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Danuphylline, a novel pentacyclic indole from Kopsia
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Abstract : A novel pemacychc indole alkaloid, danuphylline, was obtained from the leaf-extract of
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In the course of an investigation of the alkaloidal composition of the North Bomeo species, Kopsia
darymchis,} we obtained minor amounts of a new indole alkaloid, danuphylline, which possesses a novel

pentacyclic carbon framework.

Danuphylline 1 was obtained in amorphous form, [o]p -30° (CHCI3, ¢ 0.067). The UV spectrum

showed absorption maxima at 214, 225, 248, 283 and 293 nm (log £ 3.95, 4.13,

3 3
vely) typical of a dihydroindole chromophore, while the IR spectrum showed bands due to various
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carbonyl functions (1720 cm’™’, broad; 1669 c¢m' ). The EIMS of 1 showed a molecular ion at m/z 470 with
other significant fragment peaks at m/z 411 (M - COMe, basc) and 383 (M - CO;Me - CHy=CH»). HREIMS

measurements gave the formula Cp4Hy6N»2Og. The BC NMR spectrum showed a total of 24 carbon
resonances, in agreement with the formula derived from the molecular ion. The 'H and "’C NMR spectral data

(Table 1) showed the presence of a methylenedioxy substituent at carbon-11 and -12 (an AB doublet at 3y

165.7; IR 1669 cm™).’ COSY and HMQC experiments revealed the presence of the following partial
structures, viz., 2 isolated methylene groups, a CCH2CH7C unit and a CCH2CH>CH,N fragment. The NMR

data indicate that compound 1 possesses some of the features common to a basic aspidofractinine skeleton
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and is in some respects Simil

2 (see Table 1) which ig the maior
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alkaloid present in the leaves, and which has been obtained previously from various Kopsia species."s There
are however some notable differences. One major difference is the absence of signals due to the C(5)-C(6) unit

and the appearance instead of an additional isolated methylene which is adjacent to a carbonyl function (8y

2.40, 2.74). That this methylene (C-6) is bridged by a ketonic function (C-16) to another isolated methylene
(C-17) is indicated by the observation in the COSY spectrum of long range coupling (*J, W) from one of the
H-6 to one of the H-17. Except for this long range coupling, and the expected geminal coupling, the
hydrogens of both the C-6 and C-17 methylenes show no other coupling to any adjacent proton, providing

confirmation that they are linked to quaternary centres. The direct attachment of the C-6 methylene to C-7 is
supported by the correlation from C-7 to H-6 in the HMBC spectrum. Likewise, 2 similar correlation from
2 1
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C-20 to H-17 confirmed the direct attachment of the C-17 methylene to the quaternary C-20. Another major
difference shown by compound 1 when compared with 2 is the appearance of a formamide function (8y 6.68,

oc 165.7),3 which from the HMBC data is deduced to be at position-5 (3J , C-5 to H-3, H-21). The location



5825

of a formamide function at position-5 is also consistent with the unusual deshielding observed for H-3p (8y

4.57) as a result of the anisotropy due to the proximate formamide carbony! function, which has been observed

previously in other compounds.6 These observations and other correlations from HMBC experiments (Table 1)

suggest structure 1 for the new compound which represents a novel skeletal arrangement in which a new
6-membered ring incorporating C-7, -6, -16, -17, -20 and -21 has been formed by cleavage of the C-5/C-6
bond of the precursor compound 2. Compound 1 can thus be considered a “seco-methylchanofruticosinate”

and represents the first member of this novel group obtained as a natural product. Irradiation of the H-21

resonance causes NOE enhancement of the formamide resonance and vice-versa, indicating that the H-21 and
the N-4 lone pair are now in a trans arrangement, in contrast to the conformation adopted in other

aspidofractinine compounds such as kopsingine’ and the methylchanofruticosinate 2.*

Table 1. 'H and C NMR Spectral Data’ for 1 and 2°

) HMBC (1) 3
Position  §.(2) 3.(1) 3y (1) J J
2 76.0 79.1 - 6, 19
3o 46.5 34.7 270 m i4 5,15 21
3B - - 4.57 dd (14.5, 9.5) - -
3 52.5 165.7 6.68 s - 3,21
60 555 353 240brd (17) - 7, 21
) - - 2744 (17) - -
7 584 54.5 - 6, 21 9, 18
8 129.1 125.0 - 9 6, 10, 21
9 116.9 117.0 6.35d (8) - -
10 103.4 103.6 6.56 d (8) - -
i1 149.0 150.4 - i0 9, OCH20
12 1339 1349 - - 10, OCH20
13 124.1 124.9 - - 9
14a 17.5 19.3 1.73m 3,15 -
14b - - 185 m - -
15a 353 29.6 1.29 dt(13.5,9) 14 3,17
15b - - 1.65m - -
16 208.1 206.7 - 6, 17 -
17a 43.1 46.1 2.48 d (20) - 6,15, 19,21
17b - - 2,724 (20) - -
i8a 235 23.0 2.36 ddd (16.5, 12, 8) i9 15
18b - - 3.28 dt (16.5, 3.5) -
19a 34.9 394 1.65m 18 17
19b - - 1.65m - -
20 36.0 34.5 - 15, 17,19, 21 -
21 68.5 61.5 3.38s - 3,5,6,15, 19
OCH,0 i00.7 100.9 5974 (1.5);6.02d(1.5) - -
NCOyMe 52.6 53.1 3.88s - -
NCOMe 1530 153.4 . - OMe
CO2Me 53.0 53.0 363 s - -
COpMe 170.9 170.2 ; - 18, OMe

aCDC13, 400 MHz; assignments based on COSY, HMQC, HMBC and NOE; b”C NMR data only
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Examination of models indicates that there should be considerable hindrance o free rotation about the

formamide C-N bond due to the proximity of the formamide function to the aromatic ring.ﬂ Rotation about the

("N hand wanld recnlt in cavara rannlcive intarartinne ac the r_alactrnn dancitu nf tha farmamida C—N) ae wall
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as that of the 2 lone-pairs of the oxygen brought into unduc proximity with the n-electron density of the
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aromanc gysiem. ror thy, Ac 1eason a prelerred coniormau appears 0 nave oeen ago ped such hatl e
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placed within the shielding zone of the aromatic ring current, thus accounting for the unusually high field
resonance observed for the formamide-H. Additional confirmation of the structure is provided by reduction
(NaBH,/MeOH, 3 h, 30 °C) of 1 which yielded a single product 3. The hydroxymethyl protons of 3 are
clearly seen as a pair of AB doublets (8 3.21, 3.84; 7 10.6 Hz) as is the H-16 oxymethine which is seen as a

doublet of doublets at 6 4.32 (J 9, 7 Hz). The correlations observed from the hydroxymethyl protons to C-2

(30) as well as to C-7 and C-18 CJ) provided confirmation for the attachment of the ester function at C-2 in
danuphylline 1. Furthermore, the three bond correlation from H-16 to C-7 and C-20 in the HMBC spectrum of

3 provided further confirmation for the location of the C-16 carbonyl function in danuphylline 1.
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A possible origin of this ring-opened alkaloid™ is from the methylchanofruticosinate 2 which on
oxidation provides the iminium ion 4. Hydrolysis of this iminium ion 4 gives, the presumably unstable
carbinolamine 5, which could then undergo a retro-aldol-type reaction to provide the seco-compound,
danuphylline 1. We have succeeded in realising such a biomimetic conversion of 2 to 1 based on the above
proposal via the electrochemically-generated iminium ion 3'° which will be reported in a forthcoming

submission.
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