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Abstract

Oldhamine A, a novel alkaloid with an unusual cyclopentadienyl anion in the fused-pentacyclic skeleton was isolated from the twigs
of Daphniphyllum oldhami. The structure of oldhamine A was elucidated based on the spectroscopic data and the single-crystal X-ray
diffraction crystallography. It is the first X-ray diffraction of the Daphniphyllum alkaloids with nitrogen-containing two pentacyclic rings.
The inter-conversion between cyclopentadienyl anion and conjugated enolic unit was also conducted.

© 2008 Elsevier Ltd. All rights reserved.
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Daphniphyllum alkaloids are a family of diversified and
complex polycyclic natural products elaborated by the
trees of the genus Daphniphyllum."> We previously
reported several novel alkaloids from the Daphniphyllum
species.” In our continuing search for alkaloids of this
genus, one new Daphniphyllum alkaloid named oldhamine
A with an unusual cyclopentadienyl anion in the fused-
pentacyclic skeleton, together with two alkaloids, deoxy-
calyciphylline B and deoxyisocalyciphylline B, were
isolated from the extract of the twigs of Daphniphyllum
oldhami collected in Songtao County of Guizhou Province,
People’s Republic of China.

The powdered twigs (20 kg) of D. oldhami were perco-
lated three times with 75% EtOH to give a crude extract
(500 g). The extract was concentrated to dryness under
reduced pressure, followed by the partitioning between
EtOAc and 3% tartaric acid. The aqueous phase was then
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adjusted to pH 10 with a saturated Na,COj3, and extracted
with CHCI; to give crude alkaloids (18 g). The crude alkal-
oids were subjected to a silica gel column eluted with
CHCI3/MeOH (1:0-0:1), in which a fraction eluted with
CHCI3/MeOH (5:1) was chromatographed over a silica
gel column with CHCl;/MeOH (10:1) and then RP-18
(10% MeOH) to afford oldhamine A (15 mg).

Oldhamine A was isolated as an optically active ([«]}]
+118.3, ¢ 0.48 CHCI3/CH;0H 1:1) light yellow crystal
(CHCl3/MeOH/H,0, 5:1:0.04).° The molecular formula
was established as C, H,3sNO, by HR-ESI-MS (m/z
354.1698, [M-+H]", calcd: 354.1705), indicating 11° of
unsaturation. The IR absorption spectrum showed the
presence of conjugated carbonyl (1663 and 1618 cm™ ')
functionality. The compound was dissolved in CD;0OD
and then NMR experiments were carried out. All the
carbon atoms in the molecule were resolved in the '*C
NMR spectra (Table 1) as 21 carbon signals comprising
of eight sp® and one sp> quaternary carbons, four methines,
six methylenes, and two methyls. Among them, two
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Table 1

'H, 13C NMR and HMBC correlations of oldhamine A in CD;OD

No. 5t ou® HMBC (H-C)
1 196.8 s — —

2 58.6 d 3.00 (1H, d, 7.9) 1,4, 13,20

3o 272t 2.69 (1H, m) 1,2,5 18

3B 2.60 (1H, m) 1,2,4,5

4 79.5d 4.19 (1H, br d, 7.9) 2,3,5,8, 18,21
5 514s — —

6 50.0 d 2.62 (1H, m) 4,5,17,8, 12,21
Tou 63.1t 2.83 (1H, m) 18

7B 4.10 (1H, m) 4,5

8 137.6 s — —

9 1242 s — —

10 204.5 s — —

1o 395t 2.49 (1H, dd, 17.6, 5.2) 6,9, 10, 12
118 2.88 (1H, m) 6, 10, 12

120 26.6 t 2.12 (1H, m) 5,10, 11

128 1.35 (1H, br d, 11.9) 6,7, 10, 11

13 121.7 s — —

14 111.7 s — —

15 1442 s — —

160 259t 2.74 (1H, m) 14, 15

168 3.10 (1H, m) 14, 15, 17

170 68.7 t 4.29 (1H, m) 15, 16, 22

178 441 (1H, m) 15, 16, 22

18 75.0d 4.06 (1H, m) 1,3,7,20

20 20.8 q 1.55 (3H, d, 6.8) 2, 18

21 32.7q 1.51 (3H, s) 4,5,6,9

22 168.0 s — —

% Measured in 100 MHz.
® Measured in 400 MHz.

methines (dc 79.5 and 75.0) and one methylene (dc 63.1)
were ascribed to those bearing a nitrogen atom. Since eight
sp® quaternary carbons accounted for five degrees of the
unsaturation, oldhamine A was inferred to possess six
rings.

The "H-"H COSY spectrum of oldhamine A indicated
connectivity of three protonated fragments: a (C-2 to C-4
and C-18 to C-20), b (C-6 to C-7 and C-11 to C-12), and
¢ (C-16 to C-17) drawn with bold bonds in Figure 1. Com-
prehensive analyses of the HMBC spectrum indicated the
connection of the above-mentioned substructures (a—c),
as well as heteroatoms and quaternary carbon atoms.
The connectivity of C-4, C-7, and C-18 through a nitrogen
atom was assigned by the HMBC correlations of H-7a to
C-18 ( 6c 75.0) and H-7 B to C-4 ( ¢ 79.5). HMBC correl-
ations of H3-21 to C-4, C-5, and C-6 implied that C-4, C-6,

— 'H-'HCOosY
— Key HMBC correlations

Fig. 1. Selected 2D NMR correlations for A and B.

and C-21 were attached to C-5 (dc 51.4), and the correl-
ations of H-4 and H-6 to C-8 (dc 137.6) indicated the
connection between C-5 and C-8. The connections of C-8
to C-9 and C-14 and C-15 were suggested by the HMBC
correlations of H3-21 to C-9 ( dc 124.2), H,-16 to C-14
(0c 111.7) and C-15 (oc 144.2), H,-17 to C-15 (3¢ 144.2),
respectively. The connections of C-17 to C-22 and C-16
to C-15 were confirmed by the HMBC correlations of
H»-17 to C-15 (¢ 144.2) and C-22 (6¢ 168.0). HMBC cross
peaks from Hj-11 and H,-12 to C-10 (éc 204.5), which
indicated the signal of conjugated ketone, were observed.
Furthermore, the attachment of C-1 to C-2 was established
by the HMBC correlation between H-2 and C-1. However,
the resonance of d¢ 196.8 rooted in C-1 is not a convincing
evidence to distinguish between the enolic carbon and con-
jugated ketone here,>® therefore, two proposed planar
structures (A and B) with mainly difference at C-1 were
established as shown in Figure 1.

The single crystal of this compound was obtained from
CHCI3/MeOH/H,O (5:1:0.04) and an X-ray diffraction
experiment (Fig. 2)° was realized. The very similar bond
lengths (1.424 +0.026 A) of C-8 to C-9, C-9 to C-15,
C-15to C-14, C-14 to C-13, and C-13 to C-8 acquired from
the X-ray diffraction analysis supported the presence of
cyclopentadienylium anion in the system. Thus, the struc-
ture of A was unveiled. Compared to the other two cyclo-
pentadienylium zwitterion compounds macropodumine B
and daphnicyclidin L,* two five-membered rings and one
seven-membered ring contained the same N-atom. Further-
more, the B configuration at C-2, C-4, C-6, and C-18,
which was deduced from ROESY correlations of H3-21/
H-3B, H-3 B/H-2, H3-21/H-4, H3-21/H-6, H-30/H-18,
was further confirmed by the results of single-crystal
X-ray diffraction analysis.

To study whether inter-conversion could be happened
between cyclopentadienyl anion and conjugated enolic
unit, NMR experiments were performed after acid and
alkali were subsequently added. Firstly, one drop of TFA

Fig. 2. ORTEP drawing of oldhamine A. Thermal ellipsoids are shown at
the 50% probability level.
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Table 2
'H, 3C NMR and HMBC correlations of oldhamine B in CD;0D and
13C NMR of oldhamine C in CD;0D/CDCI; 9:1)

No. 5t S HMBC (H-C) ¢

1 189.3 — — 201.9
2 55.1 3.26 (1H, br d, 8.2) 1,3,4,13,18,20 59.7
30 28.5 2.75 (2H, m) 1,2,4,5 28.1
3B

4 79.2 425 (1H, br d, 6.5) 2,3,5,8, 18,21 79.3
5 51.8 — — 52.3
6 50.0 2.65 (1H, m) 4,5,7,8,12, 21 50.0
o, 63.0 2.89 (1H, m) 12, 18 64.9
7B 4.14 (1H, m) 4,518

8 145.8 — — 141.0
9 132.7 — — 123.8
10 205.1 — — 205.6
1o 39.1 2.56 (1H, dd, 16.8, 5.6) 6,9, 10, 12 40.4
11B 2.85 (1H, m) 6, 10, 12

124 25.5 2.12 (1H, m) 5,6, 11 27.8
128 1.42 (1H, m) 6,7, 10, 11

13 117.0 — — 122.4
14 113.2 — — 111.6
15 150.3 — — 143.2
160 23.8 2.75 (1H, m) 9,14,15,17,22 263
16B 3.32 (1H, m) 9,14, 15, 17, 22

170 70.6 4.55 (2H, m) 15, 16, 22 68.2
178

18 75.8 4.20 (1H, m) 1,2,3,7,20 73.7
20 20.8 1.59 (3H, d, 7.0) 2,18 25.2
21 32.0 1.55 (3H, s) 4,5,6,8,9 33.2
22 171.7 — — 167.7

% Measured in 125 MHz.
® Measured in 500 MHz.

was added in CD;0D solution of oldhamine A. In its °C
NMR spectra, 21 carbon signals were observed, including
six sp” carbon atoms, two carbonyl groups, and 13 sp* car-
bon atoms (1 x C, 4 x CH, 6 x CH; and 2 x CHj3), which
were same as those of oldhamine A. By a detailed compar-
ison of their '>*C NMR data, partial of them, especially C-
1, C-8, C-9, C-13, and C-15 shifted up or downfield up to
about 8 ppm, which were similar to those in daphnicyclidin
A, whose structure was confirmed by an X-ray diffraction

K

experiment.”® Therefore, oldhamine B (2)” was implied to
possess partial structure of daphnicyclidin A, including
conjugated cyclopentadiene moiety (C-8-C-9 and C-13-
C-15) and enolic carbon at C-1 as shown, and 2D-NMR
experiments were further confirmed by this hypothesis
(Table 2). Secondly, the above-mentioned CD;OD solution
was directly adjusted to pH 10 with a saturated Na,COs,
and subjected by Sephadex LH-20 (CH;OH) to yield oldh-
amine C (3).® Except that the ketone carbonyl at C-1 and
methyl at C-20 downfield shifted about 5 ppm, the close
similarity of the other >*C NMR data of oldhamine C to
those of oldhamine A indicated that the structure of the
former should be analogous to the latter. Under basic con-
dition, the downfield shift of C-20 was due to the lack of y-
gauche effects between H-N and CHj3-20, which existed in
oldhamine A. So, we concluded that oldhamine C should
be non-HN form of oldhamine A as shown. 2D-NMR
experiments further confirmed this character. It seemed
that the inter-transformation between conjugated cyclo-
pentadiene moiety and cyclopentadienyl anion can be con-
ducted in a pH dependent chemical environment as shown
in Scheme 2.

Biogenetically, oldhamine A might be derived from
daphnicyclidin A by two different pathways. The main dis-
tinctions were focused on the sequences of the Hofmann
degradation of C-19 and the isomerization of enolic carbon
and conjugated ketone at C-1 as described in Scheme 1.

The natural product with cyclopentadienyl carbanions,
stabilized as a zwitterion by an inner salt is structurally
unique in the class of alkaloids.*® In general, this kind of
alkaloid has high solubility in H,O and showed high polar-
ity. The cyclopentadienyl anion present in oldhamine A is
not only stabilized by the formation of an inner salt, but
also by the electron-withdrawing effect of the three
adjacent C=0 groups.” The unique structural feature of
macropodumine B, daphnicyclidin L, and oldhamine A
represents a new type of alkaloids in the genus Daphniphyl-
lum, which is also a source of challenging subjects on total
and biosynthetic synthesis.

oldhamine A

Scheme 1. Biogenetic pathway proposed for oldhamine A.



C. Tan et al. | Tetrahedron Letters 49 (2008) 3376-3379

3379

oldhamine A

oldhamine B

oldhamine C

Scheme 2. Chemical correlations between cyclopentadienyl anion and conjugated enolic unit.

The cytotoxicity assays showed that oldhamine A was
not active against the acute myelogenous leukemia (HL-
60) or human lung cancer (A-549) cell line (EDsy>
10 pg/ml).
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