Electronic Supplementary Material (ESI) for RSC Advances.
This journal is © The Royal Society of Chemistry 2019

Electronic Supplementary Information

First total synthesis of ampullosine, a unique isoquinoline
alkaloid isolated from Sepedonium ampullosporum,

and of the related permethylampullosine

Didier F. Vargas, Enrique L. Larghi” and Teodoro S. Kaufman®

Instituto de Quimica Rosario (IQUIR, CONICET-UNR), and Facultad de
Ciencias Bioguimicas y Farmaceuticas, Universidad Nacional de Rosario,

Suipacha 531, 2000 Rosario, Argentina

S1



TABLE OF CONTENTS

Description of Content Page
Scheme S1. The first total synthesis of ampullosine (4) and the synthesis of permethylampullosine (5) S3
Figure S1. 300 MHz 'H (top) and 75 MHz *C (bottom) NMR spectra of compound 17 in CDCl3 S4
Figure S2. HSQC (top) and HMBC (bottom) spectra of compound 17 in CDCl3 S5
Figure S3. High resolution mass spectrum of compound 17 S6
Figure S4. 300 MHz 'H (top) and 75 MHz *C (bottom) NMR spectra of compound 18 in CDCls S7
Figure S5. HSQC (top) and HMBC (bottom) spectra of compound 18 in CDCl3 S8
Figure S6. 282 MHz '°F NMR spectrum of compound 18 in CDCI;3 (top) and HRMS of compound 18 (bottom) S9
Figure S7. 300 MHz 'H (top) and 75 MHz *C (bottom) NMR spectra of compound 19 in CDCl3 S10
Figure S8. HSQC (top) and HMBC (bottom) spectra of compound 19 in CDCl3 S11
Figure S9. High resolution mass spectrum of compound 19 S12
Figure S10. 300 MHz 'H (top) and 75 MHz !3C (bottom) NMR spectra of compound 20 in CDCl3 S13
Figure S11. HSQC (top) and HMBC (bottom) spectra of compound 20 in CDCl3 S14
Figure S12. High resolution mass spectrum of compound 20 S15
Figure S13. 300 MHz 'H (top) and 75 MHz !3C (bottom) NMR spectra of compound 24 in CDCl3 S16
Figure S14. HSQC (top) and HMBC (bottom) spectra of compound 24 in CDCl3 S17
Figure S15. High resolution mass spectrum of compound 21 S18
Figure S16. 300 MHz 'H (top) and 75 MHz !3C (bottom) NMR spectra of compound 25 in CDCls S19
Figure S17. HSQC (top) and HMBC (bottom) spectra of compound 25 in CDCl3 S20
Figure S18. High resolution mass spectrum of compound 25 S21
Figure S19. 300 MHz 'H (top) and 75 MHz !3C (bottom) NMR spectra of compound 31 in CDCl3 S22
Figure S20. HSQC (top) and HMBC (bottom) spectra of compound 31 in CDCl3 S23
Figure S21. High resolution mass spectrum of compound 31 S24
Figure S22. 300 MHz 'H (top) and 75 MHz *C (bottom) NMR spectra of compound 5 in CDCl3 S25
Figure S23. HSQC (top) and HMBC (bottom) spectra of compound 5 in CDCl3 S26
Figure S24. 400 MHz 'H (top) and 100 MHz '3C (bottom) NMR spectra of compound 5 in MeOD-d4 S27
Figure S25. HSQC (top) and HMBC (bottom) spectra of compound 5 in MeOD-d4 S28
Figure S26. High resolution mass spectrum of compound 5 S29
Figure S27. 300 MHz 'H (top) and 75 MHz !3C (bottom) NMR spectra of compound 33 in CDCl3 S30
Figure S28. HSQC (top) and HMBC (bottom) spectra of compound 33 in CDCl3 S31
Figure S29. High resolution mass spectrum of compound 33 S32
Figure S30. 300 MHz 'H (top) and 75 MHz !3C (bottom) NMR spectra of ampullosine (4) in DMSO-ds S33
Figure S31. HSQC (top) and HMBC (bottom) spectra of ampullosine (4) in DMSO-ds S34
Figure S32. High resolution mass spectrum of ampullosine (4) S35
Figure S33. UV-Vis spectrum of ampullosine (4) in MeOH S36
Table S1. Spectroscopic comparison of 'H NMR data of permethylampullosine (5) S37
Table S2. Spectroscopic comparison of '*C NMR data of permethylampullosine (5) S37
Table S3. Spectroscopic comparison of NMR data of ampullosine (4) S38
References S38

S2



MeO,C OH

HO,C OH 1.co, kHco,,  MeO,C OH 1. NaBH,, THF/H,0 (4:1),
1,2-propanediol, 0.1 M Phosphate buffer
180 °C, 6 h COM pH7.5,0°Cort, 1.5h
2. Me,SO,, KHCO, e X
acetor21e, r‘éflux, 103h 2 TZSOZHZ rEngh OXO
OH (70% overall) OH (75% overall) Me Me
14 16 17
MeO,C N Me (E)-MeCH=CHBFK, MeO,C OTf
PdCl,(PPhs),, DavePhos,
0520023, LiC?,'Iz'HF/HZO (:1), Phg‘;fZC'IDM’?P%gE‘?”
80°C, 24 h 22
(95%) (96%)
o__0O o.__0O
Me Me Me Me
20 18
MeO,C Me MeO,C Me
TsOH (cat.), THF/H,0, 2 N MnO,, EtOAc, 2 N
60°C, 48 h OH 78°C, 3h
(98%) (55%) CHO
OH OH
24 25
1. Me,N-NH,,
MeO,C - Me ACOH. PhCFs, MeO2C A Me Mel, K,CO3, DMF,
N rt,1.5h 0°Cor.t, 1.5h
z 2. MW, 160 °C, 1 h (85%)
(ot CHO
OMe OMe
5 31
AP, I, DMSO, HO2C X Me
MeCN, 80 °C, 20 h
(23%) ~N
OH
4

Scheme S1. The first total synthesis of ampullosine (4) and the synthesis of permethylampullosine (5).
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Figure S1. 300 MHz 'H (top) and 75 MHz "*C (bottom) NMR spectra of compound 17 in CDCls.
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Figure S2. HSQC (top) and HMBC (bottom) spectra of compound 17 in CDCls.
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Figure S3. High-resolution mass spectrum of compound 17.
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Figure S4. 300 MHz 'H (top) and 75 MHz "*C (bottom) NMR spectra of compound 18 in CDCls.
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Figure S5. HSQC (top) and HMBC (bottom) spectra of compound 18 in CDCls.
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Figure S6. 282 MHz ""F NMR spectrum of compound 18 in CDCl; (top) and high-resolution mass

spectrum of compound 18 (bottom).
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Figure S7. 300 MHz 'H (top) and 75 MHz *C (bottom) NMR spectra of compound 19 in CDCl;.
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Figure S8. HSQC (top) and HMBC (bottom) spectra of compound 19 in CDCls.
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Figure S9. High-resolution mass spectrum of compound 19.
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Figure S10. 300 MHz 'H (top) and 75 MHz “*C (bottom) NMR spectra of compound 20 in CDCl;.
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Figure S11. HSQC (top) and HMBC (bottom) spectra of compound 20 in CDCls.
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Figure S12. High-resolution mass spectrum of compound 20.
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Figure S14. HSQC (top) and HMBC (bottom) spectra of compound 24 in CDCls.
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Figure S15. High-resolution mass spectrum of compound 24.

S18



g 2 Wt on 0w ol O— 000 0T — 0 < o<t — o
o g SO L RO V= FROTF =D 0w 3 S~
™~ g NN >0~ =0 OOV TN O o o 00 T\
3 4 R R R E R R S R
— — [ i S e SN o N BN BN« BN TN o B = JiNe BN = SN o BN BN = BN« SN e N o N o] 2] —_—— =
e L —
,
M
I \‘H
|| meoxc M
[ e (]
| I i 2 ~
I ( Wl CHO
I 1L
— J \ WU VUL L
———— OH
T T T T T T T T T T T T T T T T T T
76 75 74 73 72 71 70 69! 68l b7 66 65 64 63 62 6.1 2.00 1.95
] “ [ J ,
4 & £ & L & I
s < SRS 3 =) ] I
= = Z = = = o B
T T T T T T T T T T T T T T T T T T T T T T T T
11,5 11,0 105 100 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 35 5.0 4.5 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5 0.0
S (ppm)
o~ o= o e o — o 0s
(=3 < >~ [ el Sy oo o— o —
(o] ool o ool o~ oy i <t
& Sl in EFS  awsT g =
vy v ol oS i oo~ N I
< ce Too ooz & 9
I /SN N/
T T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 920 80 70 60 50 40 30 20 10 [ =10
S (ppm)

Figure S16. 300 MHz 'H (top) and 75 MHz *C (bottom) NMR spectra of compound 25 in CDCl;.
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Figure S18. High-resolution mass spectrum of compound 25.
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Figure S19. 300 MHz 'H (top) and 75 MHz *C (bottom) NMR spectra of compound 31 in CDCls.

T
190

S22



F30

40

F350

3 - 60

70

- 90
100

-] 110

—_— k80
3
—_ ® - 130
— b 140
t 150
] k160
— MeO,C Me L
2 = 170
4 Fiso

o - 190

200

T T T T T T T T T T T
105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20
S (ppm)

F30

40

F350

I

L 6o
L 70
- ! ¢ Lso
L 90

100

B 110

120

®w®

F130

1J”J|A

, - k140

F150

g F 160

I

170

180
7

T T T T T T T T T T T T T T T T T T T
105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 L5
S (ppm)

Figure S20. HSQC (top) and HMBC (bottom) spectra of compound 31 in CDCls.
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Figure S21. High-resolution mass spectrum of compound 31.
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Figure S23. HSQC (top) and HMBC (bottom) spectra of compound 5 in CDCl;.
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Figure S25. HSQC (top) and HMBC (bottom) spectra of compound 5 in MeOD-da.
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Figure S26. High-resolution mass spectrum of compound 5.
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Figure S28. HSQC (top) and HMBC (bottom) spectra of compound 33 in CDCls.
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Figure S29. High-resolution mass spectrum of compound 33.
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Figure S31. HSQC (top) and HMBC (bottom) spectra of ampullosine (4) in DMSO-ds.
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Figure S32. High-resolution mass spectrum of compound 4.
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Table S1. Spectroscopic comparison of '"H NMR data of permethylampullosine (5).

Per-methylampullosine (5)

Proton Quang et al.! This report This report Ab
number (MeOH-d4, 400 MHz)  (MeOH-ds, 400 MHz)  (CDCl3, 300 MHz)  (MeOH-ds, 400 MHz)

1 9.45 (s) 9.32 (s) 9.56 (s) +0.13

4 7.73 (s) 7.58 (s) 7.50 (s) +0.15

5 8.11 (brs) 7.94 (s) 8.03 (brs) +0.17

7 7.48 (brs) 7.34 (s) 7.37(d,J=1.0) +0.14

3-Me 2.68 (s) 2.63 (s) 2.71 (s) +0.05

6-CO:Me 3.98 (s) 3.97 (s) 3.99 (s) +0.01

8-OMe 4.11 (s) 4.05 (s) 4.07 (s) +0.06

Table S2. Spectroscopic comparison of '*C NMR data of permethylampullosine (5).
Per-methylampullosine (5)
Carbon Quang et al.! This report This report Ad
number (MeOD-d4, 400 MHz)  (MeOD-d4, 400 MHz)  (CDCl3, 300 MHz)  (MeOD-ds, 400 MHz)

1 147.6 (d) 147.5 147.4 +0.1

3 153.9 (s) 153.7 153.5 +0.2

4 121.1 (d) 121.0 119.1 +0.1

4a 138.8 (s) 138.6 137.2 +0.2

5 122.0 (d) 121.8 121.2 +0.2

6 134.3 (s) 134.0 132.2 +0.3

7 104.9 (d) 104.7 103.6 +0.2

8 158.2 (s) 158.0 156.9 +0.2

8a 121.7 (s) 121.5 120.6 +0.3
3-Me 23.5(q) 23.5 24.3 0.0
6-CO-Me 167.9 (s) 167.8 166.9 +0.1
6-CO.Me 53.1(q) 53.1 52.7 0.0
8-OMe 56.6 (q) 56.5 56.0 +0.1
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Table S3. Spectroscopic comparison of NMR data of ampullosine (4).

5 4

HO,C s Me

X

6 3

7 2 /N

8 1

OH
Ampullosine (4)

Quang et al.
(DMSO-ds, 400 MHz)

This work
(DMSO-ds, 400 MHz)

Adc
(DMSO-ds, 400 MHz)

Position on dc ou oc
1 9.36 (s) 146.7 d 9.37 (s) 147.2 -0.5
3 - 151.5s - 152.2 -0.7
4 7.61(s) 118.6d 7.64 (br s) 119.1 -0.5
4a - 136.8 s - 137.3 -0.5
5 7.80 (br s) 117.4d 7.85 (s) 118.3 -0.9
6 - 138.9s - 137.3 +1.6
7 7.45 (br s) 109.1d 7.45(s) 109.2 -0.1
8 - 1542 s - 154.8 -0.6
8a - 1189 s - 119.5 -0.6
3-Me 2.59 (s) 23.8q 2.59 (s) 242 -0.4
6-COH - 168.3 s - 168.3 0.0
OH 10.88 (s) -
3.35(s)
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