Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

Peng Lab

Supporting Information for

Collective Synthesis of Several 2,7-Cyclolignans

and Their Chemical Correlation by Chemical Transformations

Yu Peng*, Zhen-Biao Luo, Jian-Jian Zhang, Long Luo and Ya-Wen Wang

State Key Laboratory of Applied Organic Chemistry and College of Chemistry and
Chemical Engineering, Lanzhou University, Lanzhou 730000, China

pengyu@lzu.edu.cn

Table of Contents
e 'HNMR and >C NMR spectrtim 0f 10..........c.o.ovvevereeeeeeeeeeeeeerereeeeeeeeseeeeenaees S3-S4
e 'HNMR and C NMR spectrum of 11.......c..uveiumieeeeeeeeiieeeeieeeee, S5-S6
e 'HNMR and “C NMR Spectrtim Of 12..........cooveeueiereeeeeeeeeeeeeeeeeeeeeeeeeeseseeeseen. S7-S8
e '"HNMR and “C NMR spectrum 0f 13........c.ooueureeeeeeeeeeeeeeeeeeerseeeeeeeseeenesnene. $9-S10
e '"HNMR and *C NMR spectrum of 14...........ooeveueeeeereeeeeereeeeeeeeeeeeeeeean. S11-S12
e '"HNMR and *C NMR spectrum of 15..........oovvuemeeeeeeeeeeeeeeeeeeeeeseseeeeeeeae S13-S14
e '"HNMR and C NMR spectrum 0f 16............ooveveveeeoerereeeeeeeeeeeseseeneenae S15-S16
e '"HNMR and “C NMR spectrum of 17.........cccooumiieeeiiiiioieeeeeen, S17-S18
e '"HNMR and *C NMR spectrum of 18..........cccovuemivmeereeeeeeeeeeeeeeeesseneenan S19-S20
e 'HNMR and *C NMR spectrum 0f 19..........coevmveeeeeeeeereeeeeeeeeeeeeeseeresrnes S21-S22
o 'HNMR and >C NMR spectrumm 0 20..........cooveveeeeeeeeeeeeeeeereeeeeeeeseeresrens S23-S24
e 'HNMR, “C NMR spectrum of synthetic (&)-Kadangustin J (1) and chemical shift

comparison with natural Kadangustin J...........cccccoeoiviiiiiniiniineeeeee e S25-S27
e '"HNMR and *C NMR Spectrum of 21 ..........ooovuemeeeeeeeeeeeeeeeeeeeeeeeseeeeeene $28-S29
e 'HNMR, “C NMR spectrum of synthetic (£)-Cyclogalgravin (2) and chemical shift

comparison with natural Cyclogalgravin............cccceeeeevvierieeiieenieeieeieeieeiee, S30-S32
e 'HNMR and C NMR SPectrumm 0 22..........ooevreeeeeeeeeeeeeeeeeeeeeeeeeeseeeresnnes S$33-S34
e 'HNMR and *C NMR Spectrum of 15”.........coovvveeeeeeeeeeeeeeeeeeeeeeeeeeresnees S35-S36

S1



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

Peng Lab

e 'HNMR and °C NMR spectrum of (£)-Galbulin (3)......c.ccooerrrrrrrreerennene. S37-S38
e 'H NMR, *C NMR spectrum of synthetic (£)-Isogalbulin (4) and chemical shift

comparison with natural Isogalbulin............cccccevieriiiiiniiiniieeee S39-S41
e 'HNMR, *C NMR spectrum of synthetic (&)-8,8'-epi-Aristoligone (5) and chemical
shift comparison with natural 8,8'-epi-Aristoligone..........cccceveveerieveeireennnnne S42-S44
e 'HNMR, “C NMR spectrum of (£)-Cagayanin (6) and chemical shift comparison
with natural Cagayanin...........cceeeveeiiieriiienieerieee et S45-S47
e 'H NMR, C NMR spectrum of (£)-8'-epi-Aristoligone (7) and chemical shift
comparison with natural 8'-epi-AriStoligONe.........cccvevververienienierieeie e, S48-S50
e 'HNMR, “C NMR spectrum of (&)-8'-epi-8-OH-Aristoligone (8) and chemical shift
comparison with natural 8'-epi-8-OH-Aristoligone...........cccecveeeverueeniennreenenne S51-S53
e 'HNMR and °C NMR spectrum of (£)-7,8"-epi-Aristoligol (9').................. S54-S55
e 'H NMR, C NMR spectrum of (£)-8'-epi-Aristoligol (9) and chemical shift
comparison with natural 8'-epi-Aristoligol..........cccccocevvieviiieeiiieeiieee e e ... S56-S58
e The X-ray structures of ()-Galbulin (3) and (%)-8'-¢pi-8-OH-Aristoligone (8) with
thermal ellipsoids at 50% or 30% probability...........cccceeveerienienienienienieneene S59-S60

S2



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

Peng Lab

e O O MO [sxNes) <
s Oy Oy e N D O = fanl
o= 00 0 0000 N Oy Oy oy O fan)
R i priges oo =
B N S
S\ \/
IH NMR (400 MHz, CDCl3)
0
MeO I I OMe
OMe OMe
10
T I R R e
8.0 5 7.0 65 6.0 5.5 50 45 4.0 3.5 3.0 25 20 1.5 1.0 0.5 0.0 ppm
1)

F"T
-
oo

S3



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

Peng Lab

13C NMR (100 MHz, CDCls)
o)
MeO OMe
OMe OMe
10
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

sS4



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

Peng Lab

O W N o s O Al O N O oy M o™ <
WO WM Ao m M A NN S O o — & =r [we]
Ty O Oy OO CC GO Q0 CC [ =1 =i = = (M) ) 0 0 O N [eeipes) ™ =
[ BN CGEANC RN @ JNe SaNe SNe JaNe BANe BN JNo BNe Ne TS IS N TS IS S M) (S INan] [N [
Sl SN\ A S \\\/// \/

TS RN S

IH NMR (400 MHz, CDCl3)

MeO

MeO Q

meo—_—" "

MeO =
11

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 1.0 0.5 0.0 ppm

g8y g

S5



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

Peng Lab

o o S o W

W (] [l o= o N o <
- - - — Mo =]
oo oo M oo =) Mmoo .
= s [ — — o~ [~ N0 5]
o — — — e e ]

13C NMR (100 MHz, CDCly)
MeO

MeO Q

veo—_>—""

MeO P
11

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

S6



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2013

Peng Lab

1H NMR (400 MHz, CDCl5)

MeO

MeO Q

OEt
Br

X

MeO

Meo—&_2

12

T

S7

Ppm

2.0

2.5

35 3.0
) EH

eﬁh
hard
M|

4.5

9

5.5
r
o

6.0

6.5
s

g

P

8.0 7.5

8.5



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

Peng Lab

R B P~ o OO St e
= ] AW @ o W o <0 o oo )
- LR r~ (SIS R <t oo &~ r—~ o
© o o 0w OO OO . . s . . H
St st Mo AN A OO & [T e ) oW wWw IS o)
o e [ RS N S o © [ aT NSRS ™ —

13C NMR (100 MHz, CDCly)
MeO

MeO Q

=

MeO
Br
12

i o A P o ol VO S O poniophi o B W‘WMWW

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm

S8



Peng Lab

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2013

918" 0
£es”
LBg’
706"
cra”
Lea”
8ra”
T1e”
6ce”
9Fe”
£98”
9L8”
080"
9560°
TTT"
967"
082"
kv
€or”
697
98°%”
€897
oL’
90L”
veL”
608’
ree”
9rs”
7LE”
6Le’
5687
roc:’
LT%”
8Cy’
LZ9”
ZE9”
8F9”
€99
aoL”
crL”
Tzl
9cL”
N
LSl
oL’
LT8"
8es”
066"
5667
9667
6667
1ea”
g€0”°
A
960~
§0¢”
80C" L

<

S N e e e

e

[~ 0 0= A0 R0 W0 N0 W0 W0 0 L0 WD O 0 W0 W0 W0 000 I Mm Mmoo Mmoo NN N A A A A A OO

W

S9

0.0 ppm

0.5

1.0

.5

1

2.0

2.5

3.0

3.5

4.0

4.5

5.0

|

[=1

\

[=

|

[=]
-

J

(

5.5

OEt
6.0
@

<
o

6.5
L
2
o

(=28
a2
ol

L

13
.
0 <

Me_o
By
5s

1H NMR (400 MHz, CDCl3)
7.5

MeO

J

MeO
MeO

MeO
8.0




Peng Lab

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2013

£EQ”

kS

BZ"®

9t

9L

16"

9E”"

89°
oo-
gE’

GF"

10

PL”

[ 471
FI
ve”
187
oL*
5

86"
9E”
¥9°

ZL”
BL"C
08°§
e’

ST
.m.~J|(U(.|

Pawl
LT

"6E
.DWV

06 ~—_
16—

‘20T
_,mS/
0TS
60T
.c:%l
PG OTT
.o:w
L°0TT
TTTT
LT

“LIT
,«.,.:\
‘61l

9T

“0ET

"BET
,chl/J.rM

LFT
LFT
LFT
LPT

"LPT

LFT
BFT
BFT

S10

ppm

10

20

30

40

50

60

70

80

90

100

110

OEt
120

130

13

TR e .

Me’O
140

J

13C NMR (100 MHz, CDCly)
MeO
MeO
MeO
MeO
160 150




Peng Lab

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2013

000

006"
L16"

90e”
gre”
aber
19e”
TTL”
cCl’
rSL”
Ll
rle”
cee”
ake’
c9e”
aLE”
Letc:
LT8"
978"
568”7
L8E8"’

LeL”
ceL”
avL”
cqL”
CLL”
LLL”
0eL”
Trg”
che”
€98’
AR
ala”
980"
Tea”
LOT”
AN
§9¢°

IH NMR (400 MHz, CDCls)

MeO

e

[~ W0 N0 W0 WO RO e OO O RO

SmmEmsae N

S11

0.0 ppm

J\.

0.5

-7

N

|

1.0

1.5

2.0

o
e
-

2.5

J

b=
o
-

3.0

3.5

Me/O
14

N

MeO
MeO
MeO

S j

6.0 5.5 5.0

6.5

ﬁL

=15
oS
aSlo

<
-

QQQ(
-

7.0
1) )
S [t~
|

7.5

8.0




Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

Peng Lab

| Vool NNV \ N2
13C NMR (100 MHz, CDCly)
MeO
MeO O
Me o
MeO
MeO 14
I !
"""" | FRLSESRESE BREEADIETA DRGS S RAALIARESS RRREI SRS RELSALIC ] RRESEARAL] RESTESAES EASLIEAER] FASALANEA] RACSRASRTN RAAREoEd RERSLEAE SN RESSRIRA] LORESiciatd RARMAER 2N RARLAIGADY LOSRAREEA R ARALER] FARERLEL D] LE£EF AR EAGRERELAT RARSOALES

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm

S12



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

Peng Lab

MO TN WMWN =~ TOTOOOMNMOMOMOAONTANSIS MO~ O o
O~ OO TN OWONWON OO~ O WM O LWL o
NO OO OWWOWI ™ O LWWWINLW AW~ NWOPOOLIHFNMNMN NNO O

L S Y L T S . P )
DS M 00 00 W00 W WYY NMOMONNNNNNNNNNNNNN A A I

1H NMR (400 MHz, CDCls)
MeO

MeO Me
15

LI WM B |

T T
8.0 7.5 7.0 6. 6.0 5.5 5.0 4.5 .0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 ppm

S13



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

Peng Lab

| Vool N Y Vol |
13C NMR (100 MHz, CDCly)
MeO
MeO Q
Me/O o

MeO Me

MeO 15

W
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

S14



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

Peng Lab

R s T ST L S
W VoI N TN N
'H NMR (400 MHz, CDCl3)
MeO
o)
HO
M& o
MeO Me
MeO
16
R L e e O O L I
85 80 75 70 65 60 55 50 45 40 35 30 25 5 10 05 00 -05 ppm

J

LU L
Fmﬂoﬂ Fn
olo|al~a @
—l—lal~- 5

L

28

J

g g

L

ﬂ
-—
©

2.0 1
s e
o -

S15



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

Peng Lab

.26

T T - @
- = o) o - o

. ™ @ r~ L
w - - oo . L *
T T T T Rl r~ wnwn
o — -~ W ™

—81.56
77.00
76.68

—67.35

—39.36
5.37
—12.89

—09,44

~<in%
i
T~~—109.45
&=

=

25

__—~139,96
=~—139.63

2L
R

13C NMR (100 MHz, CDCl3)
MeQO

weo—C)
[

MeO Me
MeO
16

HO
Me _om

I T T I I I T I I I I T I I

| | T
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

S16



Peng Lab

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2013

088"
L98”
¥oo-
0zo-”
186"
L96°
Lig”
G86°
£66°
100"
I10°
610"
Lzn”
LeEn”
L¥D"
Fa0-”
L0
69e "
98E "
96"
€0
A%
(Haae
0eEY "
L¥¥”

Iv¥”
19%°
Lo¥"
&8% "
¥o8”
08"
£r8°
068"

g8z "
Loe"
Lee”

909"
119"
Lz9*
ze9”
FoLe
S¥L”
0gL”
neEs”
188"
606"
¥16°
€00°
00"
¥zo*
6z0"
§97°

S17

ppm

S J@b

A

A

Me

Me’O

17

I

MeO
MeO
MeO

1H NMR (400 MHz, CDCls)
MeO

6.5

mT
@
-

L

J

—

|

(=]
—

|

g

5

o

J

7.0
|
:

R

[~ [~ [~ [~ [~ 4O \0 40 O D 40\ O 'O WO D

7.5




Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2013

Peng Lab

N TN | e Vol )
13C NMR (100 MHz, CDClg)
MeO
MeO 4il>
Me’O
MeO Me
MeO
17
““““ 160 15 140 130 120 {10 100 9 8 70 6 5 40 30 20 10  ppm

S18



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

Peng Lab

W W oOwm A O NY O S WD < o =}
W O CANALS1TRNAAHORNAM™OITNO — oy N o
o O~~~ WwA\ 0000 QO WWIInWwWw s s ooy — o o .
M~ WO W W WW\Ww MMM NN — — J I

IH NMR (400 MHz, CDCl3)

OH
MeO Me
.

MeO Me

] OMe

OMe
18

| ,

S o B e S e e e B T o B S B A S e S B S S B B e e e e a e LS B

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 15 1.0 0.5 0.0 ppm

EE gy [ NN

S19



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

Peng Lab

NN/ A% Vool | |
13C NMR (100 MHz, CDCly)
OH
MeO I Me
MeO = Me
I OMe
OMe
18
150 140 130 120 110 100 9 8 70 60 5 40 30 20 10  ppm

S20



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

Peng Lab

-
o

651
635
620
618
444
426
409
385
367
349
258
094
091
084
059
031
809
789
722
699
850
832
770
459
434
422
408
382
183
166
149
132
190
091
7
057
044
101
806
789
764
747
—=0.00¢C

1H NMR (400 MHz, CDCls)

MeO
MeO Q
OTBDPS
Me _OH
MeO Me
MeO 19

A L 1 l

[Ratts: Uit sl s B L% n Waw [RENE RUCRS] Sleen mellE et DR ¥

60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 ppm

3 |l SR | e Faen Gl wl Bl o Mmool R Uovas meBml e bomed & dh o L N
85 8.0

sehsedy T

S21



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

Peng Lab

1 O W W WP T Py oy T oW

] [ AR T R R Y] (LR R O O O ® o4
.......... .. ~ Moo o
oo Mmoo~ - g% ¥ - . - - -
e e R R R R R N B - oo ™~ 0
A A A A A A e e B -

— 81

—67.86
—_—55.75
—_—38.50
——34.73

—26.92
1%.3
——8.48

L2

S

e

=
——118.0¢
T—117.53
110,54
R
s
It

13C NMR (100 MHz, CDCl3)

MeO
MeO O
OTBDPS
Me _oH
MeO d Me
Me 19

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

S22



Peng Lab

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry

This journal is © The Royal Society of Chemistry 2013

[ £
[ &
=
L2
=)
Too-b o
[ n = [ _Elo
5990~ t
=
880°T —— i ™ 2906
[
-
€067 T, [
ote 1 g
95677~ N
)
918°2 Lo
~ [
ze8°2 -
%;&W/ I oLt
Sm»w\\ Lo~
LL8°Z o
9957~ t
58h°€ L eET
i EcT
e L
0838°¢ 782
GLLE ~— r _inos
7e8 e —— X
Qm.mﬂ\. [ o \roE
LS8 E 0 o |0
2 [
o
g
o om 0]
O = [} e
5 )2
N T
o
T 1 o - g
b m N
o
: Q
N [ 19
o o 0
=
Z 2 2
r 2 O > L e
3 o) e} @
= o}
mm?w‘/ s
ZLe9
mmh.w/ L w
:m@% ©
mm@@//
19879 0§ 1£9
$68°9 ——= a—
51679 — - =
56T L
LEC L~
uqmméw P e
ZLE L—TF [ 15 -EI¢T
@mmé\\ T
PIb L [y
waé\\ [
5197 L L
mmoét\\ L e
5597 L | ®
1
[ @

S23



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

Peng Lab

13C NMR (100 MHz, CDCly)
MeO

o
Me  OTBDPS

-H
MeO Me
MeO 20

—~177.32
77.00
76.69

—67.11
55.89
55.81
55.71
35.39
35,26

— 26.89

—19.35

_——11.56

—9.33

T
=

—

T \ \ \ T \ \ \
210 200 190 180 170 160 150 140

S24



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

Peng Lab

MeO Me

Kadangustin J (1)

)

s

1.790
1.773

=—1.757

1,740

—1.390

~0.772

L —0.754

~—0.685

==—0.702

8.0 7.5 7.0 6.5 6.0 5.5 5.0

)
Wsmmm
aN|S|O|— &
IEE e <)

\
4.5

\ T
4.0 3.5

88 g

S25



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

Peng Lab

13C/DEPT NMR (100 MHz, CDC|3N L \/ \/ v \‘/ ‘ v \/ ‘ ‘
MeO
MeO Q
Me HO
-H
MeO Me
MeO
Kadangustin J (1)
Wbl
17‘0 1‘60 léO 16‘:0 150 150 l‘IG 1(‘30 9‘0 8‘0 7‘0 6‘0 5‘0 4‘0 3‘0 2|O I‘O ‘ ppm
T [rorerreTT prorrrreTT [rorrrreeT frorrrreT [rorrrreeT frorrrreT frorrrreTT frorrrreTT frorrrreTT frorrrreTT prorrrreT frorrrreTT frorrrreTT [rorerreTT prorrrreTT [rorrrreeT frorrrreT [T
170 160 150 140 130 120 110 100 90 80 70 60 50 a0 30 20 10 ppm

S26



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

Peng Lab

Table S1: 'H and "*C Chemical Shift (ppm) Comparison of Synthetic and Natural Kadangustin 1

Synthetic 1 by us Natural 1' Synthetic 1 by others? Synthetic 1 by us Natural 1' Synthetic 1 by others’
No (CDCl3, 400 MHz)  (CDCl;, 500 MHz) (CDCl3, 400 MHz) (CDCl3, 100 MHz) (CDCls, 126 MHz) (CDCl3, 100 MHz)
on, J (Hz) on, J (Hz) on, J (Hz) Oc Oc Oc
2 6.84 d (1.6) 6.83—6.80 overlap 6.88-6.74 m 111.2 111.5 111.3
5 6.78 d (8.0) 6.80-6.78 overlap 6.88-6.74 m 111.1 111.4 111.2
6 6.88 dd (1.6, 8.0) 6.78—6.76 overlap 6.88-6.74 m 119.5 119.7 119.5
7 3.54 d (12.0) 3.53d(11.8) 3.52.d (12.0) 55.8 55.9 7.2
8 2.66-2.58 m 2.63-2.59m 2.60 m 35.9 36.0 35.8
9 0.69 d (6.8) 0.68 d (7.0) 0.68 d (8.0) 11.8 11.8 11.7
2! 6.81d(1.6) 6.83—6.80 overlap 6.88-6.74 m 111.0 111.3 I11.1
5’ 6.77 d (8.0) 6.80-6.78 overlap 6.88—6.74 m 111.0 111.3 111.1
6’ 6.86 dd (1.6, 8.0) 6.78-6.76 overlap 6.88-6.74 m 119.6 119.8 119.6
7' 3.50-3.43 m 3.50-3.46 m 3.45m 66.9 67.0 66.8
8’ 1.81-1.72 m 1.78-1.74 m 1.75m 36.0 36.1 359
9’ 0.76 d (7.2) 0.75 d (7.0) 0.74 d (4.0) 9.6 9.6 9.5
4 x OCHj 3825, 3825, 825,382, 3805, 3.80, 55.7(2C), 55.8 (2C) 55.8 (2C), 55.9 (2C) 55.7 (4C)
3.865,3.87s 3.865,3.86s 3.845,3.85s

1 137.1 137.2 137.1
3 148.7 148.9 148.7
4 147.1 147.3 147.1
I 137.6 137.7 137.6
3 148.8 149.0 148.8
4! Kadangustin J (1) OMe 147.1 147.3 147.1

(1) Gao, X.-M.; Pu, J.-X_; Huang, S.-X.; Yang, L.-M.; Huang, H.; Xiao, W.-L.; Zheng, Y.-T.; Sun, H.-D. J. Nat. Prod. 2008, 71, 558-563. (2) Rye, C. E.; Barker, D. J. Org. Chem. 2011, 76,

6636—6648.
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Table S2: 'H and °C Chemical Shift (ppm) Comparison of Synthetic and Natural Cyclogalgravin 2

Synthetic 2 by us Natural 2° Synthetic 2 by others® Synthetic 2 by us Natural 2° Synthetic 2 by others?
No. (CDCl;, 400 MHz) (CDCl;, 500 MHz) (CDCls, 300 MHz) (CDCls, 100 MHz) (CDCls, 126 MHz) (CDCls, 75 MHz)
on, J (Hz) o, J (Hz) on, J (Hz) O¢ Oc Oc

3 6.56 s 6.48 s 6.54-6.57 m 112.8 113.0 112.8
6 6.63 s 6.55s 6.62 s 108.9 109.1 108.9
7 6.15brs 6.11brs 6.14 s 121.1 121.1 121.1
9 1.80 s 1.73 d (1.0) 1.79 d (3.0) 222 22.1 22.1

2! 6.67d (2.0) 6.59 d (2.0) 6.66 d (3.0) 110.9 111.1 111.0
5 6.72 d (8.0) 6.64 d (8.5) 6.72 d (9.0) 110.8 111.0 110.9
6 6.56 dd (2.0, 8.0) 6.49 dd (2.0, 8.5) 6.54-6.57 m 119.6 119.6 119.6
7' 3.69d (2.8) 3.60 d (3.5) 3.67 d (3.0) 50.8 50.9 50.8

8’ 2.40dq (3.2, 6.8) 2.32dq (3.5,7.0) 2.40 m 42.0 42.0 42.0
9’ 1.09d (7.2) 1.01 d (7.0) 1.08 d (9.0) 18.7 18.7 18.6

4 x OCH; 795,379 5, 718 3T 785,378, 55.7(2C), 55.9 (2C) 55.8 (2C), 55.9 (2C) 55.7,55.8, 55.9 (2C)
3.835,3.89s 3.755,3.81s 3.825,3.88s

1 127.1 127.3 127.1
2 127.3 127.4 127.3
4 147.5 147.6 147.5
5 147.6 147.5 147.6
8 138.8 138.8 138.8
Iy 138.1 138.2 138.1
3! Cyclogalgravin (2) OMe 148.6 148.7 148.6
4 147.3 147.8 147.3

(3) da Silva, T.; Lopes, L. M. X. Phytochemistry 2006, 67, 929-937.
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Table $3: 'H and *C Chemical Shift (ppm) Comparison of Synthetic and Natural Isogalbulin 4

Synthetic 4 by us Natural 4* Synthetic 4 by us Synthetic 4 by others’
No. (CDCl;, 400 MHz) (CDCls, 90 MHz) (CDCl;, 150 MHz) (CDCls, 75 MHz)
on, J (Hz) on, J (Hz) e Oc
3 6.34s 6.37s 1133 113.4
6 6.60 s 6.64 s 110.6 110.7
; 2.46 dd (8.0, 16.8) 2.48 dd (7.0, 18.0) 10,8 410
2.86dd (5.2,16.8) 2.88 dd (5.0, 18.0)

8 1.97-1.90 m 2.00 m 28.6 28.7
9 0.92 d (6.8) 0.92 d (7.0) 15.4 15.5
2’ 6.58 d (2.0) 6.60 d (2.0) 112.2 1123
5' 6.75d (8.4) 6.80 d (8.0) 111.2 111.3
6 6.51dd (2.0, 8.4) 6.52 dd (2.0, 8.0) 121.3 121.5
7' 3.69 d (6.0) 3.63 d (6.0) 50.9 51.0
8 2.07-1.98 m 2.00 m 34.7 34.9
9’ 0.91d (6.8) 0.92 d (7.0) 16.5 16.7

3.67s,3.80s, 3.705,3.83 s, 55.72,55.77, 55.81, 55.87,55.91, 55.95,

4 x OCH;,4

3.855,3.87s 3.885,3.90 s 55.86 56.00
1 o 128.5 128.6
2 Meomhﬂe 129.5 129.6
4 MeO”+ 2" " Me 147.1 147.2
5 ' 147.3 147.4
1 139.8 140.0
3 148.6 148.7
" Isogalbulin (4) OMe 1471 1472

(4) Li, L.-n.; Xue, H. Planta Med. 1985, 51, 217-219. (5) Kasatkin, A. N.; Checksfield, G.; Whitby, R. J. J. Org. Chem. 2000, 65, 3236-3238.
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Table S4: 'H and *C Chemical Shift (ppm) Comparison of Synthetic and Natural 8,8'-epi-aristoligone 5

Synthetic 5 by us Natural 5° Synthetic 5 by us Natural 5°
No. (CDCls, 400 MHz) (CDCls, 500 MHz) (CDCls, 100 MHz) (CDCls, 126 MHz)
on, J (Hz) on, J (Hz) O¢ O¢

3 6.19 s 6.13 s 111.0 111.2

6 7.54 s 7.48 s 108.0 108.1

8 2.39 dg (6.4, 12.0) 2.33dg (6.5, 12.5) 48.5 48.5

9 1.32 d (6.4) 1.27 d (6.5) 12.6 12.6

2! 6.58 d (1.6) 6.53d (2.0) 111.6 111.8

5 6.87 d (8.0) 6.81d (8.0) 110.8 111.0

6 6.76 dd (1.6, 8.0) 6.70 dd (2.0, 8.0) 122.1 122.2

7 3.71d(11.2) 3.65d (11.5) 53.3 533

8’ 2.14-2.00 m 2.03 ddq (6.0, 11.5, 12.5) 43.7 43.8

9’ 0.94 d (6.4) 0.89 d (6.0) 18.0 18.0

4 x OCH; 20353825 3375, 3765 55.8(2C), 55.9,56.0  55.8,55.9,56.0 (2C)
3.925,393s 3.865,3.87s

1 125.6 125.7

2 141.5 141.5

4 153.1 153.2

5 147.9 148.0

7 198.8 198.8

1’ 136.1 136.1

3 149.1 149.3

8,8'-epi-Aristoligone (5) OMe
4' 147.8 147.9

(6) da Silva, T.; Lopes, L. M. X. Phytochemistry 2004, 65, 751-759.
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Table S5: 'H and °C Chemical Shift (ppm) Comparison of Synthetic and Natural Cagayanin 6 (“ in 300 MHz)

Synthetic 6 by us Natural 6’ Synthetic 6 by us Synthetic 6 by others®
No. (CDCl;, 400 MHz) (CDCl;, 60 MHz) (CDCl;, 100 MHz) (CDCls, 75 MHz)
o, J (Hz) on, J (Hz) O O¢

3 6.16 s 6.15s 109.2 109.1

6 6.52s 6.68 s 107.6 107.6

; 2.57dd (11.6,16.0) 2.53dd (7.2, 10.6)" 3.9 38

2.70dd (4.4,16.4)  2.71 dd (4.5, 10.6)"

8 1.51-1.42 m 1.52-1.44 m 354 35.4

9 1.05d (6.4) 1.03 d (6.0) 17.1 17.1

2! 6.52 s 6.50 s 107.7 107.7

5' 6.74 d (7.6) 6.70 d (8.0) 109.6 109.6

6' 6.62 dd (1.6, 8.0) 6.55d (8.0) 122.8 122.8

7' 3.384d(10.4) 3.38d (10.0) 54.6 54.6

8 1.65-1.53 m 1.65-1.52 m 39.5 39.4

9’ 0.87 d (6.0) 0.85d (6.0) 19.9 19.9

—Oéljle— 581d(1.2),592s 5.795,5.88s 100.5, 100.8 100.5, 100.8

1 q 130.1 130.1

2 0 AN Ve 1334 133.4

4 <o NN e 147.8 147.8

5 21 145.9 145.9

1 140.5 140.5

3 & o 145.6 145.6

4 Cagayanin €) 0~/ 145.4 Not observed

(7) Kuo, Y.-H.; Lin, S.-T.; Wu, R.-E. Chem. Pharm. Bull. 1989, 37, 2310-2312. (8) Datta, P. K.; Yau, C.; Hooper, T. S.; Yvon, B. L.; Charlton, J. L. J. Org. Chem. 2001, 66, 8606—-8611.
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Table S6: 'H and *C Chemical Shift (ppm) Comparison of Synthetic and Natural 8'-epi-aristoligone 7

Synthetic 7 by us Natural 7° Synthetic 7 by us Natural 7°
No. (CDCls, 400 MHz) (CDCls, 500 MHz) (CDCl;, 150 MHz) ~ (CDCly, 126 MHz)
on, J (Hz) on, J (Hz) O¢ O¢
3 6.43 s 6.36 s 111.8 111.7
6 7.57 s 7.49 s 108.1 108.2
8 2.82-2.74m 2.70 dg (6.5, 12.5) 42.7 42.7
9 1.14 d (6.8) 1.06 d (6.9) 11.9 11.9
2’ 6.62d (1.6) 6.54d(1.8) 111.8 111.9
5 6.78 d (8.4) 6.71 d (8.4) 110.9 111.0
(o 6.55dd (1.6, 8.0) 6.47 dd (1.8, 8.4) 121.1 121.1
7' 3.98d(5.2) 3.91d(5.4) 50.3 50.3
8’ 2.46-2.40 m 2.35ddq (4.2,5.4,6.9) 42.5 42.5
9 0.99 d (6.8) 0.92 d (6.9) 15.9 15.9
4 x OCH; 7853815, 708373, 55.9(20),56.0 2C)  55.8,55.9,56.0 (2C)
3.87s5,3955s 3.79s,3.88s
1 125.5 125.6
2 138.7 138.7
4 153.6 153.7
5 148.1 148.0
7 200.0 200.0
1’ 136.2 136.2
¥ 8'-epi-Aristoligone (7) OMe 149.0 149.1
4' 147.7 147.9
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Table S7: 'H and "*C Chemical Shift (ppm) Comparison of Synthetic and Natural 8'-epi-8-OH-aristoligone 8

Synthetic 8 by us” Natural 8’ Synthetic 8 by us Natural 8’
No. (CDCls, 400 MHz) (CDClLs, 500 MHz)” (CDCl, 150 MHz) (CDCl, 126 MHz)
on, J (Hz) on, J (Hz) O¢ O¢
3 6.23 s 6.17 s 110.9 111.9
6 7.49 s 743 s 108.3 108.4
9 131 1.25s 19.3 19.3
2’ 6.54 br s 6.48 brs 111.3 Not observed
5 6.85d (8.4) 6.79 d (8.0) 1113 111.4
6’ 6.76 br d (6.4) 6.69 br d (8.0) 122.1 122.0
7 3.69d(11.2) 3.62 brd (11.0) 51.0 51.0
8’ 2.37dq (6.4,11.2) 2.31dq (6.5, 11.0) 46.6 46.7
9’ 0.99 d (6.8) 0.94 d (6.5) 12.4 12.4
4 x OCH, 3655, 379 brs. 398,373 brs. 55.8 (2C), 55.9,56.0  55.8,55.9, 56.0, 56.1
391,394 s 3.845,3.88s
1 122.7 122.7
2 141.6 141.7
4 154.1 154.2
5 148.0 148.2
7 201.3 201.3
8 75.6 75.6
1’ 135.5 135.6
3 o o 148.4 148.5
" 8'-epi-8-OH-Aristoligone (8) OMe 1493 1494

“4.07 (s, 1H, —~OH). * 4.00 (s, 1H, ~OH).
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Table S8: 'H and *C Chemical Shift (ppm) Comparison of Synthetic and Natural 8'-epi-Aristoligol 9

Synthetic 9 by us Natural 9° Synthetic 9 by us Natural 9°
No (CDCl3, 400 MHz) (CDCl3, 500 MHz) (CDCl3, 150 MHz) (CDCls, 126 MHz)
o, J (Hz) on, J (Hz) J¢ Oc
3 6.28 s 6.22s 112.5 112.6
6 6.88s 6.83 s 111.7 111.8
7 4.46 d (4.0) 4.40 d (4.5) 74.0 74.0
8 2.10-2.02 m 2.00 ddg (4.5, 3.1,7.0) 39.2 39.2
9 0.92 d (6.8) 0.87 d (7.0) 12.0 12.0
2’ 6.62d(2.4) 6.56 d (2.0) 112.1 112.3
5! 6.79 d (8.0) 6.73 d (8.0) 110.7 110.9
6 6.64 dd (1.8, 8.4) 6.58 dd (2.0, 8.0) 121.7 121.7
7 3.50d(9.2) 3.45d(9.0) 49.3 49.3
8’ 2.41-2.32 m 2.30 ddq (3.1, 7.0, 9.0) 35.8 35.9
9 0.93d(7.2) 0.86 d (7.0) 16.8 16.7
3.63s,3.81s5, 3.57s,3.75 s, 55.9, 55.83 (20),
4 x OCH;,4 56.0,55.9 (2C), 55.8
3.885,3.90s 3.825,3.845s 55.75
1 OH 129.3 129.4
2 MeO_ AL~ Me 131.8 131.9
4 o 148.8 148.9
5 MeO™s 572 757 ¢ Me 147.8 147.9
1’ 138.2 138.2
3 148.7 148.8
4 8'-epi-Aristoligol (9) OMe 147 4 1475
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Figure S1. The X-ray structure of (£)-Galbulin (3) with thermal ellipsoids at 50% probability.
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Figure S2. The X-ray structure of 8'-epi-8-OH-Aristoligone (8) with thermal ellipsoids at 30% probability.
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