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Abstract—A novel Daphyniphyllum alkaloid, Daphlongeramine A (1) with a unique fused octacyclic skeleton, together with a quite
recently reported alkaloid Paxdaphnine A (2), were isolated from the fruits of Daphniphyllum longeracemosum. The structures were
elucidated on the basis of spectroscopic data.
� 2007 Elsevier Ltd. All rights reserved.
Daphniphyllum alkaloids, with structurally diversified
and complex polycyclic skeletons,1,2 have been a chal-
lenging target for total synthesis3 as well as biosynthe-
sis.4 Heathcock and his co-workers proposed a
biosynthetic pathway for Daphniphyllum alkaloids and
demonstrated a biomimetic total synthesis of several
Daphniphyllum alkaloids.3 Although a series of Daphni-
phyllum alkaloids have been isolated by Kobayashi,2d–o

Jossang,5 Yue,6 Bodo,7 Hao2b,c,8 and their co-workers, it
is still meaningful to find unique skeleton alkaloids for
the investigation of biogenetic pathway.

Recently, several new Daphniphyllum alkaloids have
been isolated from Daphniphyllum longeracemosum by
Yue6a and Hao.2b,8b In our continuing search for struc-
turally and biogenetically interesting Daphniphyllum
alkaloids, a new Daphniphyllum alkaloid with novel ring
system together with a very recently published one were
isolated from the fruits of D. longeracemosum Rosenth.
In this Letter, we describe the isolation and structure
elucidation of 1 and 2.

The fruits of D. longeracemosum were extracted with
95% EtOH, and the crude extract was adjusted at pH2
with 2% HCl. The acidic mixture was defatted with
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petroleum ether (PE), followed by extraction with
CHCl3. Water-soluble materials, which were roughly
alkalinized to pH10 with 3% NaOH, were exhaustively
extracted with CHCl3. CHCl3-soluble materials were
subjected to a silica gel column (CHCl3/MeOH,
1:0!0:1), from which a fraction eluted with CHCl3/
MeOH (20:1) was chromatographed over a series of
silica gel (PE/Et2NH and CHCl3/MeOH) to afford
Daphlongeramine A (1, 0.00012%) and Paxdaphnine
A (2, 0.00036%).

Daphlongeramine A (1) was isolated as an optically
active, ½a�25

D �39.4 (c 0.14, CHCl3), colourless solid.
The molecular formula was established as C27H35NO5

by HR-ESI-MS (m/z 454.2586, [M+H]+, calcd
454.2593), with 11 degrees of unsaturation. The IR spec-
trum implied the presence of hydroxyl (3423 cm�1) and
carbonyl (1735 cm�1) functionalities, and UV absorp-
tion band was observed at 240.8 nm (log e 3.56). Compre-
hensive analysis of 1H and 13C NMR data suggested 27
carbon signals, which were classified into 8 quaternary
carbons (5sp3, 3sp2), 6 methines, 11 methylenes and 2
methyls. Among them, one methylene (dC 50.1), one
methylene (dC 71.8), and one quarternary carbon (dC

77.0) were supposedly ascribed to those attaching to a
nitrogen atom. Moreover, one methine (dC 68.5) and
one quarternary carbon (dC 86.1) were connected to an
oxygen atom. In addition, two methines (dC 107.3 and
108.1) and two quarternary (dC 153.9 and 154.7) indi-
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Table 1. 1H and 13C NMR data of Daphlongeramine A (1) in C5D5N
at 400 MHz

No. dH dC

2 — 77.0 s
3a 1.65 (1H, m) 31.2 t
3b 2.45 (1H, m)
4a 1.38 (1H, m) 36.8 t
4b 1.49 (1H, m)
5 — 49.2 s
6 1.54 (1H, m) 42.8 d
7a 3.37 (1H, d, 15.3) 50.1 t
7b 3.68 (1H, m)
8 — 64.1 s
9 — 68.8 s
10 — 86.1 s
11a 1.46 (1H, m) 31.9 t
11b 1.69 (1H, m)
12 1.97 (2H, m) 29.1 t
13a 1.62 (1H, m) 28.2
13b 2.51 (1H, t, 13.0)
14 3.28 (1H, m) 46.9 d
15 3.13 (1H, dd, 18.4, 9.2) 55.3 d
16a 1.67 (1H, m) 27.0 t
16b 1.85 (1H, m)
17a 2.42 (1H, m) 42.6 t
17b 1.75 (1H, m)
18a 1.77 (1H, m) 28.0 t
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cated the existence of two olefins. Besides 3 degrees of
unsaturation were ascribed to one carbonyl group and
two olefins, 8 degrees of unsaturation could only be as-
signed to the presence of an octacyclic skeleton.

The 1H–1H COSY and TOCSY spectra of 1 indicated
connectivity of 5 protonated fragment: a (C-3 to C-4),
b (C-18 to C-20), c (C-6 to C-7 and C-12, C-11 to C-
12), d (C-13 to C-17) and e (C-25 to C-26) drawn with
bold bonds in Figure 1. HMBC correlations of H2-7
to C-2 (dC 77.0) and C-23 (dC 71.8) indicated that C-2,
C-7 and C-23 all connected to the nitrogen atom. The
connection of fragments a and b was proved by the
HMBC correlations (Fig. 1) of H-18a to C-3 and C-2,
and H-3b to C-2. In HMBC spectrum, correlations
observed between H2-4, H-6 and H2-21 to C-5 suggested
the connections among C-4, C-6 and C-21 via C-5.
Meanwhile, connections between C-2 and C-5 via C-8
were indicated by the correlations of H-3b to C-2 and
C-8, H-4a and H2-21 to C-5 and C-8. In addition,
HMBC cross-peaks of H2-11 and H-17b to C-9 and C-
10 implied the connection of fragments c and d via C-
10, and C-9 directly connected with C-10 was also
deduced. The connections between C-13 and C-9 via
C-8 were inferred from HMBC cross-peaks of H-13b
and H-15 to C-8 and C-9. The proton signals observed
at dH 3.99 (1H, d, 9.5, H-21a) and 3.88 (1H, d, 9.5,
H-21b) showed clear correlations with C-10, which indi-
cated the connection of C-10 with C-21 via one oxygen
atom. From the HMBC correlation of H-23b to C-9 and
C-15, the connection of C-9 with C-23 was deduced. The
connection of a methoxycarbonyl group to C-14 was
revealed by HMBC correlations of H3-22 0 and H-14 to
N O
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Figure 1. Selected 2D NMR correlations for 1 and 2.
C-22. Additionally, extensive analysis of positive HRE-
SIMS, 1D and 2D NMR spectrum indicated the pres-
ence of a 2,5-disubstituted furan ring,9 which was
verified by the 1H NMR spectrum data of furan protons
(6.44 ppm, 1H, d, J = 3.1 Hz; 6.38 ppm, 1H, br s),
1H–1H COSY correlations of H-23 to H-25 and H-25
18b 1.25 (1H, m)
20 1.06 (3H, t, 7) 10.2 q
21a 3.99 (1H, d, 9.5) 68.5 t
21b 3.88 (1H, d, 9.5)
22 — 174.2 s
23 4.61 (1H, s) 71.8 d
24 — 153.9 s
25 6.44 (1H, d, 3.1) 107.3 d
26 6.38 (1H, br s) 108.1 d
27 — 154.7 s
28 4.89 (2H, s) 56.9 t
22 0 3.72 (3H, s) 51.3 q

Figure 2. Key ROESY correlations and relative stereochemistry of 1

and 2.



Table 2. 1H and 13C NMR data of Paxdaphnine A (2) in CDCl3 at
500 MHz

No. dH dC

2 — 77.5 s
3a 1.67 (1H, m) 30.5 t
3b 2.36 (1H, m)
4a 1.50 (1H, m) 36.7 t
4b 1.62 (1H, m)
5 — 48.9 s
6 1.68 (1H, m) 43.1 d
7a 2.47 (1H, d, 15.0) 57.5 t
7b 3.73 (1H, dd, 15.0, 10.0)
8 — 63.5 s
9 — 65.6 s
10 — 85.7 s
11 2.02–1.91 (2H, m) 32.1 t
12a 1.24 (1H, m) 28.9 t
12b 2.14 (1H, m)
13a 1.52 (1H, m) 27.7 t
13b 2.32 (1H, m)
14 3.18 (1H, m) 46.9 d
15 2.54 (1H, dd, 18.0, 9.0) 54.7 d
16a 1.57 (1H, m) 26.6 t
16b 1.46 (1H, m)
17a 1.43 (1H, m) 42.2 t
17b 1.69 (1H, m)
18a 1.57 (1H, m) 27.9 t
18b 1.23 (1H, m)
20 0.93 (3H, t, 7.2) 9.6 q
21a 4.08 (1H, d, 9.6) 69.2 t
21b 3.96 (1H, d, 9.6)
22 — 174.2 s
23a 3.26 (1H, d, 14.1) 67.3 t
23b 3.16 (1H, d, 14.1)
22 0 3.63 (3H, s) 51.4 q
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to H-26, and HMBC correlation of H-23 to C-25. The
HMBC cross-peaks of H-28 to C-26 and C-27, and
the TOCSY correlations of H-26 to H-28 implied the
presence of hydroxymethyl at the C-27 position. Thus,
the combinational structure of Daphlongeramine A
(1), possessing a 5-hydroxymethyl furan moiety was
undoubtedly established (Table 1).

The relative stereochemistry of 1 was constructed by
analysis of key correlations as shown in computer-
generated 3D drawing (Fig. 2). ROESY correlations
observed among H-13a/H-14, H-14/H-15, H-15/H-23
implied that H-14, H-15 and H-23 took a configuration.
The correlations of H-7b/H-6 implied that H-6 was b
configuration. The cycloheptane (C-5 to C-6 and C-8
to C-12) taking a chair form was suggested by the corre-
lations between H2-21 and H-12b. Thus, the relative ste-
reostructure of Daphlongeramine A (1) was concluded
as shown in Figure 2.

Compound 2 was determined to be a quite recently iso-
lated alkaloid Paxdaphnine A10 by extensive analysis of
1D and 2D NMR spectra. Although different solvent
was used in NMR experiments, the data of compound
2 (Table 2) were consistent with Paxdaphnine A.

The possible biogenetic pathway for compounds 1 and 2
was proposed in Scheme 1. The biogenetic precursor of
them seems to be a general imine intermediate A, which
was proposed as a precursor of the secodaphniphylline-
type skeleton by Heathcock and Joe.3b Intermediate B
might be generated by possible oxidation of C-1, C-2
and C-19, as well as hydrolysis of lactam, which was fol-
lowed by the decarboxylation of C-19 (intermediate C)
and subsequent decarboxylatioin of C-1 (intermediate
D). The formation of C-2–C-8 bond through aldol con-
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intermediate F. The condensation of formaldehyde or 5-
hydroxymethyl-2-furancarboxaldehyde9 to nitrogen
atom of intermediate F might produce intermediate G
and H, which were converted to compounds 1 and 2
by the subsequent cyclization, respectively. The results
suggested that the ‘extra’ carbon (C-23) might be pro-
vided by formaldehyde, which undoubtedly proved
Heathcock’s hypothesis on the biosynthetic link between
methyl homodaphniphyllate and daphnilactone skele-
tons.3b The 5-hydroxymethyl furan moiety of Daph-
longeramine A (1) is the first example in all of the
Daphniphyllum alkaloids reported up to date.
Acknowledgements

The Financial support of the National Science Founda-
tion (No. 20672120) of PR China is gratefully acknowl-
edged. The authors thank Professor Xun Gong,
kunming Institute of Botany, Chinese Academy of Sci-
ences (CAS), for the identification of the plant material.
References and notes

1. For reviews of Daphniphyllum alkaloids, see: (a) Yama-
mura, S.; Hirata, Y. In The Alkaloids; Manske, R. H. F.,
Ed.; Academic Press: New York, 1975; Vol. 15, p 41; (b)
Yamamura, S. In The Alkaloids; Brossi, A., Ed.; Academic
Press: New York, 1986; Vol. 29, p 265; (c) Kobayashi, J.;
Morita, H. In The Alkaloids; Cordell, G. A., Ed.;
Academic: New York, 2003; Vol. 60, p 165.

2. (a) Zhang, W.; Guo, Y. W.; Karstern, K. J. Chem. Eur. J.
2006, 12, 5122–5127; (b) Li, L.; He, H. P.; Di, Y. T.; Gao,
S.; Hao, X. J. Tetrahedron Lett. 2006, 47, 6259–6262; (c)
Di, Y. T.; He, H. P.; Liu, H. Y.; Du, Z. Z.; Tian, J. M.;
Yang, X. W.; Wang, Y. H.; Hao, X. J. Tetrahedron Lett.
2006, 47, 5329–5331; (d) Morita, H.; Ishioka, N.; Takatsu,
H.; Shinzato, T.; Obara, Y.; Nakahata, N.; Kobayashi, J.
Org. Lett. 2005, 7, 459–462; (e) Takatsu, H.; Morita, H.;
Ya-Ching, S.; Kobayashi, J. Tetrahedron 2004, 60, 6279–
6284; (f) Morita, H.; Takatsu, H.; Ya-Ching, S.; Koba-
yashi, J. Tetrahedron Lett. 2004, 45, 901–904; (g) Morita,
H.; Kobayashi, J. Org. Lett. 2003, 5, 2895–2898; (h)
Kobayashi, J.; Takatsu, H.; Shen, Y. C.; Morita, H. Org.
Lett. 2003, 5, 1733–1736; (i) Morita, H.; Takatsu, H.;
Kobayashi, J. Tetrahedron 2003, 59, 3575–3579; (j)
Kobayashi, J.; Ueno, S.; Morita, H. J. Org. Chem. 2002,
67, 6546–6549; (k) Morita, H.; Yoshida, N.; Kobayashi, J.
J. Org. Chem. 2002, 67, 2278–2282; (l) Morita, H.;
Kobayashi, J. Tetrahedron 2002, 58, 6637–6641; (m)
Kobayashi, J.; Inaba, Y.; Shiro, M.; Yoshida, N.; Morita,
H. J. Am. Chem. Soc. 2001, 123, 11402–11408; (n) Morita,
H.; Yoshida, N.; Kobayashi, J. J. Org. Chem. 2000, 65,
3558–3562; (o) Morita, H.; Yoshida, N.; Kobayashi, J.
Tetrahedron 1999, 55, 12459–12556.

3. (a) Wallace, G. A.; Heathcock, C. H. J. Org. Chem. 2001,
66, 450–454; (b) Heathcock, C. H. Proc. Natl. Acad. Sci.
U.S.A. 1996, 93, 14323–14327; (c) Heathcock, C. H.; Joe,
D. J. Org. Chem. 1995, 60, 1131–1142; (d) Heathcock, C.
H.; Kath, J. C.; Ruggeri, R. B. J. Org. Chem. 1995, 60,
1120–1130.

4. (a) Niwa, H.; Hirata, Y.; Suzuki, K. T.; Yamamura, S.
Tetrahedron Lett. 1973, 2129–2132; (b) Suzuki, K. T.;
Okuda, S.; Niwa, H.; Toda, M.; Hirata, Y.; Yamamura, S.
Tetrahedron Lett. 1973, 799–802.

5. Jossang, A.; Bitar, H. E.; Pham, V. C.; Sévenet, T. J. Org.
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