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Abstract

A bioassay-guided fractionation and chemical investigation of Amaryllis belladonna Steud. bulbs 

resulted in the isolation and identification of the new crinane alkaloid 1,4-dihydroxy-3-methoxy 

powellan (1), along with the 3 known crinane alkaloids 2 – 4 and the two lycorane alkaloids 5–6. 

The structures were elucidated by interpretation of combined HR-ESIMS, CD and 2D NMR 

spectroscopic data. Among these isolated compounds the lycorane-type alkaloid acetylcaranine (5) 

exhibited strong antiplasmodial activity, while compounds 3 and 4 were moderately active, and 

compounds 1 and 6 were inactive.
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Malaria is a life-threatening blood disease caused by parasites of the Plasmodium genus that 

are transmitted by the bite of the female Anopheles mosquito.1 Malaria causes symptoms 

including fever, fatigue, vomiting, and headaches, and it can also cause yellow skin, 

seizures, coma, and death in severe cases.1 More than 212 million people were estimated to 

have been infected with malaria in 2015, leading to 429,000 deaths.2 The disease is 

widespread in low-income and tropical regions, with the majority of deaths occurring in 

Africa.2 Widespread antimalarial drug resistance is also a growing problem, since P. 
falciparum has developed resistance to all current treatments including the newer 

antimalarial drug artemisinin, and this is an increasing problem in some parts of Southeast 

Asia.2 Therefore, it is important to develop new antimalarial agents as rapidly as possible. 

Since natural products have been the source of the two major drugs quinine3 and 

artemisinin,4 our search focused on finding new antiplasmodial agents from medicinal and 

other plants from the superb Natural Products Discovery Institute (NPDI) Repository.5

During this search, we observed that a MeOH extract of Amaryllis belladonna Steud. 

(Amaryllidaceae) bulbs exhibited significant antiplasmodial activity against the chloroquine-

resistant Dd2 strain of P. falciparum. Previous studies have reported the isolation of 

antineoplastic and antifungal constituents from this plant,6–8 and its alkaloid constituents 

have recently been reviewed,9 but there have been no reports on the isolation of any 

antimalarial agents. We thus selected this extract for bioassay-guided fractionation and 

isolation, and this yielded one new alkaloid along with five known alkaloids, two of which 

had moderate antiplasmodial activity (Fig. 1)

Compound 1 was isolated as a white, amorphous powder and its molecular formula was 

determined to be C18H23NO6 by HREIMS data (observed m/z 349.1492 [M]+, calculated for 

C18H23NO6
+ 349.1520), indicating 8 degrees of unsaturation. Its 1H NMR spectrum (Table 

1) had one signal for a singlet aromatic proton at H-10 (δH 6.61), signals for four methylene 

protons at H-2 (δH 1.75, 1.40), H-6 (δH 4.19, 3.71), H-11 (δH 2.37, 2.00), and H-12 (δH 

3.16, 2.77), for three oxygenated methine protons at H-1 (δH 3.07), H-3 (δH 3.97), and H-4 

(δH 3.31–3.33), and for two methylenedioxy protons (δH 5.85). The 13C NMR spectrum 

revealed signals for a methylenedioxy carbon (δC 100.5), a quaternary carbon (δC 41.4), six 

aromatic carbons (δC 96.3, 138.9, 117.8, 141.0, 147.9, and 133.3), and two methoxy (δC 

59.1 and 57.5), four methylene (δC 25.2, 58.6, 39.2, and 52.5), and three oxygenated 

methine (δC 61.2, 74.9, and 55.1) carbons.

The HSQC and 1H–1H COSY spectra of 1 (Fig. 2) disclosed two spin systems of H-1 to 

H-4a and H-11 to H-12, which led to the establishment of the structure fragments C-1 to 

C-4a and C-11 to C-12. HMBC correlations were observed from the methylenedioxy 

protons (δH 5.85) and the single aromatic proton (δH 6.61, H-10) to two oxygenated 

aromatic carbons (δC 133.3, C-8 and 147.9, C-9), and from the aromatic proton (δH 6.61, 

H-10) and the deshielded methylene protons (δH 4.19, 3.71, H-6) to two aromatic carbons 

(δC 138.9, C-10a and 117.8, C-6a).
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Correlations were also observed from the deshielded methylene protons (δH 4.19, 3.71, H-6) 

and the oxygenated methine proton (δH 3.04, H-1) to the deshielded methine carbon (δC 

53.9, C-4a). Taken together, these correlations indicated that 1 has an amaryllidaceae 

alkaloid ring system.10,11

Additional HMBC correlations from the methylene protons (δH 2.37, 2.00, H-11) to a 

quaternary carbon at C-10b (δC 41.4), an aromatic quaternary carbon at C-10a (δC 138.9), 

and an oxygenated carbon at C-1 of a cyclohexane ring (δC 61.2), as well as correlations 

from methylene protons (δH 3.16, 2.77, H-12) to the deshielded methylene carbon (δC 58.6, 

C-6) indicated that 1 was a crinane-type alkaloid with a 5,10b ethano bridge attached to a 

tetrahydrophenanthridine (Fig. 2).10,11 The correlations from δH 3.42 to C-3 (δC 74.9) and 

δH 3.96 to C-7 (δC 141.0) confirmed the locations of the two methoxy groups at C-3 and 

C-7, respectively.

The relative configuration of 1 was established through analysis of NOESY and 1H-1H 

coupling constant data. NOESY correlations from H-1 (δH 3.07) to H-2eq (δH 1.75), H-1 to 

3-OCH3, H-2eq (δH 1.75) to 3-OCH3 (δH 3.42), H-3 (δH 3.97) to H-4 (δH 3.31–3.33), and 

H-4 (δH 3.31–3.33) to H-4a (δH 3.76) were observed, consistent with similar correlations in 

3-O-demethyl-3-O-(3-hydroxybutanoyl) haemanthamin12 and 2-O-acetylbulbisine.TFA.13 

The absence of a NOESY correlation from H-4 to 3-OCH3 was consistent with the assigned 

stereochemistry. The small vicinal coupling constant (3JH-H = 3.4 Hz) of H-4/H-4a also 

indicated that these protons are syn configured.11,14,15 The structure of 1 was thus assigned 

as 1R,4S-dihydroxy-3R-methoxy powellan.11

Compounds 2–4 were identified as distichamine, 11-O-acetylambelline, and ambelline, 

respectively, by comparison of spectroscopic and other physical properties with literature 

values.15,16 The 13C NMR spectrum of compound 2 was similar to that of compound 1, but 

instead of signals for two hydroxylated carbons in the cyclohexane ring, it had signals for 

the carbons of a double bond at C-2 (δC 102.1) and C-3 (δC 174.3), and a ketone at C-1 (δC 

199.0). The large deshielding of C-3 in 2 was indicative of oxy-substitution at this olefinic 

carbon (Fig. 8S).

The 1H and 13C NMR spectra of compounds 3 and 4 both had signals for oxygenated 

methine carbons at C-11 (δC 85.9 and 87.6) and the carbons of an olefinic double bond at 

C-1 and C-2 (Fig. 9S–12S). The methylene protons at H-11 in compounds 1 and 2 were 

replaced by a doublet of doublets at δH 5.02 and 4.23 in 3 and 4, consistent with the 

presence of hydroxy and acetoxy groups, respectively. We confirmed the relative 

configuration of 3 and 4 by observing the large coupling between H-4a and H-4β (J = 13.7 

Hz, trans diaxial interaction) and H-4α and H-4β (J = 13.9 Hz, geminal) and smaller vicinal 

couplings of both H-4β (J = 3.9 Hz) and H-4α (J = 1.8 Hz) with H-3 (J = 3.9, 1.8 Hz).14,15 

These crinane-type alkaloids have previously been reported from different Amaryllidaceae 

species, but are reported for the first time from Amaryllis belladonna.13,15,16

Circular dichroism experiments (Fig. 17S) confirmed that the crinane-type alkaloids 1 – 4 
contain a common tetrahydro-phenanthridine moiety with a β-5,10b ethano bridge, since 
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they all displayed a positive Cotton effect (CE) around 240–250 nm and a negative CE 

around 280–290nm.13,14

Compound 5 was determined to be acetylcaranine.11 Its NMR spectra were similar to those 

of 1 – 4, but the HMBC correlations from a methylene proton (δH 2.59, H-11) to olefinic 

carbons at C-3 (δC 114.1) and C-4 (δC 139.3) implied that 5 was a lycorine-type alkaloid 

(Fig. 15S). Compound 6 was identified as hippadine, a well-known lycorine-type alkaloid.11

The antiplasmodial activities of compounds 1 – 6 were determined against the chloroquine-

resistant Dd2 strain of P. falciparum (Table 2 and Fig. S18).

The lycorine-type alkaloid 5 showed the most potent inhibitory activity, with an IC50 value 

of 3.3 ± 0.3 μM, but compound 6 was inactive despite its structural similarity, so slight 

structural differences of conjugation and substituents in the tetrahydrophenanthridine moiety 

seem to greatly affect the inhibitory activity. The crinane-type alkaloid 3 exhibited weak 

inhibitory activity (IC50, 35 ± 1 μM), whereas compound 4 showed stronger activity with an 

IC50 7.3 ± 0.3 μM. The difference in the antiplasmodial activity of these two compounds 

could be explained by the placement of oxy-substitution at C-11, since acetylation of the 

oxygenated C-11 of the ethano bridge slightly decreased the inhibitory activity. The new 

crinane-type alkaloid 1 showed weak inhibitory activity (IC50, 37 ± 3 μM). Compound 2 had 

little inhibitory activity, in spite of its similarity to compounds 3 and 4. These results are 

supported by previous reports that the double bond at C1–C2 is responsible for the inhibitory 

activity in crinane-type alkaloids.9,13,14

We also investigated the antiproliferative activity of alkaloids 1 – 5 against A2780 ovarian 

cells. Only compound 5 showed any inhibitory effect, and it was very weak with an IC50 

value of 56 ± 1 μM. The only reported antimalarial activity of lycorine-type alkaloids was 

for (+)-5,6-dehydrolycorine,17 and this is the first report of antiproliferative activity of a 

lycorine-type alkaloid against the A2780 cell line.17 In related work, both acetylcaranine (5) 

and 11-O-acetylambelline (5) were evaluated for cytotoxicity against Caco-2 and HT-29 

cancer cell lines. Acetylcaranine had IC50 values of 29.5 and 19.2 μM, respectively, while 

11-O-acetylambelline was inactive.18

The moderate to good antiplasmodial activity of the amaryllidaceae alkaloids 4 and 5, 

combined with their lack of activity against human A2780 cells, suggests that these alkaloids 

could be investigated further for development of novel antimalarial agents.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Compounds isolated from Amaryllis belladonna
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Figure 2. 
Key COSY and HMBC correlations of compound 1
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Table 1

1H and 13C NMR Data of 1a

position δH (J in Hz) δC

1 3.07, dd (11.08, 3.15) 61.2

2 1.75, d (13.4), 1.40, td (13.5, 2.90) 25.2

3 3.97, m 74.9

4 3.31–3.33, m 55.1

4a 3.76, d (3.4) 53.9

6 4.19, d (17.4) 3.71, d (17.4) 58.6

6a 117.8

7 141.0

8 133.3

9 147.9

10 6.61, s 96.3

10a 138.9

10b 41.4

11 2.35–2.39, m; 2.00, ddd (13.0, 10.8, 5.0) 39.2

12 3.16, td (11.5, 10.5, 4.8), 2.75–2.78, m 52.5

OCH2O 5.84–5.88, m 100.5

3-OCH3 3.42, s 57.5

7-OCH3 3.96, s 59.1

a1H (400 MHz) and 13C (100 MHz) NMR data were obtained in CDCl3
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Table 2

Antiplasmodial and antiproliferative activities of compounds 1–6.

P. falciparum Dd2 (μM) Mammalian A2780 (μM)

1,4-dihydroxy-3-methoxy powellan (1) 37 ± 3 >60.0

distichamine (2) >50.0 >60.0

11-O-acetylambelline (3) 35 ± 1 >60.0

ambelline (4) 7.3 ± 0.3 >60.0

acetylcaranine (5) 3.5 ± 0.3 56 ± 1

hippadine (6) NA a NAa

Each value represents the mean ± SD of three experiments.

a
Not active
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