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Abstract:

Seven undescribed homoisoflavonoids were identified from the bulbs of Bellevalia longipes Post
(Asparagaceae) as well as thirteen known and one natural homoisoflavonoid that had been
reported as a synthetic product previously. A general approach for recognizing
homoisoflavonoids via NMR spectroscopy data were presented. The undescribed compounds
were: 8-dehydroxy-5-O-demethyl-6-hydroxyscillapersicone, 6-methoxyscillapersicone, 5-O-
demethyl-6-methoxyscillapersicone, 8-O-methylscillapersicone, 4’ -O-methylscillapersicone, 4'
,8-0,0-dimethylscillapersicone, 3’ -O-methylscillapersicone, and 3-hydroxy-
desmethylophiopogonanone A. Structures were determined based on analysis of HRMS and
NMR data, while absolute configurations were assigned using ECD spectroscopy. Human cancer
cell lines were used to assess the cytotoxic activities of the isolated compounds, where 3-
dehydroxy-3’ -hydroxyeucomol showed IC50 values of 0.62 uM, 5.36 uM, and 2.52 uM, when
tested against MDA-MB-435 (melanoma), MDA-MB-231 (breast), and OVCAR3 (ovarian)
cells, respectively.
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1. Introduction

Homoisoflavonoids are an unusual subclass of flavonoids, which possess an additional carbon
between rings B and C (Lin et al., 2014). Biosynthetically, chalcones are thought to be the
precursors of homoisoflavonoids, where a carbon atom derived from L-methionine is added onto
the C15 chalcone-type skeleton (Dewick, 1975; Lin et al., 2008). The term was first used in 1967
to define new compounds isolated from Eucomis bicolor Bak. (Asparagaceae) (Bohler and
Tamm, 1967). As of 2019, Abegaz et al. reported the identification of 295 homoisoflavonoids
from various plant families with a range of biological activities, including antimutagenic
(Miadokova et al., 2002; Siddaiah et al., 2007), antimicrobial (Sharma et al., 2018), antioxidant
(Zhou et al., 2015), immunomodulatory (Chen et al., 2009), antidiabetic (Lin et al., 2014),
cytotoxic (Lin et al., 2008), vasorelaxant (He et al., 2009), antiangiogenic (Lin et al., 2008), anti-
inflammatory (Li et al., 2012), and many others (Castelli and Lopez, 2017). Moreover,
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homoisoflavonoids were reported to inhibit protein tyrosine kinase (Castelli and Lopez, 2017)
and acetylcholinesterase activity (Mottaghipisheh and Stuppner, 2021), and exhibit estrogenic
and antiestrogenic activities (Masi et al., 2021).

Jordan occupies an enviable position at the heart of the Middle East near a point where Europe,
Asia, and Africa intersect. Despite its relatively small size, it has rich biodiversity due to its
diverse altitude (—408 m below sea level to 1854 m above sea level), which imparts sharp
changes in climate, rainfall, soil, and physical environments (Abd-Al Hadi, 2020; Afifi-Yazar et
al., 2011; Al-Eisawi, 1998). Jordan has thirteen different types of vegetation, providing habitat
for more than 4000 plant species, including 2622 species of vascular plants belonging to 152
families and 719 genera (Al-Eisawi, 1996; Al-Eisawi, 1998; Ministry of Environment, 2014). As
part of a continuing project aimed at identifying cytotoxic compounds from Jordanian plants
(Alali et al., 2005, 2006, 2014, 2015; El-Elimat et al., 2018, 2020), the bulbs of Bellevalia
longipes Post (Asparagaceae) were investigated. A total of 14 species of Bellevalia can be found
in Jordan (Abd-Al Hadi, 2020), and B. longipes is a bulbous perennial herb that flourishes in
mountains with red heavy soils (Feinbrun-Dothan, 1986). It is known locally as “Bossyl Al-
Ghazal”, which can be translated into “Deer Onion” in English, and it blooms on long pedicels in
mid-spring, between the months of March and May (Feinbrun-Dothan, 1986), with flowers that
are of a brownish lavender color. B. longipes bulbs, which are 2.5-3.0 cm in diameter, can be
found across the Irano-Turanian region (i.e., Iran, Turkey, Palestine, Syria, and Jordan) (Al-
Eisawi, 1998; Feinbrun-Dothan, 1986). The present study reports the isolation, structural
elucidation, absolute configuration determination, and cytotoxic activity evaluation of a suite of
compounds from the bulbs of B. longipes.

2. Results and discussion

During the past few years, we have become increasingly interested in homoisoflavonoids, an
intriguing and rare class of phytochemicals with diverse biological activities. In this study,
phytochemical investigation of the bulbs of B. longipes resulted in the isolation of twenty-one
compounds (1-21), most of which were homoisoflavonoids (Fig. 1).

The structures of the isolated compounds (1-21) were determined through in-depth
analysis of HRESIMS, 1D ( 1 H, 13C), and 2D (COSY, HSQC, and HMBC) NMR data. The
spectroscopic and spectrometric data of 13 of these compounds compared favorably to the
literature, revealing: 8-demethoxy-3,9-dihydropunctatin (1) (Adinolfi et al., 1985a), 3,9-
dihydroeucomnalin (2) (Sidwell and Tamm, 1970), 8-O-demethyl-7-O-methyl-3,9-
dihydropunctatin (3) (Adinolfi et al., 1984), 7-O-methyl-3,9-dihydropunctatin (4) (Pohl et al.,
2001), 5-O-demethylscillapersicone (5) (Adinolfi et al., 1986), 3-dehydroxy-6-hydroxyeucomol
(6) (E1-Elimat et al., 2018), scillapersicone (8) (Hafez Ghoran et al., 2014), 4’ -O-
demethylcremastranone (12) (Adinolfi et al., 1986), 3-dehydroxy-3’ -hydroxyeucomol (13)
(Adinolfi et al., 1985b), eucomol (17) (Meksuriyen and Cordell, 1988), punctatin (19) (Corsaro
et al., 1992), p-hydroxybenzaldehyde (20), and pinoresinol (21) (Ono et al., 2000)
(Supplementary data, Figs. S1-S7, S11, S23, S24, S35, S39-S41).

Having worked with homoisoflavonoids for a number of years (Alali et al., 2015; El-
Elimat et al., 2018), we have developed a general strategy that capitalizes upon key chemical
shifts in the 1 H NMR data (collected in CDCI3, even for compounds of limited solubility) to
rapidly classify these structures (Fig. 2). Specifically, a few key resonances can be examined to
assist in the subclassification of homoisoflavonoids into one of three categories (see panel 1 in



Fig. 2). The largest class of homoisoflavonoids is recognized by the presence of a multiplet
resonating between ~2.5 and ~3.0 ppm, indicative of a 3-benzylchroman-4-one analogue (i.e.,
compounds 1 to 16). Alternatively, a singlet olefinic proton (6H ~5.0—6.0 ppm) can be observed
in the 3-benzylidenechroman-4-one analogues (i.e., compound 19). Moreover, while less
abundant, an aliphatic, geminal AB system (6H ~2.5-3.0 and ~4.0—4.5 ppm) indicates a 3-
benzyl-3-hydroxychroman-4-homoisoflavonoid analogue (i.e., compounds 17 and 18). Once
classified into one of these categories, the substitution of the A and B rings can also be derived
from chemical shift values. If a singlet proton resonates above 11.0 ppm, this indicates a hydroxy
substituent (not methylated) at C-5 (i.e., chelated proton).

Compound 7 (1.36 mg) was obtained as a yellowish powder with a molecular formula of
C17H1607 (index of hydrogen deficiency of 10) as determined by HRESIMS (m/z 333.0962
[M+H]+, calculated 333.0970) (Supplementary Data Fig. S1). Further support for the molecular
formula was provided by the 1 H, 13C, and edited HSQC NMR data (Tables 1 and 2,
Supplementary Data Figs. S8 and S9). The HRMS data, combined with 1D and 2D NMR,
identified 7 as an undescribed 3-benzylchroman- 4-one homoisoflavonoid with structural
similarity to 5 (Supplementary Data Table S1). Both compounds (5 and 7) shared the same
molecular formula and similar ABX splitting system of ring B (6H 6.67, d, J = 1.8 Hz; 6.70, d, J
=7.8 Hz, and 6.56, dd, J = 7.8, 1.8 Hz, for H-2" , H-5" , and H-6' , respectively for 7). The key
differences between 7 and 5 were the singlet aromatic proton position at ring A, which was
located at C-6 in 5 vs C-8 in 7. This was verified by HMBC correlations from H-8 (6H 6.15, s) in
7 to C-4 (0C 201.1), C-4a (oC 103.8), and C-6 (6C 129.0) (Fig. 3, Supplementary Data Fig. S10).
The methoxy group (8H/6C 3.88/57.0) was located at C-7 based on an HMBC correlation from
H3-10 (oH 3.88, s) to C-7 (0C 157.8). Ring B was hypothesized as a dihydroxybenzene based on
HMBC correlations of H-2" and H-6" to C-4’ (6C 145.5) and from H-5"to C-3 (6C 146.8).
Moreover, HMBC correlations from H-2 (6H 4.10,dd, J=11.1, 7.3 Hz; 4.25,dd, J=11.1,4.4
Hz) to C-8a (8C 163.6), C-9 (6C 33.5), and C-4 (8C 201.1) and from H-9 (H 2.60, dd, J = 13.3,
10.3 Hz; 3.04, dd, J = 13.3, 4.5 Hz) to C-3 (3C 50.2), C-2’ (8C 117.4), and C-6" (6C 121.8)
further supported the ring A substitution pattern and established the connectivity of ring C to ring
B through position C-9. The trivial name 8-dehydroxy-5-O-demethyl-6-hydroxyscillapersicone
was given to compound 7. The absolute configuration of the homoisoflavonoids of the 3-
benzylchroman-4-one type is often determined by means of electronic circular dichroism (ECD)
spectroscopy (Adinolfi et al., 1988). An ECD curve with a negative Cotton effect at 287-295 nm
indicates a 3R configuration (Adinolfi et al., 1988). It was found that compound 7 exhibited a
negative Cotton effect at 297 nm (Ag = — 35.3) in the ECD spectrum (Supplementary Data Fig.
S43), supporting an R configuration at C-3.

Compound 9 (2.15 mg) was obtained as a yellowish powder with a molecular formula of
C19H2008 (index of hydrogen deficiency of 10) as determined by HRESIMS (m/z 377.1223
[M+H]+, calculated 377.1236) (Supplementary data Fig. S1). The HRMS data along with 1 H,
13C, COSY, HSQC, and HMBC NMR data (Tables 1 and 2, Supplementary data Figs. S12-S15)
identified 9 as an undescribed homoisoflavonoid of the 3- benzylchroman-4-one type with
structural similarity to 8 (Supplementary Data Table S1). Both 8 and 9 shared the same ABX
splitting pattern of ring B (6H 6.67, d, ] = 2.8 Hz; 6.70, d, ] = 8.0 Hz; 6.55, dd, J = 8.0, 2.8 Hz,
for H-2' , H-5", and H-6", respectively for 9). A key difference between the two compounds was
the absence of aromatic protons in ring A of 9, as opposed to 8, indicating a hexa-substituted ring
A in 9. The deshielded C-6 (6C 143.0) in 9 relative to that in 8 (6C 93.3), along with a 30 Da
difference in the HRMS data indicated an extra methoxy group at C-6, which was confirmed by



an HMBC correlation from H3-11 (8H/6C 3.82/ 62.5) to C-6. Based on the HMBC correlations
from H3-10 (8H/3C 3.97/ 62.7) to C-5 (6C 149.2) and H3-12 (8H/56C 3.78/62.0) to C-7 (8C
147.7), the positions of the remaining two methoxy groups of ring A in 9 were established.
COSY data identified two-spin systems as H2-2/H-3/H2-9 and H-5°/H-6" (Fig. 3, Supplementary
data Fig. S13). The structure of 9 was established as 6-methoxyscillapersicone. The ECD
spectrum of 9 showed a negative Cotton effect (Ae =— 7.6) at 297 nm (Supplementary Data Fig.
S43) indicating a 3R configuration.
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Fig. 1. Structures of the compounds isolated from the bulbs of B. longipes (1-21).
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Fig. 2. The NMR methodology used to rapidly classify the structures of the homoisoflavonoids.




Table 1.

' H NMR data for compounds 7,9, 10, 11 [500 MHz, CD3;0D]

No. OoH, mult (J in Hz)
7 9 10 11

2 4.10,dd (11.1, 4.18,dd (11.3, 4.12,dd (11.3, 4.18,dd (11.3,
7.3) 7.5) 7.5) 6.7)
4.25,dd (11.1, 4.35,dd (11.3, 4.28,dd (11.3, 4.30,dd (11.3,
4.4) 4.1) 4.2) 4.0)

3 2.80, m 277, m 2.85, m 2.70, m

6 - - - 6.33,s

8 6.15,s - - -

9 2.60, dd (13.3, 2.58,dd (13.9, 2.58,dd (13.8, 2.57,dd (13.7,
10.3) 10.2) 10.3) 10.3)
3.04,dd (13.3, 3.02,dd (13.9, 3.04,dd (13.8, 2.98, dd (13.7,
4.5) 4.7) 4.5) 4.6)

10 3.88,s 3.97,s 3.96, s 3.71,s

11 - 3.82,s 3.77,s 3.95,s

12 - 3.78, s - 3.89, s

2’ 6.67,d (1.8) 6.67,d (2.8) 6.65,d (2.4) 6.67,d (2.1)

5! 6.70, d (7.8) 6.70, d (8.0) 6.68,d (7.9) 6.70, d (8.0)

6 6.56, dd (7.8, 6.55, dd (8.0, 6.54, dd (7.9, 6.55, dd (8.0,
1.8) 2.8) 2.4) 2.1)

HRESIMS and NMR data of compound 10 (17.91 mg), which was isolated as a yellowish

powder, established the molecular formula as C18H1808 (index of hydrogen deficiency of 10)
(m/z 363.1066 [M+H]+, calculated 363.1074) (Tables 1 and 2, Supplementary data Fig. S1, S16-
18). Compound 10 was identified as an undescribed homoisoflavonoid, belonging to the 3-
benzylchroman-4-one class bearing structural similarity to 5 (Supplementary Data Table S1).
Similar features between 5 and 10 included the ABX splitting pattern of ring B (6H 6.65, d, J =
2.4 Hz;6.68,d,J=79H,; 6.54,dd, ] =7.9, 2.4 Hz, for H-2', H-5', and H-6, respectively for
10) and the characteristic downfield singlet at 11.55 ppm for the OH group at the C-5 position
(shown in the 1 H NMR spectrum that was collected using CDCI3, Supplementary data Fig.
S16). However, the aromatic proton H-6 in compound 5 was replaced with a methoxy group
(0H/3C 3.96/61.9) in compound 10, consistent with the additional 30 Da in the HRMS data of 10
as opposed to 5. HMBC correlations from H3-10 (6H 3.96) to C-6 (6C 135.2) and from H3-11
(0H 3.77) to C-7 (8C 149.4) established the methoxy positions at C-6 and C-7, respectively (Fig.
3). The OH singlet (6H 11.56) at C-5 (6C 151.4) displayed three HMBC correlations to C-4a (6C
104.8), C-5 (6C 151.4), and C-6 (8C 135.2). The structure of 10 was established as 5-O-
demethyl-6- methoxyscillapersicone. A negative Cotton effect (Ae =— 13.5) at 300 nm in the
ECD spectrum established the absolute configuration of 10 at C-3 as R (Supplementary Data Fig.
S43).



Compound 11 (2.15 mg) was isolated as a white amorphous powder with a molecular formula of
CI19H2007 (index of hydrogen deficiency of 10) as determined by HRESIMS (m/z 361.1276
[M+H]+, calculated 361.1282) and 1 H, 13C, and edited HSQC NMR data (Supplementary data
Figs. S1, S19-21). Based on spectroscopic and spectrometric analyses, 11 was identified as an
undescribed homoisoflavonoid belonging to the 3-benzylchroman-4-one class with structural
similarity to 8 (Supplementary Data Table S1). Both compounds shared a similar ABX splitting
system of ring B (0H 6.67, d, J = 2.1 Hz; 6.70, d, ] = 8.0 Hz; and 6.55, dd, J = 8.0, 2.1 Hz, for H-
2',H-5", and H-6", respectively for 11) and a singlet aromatic proton at C-6 (6H/dc 6.33/90.7
for 11). However, the additional 14 Da in 11 vs 8 in the HRMS data indicated methylation of one
of the phenolic groups, as confirmed by HMBC correlations from H3-12 (6H 3.89) to C-8 (6C
131.6) (Fig. 3). HMBC data analysis showed that H-6 (6H 6.33) is correlated to C-4a (6C 106.2)
and to C-8 (6C 131.6). Furthermore, the positions of the remaining two methoxy groups were
determined by HMBC, where 10-OCH3 (6H 3.71) and 11-OCH3 (8H 3.95) were correlated to C-
5 (8C 159.9) and C-7 (0C 160.7), respectively (Fig. 3). The trivial name 8-O-
methylscillapersicone was assigned. Compound 11 showed a negative Cotton effect on the ECD
spectrum (Fig. 3) (Ae =— 10.8) at 295 nm indicating a 3R configuration.

Table 2.
13 C NMR data for compounds 7, 9, 10, 11 [125 MHz, CD30OD], 14 [125 MHz, CDCI3], 15 and
16 [100 MHz, CDCI3].

No. oC, Type
7 9 10 11 14 15 16 18
2 70.8, 71.1, 70.6, 70.2, 69.9, 69.4, 69.9, 71.4,
CH» CH» CH» CH» CH» CH» CH» CH»
3 50.2, 50.8, 48.7, 50.0, 49.2, 48.6, 49.5, 78.6, C
CH CH CH CH CH CH CH
4 201.1,C | 195.1,C | 201.2,C | 194.3,C | 1919,C | 191.7,C | 192.1,C | 192.0, C
4a 103.8,C [ 112.3,C | 104.8,C | 106.2,C | 105.8,C | 104.1,C | 105.9,C | 105.8, C
5 152.9,C | 149.2,C | 151.4,C | 159.9,C | 155.7,C | 158.6, C | 155.8,C | 160.2, C
6 129.0, C | 143.0, C | 135.2, C | 90.7, 89.8, 89.3, 89.8, 97.1,
CH CH CH CH CH
7 157.8,C | 147.7,C | 1494,C | 160.7,C | 152.4,C | 161.4,C | 152.6,C | 154.0, C
8 92.4, 137.3,C | 131.6,C | 131.6,C | 127.7,C | 130.7, C | 127.8, C | 95.7,
CH CH
8a 163.6,C | 149.3,C | 146.5,C | 157.6,C | 149.9, C | 158.3,C | 149.9, C | 156.0, C
9 335, 33.7, 33.0, 33.6, 32.6, 32.3, 33.2, 41.9,
CH» CH» CH» CH» CH» CH» CH» CH»
10 57.0, 62.7, 61.6, 56.4, 56.4, 56.2, 56.4, 101.1,
CH; CH; CH; CH; CH; CH; CH; CH»
11 - 62.5, 61.4, 56.7, 56.6, 56.3, 56.7, -
CH; CH; CH; CH; CH; CH;
12 - 62.0, - 61.4, 56.7, 55.9, 56.8, -
CHs3 CHs3 CHs3 CHs3 CHs3
13 - - - - - 61.4, - -
CH;




I 131.2,C | 131.6,C | 130.7,C | 131.1,C | 132.0,C | 131.8,C | 130.7,C | 131.2,C

2 117.4, 117.6, 117.1, 117.1, 115.6, 115.3, 114.8, 111.3,
CH CH CH CH CH CH CH CH

3 146.8,C | 147.0,C | 146.5,C | 146.4,C | 146.0,C | 145.4,C | 147.0,C | 148.1,C

4 145.5,C | 145.6,C | 145.1,C | 145.1,C | 145.7,C | 145.7,C | 144.7,C | 146.1,C

5’ 116.8, 116.9, 116.4, 116.4, 111.1, 110.9, 111.9, 108.5,
CH CH CH CH CH CH CH CH

6 121.8, 122.0, 121.5, 121.5, 121.1, C | 120.8, 122.4, 123.8,
CH CH CH CH CH CH CH

2 The'*C NMR chemical shift values were based on the edited-HSQC and HMBC 2D NMR
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Fig. 3. Key COSY and HMBC correlations of 7, 9-11, 14-16, and 18.

HRESIMS and NMR data of compound 10 (17.91 mg), which was isolated as a yellowish
powder, established the molecular formula as C18H1808 (index of hydrogen deficiency of 10)
(m/z 363.1066 [M+H]+, calculated 363.1074) (Tables 1 and 2, Supplementary data Fig. S1, S16-
18). Compound 10 was identified as an undescribed homoisoflavonoid, belonging to the 3-
benzylchroman-4-one class bearing structural similarity to 5 (Supplementary Data Table S1).
Similar features between 5 and 10 included the ABX splitting pattern of ring B (6H 6.65, d, J =
2.4 Hz; 6.68,d,J=79 H; 6.54,dd, ] =7.9, 2.4 Hz, for H-2', H-5", and H-6' , respectively for
10) and the characteristic downfield singlet at 11.55 ppm for the OH group at the C-5 position
(shown in the 1 H NMR spectrum that was collected using CDCI3, Supplementary data Fig.
S16). However, the aromatic proton H-6 in compound 5 was replaced with a methoxy group
(0H/6C 3.96/61.9) in compound 10, consistent with the additional 30 Da in the HRMS data of 10
as opposed to 5. HMBC correlations from H3-10 (6H 3.96) to C-6 (0C 135.2) and from H3-11
(0H 3.77) to C-7 (6C 149.4) established the methoxy positions at C-6 and C-7, respectively (Fig.
3). The OH singlet (6H 11.56) at C-5 (6C 151.4) displayed three HMBC correlations to C-4a (6C
104.8), C-5 (6C 151.4), and C-6 (6C 135.2). The structure of 10 was established as 5-O-
demethyl-6- methoxyscillapersicone. A negative Cotton effect (Ae =— 13.5) at 300 nm in the



ECD spectrum established the absolute configuration of 10 at C-3 as R (Supplementary Data Fig.
S43).

Compound 11 (2.15 mg) was isolated as a white amorphous powder with a molecular
formula of C19H2007 (index of hydrogen deficiency of 10) as determined by HRESIMS (m/z
361.1276 [M+H]+, calculated 361.1282) and 1 H, 13C, and edited HSQC NMR data
(Supplementary data Figs. S1, S19-21). Based on spectroscopic and spectrometric analyses, 11
was identified as an undescribed homoisoflavonoid belonging to the 3-benzylchroman-4-one
class with structural similarity to 8 (Supplementary Data Table S1). Both compounds shared a
similar ABX splitting system of ring B (6H 6.67, d, J = 2.1 Hz; 6.70, d, ] = 8.0 Hz; and 6.55, dd,
J=28.0, 2.1 Hz, for H-2', H-5", and H-6', respectively for 11) and a singlet aromatic proton at
C-6 (0H/d¢ 6.33/90.7 for 11). However, the additional 14 Da in 11 vs 8 in the HRMS data
indicated methylation of one of the phenolic groups, as confirmed by HMBC correlations from
H3-12 (6H 3.89) to C-8 (oC 131.6) (Fig. 3). HMBC data analysis showed that H-6 (6H 6.33) is
correlated to C-4a (6C 106.2) and to C-8 (3C 131.6). Furthermore, the positions of the remaining
two methoxy groups were determined by HMBC, where 10-OCH3 (6H 3.71) and 11-OCH3 (6H
3.95) were correlated to C-5 (8C 159.9) and C-7 (3C 160.7), respectively (Fig. 3). The trivial
name 8-O-methylscillapersicone was assigned. Compound 11 showed a negative Cotton effect
on the ECD spectrum (Fig. 3) (Ae =— 10.8) at 295 nm indicating a 3R configuration.

Compound 14 (2.68 mg) was isolated as a white amorphous powder with a molecular
formula of C19H2007 (index of hydrogen deficiency of 10) as determined by HRESIMS (m/z
361.1273 [M+H]+, calculated 361.1282) and further supported by 1 H, 13C, and edited-HSQC
NMR data (Supplementary data Figs. S1, S25-S27). Compound 14 showed NMR signals
indicative of an undescribed homoisoflavonoid analogue belonging to the 3-benzylchroman-4-
one class, also sharing structural similarities with 8 (Tables 2 and 3, Supplementary Data Table
S1). For example, 8 and 14 shared a similar ABX splitting pattern of ring B and possessed an
aromatic singlet proton at C-6 (0H/3C 6.16/89.8 for 14). The 1 H and 13C NMR data for 14
suggested that one of the phenolic hydroxy groups had been methylated (6H/6C 3.86/56.4),
which was consistent with the 14 Da difference in the HRMS data of 14 relative to 8. HMBC
correlations from H3-10 (6H 3.86) to C-4’ (6C 145.7) confirmed its connectivity (Fig. 3,
Supplementary data Fig. S28). HMBC correlations from H3-11 (6H 3.90) to C-5 (6C 155.7), H3-
12 (8H 3.97) to C-7 (8C 152.4) confirmed the connectivity of the other two methoxy groups.
Additionally, the exchangeable proton at 5.59 showed HMBC correlations with C-4" and C-2’
(0C 115.6), while the exchangeable proton at 5.08 displayed HMBC correlations with C-8a (6C
149.9) and C-7 (6C 152.4), confirming their connectivity to C-3' (6C 146.0) and C-8 (3C 127.7),
respectively. The compound was given the trivial name 4’ -O-methylscillapersicone. The
absolute configuration of 14 was established as 3R based on the negative Cotton effect in the
ECD spectrum (Ae =— 6.7) at 293 nm.

HRESIMS along with 1 H, 13C, and edited-HSQC NMR data identified the molecular
formula of compound 15 (0.52 mg), which was isolated as a white amorphous powder, as
C20H2207 (index of hydrogen deficiency of 10) (m/z 375.1433 [M+H]+, calculated 375.1438)
(Tables 2 and 3, Supplementary data Figs. S1, S29, and S31). Spectroscopic and spectrometric
analysis including HMBC data revealed that 15 is identical to 3-(3' -hydroxy-4' -
methoxybenzyl)-5,7,8-trimethoxychroman-4-one, a homoisoflavonoid that was recently reported
by Kwon et al. (2020) as an intermediate in the total synthesis of 5,7,8-trioxygenated
homoisoflavonoids (Kwon et al., 2020) (Fig. 3, Supplementary data Fig. S32). The trivial name
4’ 8-0,0-dimethylscillapersicone was ascribed to it. A negative Cotton effect at 294 nm in the



ECD spectrum of compound 15 (Ae =— 3.2) indicated an R configuration at C-3 (Supplementary
Data Fig. S43).

Compound 16 (3.34 mg) was isolated as a white amorphous powder. It showed high
similarity to compound 14, including a molecular formula of CI9H2007 (HRESIMS m/z
361.1276 [M+H]+, calculated 361.1281) and NMR data, which were indicative of a 3-
benzylchroman4-one homoisoflavonoid analogue (Tables 2 and 3, Supplementary data Figs. S1,
S33, and S34). At 295 nm in the ECD spectrum of 16, there was a negative Cotton effect (Ae = —
1.7), indicating a 3R configuration, as in 14 (Supplementary Data Fig. S43). NMR data indicated
a difference in the position of the 12-OCH3 group. In 14, H3-12 (6H 3.97) showed an HMBC
correlation with C-4” (5C 145.7), confirming the methoxy at C-4' (Fig. 3). Alternatively, in 16,
an HMBC correlation from H3-12 (6H 3.91) to C-3’ (6C 147.0) confirmed a methoxy at C-3'
(Fig. 3). The HMBC data (Supplementary data Fig. S34) also showed key correlations from H-5’
(0H 6.84) to C-3', and from H-2’ (6H 6.86) and H-6’ (6H 6.73) to C-4’ (6C 144.7). Additionally,
the exchangeable 4’ -OH (0H 5.53) showed HMBC correlations to C-5’ (6C 111.9) and C-3’
further verifying the ring B substitution pattern. HMBC correlations from H-6 (6H 6.17) to C-8
(6C 127.8) and C-4a (6C 105.9), from H3-11 (6H 3.91) to C-5 (6C 155.8), and from H3-12 (6H
3.97) to C-7 (6C 152.6) identified this compound as the 3’ -methoxy analogue of 14, which was
given the trivial name 3’ -Omethylscillapersicone.

Compound 18 (0.74 mg, molecular formula C17H1407) was obtained as an amorphous
white powder. HRESIMS (m/z 331.0807 [M+H]+, calculated 331.0818) (index of hydrogen
deficiency of 11) along with 1D and 2D-NMR data (Tables 2 and 3, Supplementary data Figs.
S36- S38) indicated 18 as an undescribed 3-benzyl-3-hydroxychroman-4-one homoisoflavonoid
analogue. The compound showed high structural similarity to 17. For instance, both shared a
similar ring A substitution pattern with two meta-coupled aromatic protons (6H 6.04, d, J =2.2
Hz and 6H 5.99, d, J = 2.2 Hz for H-6, and H-8, respectively for 18). Both compounds also
showed an aliphatic geminal AB system of H2-2 (6H 4.05,d,J=11.1 Hzand 4.21,d,J=11.1
Hz for 18) and H2-9 (6H 2.88, d, J = 14.0 Hz and 2.93, d, J = 14.0 Hz for 18). The major
differences between the NMR data of 17 vs 18 were in the ring B splitting patterns. Compound
17 had an aromatic A2B2 system, while 18 displayed an ABX system. Moreover, compound 18
had a characteristic methylenedioxy ring attached to C-3" and C-4", which was confirmed based
on an extra unit of unsaturation in 18 vs 17 and upon characteristic HMBC correlations from H2-
10 (6H 5.94 and 5.95, 6C 101.1, CH2) to C-3’ (6C 148.1) and C-4’ (6C 146.1) (Fig. 3). The
trivial name 3-hydroxy-desmethylophiopogonanone A was ascribed to 18. Based on the positive
Cotton effect at the ECD spectrum (Ag = +19.5) at 295 nm, the absolute configuration of 18 was
determined as 3R (Supplementary Data Fig. S43).

The cytotoxicity of the isolated compounds (1-21) was tested in vitro against MDA-MB-
435 (melanoma), MDA-MB-231 (breast), and OVCAR3 (ovary) cancer cell lines. Compounds 9,
11,13, 14, 17, and 19 were active against at least one cancer cell line (Table 4). Compound 13
was the most potent with IC50 values of 0.62 uM, 5.36 uM, and 2.52 uM, when tested against
those three cancer cell lines, respectively. Compound 13 was previously reported to be active
against colon cancer (HT29 cell line, ED50 = 2.78 uM) and breast cancer (MDA-MB-435 cell
line, ED50 = 1.33 uM) (Abegaz, 2002). The rest of the compounds were inactive (IC50 values >
25 uM).

Table 3
' H NMR data for compounds 14, 18 [500 MHz, CDCI3], 15 and 16 [400 MHz, CDCI3].



No. OoH, mult (J in Hz)
14 15 16 18
2 4.20,dd (11.2, 4.18,dd (11.2, 4.22,dd (11.2, 4.05,d (11.1)
6.9) 7.5) 6.6) 4.21,d(11.1)
4.36,dd (11.2, 4.34,dd (11.2, 4.36,dd (11.2,
4.0) 4.1) 3.9)
3 2.78, m 2.78, m 2.77, m -
6 6.16, s 6.12,s 6.17,s 6.04,d (2.2)
8 - - - 5.99,d (2.2)
9 2.88,d 2.60, dd (13.8, 2.57,dd (14.0, 2.63,dd (13.9, 2.88,d (14.0)
(14.0) 2.93,d |10.9) 10.8) 10.9) 2.93,d (14.0)
(14.0) 3.17,dd (13.8, 3.18, dd (14.0, 3.16,dd (13.9,
4.3) 4.4) 4.2)
10 3.86,s 3.87,s 3.88,s 5.94,d(1.5)
5.95,d(1.5)
11 3.90, s 3.94,s 391,s
12 3.97,s 3.92,s 3.97,s -
13 - 3.79, s - -
2' 6.73,d (2.1) 6.78,d (2.1) 6.86, d (2.6) 6.72,d (1.7)
5’ 6.80, d (7.8) 6.81,d (8.3) 6.84,d (8.9) 6.75,d (7.8)
6 6.79, dd (7.8, 6.71, dd (8.3, 6.73, dd (8.9, 6.64, dd (7.8,
2.1) 2.1) 2.6) 1.7)
5-OH - - - 11.24
8-OH 5.08 - - -
3’-OH 5.59 5.58 - -
4'-OH - - 5.53 -

3. Conclusions

This is the first study to explore the chemical composition and cytotoxic activities of the
chemical constituents of the bulbs of B. longipes. A number of Bellevalia species have been
chemically investigated throughout the world. It was found that homoisoflavonoids and
triterpenoids were two of the most important chemical classes of compounds identified (Adinolfi
et al., 1989, 1990; Alali et al., 2015; El-Elimat et al., 2018). A total of twenty-one compounds,
mostly belonging to the homoisoflavonoid family of secondary metabolites (1-21), were
identified in the present study. Of these, seven (7, 9—11, 14, 16, and 18) were never reported
before, while one had been reported as a synthetic intermediate (15). When tested against three
human cancer cell lines: MDA-MB-435 (melanoma), MDA-MB-231 (breast), and OVCAR3

(ovarian), compounds 9, 11, 13, 14, 17, and 19 showed cytotoxic activity with IC50 values in the
range of 0.62—24.99 uM, with compound 13 as the most potent. The homoisoflavonoids isolated
in this study, as well as those described in our two previous publications (Alali et al., 2006;
Corsaro et al., 1992), have provided us with deep insights into the structure-activity relationship
of this very promising and intriguing class of natural compounds. Briefly, there is a correlation
between ring B substitution patterns and cytotoxicity. Reduced polarity of ring B substituents
improves activity. Furthermore, adding an OH group at C-3 significantly increases activity.



Table 4

Cytotoxic activities of compounds 9, 11, 13, 14, 17, and 19 against three human tumor cell lines.

Compound? ICso (uM)®
MDA-MB-435 MDA-MB-231 OVCAR-3
13 0.62 5.36 2.52
14 9.81 >25 >25
9 19.39 >25 >25
17 19.69 >25 >25
19 21.32 >25 22.58
11 24.99 >25 >25
Taxol® 0.52x 103 5.26 x 1073 423 %103

a The remaining compounds were inactive (IC50 values > 25 uM).
b IC50 is the concentration inhibiting 50% of growth with a 72-h incubation.
c Positive control.

4. Experimental
4.1. General experimental procedures

Optical rotations were obtained using a Rudolph Research Autopol III polarimeter
(Rudolph Research Analytical). UV data, and ECD spectra were collected via a Varian Cary 100
Bio UV—Vis spectrophotometer (Varian Inc.) and an Olis DSM 17 ECD spectrophotometer
(Olis, Inc.), respectively. A JOEL EC5 500 NMR spectrometer, operating at 500 MHz for 1 H
and 125 MHz for 13C, and a JOEL ECS5 400 NMR spectrometer, operating at 400 MHz for 1 H
and 100 MHz for 13C (both from JEOL Ltd.), were used to obtain the nuclear magnetic
resonance data. The JOEL EC5 400 NMR spectrometer was equipped with a JEOL Royal probe
and a 24- slot autosampler for automated data collection. Signals from residual solvents were
used for referencing. The high-resolution mass spectrometry (HRMS) data were collected using
a Thermo Q Exactive Plus Orbitrap mass spectrometer equipped with an electrospray ionization
source (Thermo Fisher Scientific San Jose, CA, USA). Flash chromatography was carried out
using a Teledyne CombiFlash Rf 200 and Silica Gold columns (both from Teledyne ISCO).
Monitoring of the eluted peaks was performed by means of ultraviolet (UV) and evaporative
light scattering detectors. HPLC was performed using a Varian Prostar system with ProStar 210
pumps and a Prostar 335 photodiode array detector (PDA). A Galaxie Chromatography
Workstation (version 1.9.3.2, Varian Inc.) was used to collect and analyze chromatographic data.
A set of columns was used for the purification of the compounds, including Gemini-NX C18
analytical (5 um; 250 x 4.6 mm), preparative (5 um; 250 x 21.2 mm), and semipreparative (5
pum; 250 x 10.0 mm) (all from Phenomenex, Torrance, CA, USA). Luna PFP C18 analytical (5
um; 250 x 4.6 mm), semipreparative (5 um; 250 x 10.0 mm), and preparative (5 um; 250 x 19.0
mm) columns (all from Phenomenex) along with Waters Atlantis T3 C18 analytical (5 pm; 250 x
4.6 mm), semipreparative (5 um; 250 x 10.0 mm), and preparative (5 pm; 250 x 21.2 mm)
columns.

4.2. Plant collection and identification



Around 50 bulbs of Bellevalia longipes Post (Asparagaceae) were collected at Al-Mugair in
Irbid, Jordan (latitude 32.6141505, longitude 35.9272285, elevation 498 m), during the flowering
stage between March and May of 2017. Dr. Mohammed Gharaibeh, a Plant Taxonomist at the
Jordan University of Science and Technology (JUST), identified and supervised the collected
plant materials, and a voucher specimen (PHS-123) was deposited in the herbarium of the
Faculty of Pharmacy, JUST. The collected plant materials were cleaned of mud, sliced into small
pieces, and then air dried in a shaded, well-ventilated area away from direct sunlight. The dried
bulb pieces were ground using a laboratory mill to a fine powder and then stored at room
temperature, protected from light, until used for extraction and analysis.

4.3. Extraction and isolation

The extraction and fractionation procedures were performed as described previously (2015)
(Alali et al., 2015). Briefly, powdered B. longipes bulbs (530 g) were extracted in CHCI3 (~2.5
L) by means of a Soxhlet apparatus. The solvent was evaporated under reduced pressure to
produce approximately 9.0 g of dried extract. About 5 g of this extract was then reconstituted in
400 mL CHCI3, 100 mL CH30H, and 500 mL of water. At room temperature, the mixture was
stirred for approximately 30 min, transferred to a separatory funnel (2 L), shaken vigorously, and
allowed to separate into two layers. The bottom layer was drawn off into a round-bottom flask
and evaporated to dryness under reduced pressure using a rotatory evaporator. This dried organic
layer was then reconstituted in 400 mL hexanes and 400 mL of 1:1 CH;OH/CH3CN and shaken
vigorously in a separatory funnel. The CH;OH/CH3CN layer was drawn off and evaporated to
dryness under vacuum. The dried CH3;OH/CH3CN fraction (2.1 g) was dissolved in CHCI3 and
mixed with Celite 545. Normal-phase flash chromatography was performed using a gradient
solvent system of CHCI3 in hexanes (0%—100%) followed by CH3OH in CHCI3 (0%—-100%) at a
flow rate of 40 mL/min, and 40 column volumes over a total run time of 43.9 min to generate
twelve fractions.

Fraction five (37.18 mg) was subjected to preparative HPLC over a Gemini column using a
gradient solvent system of 30—80% of CH3CN: H20 (0.1% formic acid) over 40 min at a flow
rate of 21.24 mL/min to yield 17 subfractions. From them, subfractions 2, 4, 7, 11, 12, and 13
were identified as compounds 20 (0.53 mg, tR = 6.5 min), 21 (1.54 mg, tR = 13.5 min), 15 (0.52
mg, tR = 16.3 min), 18 (0.74 mg, tR = 23.0 min), 17 (0.53 mg, tR = min 23.5), and 4 (1.92 mg,
tR = 26.0 min), respectively.

About 166.46 mg of fraction six was subjected to preparative HPLC over a Gemini column using
a gradient system of 30-80% of CH3CN:HO (0.1% formic acid) over 15 min at a flow rate of
21.24 mL/min to yield 5 subfractions. Subfraction 1 was identified as compound 2 (70.73 mg, tR
= 14.5 min). Subfraction 2 (2.34 mg, tR = 15.2 min) was further purified using semipreparative
HPLC equipped with an Atlantis T3 column, and a gradient system of 40—-60% of CH3CN:H>O
(0.1% formic acid) over 20 min at a flow rate of 4.6 mL/min to yield 1.21 mg of compound 13
(tR=17.1 min).

Fraction seven (140.53 mg) was subjected to preparative HPLC over a Gemini column using a
gradient system of 30—-80% of CH3CN:H2O (0.1% formic acid) over 30 min at a flow rate of
21.24 mL/min to yield 9 subfractions. Subfractions 1, 5, and 7 were identified as compounds 16
(0.91 mg, tR = 8.3 min), 6 (0.94 mg, tR = 13.0 min), and 2 (40.94 mg, tR = 14.5 min),
respectively.



Fraction eight (143.75 mg) was subjected to preparative HPLC over a Gemini column using a
gradient system of 20—100% CH3CN:H20 (0.1% formic acid) over 55 min at a flow rate of
21.24 mL/min to yield 17 subfractions. Subfractions 1, 2, 4, and 5 were identified as compounds
16 (2.43 mg, tR = 13.1 min), 14 (2.68 mg, tR = 14.3 min), 6 (0.87 mg, tR =21.6 min), and 3
(1.82 mg, tR = 22.8 min), respectively. Sub-fraction 11 (1.22 mg, tR = 28.3 min) was subjected
to a semipreparative HPLC purification step over a PFP column using a gradient system of 60—
80% CH30OH:H20 (0.1% formic acid) over 15 min at a flow rate of 4.62 mL/ min to yield
compound 19 (0.55 mg, tR = 23.8 min).

Fraction nine (931.54 mg) was subjected to preparative HPLC over an Atlantis T3 column using
an isocratic mobile phase of 30:70 CH3CN: H20 (0.1% formic acid) over 40 min at a flow rate
of 17 mL/min to yield 9 subfractions, from which, subfractions 1 and 6 were identified as
compounds 8 (62.33 mg, tR = 7.0 min) and 5 (243.74 mg, tR = 22.1 min), respectively.
Subfraction 3 (4.61 mg, tR = 15.9 min) was subjected to semipreparative HPLC purification over
a Gemini column using a gradient system of 15-30% of CH3CN:H20O (0.1% formic acid) over
30 min at a flow rate of 4.6 mL/min to yield 4 subfractions. Subfractions 2 and 3 from the
semipreparative purification step were identified as compounds 1 (0.52 mg, tR = 15.5 min) and 9
(2.15 mg, tR = 23.5 min), respectively. Subfraction 4 (4.52 mg, tR = 16.5 min) from the
preparative HPLC purification was subjected to semipreparative HPLC purification over a
Gemini column using a gradient system of 15-30% of CH3CN:H>0O (0.1% formic acid) over 30
min at a flow rate of 4.6 mL/min to yield compound 11 (1.73 mg, tR = 24.5 min). Subfraction 5
(3.05 mg, tR = 18.3 min) from the preparative HPLC purification was subjected to
semipreparative HPLC over a Gemini column using a gradient system of 15-30% of
CH3CN:H20 (0.1% formic acid) over 30 min at a flow rate of 4.6 mL/min to yield compound 7
(1.36 mg, tR =25.2 min). Subfraction 7 (73.64 mg, tR =27.5 min) from the preparative HPLC
purification was subjected to a second cycle of preparative HPLC purification over an Atlantis
T3 column using a gradient system of 20-30% of CH3CN:H>O (0.1% formic acid) over 44 min
at a flow rate of 17 mL/min to yield additional 3 subfractions, of which subfraction 1 (5.92 mg,
tR = 19.8 min) was purified over a semipreparative Atlantis T3 column using a gradient system
of 30—40% of CH3CN:H20 (0.1% formic acid) over 15 min at a flow rate of 4.6 mL/min to yield
1.38 mg of compound 10 (tR = 17.5 min). Subfraction 3 (47.83, tR = 38.3 min) from the second
cycle was further purified by semipreparative HPLC over an Atlantis T3 column using a gradient
system of 40—-70% of CH3CN:H2O (0.1% formic acid) over 30 min at a flow rate of 4.6 mL/min
to yield 3 subfractions. From them, subfraction 3 (tR = 27.3 min) was further purified over
preparative PFP column using an isocratic system of 22:78 of CH3;0H:H20 (0.1% formic acid)
for 76 min at a flow rate of 17 mL/min to yield 2 subfractions, which were identified as
compound 10 (4.39 mg, tR = 64.1 min) and 12 (2.39 mg, tR = 69.5 min), for subfractions 1 and
2, respectively.

8-Dehydroxy-5-O-demethyl-6-hydroxyscillapersicone (7): Yellowish powder; [a]?7 =—20 (c
= 0.1, CH30H); UV (CH30H) Amax (log €) 350 (3.05), 290 (3.54), 237 (3.47) nm; ECD (¢ =3.0
mM, CH;0H) A (Ag) 280 (+2.4) nm, 297 (— 35.3) nm, 320 (+1.8) nm; 1 H NMR (CDs;OD, 500
MHz) and *C NMR (CD;OD, 125 MHz) (see Tables 1 and 2); HRESIMS m/z 333.0962
[M+H]+ (calcd. for C17H1707, 333.0970).

6-Methoxyscillapersicone (9): Yellowish powder; [a]?; =— 18 (¢ =0.1, CH;0H)]; UV
(CH30H) Amax (log €) 350 (3.26), 282 (3.66), 233 (3.62) nm; ECD (c = 2.6 mM, CH30H) A (Ag)
270 (+7.8) nm, 297 (— 7.6) nm, 330 (+1.6) nm; 1 H NMR (CD;OD, 500 MHz) and *C NMR



(CD30D, 125 MHz) (see Tables 1 and 2); HRESIMS m/z 377.1223 [M+H]+ (calcd. for
Ci9H210s, 377.1236).

5-O-Demethyl-6-methoxyscillapersicone (10): Yellowish powder; [a]?f =- 18 (¢ =
0.1, CH30H)]; UV (CH30H) Amax (log €) 375 (3.02), 288 (3.61), 230 (3.52) nm; ECD (¢ =2.7
mM, CH30H) A (Ag) 270 (+6.3), 300 (— 13.5), 350 (= 0.5) nm; 1 H NMR (CD;0OD, 500 MHz)
and *C NMR (CD;OD, 125 MHz) (see Tables 1 and 2); HRESIMS m/z 363.1066 [M+H]+
(calcd. for Ci1gH190s, 363.1074).

8-O-Methylscillapersicone (11): White amorphous powder; [a] 22 =-28 (¢=0.1,
CH30H)]; UV (CH30H) Amax (log €) 326 (3.34), 284 (3.66), 236 (3.60) nm; ECD (c =2.7 mM,
CH30H) A (Ag) 270 (+12.7), 295 (— 10.8), 350 (— 5.1) nm; 1 H NMR (CD30D, 500 MHz) and
3C NMR (CDsOD, 125 MHz) (see Tables 1 and 2); HRESIMS m/z 361.1274 [M+H]+ (calcd.
for C19H2107, 361.1282).

4’ -O-Methylscillapersicone (14): White amorphous powder; [a] 28 =-18 (¢ =0.1,
CH;0H)]; UV (CH30H) Amax (log €) 349 (3.18), 287 (3.43), 243 (3.39) nm; ECD (¢ =2.7 mM,
CH30H) A (Ag) 270 (+3.3), 293 (= 6.7), 350 (— 1.1) nm; ' H NMR (CDCl3, 500 MHz) and *C
NMR (CDCls, 125 MHz) (see Tables 2 and 3); HRESIMS m/z 361.1273 [M+H]+ (calcd. for
CioH2107 361.1282).

4" 8-0,0-Dimethylscillapersicone (15): White amorphous powder; [0] 25 =—10(c=
0.05, CH30H)]; UV (CH30H) Amax (log €) 284 (3.07), 233 (2.99) nm; ECD (c = 2.6 mM,
CH30H) A (Ag) 270 (+1.3), 294 (— 3.2), 350 (— 0.8) nm; ' H NMR (CDCls, 400 MHz) and '*C
NMR (CDCls, 100 MHz) (see Tables 2 and 3); HRESIMS m/z 375.1433 [M+H]+ (calcd. for
C20H2307, 375.1438).

3’ -O-Methylscillapersicone (16): White amorphous powder; [a] 22 =—10 (¢ =0.09,
CH;0H)]; UV (CH30H) Amax (log €) 350 (2.51), 287 (2.95), 238 (2.86), 216 (2.85) nm; ECD (c =
2.7 mM, CH30H) A (Ag) 270 (+1.1), 295 (- 1.7), 350 (— 0.1) nm; ' H NMR (CDCl3, 400 MHz)
and *C NMR (CDCl3,100 MHz) (see Tables 2 and 3); HRESIMS m/z 361.1274 [M + H]+
(calcd. for Ci19H2107, 361.1281).

3-Hydroxy-desmethylophiopogonanone A (18): White amorphous powder; [a] %3 =+
42 (¢=0.07, CH30H)]; UV (CH30H) Amax (log €) 292 (3.22), 224 (3.13) nm; ECD (c = 3.0 mM,
CH30H) A (Ag) 270—4.1), 295 (+19.5), 350 (+3.8) nm; ' H NMR (CDCls, 500 MHz) and '*C
NMR (CDCls, 125 MHz) (see Tables 2 and 3); HRESIMS m/z 331.0807 [M + H]+ (calcd. for
C7H1507, 331.0818).

4.4. Cytotoxic activity

Compounds (1-21) were evaluated for their cytotoxic activities against three human cancer cell
lines: melanoma (MDA-MB-435) (Rae et al., 2007), breast (MDA-MB-231), and ovarian
(OVCARD3) as described previously (EI-Elimat et al., 2014, 2015). Briefly, the human cancer cell
lines were purchased from the American Type Culture Collection (Manassas, VA). The cell lines
were propagated at 37 °C in 5% CO; in RPMI 1640 medium, supplemented with fetal bovine
serum (10%), penicillin (100 units/mL), and streptomycin (100 pg/mL). Cells in the log phase of
growth were harvested by trypsinization and then washed twice to remove enzyme traces. In a
96-well clear, flat-bottomed plate (Microtest 96, Falcon), 5000 cells were seeded in each well,
and the plates were incubated overnight at 37 °C in 5% COs..

DMSO-dissolved samples were then diluted and added to the appropriate wells. After 72 h of
incubation at 37 °C, the cells were evaluated for viability using a commercial absorbance assay



(CellTiterBlue Cell Viability Assay, Promega Corp, Madison, WI). ICso values were calculated
relative to the solvent (DMSO) as a control. The positive control used was taxol (paclitaxel).
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