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Triterpenoid

Eleven undescribed triterpenoids (pentandrucines A to K) were isolated from the n-hexane extract of the stem
bark of Chisocheton pentandrus (Blanco) Merr. These comprised ten undescribed dammarane-type triterpenoids
and one undescribed apotirucallane-type triterpenoid. Additionally, two dammarane-type triterpenoids, four
apotirucallane-type triterpenoids and two tirucallane-type triterpenoids were also isolated. The chemical
structures of pentandrucine A-K, were fully elucidated using 1D and 2D-NMR, and high resolution MS. All of the
compounds were evaluated for cytotoxic activity against MCF-7 breast cancer cells in vitro. Melianodiol proved to

be the most active with an ICsp of 16.84 uM comparing favourably with Cisplatin (13.2 pM).

1. Introduction

The genus Chisocheton belong to Meliaceae family comprises 150
species which are widely distributed throughout the tropics (Shilpi et al.,
2016). Previous investigations have shown the diverse range of bio-
logically active metabolites isolated from this genus, including cytotoxic
limonoids (Awang et al., 2007; Maneerat et al., 2008; Yang et al., 2009;
Nagoor et al., 2011; Nurlelasari et al., 2017; Supriatno et al., 2018;
Supratman et al., 2020), cytotoxic triterpenoids (Wong et al., 2011;
Huang et al., 2016; Katja et al., 2017; Supratman et al., 2019), and
antimycobacterial sesquiterpenoids (Phongmaykin et al., 2008), as well
as anti-inflammatory limonoids (Yang et al., 2011), the antifungal
compound meliacin (Bordoloi et al., 1993), antimalarial limonoids
(Maneerat et al., 2008), antimycobacterial limonoids (Maneerat et al.,
2008; Phongmaykin et al., 2008) and antiplasmodial triterpenoids
(Mohamad et al., 2009). In a previous paper, we confirmed the cyto-
toxicity of limonoids obtained from the stem bark of Chisocheton pen-
tandrus (Blanco) Merr. against MCF-7 breast cancer line (Supriatno et al.,
2018; Supratman et al., 2020). As a continuation, in the present paper
we provide structural elucidation of eleven undescribed triterpenoids,

including pentandrucine A-K (1-11) and eight triterpenoids. All com-
pounds were evaluated for cytotoxic activity against MCF-7 breast
cancer line.

2. Results and discussion

The methanol extract of C. pentandrus stem bark was dissolved in
water and extracted successively with n-hexane, EtOAc and n-butanol.
The n-hexane portion was fractionated using silica gel column chro-
matography (CC), leading to the isolation of eleven undescribed tri-
terpenoids, pentandrucines (1-11), and eight triterpenoids (12-19)
(Fig. 1).

The eight triterpenoid compounds were identified as cabrealeo-
lactone (12) (Nagaya et al., 1997), cabraleadiol (13) (Phongmaykin
etal., 2008), prototiamin A (14) (Happi et al., 2015), neemfruitin A (15)
(Chianese et al., 2010), desmethyllimocin B (16) (Kumar et al., 1996),
protoxylocarpin G (17) (Brahmachari et al., 2004), melianodiol (18)
(Puripattanavong et al., 2000; Kurimoto et al., 2014) and indicalilacol B
(19) (Kurimoto et al., 2014) by comparing the respective spectroscopic
evidence with existing publications.
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Compound (1) was isolated as colorless needle crystals (MeOH), and
is characterized by the molecular composition, C29H440s5, based on HR-
TOFMS (Fig. S1). This showed a [M+H]" ion peak at m/z 473.3271
(caled. CagH4505 m/z 473.3241), hence eight degrees of unsaturation is
required. In addition, the IR absorption bands at 2964, 2923, 1704 and
1085 cm ™! implied the presence of aliphatic, carbonyl and ether groups,
while the 'H NMR data displayed in Table 1 and Fig. S2, shows seven
tertiary methyls at 8y 0.81 (CH3-29), 0.82 (CH3-19), 0.87 (CH3-30), 0.91
(CH3-28), 0.92 (CH3-18), 1.33 (CH3-21) and 1.94 (CH3-2'). Also, an
oxygenated methine was identified at 8y 5.21 (1H, br.s). Meanwhile, the
13C NMR and DEPT spectrum data of 1 (Table 1, Fig. S3 and Fig. S4),
where 29 nonequivalent carbons were distinguished, including seven
tertiary methyls, nine sp® methylenes, five sp® methynes (comprising an
oxygenated methyne at 8¢ 76.3), five sp® quaternary carbons (including
an oxygenated carbon at ¢ 90.3) and three carbonyls (comprising, ke-
tones, lactone, and acetyl at 8¢ 218.2, 176.9 and 170.1, respectively).
These functionalities account for three out of eight degrees of unsatu-
ration, therefore 1 requires the presence of five additional rings.
Furthermore, the data provided above, alongside biogenetic consider-
ations suggest 1 to be a dammarane-type triterpenoid, consisting of an
acetyl group and a lactone ring (Nagaya et al., 1997; Bai et al., 2018).
The NMR data was compared with 17a-hydroxycabralealactone isolated
from the whole Cleome africana plant (Nagaya et al., 1997), and the
structures appeared to be closely related. However, the main difference
was observed in the absence of a hydroxyl group at C-7 and the presence
of an acetyl at C-7 in 1. In addition, the compound structure was
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deduced from the 'H-'H COSY and HMBC spectrum (Fig. 2a, Fig. S6 and
Fig. §7), which attributes the assignment of seven singlet methyls to the
possible correlations between tertiary methyl protons and neighboring
carbons. This property is characteristic of a dammarane-type triterpe-
noid (Nagaya et al., 1997; Bai et al., 2018). Also, the correlation from
oxygenated protons at H-7 (8y 5.21) to C-5 (8¢ 55.4), C-6 (8¢ 18.3), C-9
(8¢ 50.4) and C-1’ (8¢ 170.1), as well as methyl protons at CH3-2' (8yg
1.94) to C-1’' (8¢ 170.1) were applied in the designation of an acetyl
group at C-7. Proton at H-17 (8y 1.23) to C-20 (8¢ 90.3), C-21 (§¢ 25.4)
and C-22 (8¢ 31.3), while proton CH3-21 (8 1.33) to C-17 (8¢ 49.5) and
C-22 (8¢ 31.3) are the §-lactone ring correlations.

The relative configuration of 1 was determined by NOESY (Fig. 2b
and Fig. S8), which is supported by the presence of dammarane-type
triterpenoids in Chisocheton species (Phongmaykin et al., 2008; Bai
etal., 2018). The NOESY correlations H-7/CHs3-18 and CH3-19 identified
the acetyl group at C-7 as a-oriented, while the cross peak observed
between CH3-30/H-17/CH;s-21, indicates the &-lactone ring present at
C-17 and CH3-21 as a-oriented. Differences between isocabralealactone
and cabralealactone were located at the stereochemistry at C-20. The
chemical shift of the proton and carbon from 20S-epimer (5y 1.39, 5¢
25.4) more downfield than those of 20R-epimer (8y 1.34, 3¢ 22.08)
(Joycharat et al., 2010; Gupta and Dev. 1971; Cascon and Brown, 1972;
Ahmad and Alvi, 1987; Nagaya et al., 1997; Crabbe et al., 1958;
Yamashita et al., 1998). Consequently, the structure of 1 was elucidated
as a 7o-acetyl derivative of 17a-hydroxycabralealactone and termed
pentandrucine A.

9. Ry= OH, Ry=H
10. Ry= OH, Ry= OH

“ 18.R= =0, R,= OH
19. R,= OH, Ry==0

Fig. 1. Structures of Compounds 1-19.
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Table 1
NMR data for compounds 1-4 (500 MHz for 1H and 125 MHz for *3C in CDCl5).
Position 1 2 3 4
Carbon  1sc MR 'H-NMR BCNMR  'H-NMR I3CNMR  'H-NMR 3CNMR  'H-NMR
8¢ (mult.) Sy [(ZH, mult., J(Hz)] S¢ (mult.) Sy [(ZH, mult., J(Hz)] 8¢ (mult) Sy [(ZH, mult, J(Hz)] S¢ (mult.) Sy [(ZH, mult, J(Hz)]

1 35.2 (1) 1.17 (1H, m) 34.8 (1) 1.15 (1H, m) 33.7 (1) 1.18 (1H, m) 33.7 (1) 1.42 (1H, m)
1.50 (1H, m) 1.50 (1H, m) 1.54 (1H, m) 1.62 (1H, m)

2 33.7 (1) 1.40 (1H. dd, 2.4, 9.6) 33.7 (1) 1.45 (1H, dt, 2.4, 3.2) 25.4 (1) 1.55 (1H, dd, 2.6, 9.8) 25.4 (1) 1.55 (1H, dd, 2.5, 9.6)
2.32 (1H, m) 2.74 (1H, m) 2.34 (1H, m) 2.35 (1H, m)

3 218.2 (s) - 75.3 (d) 4.42 (1H, t, 3.2) 71.3 (d) 4.33 (1H, t, 3.0) 75.4 (d) 5.23 (1H, t, 3.0)

4 37.3(s) - 37.3 (s) - 37.3(s) - 37.3 (s) -

5 55.4 (d) 1.95 (1H, m) 55.4 (d) 1.85 (1H, m) 49.6 (d) 1.24 (1H, m) 49.6 (d) 1.24 (1H, m)

6 18.3 (1) 1.37 (1H, m) 18.4 (t) 1.36 (1H, m) 18.3 (t) 1.39 (1H, m) 18.3 (t) 1.39 (1H, m)
2.07 (1H, m) 2.05 (1H, m) 2.06 (1H, m) 2.07 (1H, m)

7 76.3 (d) 5.21 (1H, br.s) 34.7 (1) 1.39 (1H, m) 75.4 (d) 5.23 (1H, br.s) 71.3 (d) 3.43 (1H, t, 2.3)

1.56 (1H, m) -

8 40.6 (s) - 40.6 (s) - 40.7 (s) - 40.7 (s) -

9 50.4 (d) 1.41 (1H, dd, 2.4, 13.2) 50.4 (d) 1.41 (1H, dd, 2.4, 13.2) 50.7 (d) 1.44 (1H, m) 50.7 (d) 1.44 (1H, m)

10 37.7 () - 37.7 (s) - 37.7 (s) - 37.7 (s) -

11 25.4 (1) 1.20 (1H, m) 25.4 (1) 1.20 (1H, m) 21.7 (1) 1.53 (1H, m) 21.7 (1) 1.53 (1H, m)
1.60 (1H, m) 1.57 (1H, m) 1.24 (1H, m) 1.26 (1H, m)

12 21.3 (1) 1.49 (1H, m) 21.3 (1) 1.49 (1H, m) 27.1 (1) 1.75 (1H, m) 27.1 (1) 1.75 (1H, m)
1.91 (1H, m) 1.91 (1H, m) 1.50 (1H, m) 1.40 (1H, m)

13 43.2 (d) 1.53 (1H, m) 43.2 (d) 1.53 (1H, m) 42.8 (d) 1.62 (1H, m) 42.8 (d) 1.62 (1H, m)

14 50.3 (s) - 50.3 (s) - 50.2 (s) - 50.2 (s) -

15 31.2 (1) 1.90 (1H, m) 31.2 (1) 1.90 (1H, m) 31.5 (1) 1.04 (1H, m) 31.5 (1) 1.04 (1H, m)
1.10 (1H, m) 1.10 (1H, m) 1.74 (1H, m) 1.65 (1H, m)

16 25.1 (1) 1.52 (1H, m) 25.1 (1) 1.52 (1H, m) 25.9 (1) 1.51 (1H, m) 25.9 (1) 1.51 (1H, m)
1.97 (1H, m) 1.96 (1H, m) 1.88 (1H, m) 1.91 (1H, m)

17 49.5 (d) 1.23 (1H, m) 49.5 (d) 1.23 (1H, m) 49.8 (d) 1.83 (1H, m) 49.8 (d) 1.83 (1H, m)

18 15.6 (q@) 0.92 (3H, s) 15.6 (@) 0.92 (3H, s) 16.2 (q@) 0.95 (3H, s) 16.2 (q) 0.95 (3H, s)

19 16.1 (q) 0.82 (3H, s) 16.1 (@) 0.82 (3H, s) 16.6 (q) 0.84 (3H, s) 16.6 (q) 0.84 (3H, s)

20 90.3 (s) - 90.4 (s) - 86.7 (s) - 86.7 (s) -

21 25.4 (q) 1.33(3H, s) 25.4 (q) 1.33(3H, s) 27.3(q) 1.13(3H, s) 27.3(q) 1.13 (3H, s)

22 31.3 (1) 1.47 (1H, m) 31.3 (1) 1.47 (1H, m) 35.3 (1) 1.22 (1H, m) 35.3 (1) 1.22 (1H, m)
2.01 (1H, m) 2.01 (1H, m) 2.32 (1H, m) 2.34 (1H, m)

23 29.3 (1) 2.52 (1H, d, 10) 29.3 (1) 2.52 (1H, d, 9.9) 26.4 (t) 1.85 (1H, m) 26.4 (t) 1.85 (1H, m)
2.62 (1H, d, 10) 2.62 (1H, d, 9.9) 2.24 (1H, m) 2.35 (1H, m)

24 176.9 (s) - 176.7 (s) - 86.3 (d) 3.62 (1H, dd, 4.8, 10.2) 86.3 (d) 3.62 (1H, dd, 4.8, 10.2)

25 - - - - 70.3 (s) - 70.3 (s) -

26 - - - - 279 (q@) 1.17 (3H, s) 279 (q@) 1.17 (3H, s)

27 - - - - 24.1 (q@) 1.09 (3H, s) 24.1 (q@) 1.09 (3H, s)

28 28.4 (q) 0.91 (3H, s) 28.4 (q) 0.91 (3H, s) 28.4 (q) 0.92 (3H, s) 28.4 (q) 0.92 (3H, s)

29 22.2(q) 0.81 (3H, s) 22.2(q) 0.78 (3H, s) 22.2(q) 0.82 (3H, s) 22.2(q) 0.82 (3H, s)

30 16.4 (q) 0.87 (3H, s) 16.4 (q) 0.88 (3H, s) 15.6 (qQ) 0.87 (3H, s) 15.6 (@) 0.87 (3H, s)

1’ 170.1 (s) - - - 170.2 (s) - 170.0 (s) -

2’ 21.2 (q) 1.94 (3H, s) - - 21.2 (q) 1.95 (3H, s) 21.1 (q) 1.91 (3H, s)

Compound 2 was obtained as colorless crystals (MeOH) with mo-
lecular composition of C27H4403, based on HR-TOFMS analysis (Fig. S9).
This evaluation elucidated a [M+H]" ion peak at m/z 417.3311 (calcd.
for Co7H4s503, m/z 417.3316), hence six degrees of unsaturation is
required. Furthermore, the IR spectrum and NMR data observed in
Table 1, Fig. S10 and Fig. S11 were highly similar to 1. However, the
difference was identified in the absence of ketone and acetyl groups, and
also the appearance of a newly oxygenated proton [8y 4.42 (1H, t, J =
3.2 Hz), 8¢ 75.3] and methylene protons [8y4 1.39 (1H, m), 1.56 (1H, m),
8¢ 34.7]. These observations suggest 2 to be de-acetyl and 3-hydroxyl
derivative of 1, which is further supported by the HMBC correlation
(Fig. 2c and Fig. S14) from 8y 4.42 (H-3) to §¢ 34.8 (C-1), 33.7 (C-2) and
37.3 (C-4). The a-orientation of the hydroxyl group at C-3 was deter-
mined by the small coupling constant value of H-3 (&y 4.42, t, J = 3.2
Hz) and NOESY correlation (Fig. 2b and Fig. S16) between H-3 and CHs-
19. Hence, 2 was determined to be an undescribed dammarane-type
triterpenoid, and consequently named pentandrucine B.

Compound 3 was isolated as colorless crystals (MeOH), with mo-
lecular formula determined as C33Hs40s5. This estimation was based on
the positive ion peaks at m/z 520.7298 [M+H]" (calcd. for C3,Hs50s,
m/z 520.7290) observed in the HR-TOFMS spectrum (Fig. S17). In
addition, 13C NMR analyses (Fig. S19) show that six degrees of unsatu-
ration is required, while, the IR absorption bands at 3545, 2971, 1765
and 1085 cm ™! imply the presence of hydroxyl, aliphatic, carbonyl ester

and ether functionalities. The 'H NMR spectrum data in Table 1 and
Fig. S18 show nine tertiary methyls at &y 0.82 (CH3-29), 0.84 (CH3-19),
0.87 (CH3-30), 0.92 (CH3-28), 0.95 (CH3-18), 1.09 (CH3-27), 1.13 (CHs-
21), 1.17 (CH3-26) and 1.95 (CH3-2'). Also, three oxygenated methines
were observed at 8y 4.33 (1H, t, J = 3.0 Hz), 5.23 (1H, br.s) and 3.62
(1H, dd, J = 4.8 and 10.2 Hz). Meanwhile, the '>C NMR data (Table 1
and Fig. S19) and DEPT spectrum (Fig. S20) displayed 32 carbon reso-
nances, with a tendency to be assigned as nine tertiary methyls
(including an acetyl), nine sp® methylenes, seven methynes (including
three oxygenated sp®), six quaternary carbons (including two oxygen-
ated types), and one ester carbonyl carbon at 8¢ 170.2. These func-
tionalities account for one out of the six degrees of unsaturation, hence
five rings are required in 3. In addition, a combination of the data above
with biogenetic considerations suggests compound 3 to be a
dammarane-type triterpenoid, characterized by an acetyl and also hy-
droxyl groups (Phongmaykin et al., 2008). The planar structure was
deduced using 'H-'H-COSY and HMBC spectrum analysis (Fig. 3a,
Fig. S22 and Fig. S23), and the carbon framework observed was similar
to cabraleadiol (Phongmaykin et al., 2008). Furthermore, the only
acetyl group present was located at C-7, based on the HMBC correlations
of H-7 (8y 5.23) to C-5 (8¢ 49.6), C-9 (8¢ 50.7) and C-1’ (5¢ 170.2) and
CHs-2' (8 1.95) to C-1’ (8¢ 170.2). Proton at H-17 (8 1.83) to C-20 (8¢
86.7), C-21 (8¢ 27.3) and C-22 (5¢ 35.3), while proton CH3-21 (6 1.13)
to C-17 (8¢ 49.8) and C-22 (8¢ 35.3) is the furan ring correlation. Also,
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Fig. 2. (a) Selected COSY and HMBC correlations of 1 (b) Selected NOESY correlations of 1 (c) Selected COSY and HMBC correlations of 2 and (d) Selected NOESY

correlations of 2.

the correlation from isopropyl alcohol at H-24 (8y 3.62) to C-25 (8¢
70.3), C-26 (8¢ 27.9) and C-27 (8¢ 24.1), otherwise CH3-26 (6y 1.17) and
CH3-27 (8 1.09) to C-24 (5¢ 86.3).

The relative configuration of 3 was determined with NOESY corre-
lations (Fig. 3b and Fig. S24) and also through NMR data comparison
with cabraleadiol (Phongmaykin et al., 2008). The hydroxyl group at
C-3 was fixed as a-orientation by the NOESY correlations of
H-3/CH3-19/CH3-18 and by the small coupling constant value of H-3 (8y4
433, t, J = 3.0 Hz). Furthermore, -correlations between
H-7/CH3-18/CH3-19 and coupling constant value of H-7 (8y 5.23, br.s),
confirms the a-orientation of acetyl at C-7. The typically observed
NOESY correlations of H-5a/H-9a, CH3-30 (14a-CH3)/H-17a,
H-9a/CH3-30, CH3-18/H-13p, revealed that 3 had the same orientation
as other reported dammarane-type triterpenoids (Yan et al., 2014; Bai
et al., 2018). Based on these descriptions, the structure of 3 was eluci-
dated as 7a-acetyl of cabraleadiol and named pentandrucine C.

Compound 4 possesses a same molecular formula to 3, C33Hs40s, as
determined by HR-TOFMS analysis, with molecular formula determined
as C33Hs405, This estimation was based on the positive ion peaks at m/z
520.8349 [M+H]+(caled. C33Hs505 m/z 520.8310), observed in the
HR-TOFMS spectrum (Fig. S25). The IR spectrum confirmed identical
functional groups, while the NMR data in Table 1, Fig. S26 and Fig. 527,
showed slight variation at C-7 (8¢ 71.3 for 4 and 75.4 for 3) and C-3 (§¢
75.4 for 4 and 71.3 for 3). Based on the observations, 4 was identified as
the probable C-3 and C-7 regioisomer of 3. Furthermore, HMBC corre-
lations (Fig. 3c and Fig. S30) from oxygenated methyne at 8y 5.23 to C-1
(8¢ 33.7), C-2 (8¢ 25.4), C-4 (8¢ 37.3) and C-1’ (¢ 170.0), indicates the
attachment of an acetyl group at C-3, while the hydroxyl group located

at C-7 was denoted by the correlations from oxygenated methyne at 5y
3.43 to C-6 (8¢ 18.3) and C-8 (40.7). The a-orientation of the acetyl
group at C-3 was assigned by the small coupling constant value of H-3
(8y 5.23, t, J = 3.0 Hz) and NOESY correlations (Fig. 3d and Fig. S32) of
H-3/CH3-29 and CH3-19. Meanwhile, the a-orientation of hydroxyl at C-
7 was determined from NOESY correlations of H-7/CH3-19/CH3-18 and
from the coupling constant value of H-7 (6y 3.43, t, J = 2.3 Hz),
revealing 4 as an undescribed dammarane-type triterpenoid and named
pentandrucine D.

Compound 5 was obtained as colorless crystals (MeOH), with a
characteristic molecular formula of C34Hs606, based on HRTOFMS ion
(Fig. S33) at m/z 561.2149 [M+H]" (caled. for C34Hs70¢ m/z
561.2139), requiring seven degrees of unsaturation. Furthermore, the IR
and 1D NMR data (Table 2, Fig. S34 and Fig. S35) suggests analogous
features with 3. However, differences were recorded by the replacement
of an oxygenated methyne signal present in 3 by a resonance at 6y 5.23
(H-3, t,J = 3.0 Hz) and 1.97 (3H, s), and also as 8¢ 21.2, 75.4 and 170.0
in spectrum of 5. This phenomenon indicates 5 as an acetyl analogue of
3, while HMBC correlations (Fig. 3e and Fig. S38), from H-3 to C-1 (8¢
33.7), C-1’ (8¢ 170.1), C-4 (8¢ 37.3), show the novel attachment of an
acetyl group at C-3. The a-orientation of acetyl at C-3 and C-7 were
determined from the coupling constant values of H-3 (6i 5.23, t, J = 3.0
Hz) and H-7 (8y 5.33, br.s) in H-NMR as well as the NOESY spectrum
(Fig. 3f and Fig. S40), with correlations of H-3/CH3-19 and H-7/CH3-18
and CH3-19. Hence, compound 5 was elucidated as an undescribed
dammarane-type triterpenoid, and consequently named pentandrucine
E.

Compound 6 was obtained as colorless crystals (MeOH), with a



S. Salam et al.

Phytochemistry 187 (2021) 112759

= 'H'H cosy
N HMBC

= TH'H cosY
/™ HMBC

= H4'H cosY
)~ HwmBC

(f) ¥ X NOESY

Fig. 3. (a) Selected COSY and HMBC correlations of 3 (b) Selected NOESY correlations of 3 (c) Selected COSY and HMBC correlations of 4 (d) Selected NOESY
correlations of 4 (e) Selected COSY and HMBC correlations of 5 and (f) Selected NOESY correlations of 5.

molecular formula determined as C32Hs404 using HR-TOFMS (Fig. S41)
m/z 525.2049 [M+Na] " (calcd. C3oHs4NaO4 m/z 525.2030), indicating
six degrees of unsaturation. In addition, IR and NMR data (Table 2,
Fig. 542 and Fig. 543) show close similarity to 4. However, a hydroxyl
group absent at C-7 (8y 3.43, 8¢ 71.3) and methylene signals identified
(8 1.13,1.23, 8¢ 34.2), suggests 6 as a 7-dehydroxy derivative of 4. The
HMBC correlations of 6 (Fig. 4a and Fig. S46) between H-3 to C-2 (5¢
25.4) C-1’ (8¢ 170.0) and C-4 (8¢ 37.3), denotes the attachment of an
acetyl group at C-3. Furthermore, both comprise of similar relative
configuration, based on the NOESY spectrum (Fig. 4b and Fig. $48), with
correlations of H-3/CH3-18 and CH3-19, and the small coupling constant
value of H-3 (8y 5.23, t, J = 3.0 Hz), suggesting the acetyl at C-3 as
a-oriented. Hence, the structure elucidated was named pentandrucine F.

Compound 7 was obtained as colorless crystals (EtOAc), with a
characteristic molecular formula of C3oHs204. This was determined by
the combined analyses of HR-TOFMS at m/z 477.7431 [M+H]+(calcd.
CsoHs304 m/z 477.7421) and NMR data (Table 2, Fig. S50 and Fig. S51),
which indicated five indices of hydrogen deficiency. The IR and NMR

data (Table 2, Fig. S50 and Fig. S51) show close similarity with 3,
differing based on the absence of an acetyl group at C-7 (&g 1.95, 8¢
21.2,170.2) and the presence of oxygenated methyne signals [(8y 4.43
(1H, br.s), 8¢ 75.1)]. This assessment denotes 7 as a 7-deacetyl deriva-
tive of 3. The HMBC correlations (Fig. 4c and Fig. S54) between H-3/
CH3-28, C-1, C-4 and C-5, as well as H-7/C-9, CH3-18 and C-5 signified
the assignment of two hydroxyl groups at C-3 and C-7, respectively.
Meanwhile, the similarity in relative configuration of both compounds
was confirmed by NOESY spectrum comparison, where correlations of
H-3/CH3-29/CH3-19 and H-7/CH3-19/CH3-18 (Fig. 4d and Fig. S56) as
well as the small coupling constant values of H-3 (8 4.23, t, J = 2.4 Hz)
and H-7 (8y 4.43, br.s), suggest an a-orientation in the two hydroxyl
groups. Hence, the structure of 7 was determined and named pentan-
drucine G.

Compound 8 was obtained as colorless crystals (MeOH), character-
ized by the molecular formula C3oHs0O4, This was determined by the
combined analyses of HR-TOFMS (Fig. S57) m/z 497.7420 [M+Na]™*
(caled. C3pHsoNaO4 m/z 497.7431) and NMR data (Table 2, Fig. S58 and
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Table 2
NMR data for compounds 5-8 (500 MHz for 1H and 125 MHz for *3C in CDCl5).
Position 5 6 7 8
Carbon  1sc MR 'H-NMR BCNMR  'H-NMR I3CNMR  'H-NMR 3CNMR  'H-NMR
8¢ (mult.) Sy [(ZH, mult., J(Hz)] S¢ (mult.) Sy [(ZH, mult., J(Hz)] 8¢ (mult) Sy [(ZH, mult., J(Hz)] S¢ (mult.) Sy [(ZH, mult., J(Hz)]

1 33.7 (1) 1.42 (1H, m) 33.7 (1) 1.42 (1H, m) 33.7 (1) 1.42 (1H, m) 33.7 (1) 1.42 (1H, m)
1.84 (1H, m) 1.87 (1H, m) 1.86 (1H, m) 1.83 (1H, m)

2 25.4 (1) 1.55 (1H, m) 25.4 (1) 1.55 (1H, m) 25.4 (1) 1.55 (1H, m) 25.4 (1) 1.55 (1H, m)
2.32 (1H, m) 2.34 (1H, m) 2.30 (1H, m) 2.36 (1H, m)

3 75.4 (d) 5.23 (1H, t, 3.0) 76.3 (d) 5.23 (1H, t, 3.0) 74.1 (d) 4.23 (1H, t, 2.4) 218.4 (s) -

4 37.3(s) - 37.3 (s) - 37.3(s) - 37.3 (s) -

5 49.6 (d) 1.24 (1H, m) 49.6 (d) 1.24 (1H, m) 49.6 (d) 1.24 (1H, m) 49.6 (d) 1.24 (1H, m)

6 18.3 (1) 1.39 (1H, m) 18.3 (t) 1.39 (1H, m) 18.3 (t) 1.39 (1H, m) 18.3 (t) 1.39 (1H, m)
2.16 (1H, m) 2.18 (1H, m) 2.20 (1H, m) 2.16 (1H, m)

7 76.6 (d) 5.33 (1H, br.s) 34.2 (1) 1.13 (1H, m) 75.1 (d) 4.43 (1H, br.s) 71.3 (d) 3.13 (1H, t, 2.3)

1.23 (1H, m)

8 40.7 (s) - 40.7 (s) - 40.7 (s) - 40.7 (s) -

9 50.7 (d) 1.44 (1H, m) 50.7 (d) 1.44 (1H, m) 50.7 (d) 1.44 (1H, m) 50.7 (d) 1.44 (1H, m)

10 37.7 () - 37.7 (s) - 37.7 (s) - 37.7 (s) -

11 21.7 (1) 1.53 (1H, m) 21.7 (1) 1.53 (1H, m) 21.7 (1) 1.53 (1H, m) 21.7 (1) 1.53 (1H, m)
1.65 (1H, m) 1.72 (1H, m) 1.68 (1H, m) 1.64 (1H, m)

12 27.1 (1) 1.75 (1H, m) 27.1 (1) 1.75 (1H, m) 27.1 (1) 1.75 (1H, m) 27.1 (1) 1.75 (1H, m)
1.45 (1H, m) 1.47 (1H, m) 1.48 (1H, m) 1.54 (1H, m)

13 42.8 (d) 1.62 (1H, m) 42.8 (d) 1.62 (1H, m) 42.8 (d) 1.62 (1H, m) 42.8 (d) 1.62 (1H, m)

14 50.2 (s) - 50.2 (s) - 50.2 (s) - 50.2 (s) -

15 31.5 (1) 1.04 (1H, m) 315 () 1.04 (1H, m) 31.5 (1) 1.04 (1H, m) 31.5 (1) 1.04 (1H, m)
1.82 (1H, m) 1.83 (1H, m) 1.80 (1H, m) 1.78 (1H, m)

16 25.9 (1) 1.51 (1H, m) 25.9 (1) 1.51 (1H, m) 25.9 (1) 1.51 (1H, m) 25.9 (1) 1.51 (1H, m)
2.18 (1H, m) 2.20 (1H, m) 2.22 (1H, m) 1.76 (1H, m)

17 49.8 (d) 1.83 (1H, m) 49.8 (d) 1.83 (1H, m) 49.8 (d) 1.83 (1H, m) 49.8 (d) 1.83 (1H, m)

18 16.2 (q) 0.95 (3H, s) 16.2 (q) 0.95 (3H, s) 16.2 (q@) 0.95 (3H, s) 16.2 (q) 0.95 (3H, s)

19 16.6 (q) 0.84 (3H, s) 16.6 (q) 0.84 (3H, s) 16.6 (q) 0.84 (3H, s) 16.6 (q) 0.84 (3H, s)

20 86.7 (s) - 86.7 (s) - 86.7 (s) - 86.7 (s) -

21 27.3(q) 1.13(3H, s) 27.3(q) 1.13(3H, s) 27.3(q) 1.13(3H, s) 27.3(q) 1.13 (3H, s)

22 35.3 (1) 1.22 (1H, m) 35.3 (1) 1.22 (1H, m) 35.3 (1) 1.22 (1H, m) 35.3 (1) 1.22 (1H, m)
2.53 (1H, m) 2.60 (1H, m) 2.55 (1H, m) 2.60 (1H, m)

23 26.4 (t) 1.85 (1H, m) 26.4 (1) 1.85 (1H, m) 26.4 (t) 1.85 (1H, m) 26.4 (t) 1.85 (1H, m)
2.64 (1H, m) 2.62 (1H, m) 2.64 (1H, m) 2.74 (1H, m)

24 86.3 (d) 3.62 (1H, dd, 4.8, 10.2) 86.3 (d) 3.62 (1H, dd, 4.8, 10.2) 86.3 (d) 3.62 (1H, dd, 4.8, 10.2) 86.3 (d) 3.62 (1H, dd, 4.8, 10.2)

25 70.3 (s) - 70.3 (s) - 70.3 (s) - 70.3 (s) -

26 27.9 (q@) 1.17 (3H, s) 279 (q@) 1.17 (3H, s) 279 (q@) 1.17 (3H, s) 279 (q@) 1.17 (3H, s)

27 24.1 (q@) 1.09 (3H, s) 24.1 (q) 1.09 (3H, s) 24.1 (q@) 1.09 (3H, s) 24.1 (q@) 1.09 (3H, s)

28 28.4 (q) 0.92 (3H, s) 28.4 (q) 0.92 (3H, s) 28.4 (q) 0.92 (3H, s) 28.4 (q) 0.92 (3H, s)

29 22.2(q) 0.82 (3H, s) 22.2(q) 0.82 (3H, s) 22.2(q) 0.82 (3H, s) 22.2(q) 0.82 (3H, s)

30 15.6 (q) 0.87 (3H, s) 15.6 (@) 0.87 (3H, s) 15.6 (qQ) 0.87 (3H, s) 15.6 (@) 0.87 (3H, s)

1’ 170.1 (s) 170.0 (s) - - - - -

2’ 21.2 (q) 1.94 (3H, s) 21.2 (q) 1.97 (3H, s) - - - -

17 170.0 (s) -

2” 21.2 (@) 1.97 (3H, s)

Fig. S59), showing six degrees of unsaturation is required. The IR and
NMR data (Table 2, Fig. S58 and Fig. S59) were closely similar to 7,
except for the disappearance of one oxygenated signal at C-3 [(8y 4.23
(1H, t, J = 2.4 Hz), 8¢ 74.1)] and the presence of carbonyl signal at &¢
218.4. This result suggests 8 as a 3-oxo derivative of 7. In addition, Key
HMBC correlations (Fig. 4e and Fig. S27) of H-2/C-3 and CH3-29/C-3,
indicate the attachment of a ketone at C-3. Also, the NOESY spectrum
(Fig. 4f and Fig. S62) and small coupling constant value of H-7 (g 3.13,
t, J = 2.3 Hz), imply relative similarity between the configurations of
both compounds and ocotillone (Aalbersberg and Singh., 1991). Hence,
the structure of 8 was determined and named pentandrucine H.
Compound 9 was obtained as colorless crystals (MeOH), with char-
acteristic molecular composition of Co7H4204 This was determined
through combined analyses of HR-TOFMS (Fig. S65) m/z 431.1471
[M+H]" (caled. Cy7H4304 m/z 431.1402) and NMR data (Table 3,
Fig. S66 and Fig. S67), indicating that seven degrees of unsaturation are
required. The IR absorption bands at 3518, 1736 and 1085 cm™! imply
the presence of hydroxyl, carbonyl and ether groups, while the 'H NMR
spectrum (Fig. S66) demonstrates the presence of five tertiary methyl
signals at &y 0.81 (CH3-29), 0.87 (CH3-30), 0.91 (CH3-28), 0.92 (CHs-
18) and 1.36 (CH3-21) and also an oxygenated methylene at 3y [4.39
(1H, d, J = 8.6 Hz), 55 3.70 (1H, d, J = 8.6 Hz)]. Furthermore, '>*C NMR

and DEPT data (Table 3, Fig. S67 and Fig. S68) recognized 27 carbon
resonances, attributed to five tertiary methyls, eleven methylenes
(including one oxygenated at 8¢ 71.4), four methynes, six quaternary
carbons (comprising two oxygenated at §¢ 90.3 and 92.1, respectively),
and a carbonyl lactone at 5¢ 176.9. These functionalities account for one
out of seven degrees of unsaturation, hence six additional rings are
required. Also, the aforementioned data indicate 9 as a dammarane-type
triterpenoid, with lactone and hemi ketal rings, assumed to be formed at
C-3 to C-19, based on the HMBC correlations (Fig. 5a, Fig. S70) between
H-2 (8 1.46) to C-3 (8¢ 92.1) and CH»-19 (8 4.39 and 3.70) to C-10 (8¢
37.7) and C-5 (8¢ 49.9). Proton at H-17 (8y 1.23) to C-20 (8¢ 90.3), C-21
(8¢ 25.4) and C-22 (§¢ 31.3), proton CH3-21 (8 1.36) to C-17 (5¢ 49.5)
and C-22 (8¢ 31.3) are the &-lactone ring correlations. Furthermore, the
NMR data showed a close resemblance to amblyone (Harraz et al.,
1995), with a slight difference at C-21 (§¢ 25.4 for 9 and §¢ 23.3 for
amblyone), indicating 9 as the probable C-21 epimer of amblyone. The
signal for C-21 (8¢ 25.4) in 9 was highly similar to 17a-hydrox-
ycabralealactone (8¢ 25.4) (Nagaya et al., 1997), thus indicating the
presence of a-orientated CHs-21. This assessment was supported by the
NOESY correlation (Fig. 5b and Fig. S72) between H-17/CH3-30 and
CH3-21, and the compound structure was defined as an undescribed
C-21 epimer of amblyone, and named pentandrucine I.
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Fig. 4. (a) Selected COSY and HMBC correlations of 6 (b) Selected NOESY correlations of 6 (c) Selected COSY and HMBC correlations of 7 (d) Selected NOESY
correlations of 7 (e) Selected COSY and HMBC correlations of 8 and (f) Selected NOESY correlations of 8.

Compound 10 was obtained as colorless crystals (MeOH), with a
suggested molecular formula of Cy7H420s_ This was determined through
the HR-TOFMS spectrum (Fig. S73) m/z 447.3012 [M+H]" (caled.
Co7H4305 m/z 447.3029) and NMR data (Table 3, Fig. S74 and Fig. 75),
and seven indices of hydrogen deficiency were required. Furthermore,
the IR and NMR data was highly similar to 9. However, differences were
observed in the disappearance of methylene signals [6y 1.14 (1H, m),
1.23 (1H, m), &¢ 34.7] and the appearance of oxygenated methyne
signals [8y 4.67 (1H, br.s), 8¢ 76.3), suggesting 10 as a 7-hydroxy de-
rivative of 9. The HMBC correlation (Fig. 5c and Fig. S78), of H-7 (&g
4.67) to C-9 (8¢ 50.4), C-6 (5¢c 18.3) and C-5 (8¢ 49.4), indicates the
attachment of the novel hydroxyl at C-7. The a-orientation of the hy-
droxyl group at C-7 was identified from the coupling constant value H-7
(8y 4.67, br.s) and NOESY spectrum (Fig. S80) analysis with correlations
of H-7/CHs3-18/H-13. Hence, the structure was established and named
pentandrucine J.

Compound 11 was isolated as a colorless needles crystal (MeOH),
with characteristic a molecular formula of C3gH440s This was deter-
mined through the combined analyses of HR-TOFMS (Fig. S81) m/z
485.1872 [M+H]" (caled. CsoHysOs m/z 485.1852) and NMR data

(Table 3, Fig. S82 and Fig. S83), indicating a requirement for eight de-
grees of unsaturation. The UV spectrum shows maximum absorption at
247 nm (log ¢ 3.13), indicating the occurrence of an enone group
(Shiono et al., 2016), while IR absorption bands at 3417, 3050, 1776 and
1060 cm ™ * imply the presence of hydroxyl, olefinic, carbonyl and ether
functionalities. Furthermore, the lH NMR spectrum (Table 3 and
Fig. S82) demonstrates the presence of seven tertiary methyls [8y 1.01
(CH3-19), 1.06 (CH3-28), 1.06 (CH3-29), 1.16 (CH3-18), 1.16 (CH3-30),
1.35 (CH3-26) and 1.44 (CH3-27)], an olefinic proton at 8y 5.28 (1H, br.
s), two oxygenated methynes [y 4.47 (1H, dd, J = 9.6, 1.8 Hz) and &y
3.92 (1H, d, J = 9.6 Hz)] and two olefinic protons [8y 7.14 (1H, d, J =
10.2 Hz) and 6y 5.86 (1H, d, J = 10.2 Hz)] in cis configuration. More-
over, the 13C NMR spectrum (Table 3 and Fig. S83) recognized 30
nonequivalent carbon signals, characterized by one carbonyl ketone (8¢
204.6), a lactone (8¢ 178.6), four sp2 carbons (8¢ 158.8, 125.7, 157.9
and 119.0), seven methyl signals at (§¢ 16.2, 19.1, 20.0, 21.4, 23.8, 26.9
and 27.1), six sp> methylenes, six sp® methynes (including two oxygen-
ated carbon at 8¢ 78.2 and 74.4) and five quaternary carbons sp’
(including one oxygenated types at 8¢ 72.5), using the classification by
DEPT and HMQC experiments (Fig. S84 and Fig. S85). Also, a
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Table 3
NMR data for compounds 9-10 (500 MHz for H and 125 MHz for *3C in CDCls)
and 11 (600 MHz for *H and 150 MHz for *3C in CDCl5).

Position 9 10 11
Carbon 35, IHNMR  SC- H.NMR 1sc. H-NMR
NMR 8y [(ZH, NMR Sy [(ZH, NMR 8y [(ZH,
S¢c mult., J [ mult., J 8¢ mult., J
(mult.) (Hz)] (mult.) (Hz)] (mult.) (Hz)]
1 35.5 1.20 35.2 1.17 158.8 7.14
Q] (1H, m) ® (1H. m) @ (1H, d,
1.50 1.50 10.2)
(1H, m) (1H. m)
2 33.7 1.46 33.7 1.40 125.7 5.86
(t) (1H, dd, t) (1H, dd, (d (1H, d,
2.3,9.0) 2.4,9.6) 10.2)
2.70 2.74
(1H, m) (1H, m)
3 92.1 - 92.1 - 204.6 -
(s) (s) (s)
4 37.3 - 37.3 - 44.6 -
(s) (s) s)
5 49.9 1.90 49.4 1.95 46.2 2.20
@ (1H, m) @ (1H, m) @ (1H, m)
6 18.3 1.36 18.3 1.37 27.5 2.25
® (1H, m) ® (1H, m) ® (1H, m)
2.54 2.57 2.53
(1H, m) (1H, m) (1H, m)
7 34.7 1.14 76.3 4.67 34.8 1.54
@ (1H, m) (d) (1H, br. () (1H, m)
s) 1.62
(1H, m)
1.23
(1H, m)
8 40.6 - 40.6 - 42.8 -
(s) (s) (s)
9 50.4 1.48 50.4 1.41 37.4 2.19
) (1H,dd, () (1H, dd, @ (1H, m)
2.6, 2.4,
13.2) 13.2)
10 37.7 - 37.7 - 39.7 -
(s) ) )
11 25.4 1.20 25.4 1.20 34.1 1.50
Q)] (1H, m) ® (1H, m) ® (1H, m)
2.88 2.86 2.84
(1H, m) (1H, m) (1H, m)
12 21.3 1.49 21.3 1.49 38.3 1.57
® (1H, m) ® (1H, m) ® (1H, m)
1.91 1.91 1.90
(1H, m) (1H, m) (1H, m)
13 43.2 1.53 43.2 1.53 46.8 -
@ (1H, m) @ (1H, m) O]
14 50.3 - 50.3 - 157.9 -
() (s) (s
15 31.2 1.90 31.2 1.90 119.0 5.28
() (1H, m) (1) (1H, m) ()] (1H, br.
1.10 1.10 s)
(1H, m) (1H, m)
16 25.1 1.52 25.1 1.52 33.8 1.17
© (1H, m) © (1H, m) ()] (1H, m)
1.78 1.80 1.78
(1H, m) (1H, m) (1H, m)
17 49.5 1.23 49.5 1.23 58.2 2.19
@ (1H, m) @ (1H, m) @ (1H, m)
18 15.6 0.92 15.6 0.92 16.2 1.16
@ (3H, s) @ (3H, s) @ (3H, s)
19 71.4 4.39 71.4 4.24 19.1 1.01
(1) (1H, d, 1) (1H, d, ()] (3H, s)
8.6) 8.9)
3.70 3.70
(1H, d, (1H, d,
8.6) 8.9)
20 90.3 - 90.3 - 44.7 2.71
(s) (s) (s) (1H, m)
21 25.4 1.36 25.4 1.36 178.6 -
@ (3H, s) @ (3H, s) O]
22 31.3 1.49 31.3 1.49 33.1 1.82
® (1H, m) ® (1H, m) ® (1H, m)
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Table 3 (continued)

Position 9 10 11
Carbon 50 IHNMR  C H-NMR 1sc. 'H.NMR
NMR 8y [(ZH, NMR 8y [(ZH, NMR 8y [(ZH,
S¢ mult., J 5S¢ mult., J Sc mult., J
(mult.) (Hz)] (mult.) (Hz)] (mult.) (Hz)]
2.53 2.53 2.05
(1H, m) (1H, m) (1H, m)
23 29.3 2.54 29.3 2.54 78.2 4.47
® (1H, d, ® (1H, d, @ (1H, dd,
9.9) 9.9) 9.6,1.8)
2.64 2.64
(1H, d, (1H, d,
9.9) 9.9)
24 176.9 - 176.9 - 74.4 3.92
O] (s) @ (1H, d,
9.6)
25 - - - - 72.5 -
(s
26 - - - - 26.9 1.35
@ (3H, s)
27 - - - - 23.8 1.44
@ (3H, s)
28 28.4 0.91 28.4 0.91 20.0 1.06
@ (3H, ) (@ (3H, s) @ (3H, 8)
29 22.2 0.81 22.2 0.81 21.4 1.06
@ (3H, s) @ (3H, s) @ (3H, s)
30 16.4 0.87 16.4 0.87 27.1 1.16
@ (3H, s) @ (3H, s) @ (BH, 8)

combination of NMR data and literature studies suggest 11 as an
analogue of prototiamin A, an apotirucallane-type triterpenoid isolated
from the bark of Entandrophragma congoense (Happi et al., 2015).
However, a major difference is observed with the acetyl group absent
[8n 1.96 (3H, s), 8¢ 21.5 (CH3), 170.3], and the presence of methylene
signals [8y 1.62 (1H, m), 1.54 (1H, m), 5¢ 34.8 ()], suggesting 11 to be a
de-acetyl derivative of prototiamin A. Furthermore, the olefinic present
was located at C-14 and C-15, based on the HMBC correlations (Fig. S86)
of CH3-18 (8y 1.16) and CH3-30 (8y 1.16) to C-14 (8¢ 157.9) and H-15
(8 5.28) to C-8 (8¢ 42.8), C-13 (8¢ 46.8) and C-17 (8¢ 58.2). Proton at
H-17 (84 2.19) to C-15 (8¢ 119.0), C-21 (8¢ 178.6) and C-22 (§¢ 33.1),
proton H-23 (8y 4.47) to C-22 (8¢ 33.1) and C-24 (§¢ 74.4) are the
lactone ring correlations and the hydroxyl at C-24. Also, all assignments
were supported by 'H-'H COSY, HMBC evaluation (Fig. 6¢, Fig. S86 and
Fig. S87), with NOESY spectrum used to confirm similarity in the rela-
tive configuration to prototiamin A, with correlations of H-17/CHs-30,
H-22a and H-24, suggesting an a-orientation of the hydroxyl group at
C-24 (Fig. 6d and Fig. S88). Hence, compound 11 was determined to be
an undescribed tirucallane-type triterpenoid and named pentandrucine
K.

The isolated compounds, 1-19, were evaluated against a MCF-7
breast cancer line using a previously described method (Supratman
et al., 2019; Supriatno et al., 2018; Skehan et al., 1990), using Cisplatin
as a positive control (Hadisaputri et al., 2012; Chavoshi et al., 2017).
Compounds 10-11 and 18-19 proved to be the most active (ICs values
of 16.84-20.98 pM), and the strongest cytotoxicity was observed with
compound 18, with an ICs¢ value of 16.84 uM, suggested the presence of
lactone ring and diol group in side chain can increase the cytotoxic ac-
tivity. In addition, 7-9 and 13 demonstrated moderate effects
(24.33-33.12 pM), while the remaining isolates were weak or inactive
(Table 4), indicates that presence of carbonyl and hydroxyl can increase
cytotoxic activity, whereas the presence of acetyl groups can decrease
the cytotoxic activity.

3. Conclusion

Nineteen triterpenoids were isolated from the bark of C. pentandrus,
encompassing eleven dammarane-type (1-10 and 12-13), five
apotirucallane-type triterpenoids (11 and 14-17) and two tirucallane-
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Fig. 5. (a) Selected COSY and HMBC correlations of 9 (b) Selected NOESY correlations of 9 (c) Selected COSY and HMBC correlations of 10 and (d) Selected NOESY
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Fig. 6. (a) Selected COSY and HMBC correlations of 11 (b) Selected NOESY correlations of 11.

type (18-19). Furthermore, eleven out of these isolates were acknowl-
edged as undescribed compounds, comprising ten dammarane-type
(1-10) and one apotirucallane-type triterpenoid (11). The cytotoxic
activity was evaluated against MCF-7 breast cancer cell line in vitro, and
compound 18 (melianodiol) exhibited the strongest activity with an ICsq
value of 16.84 pM. Carbonyl, hydroxyl and acetyl groups were identified
as contributing to the cytotoxic activity.

4. Experimental section
4.1. General experimental procedures

UV spectrum were measured using a TECAN Infinite M200 pro
(Mannedorf, Switzerland), while IR involved a SHIMADZU IR Prestige-
21 (Kyoto, Japan). The high-resolution time of flight mass spectrom-
etry (HR-TOFMS) data was recorded with Waters Xevo QTOF MS
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Table 4
Cytotoxic data for compounds 1-19 against MCF-7 breast
cancer cell line.

Compounds ICs0 (pM)
Pentandrucine A (1) 101.01
Pentandrucine B (2) 43.03
Pentandrucine C (3) 176.18
Pentandrucine D (4) 213.92
Pentandrucine E (5) 306.02
Pentandrucine F (6) 87.19
Pentandrucine G (7) 27.12
Pentandrucine H (8) 24.33
Pentandrucine I (9) 26.13
Pentandrucine J (10) 20.98
Pentandrucine K (11) 19.30
Cabrealeolactone (12) 61.18
Cabreadiol (13) 33.12
Prototiamin A (14) 76.08
Neemfruitins A (15) 181.12
Desmethyllimocin B (16) 98.18
Protoxylocarpin G (17) 90.24
Melianodiol (18) 16.84
Indicalilacol B (19) 20.23
Cisplatin® 13.20

2 Positive control.

(Milford, Massachusetts, USA), and NMR spectrum were evaluated using
JEOL ECZ-500 and ECZ-600 (Tokyo, Japan). In addition, the chemical
shifts are expressed in ppm, with reference to the CDCl3 (8y 7.26/5¢
77.2) signals. Column chromatography (CC) was performed using silica
gel (70-230 mesh and 200-400 mesh) (Merck, Darmstadt, Germany).
Thin layer chromatography (TLC) was performed with silica gel 60 Fas4
plates (Merck, 0.25 mm, Darmstadt, Germany). Compounds were visu-
alized under UV light (257 and 364 nm) or by spraying the heated silica
gel plates with 10% H2SO4 in EtOH.

4.2. Plant material

The stem bark of C. pentandrus was collected from Bogor Botanical
Garden, Bogor, West Java Province, Indonesia (Latitude: 6° 35’ 30.59’
S; Longitude: 106° 47’ 32.39" E) in June 2016. The plant was identified
by Mr. Ismail, of the Bogoriense Herbarium, Bogor, Indonesia where a
voucher specimen (No. Bo-104) is deposited.

4.3. Extraction and isolation

The air-dried stem bark of C. pentandrus (1.8 kg) was ground to a
powder, extracted with methanol (4 x 4 L, 4 days each) at room tem-
perature, and concentrated using a rotary evaporator, yielding a
concentrated extract (340 g). About 300 g of the MeOH extract was
suspended in HyO (600 mL) and successively partitioned with n-hexane,
EtOAc and n-butanol. This was followed by evaporation under reduced
pressure, resulting in 10.90, 25.18, and 228.63 g of crude extracts,
respectively. In addition, 10.0 g of the n-hexane soluble fraction was
chromatographed using silica gel CC (200 g, 70-230 mesh), and eluted
with n-hexane-EtOAc-MeOH (10% stepwise), resulting in eight fractions
(Fr. A to Fr. H).

Fr. B (439 mg) was subjected to silica gel CC (50 g, 230-400 mesh)
and eluted with n-hexane-DCM-EtOAc (5% stepwise) to generate seven
fractions (Fr. B1 to Fr. B7). Subsequently, Fr. B3 (230 mg) was purified
by crystallization in MeOH to yield 5 (86.2 mg), while Fr. B7 (132.3 mg)
was chromatographed using silica gel CC (10 g, 230-400 mesh) with
gradient elution of n-hexane-DCM-EtOAc (5% stepwise) to produce
seven fractions (Fr. B7A to Fr. B7F). Therefore, Fr. B7B (13.2 mg) was
separated over silica gel CC (5 g, 230-400 mesh), and eluted with n-
hexane: DCM (1:1) to yield 13 (2.3 mg). Also, Fr. B7C (43.2 mg) was
separated over silica gel CC (6 g, 230-400 mesh), and eluted with n-
hexane: DCM: EtOAc (5:4.5:0.5) to produce 3 (14.2 mg), while Fr. B7D
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(20.1 mg) was purified by silica gel CC (5 g, 230-400 mesh), and eluted
with n-hexane: DCM (6:4) to generate 6 (8.1 mg).

Fraction C (700 mg) was separated over silica gel CC (70 g, 70-230
mesh) with a gradient eluent of n-hexane-DCM-EtOAc (5% stepwise) to
produce five fractions (Fr. C1 to Fr. C5). Therefore, Fr. C3 (300 mg) was
further separated over silica gel CC (30 g, 230-400 mesh), and eluted
with n-hexane: DCM (4:1) to yield four fractions (Fr. C3A to Fr. C3D).
Subsequently, Fr. C3C (110 mg) was purified by silica gel CC (15 g,
230-400 mesh), and eluted with DCM: EtOAc (7.5:2.5) to generate 2
(14.2 mg), while Fr. C3D (14.5 mg) was separated over silica gel CC (5 g,
230-400 mesh), and eluted with CHCl3: EtOAc (6:4) for the isolation of
7 (1.9 mg).

Fraction D (725 mg) was separated over silica gel CC (80 g, 70-230
mesh), using a gradient elution consisting of n-hexane-CHCl3-EtOAc (5%
stepwise) to generate seven fractions (Fr. D1 - D7). Fr. D4 (141.5 mg)
was separated with CC (15 g, 230-400 mesh), and eluted with n-hexane:
CHCl3: EtOAc (7:1.5:1.5), to yield five fractions (Fr. D4A - D4E), while
Fr. D4C (41.2 mg) was purified on CC (5 g, 230-400 mesh), and eluted
with DCM: CHCls: EtOAc (6:1.5:2.5) to produce 1 (11.2 mg), and Fr.
D4D (32.5 mg) was separated with CC (5 g, 230-400 mesh), with DCM:
EtOAc (7.5:2.5) to obtain 12 (2.1 mg).

Fraction E (820 mg) was chromatographed using silica gel CC (100 g,
70-230 mesh), and eluted with a n-hexane-DCM-EtOAc gradient (5%
stepwise) to yield eleven fractions (Fr. E1 - E12). Fr. E2 (141.5 mg) was
separated over silica gel CC (20 g, 230-400 mesh), and eluted with
CHCl3: EtOAc (7.5:2.5), to produce 8 (2.2 mg), while Fr. E3 (342.3 mg)
was further separated with silica gel CC (40 g, 70-230 mesh), and eluted
with CHCl3: EtOAc (7.5:2.5) to generate four fractions (Fr. E3A to Fr.
E3D). Subsequently, Fr. E3C (108.1 mg) was purified by silica gel CC
(10 g, 230-400 mesh), and eluted with CHCl3: EtOAc: HOAc (6.5:3:0.5)
to obtain 10 (5.3 mg), while Fr. E3CD (28.0 mg) was isolated using silica
gel CC (5 g, 230-400 mesh), and eluted with DCM: HOAc: MeOH
(8.5:1:0.5) to yield 9 (1.4 mg). In addition, Fr. E5 (213.7 mg) was
chromatographed using silica gel CC (40 g, 70-230 mesh), and eluted
with CHCls: EtOAc: MeOH (7.5:2:0.5) to generate five fractions (Fr. E5A
- E5E). Fr. E5D (107.7 mg) was separated over silica gel CC (15 g,
230-400 mesh), and eluted with CHCl3: EtOAc: MeOH (7:2:1) to obtain
18 (2.9 mg). Also, Fr. E5E (32.1 mg) was purified by CC (5 g, 230-400
mesh), and eluted with DCM: HOAc: MeOH (6.5:2:1.5) to produce 4 (6.4
mg).

Fraction F (623.9 mg) was chromatographed using silica gel CC (70
g, 70-230 mesh), and eluted with a DCM-EtOAc gradient solvent system
(2.5% stepwise) to obtain seven fractions (Fr. F1 — F7). Therefore, Fr. F3
(312.1 mg) was isolated by CC on silica gel (40 g, 230-400 mesh), and
eluted with DCM: HOAc: MeOH (6.5:2:1.5), to generate 19 (1.3 mg),
while Fr. F3D (100 mg) was separated over CC on silica gel (25 g,
230-400 mesh), and eluted with DCM: HOAc: MeOH (6:2:2), to yield 11
(3.2 mg) and 14 (5.4 mg).

Fraction G (712.2 mg) was chromatographed using silica gel CC (80
g, 70-230 mesh) with an elution gradient of DCM-EtOAc (5% stepwise),
to produce six fractions (Fr.G1 - G6). Therefore, Fr. G2 (300 mg) was
separated by CC on silica gel (40 g, 70-230 mesh), and eluted with
CHCl3: EtOAc: HOAc (5.5:4:0.5) to generate 15 (2.8 mg), while Fr. G3
(101.3 mg) was purified using CC on silica gel (10 g, 230-400 mesh),
and eluted with CHCl3: EtOAc: HOAc (5:4.5:0.5) to obtain 17 (2.1 mg).
Fr. G4 (42.1 mg) was isolated using CC on silica gel (5 g, 230-400 mesh),
and eluted with DCM: HOAc: MeOH (6.5:2:1.5) to yield 16 (1.4 mg).

4.3.1. Pentandrucine A (1)

Colorless needle crystals (MeOH); mp 185-187 °C; [(x]25D + 52 (¢
0.1, MeOH); IR (KBr) vimax 2964, 2923, 1702, 1687, 1450 and 1085
em™!; 'H and '3C-NMR data see Table 1; HR-TOFMS m/z 473.3271
[M+H]+(caled. CogHasOs m/z 473.3241).

4.3.2. Pentandrucine B (2)
Colorless crystal (MeOH); mp 190-192 °C; [oc]25D + 43° (¢ 0.12,
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MeOH); IR (KBI) Vimax 3396, 2964, 2923, 1702, 1410 and 1085 cm™%; 'H
and 13C-NMR, see Table 1; HR-TOFMS m/z 417.3311 [M+H]-+(calcd.
CoyHus03 m/z 417.3316).

4.3.3. Pentandrucine C (3)

Colorless crystals (MeOH); mp 178-180 °C; [(x]25D + 49° (c 0.1,
MeOH); IR (KBI) Vmax 3545, 2971, 1765, 1613, 1400 and 1085 cm™'; 'H
and '3C-NMR, see Table 1; HR-TOFMS m/z 520.7299 [M+H]+(calcd.
C32H5505 m/z 520.7290).

4.3.4. Pentandrucine D (4)

Colorless needle crystals (MeOH); mp 198-200 °C; [«] 25, 1 48° (c
0.1, MeOH); IR (KBr) vpmax 3546, 2971, 1764, 1613, 1400 and 1085
cm™Y; 'H and ®C-NMR, see Table 1; HR-TOFMS m/z 520.8349 [M+H]+
(caled. C32Hs505 m/z 520.8310).

4.3.5. Pentandrucine E (5)

Colorless crystal (MeOH); mp 167-169 °C; [(x]st + 49° (¢ 0.11,
MeOH); IR (KBI) Vmax 3096, 2968, 1765, 1613, 1450 and 1085 cm™'; 'H
and '3C-NMR, see Table 2; HR-TOFMS m/z 561.2149 [M+H]+(calcd.
C34H5706 m/z 561.21 39)

4.3.6. Pentandrucine F (6)

Colorless crystals (MeOH); mp 171-174 °C; [(x]25D + 56° (c 0.1,
MeOH); IR (KBr) vinax 3016, 2971, 1764, 1613, 1400 and 1085 Crnfl; H
and '3C-NMR (CDClg, 125 MHz), see Table 2; HR-TOFMS m/z 525.2049
[M+Na]™ (caled. C3oHs54NaO4 m/z 525.2030).

4.3.7. Pentandrucine G (7)

Colorless crystals (EtOAc); mp 153-154 °C; [(x]25D -18° (¢ 0.1,
MeOH); IR (KBI) Vmax 3540, 2971, 1613, 1400, 1383 and 1085 cm™'; 'H
and '3C-NMR, see Table 2; HR-TOFMS m/z 477.7432 [M+H]+(calcd.
C30H5304 m/z 477.7421).

4.3.8. Pentandrucine H (8)

Colorless crystals (MeOH); mp 120-123 °C; [01%°p +36° (¢ 0.03,
MeOH); IR (KBr) vimax 3546, 2971, 2921, 2851, 1776, 1401 and 1085
em™Y; 'H and '3C-NMR, see Table 2; HR-TOFMS m/z 497.7420
[M+Na]™ (caled. C3oH50NaO4 m/z 497.7431).

4.3.9. Pentandrucine I (9)

Colorless crystals (MeOH); mp 141-144 °C; [(x]25D +15° (c 0.12,
CHCl3); IR (KBr) vmax 3518, 3071, 2988, 1736, 1421, 1268, 1085 and
895 cm™!; H and '3C-NMR, see Table 3; HR-TOFMS m/z 431.1471
[M-‘,—H]+ (caled. Cy7H4304 m/z 431.1402).

4.3.10. Pentandrucine J (10)

Colorless crystals (MeOH); mp 165-166 °C; [(x]25D +18° (¢ 0.03,
CHCIl3); IR (KBr) vmax 3513, 2998, 1736, 1705, 1430, 1085 and 895
cmY; 'H and '3C-NMR, see Table 3; HR-TOFMS m/z 447.3012 [M+H] "
(calcd. Co7H4305 m/z 447.3029).

4.3.11. Pentandrucine K (11)

Colorless needles crystals (MeOH); mp 169-171 °C; [(x]25D - 50° (¢
0.11, CHCl3); UV (MeOH) Apmax 247 nm (log € 3.13); IR (KBr) vipax 3417,
3050, 2974, 2311, 1765, 1665, 1365 and 1085 Cmfl; TH-NMR (CDCl3,
600 MHz), *C-NMR (CDCls, 150 MHz), see Table 3; HR-TOFMS m/z
485.1872 [M+H]" (caled. C3oHs05 m/z 485.1852).

4.4. Bioassays for cytotoxic activity

The MCF-7 cells were seeded into 96-well plates with an initial
density of approximately 3 x 10* cells cm™>. These were subsequently
incubated to facilitate attachment and growth, after the addition of
varied sample concentrations. The respective compounds were first
dissolved in DMSO, followed by the preparation of six desirable
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strengths with PBS (phosphoric buffer solution, pH = 7.30-7.65).
Furthermore, the control wells received only DMSO, and the assay was
terminated after a 48 h incubation period by adding MTT reagent [3-
(4,5-dimethylthiazol-2-yl1)-2,5-diphenyl tetrazolium bromide; also
known as thiazol blue]. Subsequently, another round of incubation was
conducted for 4 h, followed by the addition of MTT-stop solution con-
taining SDS (sodium dodecyl sulphate), and the experiment was further
incubated for another 24 h. The optical density was read using a micro
plate reader at 550 nm, and the ICs( values of the percentage live cells
recorded from the plotted graph were compared between the control
(%), comprising only PBS and DMSO, and samples with the tested
compound concentrations (¢M). Moreover, ICsg value is determined as
the concentration required for 50% growth inhibition, and each assay as
well as analysis was determined in triplicate and averaged.
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