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ABSTRACT

arboflorine (3)

A new indole alkaloid, arboflorine, possessing a novel pentacyclic carbon skeleton and incorporating a third nitrogen atom was obtained from
the Malayan Kopsia arborea . The structure was established by spectroscopic analysis, and a possible biogenetic pathway from a preakuammicine-

type precursor is presented.

Plants of the genu&opsia have proven to be prodigious

the structures of several alkaloids characterized by novel

sources of indole alkaloids with unusual structures as well carbon skeletons frorK. singapurensis, such as the tetra-

as useful biological activities:*® We previously reported
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cyclic quinolinic alkaloid, mersilongind.? and the novel
tetracyclic dihydroindole, mersicarpi@é The latter alkaloid

was also found irK. arborea. These alkaloids are notable
for possessing novel ring systems and are postulated to derive
from known monoterpenoid indole precursors through path-
ways involving deep-seated rearrangements and loss of key
fragments. Thus, mersilongine was proposed to be derived
from a mersinine-type precursor via successive Grob frag-
mentation and retro-Michael elimination of acrolein, followed
by an intramolecular primary aminéminium ion reactior?.

The mersinines in turn represent a new structural subclass
derived from aspidosperma-type precursoiBhe novel
carbon skeleton of mersicarpirgeon the other hand was
postulated to originate from a leuconolam/rhazinilam-type
precursor, via a sequence involving formation of a dehy-
droleuconoxine derivative followed by subsequent rearrange-
ment to a pentacyclic tertiary alcohol, incorporating a
p-lactam unitt The central 6-5—7 ring system present in

(16) Awang, K.; Sevenet, T.; Hadi, A. H. A.; David, B.; Pais, M.
Tetrahedron Lett1992,33, 2493.



mersicarpine as well as in the proposed key intermediate i A RDADEEEE

aI;o found in the halogenated marine alkaloids, chartella- tah1e 1. *H andC NMR Spectral Data 08?
mides A and B, from the marine bryozoaBhartelle

papyraced’ We now report the structure and possible position dc O
biogenetic origin of another unusual indole alkaloid from 2 131.7
K. arborea arboflorine 3, characterized by a novel ring 3a 45.9 2.90 m
system and incorporating a third nitrogen atom. Previous 3£ 2.82td (11.9,3.8)
examples of indole alkaloids frodopsiaincorporating a Sa 56.3 3.01m
) : ) o 58 3.44m
third nitrogen atom include the mersingifesand the 6 9216 314m
7 113.0
8 127.8
N 9 117.6 7.48d(7.8)
OH 10 119.2 7.09 td (7.8, 1.2)
N 11 121.7 7.15td (7.8, 1.1)
o 12 111.0 7.32d (7.8)
13 134.2
1 2 148 25.6 2.25 br d (16.5)
14a 2.61m
15 120.8 5.92 br d (2.7)
16 42.0 4.12brd (9.4)
17 1711
18 18.1 1.37d (6.4)
19 49.6 4.04 br q (6.4)
20 133.6
Arboflorine, 3, was obtained as a minor alkaloid from the 21 59.2 4.30 br d (9.4)
basic fraction derived from the EtOH extract of the stem  VH (indole) 9.74 brs
bark of K. arborea following repeated chromatographic NH (lactam) 6.11brs
fractionation (colorless olil, yield ca. 0.4 mgKg[o]p +71 2 CDCls, 400 MHz.

(c0.07, CHCHY)). The UV spectrum (EtOH) showed typical
indole absorptions at 224, 283, and 291 nm, whereas the IR

spectrum showed bands at 3393 and 1651¢suggesting a pair of AB doublets are seen@#4.30 and 4.12 withl =

the presence dfiH and lactam functionalities, respectively. 9.4 Hz, and the observed carbon shift associated with the
The EIMS of 3 showed a molecular ion ah/z 307 (base lower field doublet is at) 59.2, indicating that this two-
peak), the odd mass indicating the presence of a third carbon CHCH fragment is branched from a nitrogen. This
nitrogen. This was confirmed by HREIMS which revealed was also supported by the COSY and HMQC spectra which
the molecular formula, H»1NzO, requiring 11 degrees of  also revealed the presenceNE€H,CH,, NCH,CH,CH=C,
unsaturatiorf! A prominent fragment peak due to loss of a and CHCH fragments, in addition to the four contiguous
methyl was seen ah/z292. aromatic hydrogens.

The*C NMR spectrum (Table 1) gave a total of 19 carbon  Analysis of the!H and*3C shift values (Table 1) allowed
resonances (one methyl, four methylenes, eight methines,recognition of the aminoethylene fragment as corresponding
and six quaternary carbons) in agreement with the molecularto the C(5)-C(6) unit, which was supported by the observed
formula. The eight carbon resonances of the indole moiety HMBC correlations from H(5) to C(7) and from H(6) to C(2),
could be readily assigned from considerations of their C(8). In a similar manner, thdCH,CH,CH=C andNCHCH
chemical shifts and were confirmed from examination of the fragments correspond to the C{3}(14)-C(15)-C(20) and
HMBC spectrum. The quaternary carbon resonancé at C(21)-C(16) units, from the observed correlations from H(3)
171.4 was assigned to the lactam carbonyl, leaving two otherto C(5) and from H(5) to C(21), respectively. The observed
downfield carbon signals (d433.6 and 120.8) which are correlations from H(21) to C(2) and from H(16) to C(7)
attributed to a trisubstituted double bond. TH¢ NMR allowed assembly of the seven-membered ring incorporating
spectrum indicated an unsubstituted aromatic ring; two broad N(4), which is fused to the dihydroindole moiety. The
NH peaks a 9.74 and 6.11, the former due to the indolic attachment of the CHCiHragment to the quaternary C(20)
nitrogen from the observed three-bond correlation to C(7) is indicated by the correlation from the methyl H(18) to C(20)
and C(8) in the HMBC spectrum; a vinylic H, seen as a broad and from H(15) to C(19). This left the lactam function to be
doublet at 5.92; and a methyl doublet &t1.37. In addition, inserted to complete the formation of the fifth ring as required
by the molecular formula. The linkage of the lactam carbonyl

(17) Anthoni, U.; Bock, K.; Chevolot, L.; Larsen, C.; Nielsen, P. H.; 16) is shown he two-bon rrelation hi rbon
Christophersen, Cl. Org. Chem1987,52, 5638. to C(16) is sho by the two-bond correlation to this carbo

(18) Kam, T. S.; Yoganathan, K.; Chen, W.Nat. Prod 1996,59, 1109. from H(16) and three-bond correlations from the lactsbh

(19) Kam, T. S.; Yoganathan, Khytochemistryl 997,46, 785. to C(16) and C(20). The complete assembled structure is in
We(gt?a,’:g?g,’\??f_’yﬁéh(’;e,?;ghtag25582’5%'5 gj‘%’g?’ A-H:Rainey, T.J5 complete agreement with the remaining HMBC data (Figure

(21) HREIMS foundm/z307.1682 (calcd for GH21NzO, 307.1685). 1).
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indole. One possible pathway to arbofloriBes presented
in Scheme 1.

Scheme 1. Possible Biogenetic Pathway &
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A plausible precursor is the diester derivative of preakua-
mmicine, 4, which undergoes a Grob-like fragmentation to
Figure 2. Selected NOEs 8. the iminium ion,S. . o .

Isomerization leads to a conjugated iminium ion, which
on conjugate addition by ammonia gives the tetracyclic

H(19) requires both of these hydrogens to be syn with respect2Mine,6. A retrovinylogous Mannich reaction then follows

to each other. A NOE was not observed between H(16) andt0 give the enolat&, which on subsequent ring closure via
H(21) but was seen for H(16)/Hgp and H(16)/H(3B). The  an intramolecular Mannich reaction gives the tetracyclic
stereochemistries of the C(3) hydrogens can be independentlynqmey& with an amine-containing side chain. D_ecarboxy-
established from the observed trans-diadigl 14, coupling lation, foIIo_vved by aminolysis, leads to the novel ring system
of 12 Hz and the NOE between H(@¢and the olefinic of arboflorine3.

H(15). In addition, the observed NOE between the lactam  Acknowledgment. We would like to thank the University
NH and both H(19) and H(21) allowed the stereochemistry of Malaya and IRPA for financial support. Mass spectral
of the nitrogen lone pair to be inferred. Other NOEs are in measurements were carried out by Dr. Noel Davies at OIC

perfect agreement with the proposed structure as well as theprganic Mass Spectrometry, University of Tasmania,
relative configuration for arboflorine as shown3n Tasmania, Australia.

The structure of arboflorine is notable on two counts. First,
it represents a new subclass of monoterpenoid indoles wit
a novel pentacyclic carbon skeleton. A second and unusua
feature is the incorporation of a third nitrogen atom embed-
ded within a tryptamine-secologanin-derived monoterpenoid OL060348K

h Supporting Information Available: NMR spectral data
Iof arboflorine 3. This material is available free of charge
via the Internet at http://pubs.acs.org.
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