Supplementary Information

Amaryllidaceae-type alkaloids from Pancratium maritimum:
apoptosis-inducing effect and cell cycle arrest on triple-

negative breast cancer cells

Shirley A.R. Sancha!, Adriana Gomes?, Joana B. Loureiro?, Lucilia Saraiva*, Maria-José

U. Ferreira®".

Research Institute for Medicines (iMed.ULisboa), Faculty of Pharmacy, University of
Lisbon, Av. Prof. Gama Pinto, 1649-003 Lisbon, Portugal.

2LAQV/REQUIMTE, Department of Biological Sciences, Laboratory of Microbiology, Faculty

of Pharmacy, University of Porto, Rua de Jorge Viterbo Ferreira 228, Porto, 4050-313, Portugal

* Corresponding authors: e-mail address: mjuferreira@ff.ulisboa.pt (Maria-José U. Ferreira);

lucilia.saraiva@ff.up.pt

Table of contents

Figure S1: Extraction and fractionation of methanol extract of P. maritimum, and the

isolated compounds (1-11).....cccooviiiiiiiiiiiiiieieieiee e S2
Table S1: Fractions obtained from acid-base eXtraction..........ccccecuevererenenenenereenenennenn. S3
Spectroscopic data of compounds............ccccvvviiiiiiiiiii S3
NMR spectra of some cOMPOUNAS ...........cccoeuvuiiiiiiiiiiiii e S7
REE@IEICES........oueiieeieieeti ettt st et et s e e seeseebe st e s aese s e e eneeneenes Si6

S1


mailto:lucilia.saraiva@ff.up.pt

P maritimum

(Bulbs)

Powdered bulbs
Methanol extraction
Metnhanol Residue of
extract powdered bulbs
Acid-b rtioning pHS
cIToasc porlonime Soxhlet extraction (methanol)
BuOHp 5 Methanol extract
CH2C12/EtOAcpH5 h Aqueous
. fraction
fraction phase
’—k—‘ Acid-base portioning pH9
1 2 3 4 Acid-base portioning pH9
EtOAcpH9 BuOHpH9
fraction fraction
EtOAcp]_]g BuOHpHQ
fraction fraction
5 10 5 11
5 6 7 8 9

Figure S1: Extraction and fractionation of methanol extract of P. maritimum, and the isolated compounds (1-11).
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Table S1: Fractions obtained from acid-base extraction.

Quantity (g)
Fractions Bulbs Soxhlet extraction
CH2Clzphs 13.9 —
EtOAcphs 20 —
n-BuOHpns 109 —
EtOAcpro 10.3 3.5
n-BuOHpno 32.2 4.5

Spectroscopic data of compounds

4,6-dimethoxy-2-hydroxy-acetophenone (1)

Amorphous powder. ESI-MS (positive mode) m/z (rel.int) 197 [M + H] * (100). '"H NMR
(300 MHz, CDCls) o 14.0 (s, 2-OH), 6.05 (1H, d, | = 2.4 Hz, H-3), 5.91 (d, | = 2.4 Hz, H-5),
3.85 (s, OCHs), 3.81 (s, OCHs), 2.60 (s, COCHs), ppm. *C NMR (75 MHz, CDCls) 6 203.2
(COCHs), 167.7 (C-2), 166.2 (C-4), 163.0 (C-6), 106.1 (C-1), 93.6 (C-3), 90.9 (C-5), 55.7 (6-
OCHs), 55.5 (6-OCHs), 33.0 (COCHa), ppm.

N-trans-feruloyl-tyramine (2)
White crystals, mp: 90-93 °C (hexane/EtOAc). (lit. 91 °C) [1]. IR, Vi, cm™ (KBr): 3495,

3363, 3229, 1647, 1548 cm'. ESI-MS (positive mode) m/z (rel. int) 330 [M + H] * (100). '"H
NMR (300 MHz, CDCls/CDsOD; 4:1) 0 7.48 (1H, d, ] = 15.6 Hz, H-3), 7.05 (2H, d, ] = 8.6
Hz H-4'/H-8),7.02 (2H, d, ] = 1.7 Hz H-5), 7.01 (1H, dd, ] = 8.5, 1.7 Hz H-9), 6.84 (2H, d, |
=8.5Hz, H-5/H-7"),6.78 (1H, d, ] = 8.3 Hz, H-8), 6.29 (1H, 4, | = 15.6 Hz, H-2), 3.88 (3H,
s, OCHs), 3.53 (2H, t, ] =7.1 Hz, H-1"), 2.78 (2H, t, ] = 7.1 Hz, H-2"), ppm. C NMR (75
MHz, CDCls/ CDsOD, 4:1) d 167.6 (C-1), 155.5 (C6), 148.1 (C-6), 147.6 (C-7), 141.3 (C-3),
130.0 (C-3"), 129.9 (C-4’/C-8'), 127.1 (C-4), 122.3 (C-9), 117.7 (C-2), 115.5 (C-5"), 115.3 (C-
7’), 110.4 (C-5/C-8), 55.8 (OCHs), 41.3 (C-1"), 34.7 (C-2’), ppm.

Haemanthidine (3)

Amorphous powder. [a]3’ — 58.9 (c 0.28, CHCL); lit. [a]3° — 41 (CHCls) [2]. ESI-MS
(positive mode) m/z (rel. int) 318 [M + H] * (100). "H NMR (300 MHz, CDCl5/CDsOD, 4:1;
epimer A, 3-OH) d 6.86 (1H, s, H-7), 6.79 (1H, s, H-10), 6.45 (1H, d, | = 5.4 Hz, H-1), 6.28
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(1H, dd, ] =5.1, 1.1 Hz, H-2) 5.92 (2H, m, OCH:0), 4.93 (1H, s, H-6), 3.93 (3H, m, H-3/H-
11), 3.66 (1H, dd, | = 13.5, 4.7 Hz, H-4a), 3.37 (3H, s, OCHs), 3.31 (1H, dd, ] =14.2, 7.4 Hz,
H-12-exo0), 3.13 (dd, | = 14.2, 3.2 Hz, H-12-endo), 2.31 (1H, td, ] = 13.6, 4.4 Hz, H-4a), 1.98
(1H, m, H-4), ppm."H NMR (300 MHz, CDCls/CDs0OD, 4:1; epimer B, a-OH) 6 6.91 (1H,
s, H-7), 6.83 (1H, s, H-10), 6.42 (1H, d, ] = 5.4 Hz, H-1), 6.24 (1H, dd, ] = 5.1, 1.0 Hz, H-2),
5.92 (2H, m, OCH:0), 5.51 (1H, s, H-6), 4.07 (1H, dd, ] = 14.2, 6.8 Hz, H-12-ex0), 3.93 (3H,
m, H-3/H-11), 3.46 (dd, ] = 13.2, 5.0 Hz, H-4a), 3.38 (3H, s, OCHzs), 2.82 (1H, dd, ] = 14.3,
2.6 Hz, H-12-endo), 2.17 (1H, dd, ] = 13.7, 4.4 Hz, H-4a), 1.98 (1H, m, H-4p), ppm. *C
NMR (75 MHz, CDClIs/CDsOD, 4:1, epimer A) d 148.4(C-9), 146.8 (C-8), 137.3 (C-10a),
130.3 (C-2), 128.4 (C-2), 128.6 (C-6a), 128.4 (C-1), 109.7 (C-7), 103.2 (C-10), 101.6 (OCH:0),
88.5 (C-6), 78.7 (C-11), 73.4 (C-3), 58.7 (C-12), 57.1 (C-4a), 56.5 (OCHs), 51.1 (C-10b), 27.8
(C-4), ppm. ®*C NMR (75 MHz, CDCls/CDsOD, 4:1, epimer B) o 148.1 (C-9), 146.9 (C-8),
136.4 (C-10a), 130.3 (C-2), 129.7 (C-6a), 128.6 (C-1), 108.5 (C-7), 103.9 (C-10), 101.5
(OCH:0), 86.1 (C-6), 79.5 (C-11), 73.6 (C-3), 62.6 (C-4a), 56.6 (OCH:), 52.9 (C-12), 50.6 (C-
10b), 28.2 (C-4) ppm.

Hippeastrine (4)

Amorphous powder. [@]3° + 152.2 (c 0.30, CHCL); lit. []Z® + 160 ( CHCLs) [2]. ESI-MS
(positive mode) m/z (rel. int) 316 [M + HJ* (100). '"H NMR (300 MHz, CDCls) 6 7.46 (1H,
s, H-7), 6.95 (1H, s, H-10), 6.07 (2H, dd, ] = 4.8, 1.2 Hz, OCH:0), 5.66 (1H, br s, H-3), 4.59
(1H, br s, H-1), 440 (1H, dp, ] = 3.7, 1.9 Hz, H-2), 3.15 (1H, ddd, ] = 10.1, 7.3, 3.3 Hz, H-
12a),2.91 (1H, dd, ] =9.5, 2.2 Hz, H-10b), 2.64 (1H, d, ] =9.5 Hz, H-4a), 2.52 (2H, m, H-11),
2.26 (g, ] =9.3 Hz, H-123), 2.06 (3H, s, NCHs3), ppm . *C NMR (75 MHz, CDCls) 6 164.8
(C-6), 151.9 (C-9), 148.0 (C-8), 145.1 (C-4), 139.4 (C-10a), 118.6 (C-3), 109.9 (C-7), 108.8 (C-
10), 82.3 (C-1), 67.2 (C-4a), 66.9 (C-2), 56.2 (C-12), 43.6 (NCHs), 39.8 (C-10b), 27.9 (C-12),
ppm.

Lycorine (5)

Amorphous powder. [a]3® — 70.6 (c 0.31, MeOH); lit. [«]3° — 83.8 (EtOH) [2]. IR Vmax cm-
1 (KBr): 3334, 1485, 744. ESI-MS (positive mode) m/z (rel. int) 288 [M + H]* (100). '"H NMR
(300 MHz, DMSO-ds) 0 6.80 (1H, s, H-10), 6.67 (1H, s, H-7), 5.95 (2H, dd, ] = 4.1, 0.9
Hz,OCH:0), 5.37 (1H, bs, H-3), 4.85 (1H, d, | = 6.2 Hz, 2-OH), 4.75 (1H, d, | = 4.2 Hz, 1-
OH), 4.27 (1H bs, H-1), 4.04 (1H, 4, ] = 14.2 Hz, H-6f3), 3.96 (1H, bs, H-2), 3.29 (1H, d, ] =
14.2 Hz, H-6a), 3.18 (1H, ddd, ] =9.1, 7.2, 2.1 Hz, H12-B), 2.61 (1H, d, | = 10.4 Hz, H-10b),
2.51 (1H, m, H-4a), 2.47 (2H, m, H-11), 2.20 (1H, 4, ] = 8.5 Hz, H-12a) ppm. “C NMR (75
MHz, DMSO- ds) d 145.6 (C-9), 145.1(C-8), 141.6 (C-4), 129.7(C-6a), 129.5(C-10a), 118.4 (C-
3), 106.9 (C-7), 105.0 (C-10), 100.5 (OCH:0), 71.7 (C-2), 70.2 (C-1), 60.7 (C-4a), 56.7 (C-6),
53.2 (C-12), 40.1(C-10b), 28.1 (C-11) ppm.
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11a-hydroxygalanthamine (6)

Amorphous powder. [a]3® — 290.3 (c 0.13, CHCL); lit. [«]3> — 320 [3]. ESI-MS (positive
mode) m/z (rel. int) 304 [M + H]*(100). '"H NMR (300 MHz, CDCls) d 6.66 (1H, d, ] = 8.2
Hz, H-8), 6.59 (1H, d, ] = 8.2 Hz, H-7), 6.06 (1H, dd, ] = 10.2, 5.1 Hz, H-4), 5.77 (1H, d, ] =
10.2 Hz, H-4a), 5.33 (1H, bs, H-1), 4.11 (1H, bt, ] = 4.4 Hz, H-3), 3.82 (3H, s, OCH3), 3.78
(1H, d, ] = 14.7 Hz, H-6p), 3.61 (1H, d, | = 14.7 Hz, H-6c), 3.49 (1H, m, H-11pB), 3.11 (1H,
bs, H-12), 2.60 (1H, bt, ] =15.9, 1.8 Hz, H-2a), 2.57 (3H, s, NCHs), 2.04 (1H, ddd, ] = 15.9,
5.0, 2.5 Hz, H-2B) ppm. *C NMR (75 MHz, CDCls) d 147.1 (C-10), 144.3 (C-9), 130.1 (C-
10b), 129.5 (C-4), 127.8 (C-6a), 125.4 (C-4a), 121.3 (C-7), 111.5 (C-8), 83.5 (C-1), 67.2 (C-11),
62.9 (C-6), 61.8 (C-3), 61.0 (C-12), 56.0 (OCH3), 53.9 (C-10a), 49.2 (NCHz), 29.6 (C-2) ppm.

2a-10ba-dihydroxy-9-O-demethylhomolycorine (7)

Amorphous powder. [a]3>+28.2 (c 0.23, MeOH); lit. [a]3 +40.2 (MeOH) [4]. ESI-
MS (positive mode) m/z (rel. int) 334 [M + H]* (100). 'H NMR (300 MHz, DMSO-
de) ©7.32 (1H, s, H-7), 7.18 (1H, s, H-10), 5.57 (1H, bs, H-3), 4.74 (1H, s, OH), 4.36
(1H, bs, H-1), 4.09 (1H, bs, H-2), 3.83 (3H, s, OCHs), 3.31 (1H, s, OH), 3.16 (1H, s,
OH), 3.06 (1H, td, | = 8.4, 3.6 Hz, H-12a), 2.63 (1H, s, H-4a), 2.38 (2H, m, H-11),
2.22(1H, q,]=8.7 Hz, H-12f3), 1.83 (3H, s, NCH3) ppm. 3C NMR (75 MHz, DMSO-
de) © 163.6 (C-6), 151.7 (C-9), 147.3 (C-8), 142.0 (C-10a), 140.6 (C-4), 119.1 (C-3),
113.1 (C-6a), 112.2 (C-10), 111.8 (C-7), 83.4 (C-1), 69.6 (C-4a), 67.4 (C-10b), 67.3 (C-
2), 55.6 (OCHb), 55.5 (C-12), 43.5 (NCH:), 27.9 (C-11) ppm.

Epi-galanthamine (8)

Amorphous powder. [a]3® — 326.5. (c 0.10, MeOH). [a]3° — 327. (EtOH) [5]. ESI-MS
(positive mode) m/z (rel. int) 288 [M + H] * (100)."H NMR (300 MHz, CDCls) d 6.66 (1H,
d, ] =8.2 Hz, H-8), 6.61 (1H, d, | = 8.2 Hz, H-7), 6.05 (1H, dd, ] = 10.3, 1.4 Hz, H-4), 6.01
(1H, ddd, ] =10.3, 4.6, 1.2 Hz, H-4a), 4.60 (1H, bs, H-1), 4.13* (1H, m, H-3), 4.12* (1H, d, | =
15.4 Hz, H-68), 3.82 (3H, s, OCHz), 3.69 (1H, dd, ] =15.2, 1.2 Hz, H-6), 3.28 (1H, ddd, ] =
14.6, 12.7, 1.9 Hz, H-128), 3.07 (1H, dt, | = 14.1, 3.0 Hz, H-12«), 2.68 (1H, m, H-2{), 2.40
(3H, s, NCHa), 2.08 (1H, ddd, ] = 13.6, 10.5, 3.2 Hz, H-11«), 1.99 (1H, ddd, | = 10.6, 8.3, 2.4
Hz, H-2a), 1.59 (1H, ddd, ] =13.8, 4.1, 1.9 Hz, H-11p), ppm *overlapped signals. 3C NMR
(75 MHz, CDCls) d 146.0 (C-9), 144.3 (C-10), 133.1 (C-10a), 128.8 (C-6a), 127.8 (C-4), 126.8
(C-4a), 122.3 (C-7), 111.4 (C-8), 88.8 (C-1), 62.1 (C-3), 60.5 (C-6), 56.0 (OCH3), 53.8 (C-12),
48.3(C-10b), 41.8 (NCHs), 33.7 (C-11), 30.0 (C-2) ppm.
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8-O-Demethylhomolycorine (9)

Amorphous powder. [a]3® + 90.7 (c 0.092, CHCL); lit. [a]3* + 89.6 (CHCLs) [5]. ESI-MS
(positive mode) m/z (rel. int) 302 [M + H]* (100). 'H NMR (300 MHz, CDCL)  7.59 (1H,
s, H-7), 7.01 (1H, s, H-10), 5.52 (1H, m, H-3), 476 (1H, dt, | = 4.4, 2.2 H-1), 3.95 (3H, s,
OCHas), 3.22 (1H, ddd, ] =10.0, 6.1, 4.2 Hz, H-12a), 2.80 (1H, 4, ] = 10.0 Hz, H-4a), 2.75 (1H,
dd, ] =9.8,2.0 Hz, H-10b), 2.61 (1H, dt, | = 5.4, 2.9 Hz, H-2), 2.50 (2H, m, H-11), 2.30 (1H,
dd, ] =18.9, 9.4 Hz, H-12f3), 2.00 (3H, s, NCH3), ppm. *C NMR (75 MHz, CDCls) d 165.8
(C-6), 151.4 (C-9), 146.0 (C-8), 140.3(C-4), 136.5(10a), 117.4 (C-6a), 116.3 (C-7), 115.8 (C-3),
110.6 (C-10), 77.6 (C-1), 66.7 (C-4a), 56.4 (C-12), 56.2 (OCHz) 43.7 (NCHb), 43.6 (C-10b),
31.3 (C-2), 27.9 (11), ppm.

Tazettine (10)

White crystals, m.p: 208-210 °C, (hexane/EtOAc) (lit. 208 °C) [6]. [«]Z® + 130.7 (c 0.09,
CHCL); [a]3? + 145 (CHCs) [6]. IR: vmax cm (KBr): 3348, 2725, 1253, 1119. ESI-MS
(positive mode) m/z (rel. int) 332 [M + H] * (100)."H NMR (300 MHz, CDCls) 0 6.85 (1H,
s, H-12), 6.49 (1H, s, H-9), 6.13 (1H, 4, ] =10.4, 3 Hz, H-2), 5.89 (2H, s, OCH:0), 5.61 (1H,
m, H-1), 4.95 (1H, d, | = 14.7 Hz, H-8a), 4.63 (1H, d, ] = 14.8 Hz, H-83), 4.14 (1H, m, H-3),
3.46 (3H, s, OCHa), 3.30 (1H, 4, ] = 10.6 Hz, H-6x), 2.87 (1H, bs, H-5), 2.68 (1H, d, ] = 10.6
Hz, H-6p3), 2.40 (3H, s, N-CHz), 2.22 (1H, ddd, | = 15, 5, 3 Hz H-4a); 1.62 (1H, ddd, | = 15,
6, 3 Hz H-4f3) ppm. ¥C NMR (75 MHz, CDCls) 6 146.7 (C-11), 146.5(C-10), 130.7(C-2),
128.8(C-1), 128.1(C-12a), 125.6 (C-8a), 109.5(C-12), 104.1(C-9), 102.1 (C-6a), 101.0
(OCH20), 73.0 (C-3), 70.2 (C-5), 65.6 (C-6), 62.1 (C-8), 56.2 (OCHz), 50.0 (C-12b), 42.1 (N-
CHz), 26.8 (C-4) ppm.

Haemanthamine (11)

Amorphous powder. [a]3® + 43.7 (c, 0.5, CHCL); lit. [a]3? + 38.6 (CHCLs) [5]. ESI-MS
(positive mode) m/z (rel. int) 302 [M + H] * (100). '"H NMR (300 MHz, CDCls) d 6.82 (s,
1H, H-10), 6.47 (1H, s, H-7), 6.41 (1H, 4, ] = 10.1 Hz, H-1), 6.35 (1H, ddd, ] = 10.1, 4.6, 0.8
Hz, H-2), 5.89 (2H, gq, ] =1.4 Hz, OCH:0), 4.35 (1H, d, ] = 16.8 Hz, H-6p3), 4.00 (1H, dd, | =
6.6, 3.4 Hz, H-11), 3.85 (1H, td, ] = 4.2, 1.9 Hz, H-3), 3.72 (1H, d, ] = 16.8 Hz, H-6), 3.40
(1H, m, H-12 endo), 3.35 (3H, s, OCHs), 3.31 (1H, m, H-12 exo0), 2.11( 2H, m, H-4).3C NMR
(75 MHz, CDCls) d 146.7 (C-8), 146.4(C-9), 135.1 (C-10a), 132.2 (C-2), 127.1(C-1), 126.1(C-
6a), 106.9 (C-7), 103.5 (C-10), 101.0 (OCH:0), 79.9 (C-11), 72.7 (C-3), 63.4 (C-12), 62.9 (C-
4a), 61.2 (C-6), 56.7 (OCHs), 50.3 (C-10b), 28.1(C-4) ppm.
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NMR spectra of some compounds
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Figure S1. 'TH-NMR spectrum of compound 3 (300 MHz, CDCls/CDsOD).

17000
16000

13000

r 12000

F11000

10000

Aisuajug

r9000

8000

7000

r 6000

5000

4000

r 3000

2000

1000

99¥5°9S

ST0L°9S
moDNmm
0LbL8S
(159297

SShbreL
68+9°€L
€10aD 8099°4L

€10dD 6680°8Z
€10aD S615°8Z
9TLL'8L

oo

68588

6829'T0T ~
GSST'E0T
$T65°80T
GS8/°60T —

91821
659821
¥6+9'82T
6v5.°62T !
96TZ'0ET
985€°0€T
LYBE9ET
GS9E°LET
£988°9bT
9686°91T /
0SHT'8bT ~
zesrgpr

150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25

5 (ppm)

Figure S2. 3C-NMR spectrum of compound 3 (75 MHz, CDCls/CDsOD).
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Figure S8. *C-NMR spectrum of compound 6 (75 MHz, CDCls).
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Figure S9. 'H-NMR spectrum of compound 7 (300 MHz, DMSO-ds).
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Figure S11. COSY spectrum of compound 7.
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Figure S12. HMQC spectrum of compound 7.
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Figure S13. HMBC spectrum of compound 7.
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Figure S16. '"H-NMR spectrum of compound 11 (300 MHz, CDCls).
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Figure S17. 3C-NMR spectrum of compound 11 (75 MHz, CDCls).
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