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ABSTRACT: A new monoterpene indole alkaloid charac-
terized by an unprecedented pentacyclic cage skeleton,
arboridinine (1), was isolated from a Malaysian Kopsia species.
The structure and absolute configuration of the alkaloid were
determined based on NMR, MS, and X-ray diffraction analysis.
A possible biogenetic pathway from a pericine precursor is
presented.

lants of the genus Kopsia (Apocynaceae) are distributed

mainly over Southeast Asia, India, China, and Australia,
with the majority of the species concentrated in Southeast Asia.
Of these, about 16 species occur in Malaysia.l’2 Plants
belonging to this genus are rich in indole alkaloids, and the
Malaysian representatives in particular have proven to be
prodigious sources of novel alkaloids with unusual or intriguing
carbon skeletons and interesting biological activity.” Some
examples of such alkaloids characterized by challenging
polycyclic skeletons, and previously isolated by us from Kopsia,
include the pentacyclic, three nitrogen containing, arboflorine,*
the caged arbophylline,> the antimelanin biosynthesis alkaloids,
pauciflorines A and B,® and the curious tetracyclic alkaloid,
mersicarpine, constituted from fusion of a dihydroindole, a
seven-membered cyclic imine, and a J-lactam moiety.” The
latter two alkaloids especially have been the subject of a number
of successful syntheses.> In continuation of our studies on the
Malaysian members of this genus, we investigated the alkaloid
content of K. arborea Blume and herein report the isolation and
structure determination of a new pentacyclic monoterpenoid
indole alkaloid, arboridinine (1), characterized by an
unprecedented molecular skeleton and derived from a pericine
precursor.

Arboridinine (1) was initially obtained as a colorless oil and
subsequently crystallized from CH,Cl,/hexanes as colorless
needles, mp 190—191 °C, [a]*, +205 (CHCl,, ¢ 0.23). The IR
spectrum showed an OH absorption band at 3280 cm ™', while
the UV spectrum showed characteristic indolenine absorption
maxima at 222 and 251 nm (log & 3.71 and 3.28
respectively).'®® The ESIMS showed an [M + HJ* peak at
m/z 295, and HRESIMS measurements established the
molecular formula as C,oH,,N,0.""

The '"H NMR data (Table 1) showed the presence of four
aromatic resonances (5 7.15—7.55), two singlets at § 5.05 and
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5.06, which are attributed to the methylene hydrogens of an
exocyclic double bond, and two methyl groups at 6 0.39 (d, J =
7 Hz) and 1.51 (s). The *C NMR data (Table 1) showed a
total of 19 carbon resonances, comprising two methyl, five
methylene, five methine, two tertiary carbons linked to the
indolic nitrogen (corresponding to C-2 and C-13), one
hydroxyl-substituted tertiary carbon (§ 73.7), and four
quaternary carbon atoms.

The resonance at 6 189.1 is typical of an imine carbon and is
therefore assigned to C-2, while the other downfield carbon
resonance observed at 6 153.3 was due to the quaternary
carbon (C-15) of an exocyclic double bond, with the signal at
105.0 attributed to the corresponding geminal carbon (C-14).
The carbon resonances of the indole unit can be readily
assigned based on analogy with other alkaloids with an
indolenine chromophore,'® and these assignments were readily
corroborated by NOE and 2D NMR data (Figures 1 and 2). It
is to be noted that, of the two methyl resonances, the doublet at
0 0.39 was significantly shielded compared to the other, which
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Table 1. 'H and "*C NMR Spectroscopic Data of
Arboridinine (1)“

H/C 3¢ On
2 189.1 -
3 62.3 3.09 d (14)
3.11d (14)
Sa 53.0 3.20 ddd (15, 10, 5)
Sp 3.46 ddd (15, 10, 5)
6a 34.1 1.57 ddd (15, 10, 5)
6p 2.32 ddd (15, 10, 5)
7 61.5 -
8 145.4 -
9 122.0 7.15 d (7.5)
10 125.6 7.18 t (7.5)
11 127.6 726 td (7.5, 1)
12 120.9 7.55d (7.5)
13 152.8 -
14b 105.0 505 s
14a 5.06 s
15 153.3 -
16 49.3 -
17 18.1 151s
18 12.6 039 d (7)
19 48.3 2.59 q (7)
20 73.7 -
21a 66.2 326 d (13)
218 3.36 d (13)

aCDCl,, 600 MHz.

= COSY + ™~ HMBC
Figure 1. COSY and Selected HMBCs of 1.

Figure 2. Selected NOEs of 1.

was observed as a singlet at 6 1.51, an observation that would
turn out to be of significance in the assignment of
stereochemistry (vide infra).

The COSY spectrum (Figure 1) showed two partial
structures, a NCH,CH, and a CH;CH fragment, in addition
to the four contiguous aromatic hydrogens. Two isolated
methylenes were observed, one at § 3.09 and 3.11 (J = 14 Hz,
5¢ 62.3), and the other at § 3.26 and 3.36 (J = 13 Hz, ¢ 66.2).
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The 'H and "*C chemical shifts indicate that these methylenes
are linked to N-4. Likewise, the methyl singlet at § 1.51 (5
18.1) indicated its attachment to a quaternary carbon. The
remaining fragments include the exocyclic double bond and an
OH attached to a tertiary carbon at o 73.7.

The assignment of the NCH,CH, fragment to C-5—C-6 was
supported by the three-bond correlation from H-6 to C-2 in the
HMBC spectrum (Figure 1) and by the observed NOE for H-
9/H-6. The observed three-bond correlation from H-5 to C-21
(and H-21 to C-5), and from H-S to C-3 (and H-3 to C-5),
provided further support for the attachment of these isolated
methylenes (C-3 and C-21) to N-4. The three-bond
correlations from the methyl singlet at § 1.51 to the indolenine
C-2, C-3, and the olefinic C-15 indicated its attachment to the
quaternary C-16, which is also consistent with the observed
three-bond correlation from the exocyclic methylene hydrogens
to C-16. The oxygenated C-20 is linked to the olefinic C-15
(from the observed three-bond correlation from H-14 to C-20),
constituting part of a tertiary allylic alcohol fragment
incorporating the C-14—C-15 exocyclic double bond. It
remains only to insert the CHCHj; fragment, and this is readily
achieved from the observed three-bond correlations from the
18-methyl to C-7 and C-20, which require the methine C-19 to
intervene between C-7 and C-20. This results in the formation
of the remaining six-membered ring and completion of the
assembly of this novel ring system.

The structure and relative configuration at the various
stereogenic centers are entirely consistent with the NOE data
(Figure 2). The previously noted unusual shielding of Me-18 is
consistent with its S-disposition, which places it within the
shielding zone of the indole moiety. The C-20 hydroxyl group
and the methyl group attached to C-16 (Me-17) are both by
necessity f-oriented as a consequence of the geometry imposed
by the cage structure. These conclusions are supported by the
observed NOEs. The reciprocal NOEs seen for Me-18/H-14a
(6 5.06) and Me-17/H-14b (5 5.05) indicated their common S-
orientation. NOEs were observed between H-9 and both H-6,
with one (8 2.32) stronger than the other (6 1.57).
Examination of models indicated attribution of the former to
H-6f and the latter to H-6a. These NOEs also define the
relative configuration of C-7. The NOEs observed for H-63/H-
19 and H-19/H-21 require these axially oriented hydrogens (H-
6f3, H-19, and H-21p) to be directed into the same face of the
upper azepane ring, which is in turn consistent with the -
orientation of the C-20—OH group.

The structure of arboridinine (1), established by detailed
examination of the spectroscopic data, was also verified by X-
ray diffraction analysis, since suitable crystals were obtained.'?
Arboridinine (1) crystallized in the orthorhombic system with
space group P2,2,2,. The molecular structure was solved by
using the program SHELXT and refined to a discrepancy index
of 3.1%." Although the structure contains no heavy atoms
(>Si), and Mo Ka radiation was used as the X-ray source, the
absolute configuration could be established using the X-ray
diffraction methodology described recentlgf by Escudero-Adan
et al.'* The Flack,"® Hooft,'® and Parsons'’ parameters were x
= 0.0(2), y = 0.0(2), and z = 0.0(2), respectively. For the
inverted structure, the Flack, Hooft, and Parsons parameters
were x = 1.0(2), y = 1.0(2), and z = 1.0(2), respectively, from
which it follows that the correct enantiomer is the one depicted
in Figure 3

The structure of arboridinine represents a new and
previously unknown skeleton of the monoterpenoid indoles.
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Figure 3. X-ray crystal structure of 1.

The polycylic ring system results in a novel as well as
aesthetically pleasing caged architecture, the cage moiety
circumscribed by two azepane, cyclohexyl, and piperidine
rings. A plausible biogenetic pathway is shown in Scheme 1

Scheme 1. A Possible Pathway to 1 from 2

from a pericine precursor (2), which on oxidation of the
ethylidene double bond furnishes the epoxide 3, which was
subsequently followed by nucleophilic attack by the electron-
rich indole C-7 at C-19, forging the six-membered ring,
incorporating the Me-18 substituent in the polycyclic imine
alcohol 4. Reduction (via conjugate addition of hydride) gives
the enamine 5. Installation of a suitable leaving group on N-4,
followed in turn by a Grob-like fragmentation as shown, leads
to the tetracyclic iminium intermediate 6, which on subsequent
intramolecular attack by the enamine gives the desired alkaloid,
arboridinine (1). This pathway also leads to the correct
absolute configuration of 1 as established by X-ray analysis
(vide supra).

Compound 1 did not show any appreciable cytotoxicity
against both drug-sensitive as well as vincristine-resistant KB
cells, but showed a moderate concentration dependent
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relaxation effect on phenylephrine-induced contraction in
isolated rat aortic rings (ECsy 4.98 uM, E,., 60.6 + 7.8%; cf.
isoprenaline, ECs, 0.08 uM, E,.. 79.7 + 4.2%).'®

B ASSOCIATED CONTENT
© Supporting Information

Experimental procedures, 1D, 2D NMR, HRESIMS spectro-
scopic data, and X-ray crystallographic data (CIF) of 1. The
Supporting Information is available free of charge on the ACS
Publications website at DOI: 10.1021/acs.orglett.5b01757.
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