JT\_- T T T T
538 539 54

0 ' 541

Figure S2. Negative mode HRESIMS spectrum of compound 1

S5

542 ' 543 miz




7.133

e

o0 LN
oq-.-.%‘? on©Q
< N
° - = h m
PRS-
F R KR

|

——2.076

1.549

0.905

WL

N, YO R

16
15
_-14
13
12
_-11

~10

10.0

9.5

9.0

8.5

8.0

7.5 7.0

Figure S3. "H NMR spectrum of compound 1 [600 MHz, acetone-dg + D20 (9+1)]

6.5

6.0

5.5

5.0
f1 (ppm)

S6

4.5 4.0 3.5

3.0

2.5

2.0 1.5 1.0

0.5



ARSI . SR S SR S Y T .9
o ~ — S06°0
m C6T'T~— |~
N —>TITT— —
L ™M
i
L
L
L.
L™~
- 0ST'V
J 9TV
LTV
L @
i
~ S8V
5 86ty
o T09'Y
= Y09V
1[4° 0 4
144° A4
L <2
N
3
4
L N
(o]
L ™
N ~
L X M
COFL— =
L
(o]

2.6

3.5 3.0 2.5 2.0 1.5 1.0

4.0

f1 (ppm)
Figure S4. Expanded "H NMR spectrum of compound 1 [600 MHz, acetone-dg + D20 (9+1)]

7.5 7.0 6.5 6.0 5.5 5.0 4.5

8.0

S7



20

-19

~18

17

16

~15

-14

13

12

11

EETL—

4.14
f1 (ppm)

4.18

S8y~ m
86’V

109
eow.¢VuM
029'v-7=

yZ9'y

L

4.1 3.7 3.6 3.5 3.4 3.3 3.2

4.2

4.3

f1 (ppm)
Figure S5. Expanded "H NMR spectrum of compound 1 [600 MHz, acetone-dg + D20 (9+1)]

4.9 4.8 4.7 4.6 4.5 4.4

5.0

7.1

7.2

S8



3.5
4.0
4.5
~5.0
-5.5

SO - = e S D X — Y ——— Y W (O Y O X ) () MU [O N ML A" B LW, (8t 5 (D) O I X
A ) I e A

Ao = 3= 2 o =

1.0 0.8

16 14 1.2

1.8

f2 (ppm)
Figure S6. 'H-"H COSY spectrum of compound 1 [600 MHz, acetone-dg + D20 (9+1)]

S9

58 56 54 52 50 48 46 44 42 40 38 36 34 32 3.0 28 26 24 22 20



e ?

e 1772\ \ Ve

)

‘[u OAV

N

\ 7
N/

&l
80 mJN@ m

= 88 &

2.2

2.3

2.5

1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.1
f2 (ppm)

2.0

2.1

2.4

Figure S7. Expanded "H-"H COSY spectrum of compound 1 [600 MHz, acetone-dg + D20 (9+1)]

S10



Wy 1y

-4.0
4.2
-—44
4.6

N * © ®
T i it it

3.1

T
3.3 3.2

3.4

3.5

3.6

3.7

J

3.9
f2 (ppm)

4.0

4.1

4.2

4.3

T
4.4

4.5
Figure S8. Expanded "H-"H COSY spectrum of compound 1 [600 MHz, acetone-dg + D20 (9+1)]

4.6

4.7

S11



11000

~10000

~9000

~8000

~7000

6000

~5000

~4000

~3000

~2000

~1000

TI8 6T~ __
z0€'TT—-}
6EE VT

1

S0T'6€

mS.#MH
12S'ESh———
ez’ |

79419
£SS'89\ __
9zE' 1L\ §
LES°TL~\—3
SLr'vL———3
19LvL/

|
99%Y°LL 1

|

EVTTOT—

i

L6S'60T——%

3

9¢S'0CT——

ST8'8CT
8LS'EET——1
9G9°LET 4

3

866°SYT——%

8YT' L9T—%

€E£°60C—

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
Figure S9. 3¢ NMR spectrum of compound 1 [151 MHz, acetone-

210

ds + D20 (9+1)]

S12



~30

—50

~60

~70

~80

90

—100

Figure $10. HSQC spectrum of compound 1 [600 MHz, acetone-ds + D20 (9+1)]

S13

J\L__JL NV\JN‘\A«A.AM/‘J
<9 ®o
@ L}
oo
@ - -
L 2]
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
4.6 4.4 4.2 4.0 3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 2.2 2.0
f2 (ppm)

f1 (ppm)



S [ A

20

—25

~30

35

1.7
f2 (ppm)

Figure S11. Expanded HSQC spectrum of compound 1 [600 MHz, acetone-dg + D20 (9+1)]

S14

AU
] ]
' b 0.
0 ) | .
' |
' ' . ! ¢ Q [}
0 0
0 . @
(1 -' 0 []
0 ! '
. ’ g
@ J - () @
0 ' ' 0
b
i ' .
) 0
|
' .
D 0 1 : C
0 . ®,
. .
' ]
x o
1 ' 0 0 ' o 1
T I — T T T T T T — 77— T T T T
2.5 2.4 2.3 2.2 2.1 2.0 1.9 1.8 1.6 1.5 1.4 1.3 1.2 1.1 1.0 0.9

f1 (ppm)



00 D o

Yo DO

0o

00

—65

~70

=75

80

85

90

95

~100

T T T T T T T T T T T T T T T T T T T T T T T T T T T
4.6 4.5 4.4 4.3 4.2 4.1 4.0 3.9 3.8 3.7 3.6 3.5 3.4 3.3
f2 (ppm)

Figure S12. Expanded HSQC spectrum of compound 1 [600 MHz, acetone-dgs + D20 (9+1)]

S15

3.2

f1 (ppm)



e

o

@ ° ’ :
N . ’ ‘_.‘q Q e ‘»
. L ] oob'oof e .
‘ N . °
‘ [ ]
e ° &
) 1 o L
. °
. ' .. .

&e

~60

~80

~100

120

140

160

—180

—200

. ® wo & ) ® 9
9 ¢ ' R
° P
0 . ' (} . . { e :
. ’ aQ .
. [ . ‘ ¢
- ¢ ' . U
T T T T T T T T T T T T T T T T T T T T T T T T T
7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f2 (ppm)

Figure S13. HMBC spectrum of compound 1 [600 MHz, acetone-ds + D20 (9+1)]

S16

f1 (ppm)



ot AL

A
00 (@ )

00 (O

-

g

00

S

55
-60
_-65
70

~75

1 o D

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
46 44 42 40 38 36 34 32 30 28 26 24 22 20 18 16
f2 (ppm)

Figure S14. Expanded HMBC spectrum of compound 1 [600 MHz, acetone-dg + D20 (9+1)]

S17

1.4

1.2

1.0

f1 (ppm)



ww o

D00 C:)d\x\::;\rwv.\' N VA AR ! C"" ,Dmowcgi E}og’_)wjlﬁ.oom Q.

o
YaYes) .MAQMO O “ ‘j QRS Ilml

\/vvvaw

e -r O<> < o= - C= | o+ e 1._, s ——nlc (O(C:

DU 0 090850 0 .CBQQ«)O»QC,‘:VO(D @0000 oooqqpoogoﬂiooaoca(;boo Oy {epore o0 c;?o
M%zﬁﬁm@ﬁﬁm "

e 0 6 e oo

1( 0%050.% z W ey

ot ovoooM%oOooo 00°00000000

“fat0 o) 000

2.5

U

qooo Qo> 109 CDOCDCQ(;‘JQ&XZ

0 1
BB o= teserts)
' o Q0 )0h [

0

D0 Qoo O 05@ WA ,.

-‘(4-4..

; s WAL
D5 S STREE e COSSESD ""’W
- 7“

B == % 6
ol 13 =g .
; { zi' 2

D . . s o
ey
W‘“"’"
0r. D rot000 wooooq Dore oo o@bl‘&ﬂﬁ c Vo 0 sea00 o ooooo ©0000 o W .oix o)! o0
: . 00000- . 0 1 IDQO DO 0 ()90 900 ¢ |
' . ‘1" 0 0(@"0“_’) 0 2o VO
0 0/\/\10&00000\3 q 0 + O ooo 19O °9 ot .
A ML
U e 'Q"gw 4.5
RO IC) g AL ) (| PO AOASOCID CXY DSONEIDOEOP0 o=
{
D) { e N n o 0 o s [

T T T T T T T T T "' T T T T I T I“ T : T .I T T T T T T T T T T T T T T T T T T
46 44 42 40 3.8 3.6 3.4 3.2 3.0 2.8 26 24 22 2.0 1.8 1.6 1.4 1.2 1.0 08
f2 (ppm)

Figure S15. NOESY spectrum of compound 1 [600 MHz, acetone-ds + D20 (9+1)]

S18

f1 (ppm)



(wdd) 14

00000000000000000

SR L I G LI UL LIV S S SR S D S |

%

o
=S .
W)ﬂ/,,' v
VWN °

3

9

[ 0

1 0Ly o
Q Q

)
{

m
<

i

o
(o
o

|
1
T

0> D 006000300 Q

o0&

0

-

o (@)
AR

: . D .
SR - <.
g .0
: Y o Bt
@\\Ww\\\\d\h‘\\\\‘ﬂ\ /PJ —

S ——=2
‘\ﬁf“ ‘\‘\\I\‘U 4~f S z = d

g —— = ST N e
== J(Lll\l‘g,r(h S =4l
A‘v = — -
o e Qm -
) A \ i
(8, :
| o
I -
|
|
Q

o>
(@) IS

na

3.0

4.5 4.4 4.3 4.2 4.1 4.0 3.9 3.8 3.7 3.6 3.5 3.4 3.3 3.2 3.1
f2 (ppm)

4.6

Figure S16. Expanded NOESY spectrum of compound 1 [600 MHz, acetone-ds + D20 (9+1)]

S19



3.3

~3.5

3.5 3.4 3.3 3.2 3.1 3.0 2.9 2.8 o 2.; 2.6 2.5 2.4 2.3 2.2
ppm
Figure S17. Expanded NOESY spectrum of compound 1 [600 MHz, acetone-ds + D20 (9+1)]

S20

T
2.1

T
2.0

T
1.9

~3.0
3.1

3.2

3.4

f1 (nnm)



3 8 3 8 3 8 3 8 3 8 3 8 8 8 o 3
T~ ¥y ¥y ey T2 !
o o
A m
| |
@ B
S8YL\ N
88" L~ o 00S'C——
T6V'L— -
86Y"L~ -
[ ~—_ L h
r : —
_ R
TIS' L~ - -0
IS L—
)
N
o
£09°L m
oﬁo.n% _ _
C19°L~C = m 2 S8v°L-
619°L 88b'L
029°L~\ - L SF T6V"L]
oL ~8 86V,
€C9°L . B 00S"Z1
mNO.h.\‘ = ~ Hom.hg
ceoL < TTS'L
ve9'L T2 vIsL
. £09°L
- © 019
T19°LA et
— 619°L |J 007
L& 0cs'L Fsst .
N, 9L
- €79,
-9 ST9'L
LEG L~ 2£9°L
6€6'L~" IS vE9"L-
e L— - N €62
8V6'L~ _ 0 6£6'2]
1S6'L— = IS 6L
£56'27 . b6/
-9 156'L1
€56
I o~
O
O
S~ 806'¢T——( [-290

7.5

60 55 50 45 40 35 30 25 20 15

70 6.5

f1 (ppm)
Figure S18. "H NMR spectrum of compound 2 (600 MHz, DMS O-df)

125 120 115 11.0 105 100 95 9.0 85 8.0

13.0

S21



(wdd) 14

L0
ik

2
i

10
e

~7.0
~7.5
~8.0

e
© Gty

3.6 34 3.2

3.8

50 48 46 44 42 4.0

60 58 56 54 5.2
f2 (ppm)
S22

6.8 6.6 6.4 6.2

76 74 72 70
Figure $19. 'H-"H COSY spectrum of compound 2 (600 MHz, DMS O-df

7.8

8.0



~3000
ﬁ g 2000
@ o " N i
N © N =) gg
- 'r - ! !
| i I { 1,
T T T T T T L | T T T T T T T T T T T T T T T T T T T T T
167.5 166.5 134.0 133.0 132.0 131.0 130.0 129.0
f1 (ppm)
O~_7.0OH
1
2
4

NN

MweAN M

N AL

NO OO

MmMmA N

oo

N

|

———167.253

~2400

2200

~2000

~1800

~1600

1400

~1200

1000

~800

600

400

~200

—-200

230

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60
f1 (ppm)

Figure S20. 3¢ NMR spectrum of compound 2 (151 MHz, DMS O-dk)

S23

50

40

30

20

10

-10



e

JES

30s
©
0

i

. |

;124
;125
;126
;127
;128
;129
;130
;131
;132
;133
;134

135

136

8.15

8.10

8.05

T T T T T T T T T T T T T T T T T
8.00 7.95 7.90 7.85 7.80 7.75 7.70 7.65 7.60
f2 (ppm)

Figure $21. HSQC spectrum of compound 2 (600 MHz, DMS O-db)

S24

7.55

7.50

7.45

7.40

7.35

f1 (ppm)



a 10
i
N
8
! -10
N0 K oo Ty 023b89ay"’
M SRE N 10 o ® Q QY V<< TMmMmmMnMn0n60
L s 33 397933  EI{TIIe
N AN - < <
] T RRR | N N ] -
| | | l |, F |I I| ’ . )
g/\/k III “ “ | i ! I L
_0 |
0 20
T T T T T T T T T T T T T T L
475 4.70 4.65 4.55 4.45 18
f1 (ppm) I
-16
b L
I -14
LI
S0 M 12
TITL S -
QO TN MmMMMMaL T | |
[N W) 3 10
aabg o RARR O
Mmmnmm | ]
NV NN s
| L
_/I\/k | T e
0
i -4
T T T T T T
3.6 3.55 3.45 .25 5
A 1 (ppm) _
L L‘\_/
—0
-2

L e B e I
70 68 6.6 64 62 6.0 58 5.6

L e A
50 48 46 44 42 40 38 36 34 32 3.0 28

f1 (ppm)

S25

Figure S22. "H NMR spectrum of compound 3 [600 MHz, acetone-dg + D20 (9+1)]

2.2 2.0



~5.5

6.0

S

6.5

~7.0

7.5

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
74 72 70 68 66 64 62 60 58 56 54 52 50 48 46 44 42 40 38 36 34 32
2 (ppm)

Figure S23. H-"H COSY spectrum of compound 3 [600 MHz, acetone-dg + D20 (9+1)]

S26

f1 (ppm)



450

400
~350
~300

250

200

~150

—100

—100
~50

646'0CT——

€9T'8CT—

849'8CT——

688'8CT——

128.9 128.7 128.5 128.3 128.1 127.9 127.7 121.2 121.0 120.8
f1 (ppm)

129.1

.

SLYv9——F

8.8’ ON./.

SET'TL ud

SOV VL~ -——F

g

cigve/ 3

vov L !

+

1TL20T——=

069'60T— 4

3

6£6'02T—4
€9T'8TT~

8/9'8CT— T =3

688'8TT

0S9'LET~

885'8€T- 1§

109 T——4

S0Z'L9T——}

90 80 70 60 50 40 30

100
f1 (ppm)

150 140 130 120 110
Figure S24. 13C NMR spectrum of compound 31 [151 MHz, acetone-dg + D20 (9+1)]

160

170

S27



. N ke ,JM

~60

-0 Q [}

~70

@@ e Q

~80

90

~100

<% -110

120

130

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
76 74 72 70 68 66 64 62 60 58 56 54 52 50 48 46 44 42 40 38 36 3.4 32
f2 (ppm)

Figure S25. HSQC spectrum of compound 3 [600 MHz, acetone-ds + D20 (9+1)]

S28

f1 (ppm)



W

100

110

120

130

140

—150

160

170

PR AN A M
0]
° 0
® o
0
A
0 00 ® @
© 0 @ o
0
0 0
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5
f2 (ppm)

Figure S26. HMBC spectrum of compound 3 [600 MHz, acetone-ds + D20 (9+1)]

S29

f1 (ppm)



280

260

240

220

—200

—180

160

140

120

100

—80

60

=
(=]
Ln
N
|
0
0
©
o
1 N
' L L
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5

f1 (ppm)

Figure $27. "H NMR spectrum of compound 4 (600 MHz, DMS O-d)

S30



~1300

~1200

—1100

~1000

900

~800

~700

600

~500

400

~300

—200

—100

—-100

e g a3 883

i ? g & R©S

Py ® S NO

9 3 9 '-fu"-ﬁ

| | |

I | | L

| I S . . ] y

T T T T T T r-—-—r——7 T T 7T ——r—7Tr——r 7T —Tr T —7Tr 7T T 717171 T T1T T 1T T 717
155 145 135 125 115 105 95 90 8 80 75 70 65 60 55 50 45 40 35 30 25

f1 (ppm)

Figure S28. 3C NMR spectrum of compound 4 (151 MHz, DMS O-dp)

S31



o o o o o o o o
(Vo] o o N o LN o LN o o
T3, § i o o & n n i ?
) 8E€L'E~__
8€L'€—— -
LR 6SL'€
6SL'€—— o
R
™M
6TV
0 mﬂ.v%mm
< 80TV
SITV
Nm.n..v./.l
66T v~—— -
80C'v—— - 9€S'
stzy’ nem._‘/mm
" mmm.¢\|
- N 9SSV
2
o T I
L M.J o) (@]
T
9ES b~ __ o
LYS' b~ o o 620°S~
€SSV < o 5 9p0'S—-==
v95' " S €90's/
O OON.m./.
-3 o WO 5 LTTS—F=
< .
87T m\
R o o 6ET'S
e
58 () ()3e
51
4 MNw.m./.

_ (@] O O (@] e - —
6C0'S— T I I I 6£9 m\ =
9v0'S—- o S59'S
€90°S~. _ i

S
S
9
S
o wwm“wv -
902'S~ _ B S6€°97
L1TS— 8L¥'9
87T'S— ]
65T°S— 9 809'9——
(Vo)
O -
A 620" L—— —
€79'S— ~
6€9'S—- "
) i LeeL
659'6~ _ 2

3.8

4.6 4.4 4.2 4.0

5.4 5.2 5.0 4.8

f1 (ppm)

5.6
Figure S29. HNMR spectrum of compound 5 [600 MHz, acetone-dg + D20 (9+1)]

5.8

6.0

6.2

6.8 6.6 6.4

7.0

7.2

S32



1L

6.0

6.5

~7.0

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
7.2 7.0 6.8 6.6 6.4 6.2 6.0 5.8 5.6 5.4 5.2 5.0 4.8 4.6 4.4 4.2
f2 (ppm)

Figure S30. "H-"H COSY spectrum of compound 5 [600 MHz, acetone-dg + D20 (9+1)]

S33

4.0

3.8

f1 (nhnm)



88 S o o o o m o m o QR o o9 o o
—— < P I \ I \ 1 \ i L X I ?
006V 5 €95°€
3m.¢/ - o 97S°€E
- N 8/S'E
£€6'V- _ 10 6 v/
#m.q% _ ¢ (g
v96't 90L’€
S 80L’€
1A 8TLE
1 omm”w ] 190"V
3 vLLE w L
1A el S90°'v—=
9LL'E .
el £90"Y
= L6L m._ 9/0'%
w0 ) €0sE .
core €T 2= eIsT (g4 02
. / 10 . 6f8"c- LTSV
174" m/ _ A B 67S'V
8IS\ - G 618°€ 8€ES'V
S6T'S~ — mw S =
90Z'S—. T i o
1es’ .
= 0 i 9TL v~ _
99z's/ - 6v0'v = 9tT6'v
/- R 0S0'Y < EE6'V -
¢8T’s \ w 090"t LY6'v— =
862°S i 190V-\=5 .
) . = ¥81°S
o S90°v-f= .
. o S6T'S\
2 L0y VE  ebre—
1A 8L0'V S =
T b
vrv's— - _%. (e} 5 .v.v.v”m./.lllm
09t'S—— 1A ot T S om_‘.mﬂ =
9aUY'S— ~ o) < 9LY'S
3
N (@) - -
> o o O OO o Q
3 F Q o e <
) | I O
< £
e | [P35 2 |
~ —
om¢.o\|h ©
< O 00 O <
I I T I
0TSV -
66579~ __ © ISV
609'9-" © 12SY LR phbo~
m~m.¢kmm T 969
GE vl b eeso~
s . 609'9-"
= 8ES'Y o
* ovS'v -2
M <
% 00° L~
° Hm.n\ D
357|M <
900'L~ _ S 8TLYV—
€10,

3.6 3.4

3.8

4.8 4.6 4.4 4.2 4.0

5.0

7.2 7.0 6.8 6.6 6.4 6.2 6.0 5.8 5.6 5.4 5.2
f1 (ppm)

7.4

Figure S31. H NMR spectrum of compound 6 [600 MHz, acetone-dg + D20 (9+1)]

S34



-3.2
-3.4
-3.6
-3.8
-4.0

(wdd) 14

N«
y . ¥

-5.0
-5.2
5.4

R
y . ¥

5.6

W

56 55 54 53 52 51 50 49 48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32

f2 (ppm)

Figure $32. 'H-"H COSY spectrum of compound 6 [600 MHz, acetone-dg + D20 (9+1)]

S35



120

110
~100

90

~80

60

~50

~40

~30

20

10

mm—q..v./.

S6b'b—~=
bOS'y

20SV

5.05 4,95 4.85 4,75 4.65 4,55
f1 (ppm)

5.15

5.25

c6t'v
S6t'Y
YOSV
2c7205F
mmn._‘/
908'v\" -~
v68'Y
L68p-\
640'S
Z50°'S
€L0'S—
ocr's’
z8€'s
98€’s
88€'S

vvS'S

6SS’'S
[4: -]
€T79°'S
9T19°'S
LC9'S
0€9°'S

==

L

LYS'S M
mmm.m&. =

3.6

3.8

4.6 4.4 4.2 4.0

4.8

5.0

5.2

6.2 6.0 5.8 5.6 5.4
f1 (ppm)

6.4

S36

5.35

oI AN®WO

ONNOVOO

MMMmEam
LIL$LLL

I i

VI

NN

N <

n 1n

77

Iy

aeel || s>
98€’S o e
88€°S -3 vEL'D
vvS'S | v¥16'9 —
LYS'S
955°G| in . .
65§'S\ == [ =2 6L0°L —
zos's/
€19°S s
919'S—_
Ny Ln
LT9'S L
7 8

6.6
Figure S33. H NMR spectrum of compound 7 [600 MHz, acetone-dg + D20 (9+1)]

6.8

7.0

7.2

7.4




3.5

~5.0

5.5

~6.0

—6.5

~7.0

0
- Q
)
0°
=
@
0
O]
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
7.0 6.8 6.6 6.4 6.2 6.0 5.8 5.6 5.4 5.2 5.0 4.8 4.6 4.4 4.2 4.0 3.8 3.6 3.4

f2 (ppm)
Figure S34. H-TH COSY spectrum of compound 7 [600 MHz, acetone-dg + D20 (9+1)]

S37

f1 (nnm)



o o o o o o o o o o o
o LN o [Fp] o LN o LN o LN o o
b T T T T P T X o T T ol ¢
o o o
o LN o o
o T T P ?
Ncw..v./. o
918V~ o
LISV, -
tesy’ @
o
o
(o))
An
LN
(@)
An
o
S
N
N
Q
[Fp)
mm oSt ==
‘8 L9S"¥
0 9/S'¥
e 6LS'V
o m
(]
7o)
LN
N
[Fp)
o
¢]
Vo)
[Fp)
o™
N
I
o O
< I
Ln O
I
o o -
[Fp)
o © O L
o
T
5
O
@ o
© 2
{5 *
()3
n <
7 2 2 2
& _
66'9—— o
SbS'9— m] J
: : =
7659~ _ —
9659~ —
T€9'9——— "
v9'9-" Q

3.7 3.5

3.9

4.9 4.7 4.5 4.3 4.1

5.1
f1 (ppm)

5.3
Figure S35. "H NMR spectrum of compound 8 [600 MHz, acetone-dg + D20 (9+1)]

6.5 6.3 6.1 5.9 5.7 5.5

6.7

S38



(wdd) 14

-3.5
4.0
4.5
-5.0

5.5

6.0

o

M

N\ ,m,, \@/Mvvvq

WLWMLJMLML

R

eSS

3.5

3.7

3.9

4.1

4.3

4.5

4.7

4.9

5.1

f2 (ppm)

Figure $36. 'H-"H COSY spectrum of compound 8 [600 MHz, acetone-dg + D20 (9+1)]

S39



~1600
;1500
;1400
;1300
;1200
;1100
;1000
;900
;800
;700
;600
;500
;400
;300
;200

—100

(@]
(0] OH
() )on
O
(@]
o
B N 3
(0] -
© NN ©
o /
N AIMOINOITON
| OCWUWONNANSOGOO® n <
[ oT <o QONNNRNRNOVO N O
¢ @o NN ggg T FF TS SF S NN
e 9
\k nimniwmn | I \I/
JIL \n'lk i |
] N .8
r— 1" T 7T1T 77— 71———7T—T 71771717 1T "1 " "1 "™ "1 "™ 7T T T T T T T
80 78 76 74 72 70 68 66 64 62 60 58 56 54 52 50 48 46 44 42 40 38 3.6

f1 (ppm)
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Figure S38. H-TH COSY spectrum of compound 9 [600 MHz, acetone-dg + D20 (9+1)]
S41

4.2

4.0

3.8

3.6

3.4

f1 (ppm)



~260

240

220

200

~180

~160

140

120

100

-80
-60
-40
-20
0

OH

HO

OH

OH

O

60L'E~ __
0€L'E"

99€'9—— —
925'9—— —
£92'9 4
STT' L~ _
86T L— ~ —

04S°L —

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

f1 (ppm)

Figure S39. TH NMR spectrum of compound 10 [600 MHz, acetone-dg + D20 (9+1)]

S42



W

|

4.0

4.5

~5.0

~5.5

6.0

6.5

~7.0

~7.5

00

@VJ

oo -

3.6 3.4

3.8

4.2 4.0

4.6 4.4

4.8

5.0

5.8 5.6 5.4 5.2
f2 (ppm)
Figure S40. 'H-"H COSY spectrum of compound 10 [600 MHz, acetone-dg + D20 (9+1)]

6.0

6.6 6.4 6.2

6.8

7.0

7.2

7.4

S43



Experimental procedures of TD-DFT calculation of the ECD spectrum of 1

Quantum chemical calculations were performed with Gaussianl 6 [1]. The geometry of the various stereoisomers of compound 1 (1131, 113s, 1s3r, and 1s3s) were optimized
in the gas phase with B3LYP/6-31+G and the resulting were confirmed to be stable structures (no imaginary frequencies). The resulting structures were then optimized with
CAM-B3LYP/6-31G(d,p) in methanol using the polarizable continuum model (PCM) [2] and the optimized structures were used to calculate the ECD spectra with TD-
DFT 3] at the same level. The CAM-B3LYP functional is chosen as it yields spectral properties in good agreement with experiment [4].
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