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A new bisindole alkaloid, bisleuconothine A (1) consisting of an eburnane-aspidosperma type skeleton,
was isolated from the bark of Leuconotis griffithii. The structure including absolute stereochemistry was
elucidated on the basis of 2D NMR data and X-ray analysis. Bisleuconothine A (1) showed cell growth
inhibitory activity against various human cancer cell lines.
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Leuconotis griffithii Hk.f is a member of the Apocynaceae family in
Malaysia and Indonesia.! Some monoterpene indole alkaloids such
as leuconolam and rhazinilam, whose skeletons are similar to those
found in Alstonia and Kopsia species, have been isolated from Leucon-
otis species.? Recently, a new type of bisindole alkaloid, leucophylli-
dine,? and a tetracyclic ring-opened oxindole alkaloid, leucolusine,*
has also been isolated from L. griffithii. The plants belonging to Apo-
cynaceae such as Alstonia, Kopsia, Hunteria, and Tabernaemontana
genus have been known to produce various alkaloids depending
on the area where the plants were distributed. Recently, we isolated
a new bisindole alkaloid, bisnicalaterine A consisting of two voba-
sine type skeletons from Hunteria zeylanica,”> biscarpamontamine
A consisting of an aspidosperma-iboga type skeleton from Tabernae-
montana sphaerocarpa,’ and alasmontamine A consisting of bis
vobtusine type skeletons from T. elegans.” In our search for structur-
ally and biogenetically interesting alkaloids from tropical plants in
Malaysia, bisleuconothine A (1), a new bisindole alkaloid consisting
of an eburnane-aspidosperma type skeleton, was isolated from the
bark of L. griffithii. In this Letter, we describe the isolation and struc-
ture elucidation of 1, showing cell growth inhibitory activity against
various human cancer cell lines.

Our screening study on cell growth inhibitory against various
human cancer cell lines in traditional medicines discovered that
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a methanol extract of the bark of L. griffithii (Apocynaceae) showed
effective cell growth inhibitory activity. Our efforts on identifying
active compounds that target human cancer cells resulted in the
isolation of a new bisindole alkaloid, bisleuconothine A (1) from
the bark of L. griffithii. This Letter describes structure elucidation
and cell growth inhibitory activity of bisleuconothine A (1).

The bark of L. griffithii (216 g) was extracted with MeOH, and the ex-
tract (17 g) was treated with 3% tartaric acid (pH 2) and then parti-
tioned with EtOAc. The aqueous layer was treated with saturated
Na,COs aq to pH 10 and extracted with CHCI5 to give an alkaloidal
fraction (1.88 g). The alkaloidal fraction was subjected to a Sepha-
dex LH-20 column, and the fractions containing the dimers were
further separated using an amino silica gel column (n-hexane/
EtOAc, 1:0 — 0:1; CHCI3/MeOH, 1:0 — 0:1) to give bisleuconothine
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A (1, 288 mg, 0.13%) together with (+)-eburnamenine (7 mg,
0.0007%).8

Bisleuconothine A (1),° colorless needles, [«]2® +43 (c 0.2,
MeOH), showed molecular formula, C3gH4gN40, which was deter-
mined by HRESIMS [m/z 577.3904 (M+H)", A —0.3 mmu]. IR
absorption band was characteristic of amino or hydroxyl group
(3430 cm™ ). 'H and '>C NMR data (Table 1) suggested the pres-
ence of 15 sp> methylenes, 4 sp> methines, 2 methyls, 3 sp> quater-
nary carbons, 6 sp? methines, and 8 sp? quaternary carbons.
Among them, 4 sp> methylenes (5¢c 45.2; dy 2.48 and 2.55, 5c¢
51.7; 6y 3.26 and 3.27, é¢ 55.1; 6y 2.00 and 3.02, and 6¢ 53.9; 6y
2.31 and 3.06), 4 sp> methines (¢ 51.3; &y 5.06, 5c 60.4; i 4.02,
8¢ 65.7; 81 3.46, and 5¢ 70.4; 6y 3.05), and 3 sp? quaternary carbons
(6c 133.8, ¢ 137.8, and ¢ 149.2) were attached to the nitrogen
atom.

The gross structure of 1 was deduced from extensive analyses of
the two-dimensional NMR data, including the 'H-'H COSY, HMQC,
and HMBC spectra in CDs0D (Fig. 1). The '"H-'H COSY and HMQC
spectra revealed connectivities of ten partial structures a
(C-5-C-6), b (C-9-C-12), ¢ (C-16-C-17), d (C-3, C-14-C-15), e
(C-18-C-19), f (C-5'-C-6'), g (C-10'-C-11"), h (C-2/, C-16'-C-17"), i
(C-18-C-19'), and j (C-3’, C-14'-C-15") as shown in Figure 1. These
partial structures were classed into two parts A and B.

In part A, the connectivity of partial structure a and an indole
ring (C-2, C-7-C-13, and N) was revealed by the HMBC correlations
of H-9 to C-7 (6c 105.4) and H,-6 to C-2 (¢ 133.8) and C-8 (dc
129.3). HMBC correlations of H3-18 to C-20 (é¢ 35.9), H-21 to C-7
and C-19 (éc 29.5), and H,-19 to C-15 (6¢ 25.2) and C-17 (dc
43.1) established the connections among C-15, C-17, C-19, and C-
21 through C-20 and the connection between C-21 and C-2. HMBC
cross-peaks of H,-3 and H-21 to C-5 (6¢ 51.7) suggested the con-
nection among C-3 (dc 45.2), C-5, and C-21 (§c 60.4) through a
nitrogen atom. The 'H and >C NMR chemical shifts of C-16 (d¢
51.3; 6y 5.06) were characteristic of an eburnane skeleton.?

In part B, the presence of an indoline ring (C-2’, C-7'-C-13’, and
N) and the connections among C-2’, C-6/, C-8’, and C-21' through C-
7' were revealed by the HMBC correlations of H-6'a to C-2 (¢ 65.7)

— 'H-'H cosy
—  HMBC

Figure 1. Selected 2D NMR correlations for bisleuconothine A (1).

and C-7' (6¢c 54.2), H-6'a, H-10', and H-21' to C-8' (6¢ 121.2), H-10
to C-12' (8¢ 117.0), and H-11" to C-9’ (¢ 154.4) and C-13’ (5¢c 149.2).
HMBC cross-peaks of H-3'a to C-5" and C-21' established the con-
nections among C-3/, C-5/, and C-21’ through a nitrogen atom.
The connections among C-15, C-17’, C-19, and C-21’ through
C-20' were deduced by HMBC correlations of H-19'b to C-15,
H-19a to C-17" and C-21/, and H3-18’ to C-20'. These data implied
part B possessed an aspidosperma skeleton. Finally, the linkage
between C-16 in part A and C-12’ in part B was provided by HMBC
correlations of H-16 to C-11/, C-12, and C-13'. Thus, the gross
structure of bisleuconothine A (1) was assigned to be a new bisin-
dole alkaloid connecting between C-16 of an eburnane and C-12’ of
an aspidosperma skeletons as shown in Figure 1.

The stereochemistry of each monoterpene indole unit in 1 was
assigned by NOESY correlations as shown in computer-generated
3D drawing (Fig. 2). In part A, the NOESY correlations of H-15a/

Table 1
H and '*C NMR data of bisleuconothine A (1) in CDCl5/CDs0D (1:2) at 300 K*
[on (J, Hz)] [6c] HMBC [6n U, Hz)] [6c] HMBC
2 133.8 6, 21 2! 3.46 (1H, m) 65.7 6'a
3a 2.48 (1H, dd, 11.7, 11.4) 45.2 5, 14b, 15b, 21 3’a 2.00 (1H, dd, 11.3, 11.3) 55.1 5’a, 15/
3b 2.55 (1H, br d, 11.4) 3b 3.02 (1H, m)
5a 3.26 (1H, m) 51.7 3, 6b, 21 5'a 2.31 (1H, ddd, 8.7, 8.7, 8.7) 539 3'a, 21/
5b 327 (1H, m) 5'h 3.06 (1H, m)
6a 2.59 (1H, br d, 15.2) 17.7 5 6'a 1.76 (1H, m) 36.9 5'a
6b 2.99 (1H, m) 6'b 2.17 (1H, m)
7 105.4 5,6,9, 21 7 54.2 6'a, 10
8 129.3 8 121.2 6'a, 10/, 21’
9 7.36 (1H, d, 7.7) 1184 11 9 154.4 11
10 6.92 (1H, dd, 7.7, 7.5) 119.9 12 10 6.17 (1H, br d, 7.0) 109.3
11 6.76 (1H, dd, 7.5, 7.4) 121.1 9 11 6.65 (1H, d, 7.0) 127.4 16
12 6.59 (1H, br d, 7.4) 112.6 10, 11 12 117.0 16, 10’
13 137.8 9, 11 13’ 149.2 11
14a 1.41 (1H, br d, 18.0) 213 3, 15b 14'a 1.51 (1H, m) 224 3'b
14b 1.76 (1H, m) 14'b 1.73 (1H, m)
15a 1.20 (1H, m) 25.2 14a, 173, 193, 21 15a 1.15 (1H, m) 354 3, 19'b
15b 1.44 (1H, br d, 15.8) 15'b 1.65 (1H, br d, 13.4)
16 5.06 (1H, d, 7.2) 513 16’a 1.58 (1H, ddd, 11.7, 11.7, 11.7) 29.5
16'b 1.80 (1H, m)
17a 1.82 (1H, m) 43.1 19 17’a 1.15 (1H, m) 233 197, 21/
17b 2.18 (1H, m) 17'b 1.90 (1H, m)
18 0.90 (3H, t, 7.4) 7.8 19 18 0.76 (3H, t, 7.4) 7.0 19
19a 1.51 (1H, m) 29.5 15, 18, 21 19a 1.21 (1H, m) 29.0 18, 21/
19b 2.08 (1H, m) 19b 1.87 (1H, m)
20 35.9 18,19, 21 20 36.4 15,18, 19a
21 4.02 (1H, s) 60.4 3,5, 15b, 19 21 3.05 (1H, br s) 70.4 3’,5'b, 15’'b, 17'a, 19'b

¢ 5 in ppm.
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Figure 2. Selected NOESY correlations for parts A and B in bisleuconothine A (1).

H-3a and H-16 and H-19a/H-21 suggested that C-15 and H-16
were o-oriented, and H-21 and an ethyl group (C-18-C-19) were
B-oriented, respectively. While in unit B, the NOESY correlations
of H-19'a/H-21’ and H-16'a/H3-18" suggested that H-16'a, C-19,
and H-21" were B-oriented. The configuration of H-2’ was eluci-
dated to be o-oriented by large 3/ coupling constant (11.7 Hz) of
H-2’ and H-16'a as shown in Table 1. Thus the relative stereochem-
istry of parts A and B was assigned as shown in Figure 2.

Total structure of 1 including absolute stereochemistry was as-
signed by X-ray analysis for the crystal of 1 obtained from MeOH/
H,0 (Fig. 3).° The absolute configurations were assigned through
the Flack parameter, y = —0.00(13)."!

A plausible biogenetic pathway for bisleuconothine A (1) is pro-
posed as shown in Scheme 1. Biogenetically, bisleuconothine A (1)
might be derived by intermolecular coupling between an iminium
carbon (C-16) in an eburnane type skeleton (A) and C-12 in an asp-
idosperma type skeleton (B).

Bisleuconothine A (1) showed a cell growth inhibitory activity
against four human cancer cell lines, HL60, HCT116, MCF7, and
A549 (ICsg values 11.0, 5.7, 9.2, and 7.0 puM, respectively). To deter-
mine the effect of 1 for cell growth inhibitory activity against
HCT116, cell cycle analysis was carried out. After treatment of 1
for 24 h, 1 induced G1 phase arrest in HCT116 in dose-dependent
manner (68.3%, 0 uM; 72.0%, 5 uM; 75.1%, 10 uM; 79.5%, 20 pM).

Figure 3. Molecular structure of bisleuconothine A (1) obtained by X-ray analysis. One H,O and two MeOH molecules are contained in the crystal [Flack parameter:

% = —0.00(13)].
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Efforts are currently underway to elucidate the mode of action for
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bisleuconothine A (1)

Scheme 1. Plausible biogenetic path for bisleuconothine A (1).

the G1 phase arrest in HCT116 cells of bisleuconothine A (1).
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