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a b s t r a c t

Alstorisine A (1), a novel nor-monoterpenoid indole alkaloid with 6/5/6/6 fused-ring system, regarded as
a key intermediate from melodinine E to mersicarpine, was isolated from the cecidogenous leaves of
Alstonia scholaris. Its structure was identified on the basis of extensive spectroscopic analysis and the
comparison of experimental and calculated ECDs. A plausible biogenesis was also postulated.

� 2016 Elsevier Ltd. All rights reserved.

Plants defend against insect herbivory for their survival, while
some insects spawn on the leaves instead of feeding them immedi-
ately so that their eggs can survive by sojourn in these leaves. Then,
some special tissues more like tumor came into being, which were
called galls and were induced by gall-formers such as insects and
fungi on host plants. The chemical constituents of the cecidoge-
nous plants may have some difference with the normal ones.1 Dur-
ing the years of observation on Alstonia scholaris, we found that the
leaves of A. scholaris may suffer galls on surface.2 We wondered
whether the constituents would have some changes due to the
galls on the leaves. This inspired us to compare the difference
between normal leaves and cecidogenous leaves. The HPLC finger-
print analysis of the extracts of two forms showed some obvious
difference, that is, the contents of the main components changed
and some trace compositions were produced (see Fig. 1 and Sup-
plementary data). More importantly, cecidogenous leaves of A.
scholaris seem not to have been studied chemically before. Moti-
vated by the interesting phenomenon, intriguing architectures,3,7

and bioactivities4 of monoterpenoid indole alkaloids in this plant,
a phytochemical study of the cecidogenous leaves was carried
out. As a result, a nor-monoterpenoid indole alkaloid, alstorisine

A (1) with a 6/5/6/6 fused-ring system was isolated. Furthermore,
it was not distributed in healthy leaves, but appeared equally both
in galls and the normal part of cecidogenous leaves at a concentra-
tion of 3 lg/g, which was indicated by LC–MS quantitative analysis
(see Supplementary data). In alstorisine A, a carbon (C-5) of the
skeleton was degraded compared to melodinine E, scholarisine G,
and leuconoxine, which have attracted much attention for their
total synthesis and asymmetric cascade catalysis.5 Zhu and co-
workers developed a unified strategy for the enantioselective syn-
thesis of leuconolam-leuconoxine-mersicarpine subfamily of Aspi-
dosperma alkaloids, while melodinine E served as springboard to
reach leuconoxine, leuconodine A, leuconodine C, leuconodine F,
and leuconolam.5g Then, alstorisine A (1) could be regarded as a
key intermediate from melodinine E to mersicarpine.5g Besides,
20 known compounds were also isolated and identified as 4-
aminobenzylamine, 3-(aminomethyl)-benzoic acid, (Z)-16-
formyl-5a-methoxylstrictamine,6 5a-methoxylstrictamine,7

picralinal,8 picrinine,8 (+)-geissoschizine,9 (+)-vincadifformine,10

strictamine,11 vallesiachotamine,12 isovallesiachotamine,12 valle-
samine,13 akuammidine,14 tubotaiwine,15 tubotaiwine N-oxide,16

burnamine,17 scholarine,18 (19R)-scholaricine,19 (19S)-scholar-
icine,19 and hedyotisol-A.20 The new compound was tested for its
bioactivity of regulating hippocampal neural stem cells (NSCs) pro-
liferation in vitro. Reported herein is the isolation, structural eluci-
dation, and proposed biogenic pathway of 1.

http://dx.doi.org/10.1016/j.tetlet.2016.03.022
0040-4039/� 2016 Elsevier Ltd. All rights reserved.

⇑ Corresponding authors. Tel.: +86 871 65223177.
E-mail addresses: ztding@ynu.edu.cn (Z.-T. Ding), xdluo@mail.kib.ac.cn

(X.-D. Luo).

Tetrahedron Letters 57 (2016) 1754–1757

Contents lists available at ScienceDirect

Tetrahedron Letters

journal homepage: www.elsevier .com/ locate / tet let

http://crossmark.crossref.org/dialog/?doi=10.1016/j.tetlet.2016.03.022&domain=pdf
http://dx.doi.org/10.1016/j.tetlet.2016.03.022
mailto:ztding@ynu.edu.cn
mailto:xdluo@mail.kib.ac.cn
http://dx.doi.org/10.1016/j.tetlet.2016.03.022
http://www.sciencedirect.com/science/journal/00404039
http://www.elsevier.com/locate/tetlet


Air-dried and powdered leaves with galls of A. scholaris (10 kg)
were extracted three times with MeOH under reflux conditions and
the solvent was evaporated in vacuo. The extract was dissolved in
0.3% HCl, and the solution was filtrated and subsequently basified
to pH 9–10, using ammonia. The solution was partitioned with
EtOAc, affording aqueous and EtOAc phases. The EtOAc fraction
(113 g) was chromatographed on a silica gel column, eluting with
CHCl3–MeOH [from 30:1 to 0:1], to afford seven fractions (I–VII).
Fraction II (18.5 g) was subjected to a preparative reversed phase
C18-MPLC column with a gradient flow of 30–80% (v/v) aqueous
MeOH to yield six subfractions II-1–II-6. Subfraction II-5 (2.1 g)
was further separated by silica gel to get the subfraction containing
the target molecule. Compound 1 (20 mg) was purified from this
subfraction via Prep-TLC using CHCl3–MeOH (15:1) as an eluent.

Compound 121 (Fig. 2) was isolated as a white amorphous pow-
der and gave a positive reaction with Dragendorff’s reagent. Its
molecular formula was obtained as C18H22N2O2 by HRESIMS (m/z
299.1756 [M+H]+) in association with 1H and 13C NMR data, which
indicated 9 degrees of unsaturation. Its IR spectrum showed char-
acteristic absorption bands at 3432 cm�1 for hydroxyl group,
1631 cm�1 for lactam group, and 1474 and 1099 cm�1 for an aro-
matic ring. The UV spectrum showed absorption maxima charac-
teristic of b-anilinoacrylate chromophore (337, 264, 245, and
210 nm).22 The 1H NMR spectrum revealed the existence of a
1,2,4-trisubstituted benzene ring [dH 6.92 (1H, d, J = 2.3 Hz, H-9),
6.80 (1H, dd, J = 8.7, 2.3 Hz, H-11), 8.14 (1H, d, J = 8.7 Hz, H-12)].
The correlations of dH 8.14 (d, J = 8.7 Hz, H-12) with 6.80 (dd,
J = 8.7, 2.3 Hz, H-11) in the 1H–1H COSY spectrum, as well as the

correlations of dH 6.92 (d, J = 2.3 Hz, H-9) with dC 142.2 (C-7) in
the HMBC spectrum, suggested that C-10 (dC 153.6) was substi-
tuted by a –OH function. The 13C NMR (BB and DEPT) spectra of
1 displayed a total of 18 carbon resonances which were assigned
to one methyl (dC 7.2), seven methylenes (dC 105.8, 39.3, 30.7,
29.3, 27.1, 23.9, and 20.2), three methines (dC 119.2, 116.9, and
107.1), and seven quaternary carbons (dC 169.2, 153.6, 142.2,
135.5, 128.8, 84.8, and 37.2) (Table 1). The spectral data as well
as a series of monoterpenoid indole alkaloids (MIAs) isolated from
A. scholaris suggested that 1 might be a MIA derivative. Unlike the
other intact MIAs, in the HMBC spectrum of compound 1, the cor-
relations from dH 5.69 (s, Ha-6) and 5.29 (s, Hb-6) to dC 128.8 (C-8),
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Figure 1. Fingerprint of the tested samples (black: total alkaloids from the cecidogenous leaves of A. scholaris; red: total alkaloids from the normal leaves of A. scholaris).
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Figure 2. Structure of alstorisine A (1).

Table 1
1H (600 MHz), 13C (150 MHz) NMR, and HMBC data of 1 (d in ppm) in CDCl3

No. 1H, mult. (J Hz) 13C, type HMBC

2 169.2, s
3 3.11, td (12.1, 3.3) 39.3, t 15, 21

2.75, overlap
6 5.69, s 105.8, t 7, 8, 21

5.29, s
7 142.2, s
8 128.8, s
9 6.92, d (2.3) 107.1, d 7, 10, 11, 13
10 153.6, s
11 6.80, dd (8.7, 2.3) 116.9, d 9, 10, 13
12 8.14 d (8.7) 119.2, d 8, 10, 13
13 135.5, s
14 1.87, overlap 20.2, t 20

1.55, m
15 1.86, overlap 30.7, t 3, 14, 17, 19, 20, 21

1.74, m
16 2.74, overlap 29.3, t 2, 17, 20

2.46, m
17 2.75, overlap 23.9, t 2, 15, 19, 20, 21

1.48, m
18 0.79, t (7.5) 7.2, q 19, 20
19 1.44, q (7.5) 27.1, t 15, 17, 18, 20, 21

1.37, q (7.5)
20 37.2, s
21 84.8, s
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