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ABSTRACT

Daphhimalenine A (1), a novel alkaloid with a rearrangement C-21 skeleton, containing a unique 1-azabicyclo[5.2.1]decane ring system, was
isolated from the leaves of Daphniphyllum himalense, along with biogenetically related alkaloids daphhimalenine B (2) and daphnezomine T.
Their structures were established on the basis of spectroscopic data, and the absolute configuration of 1 was assigned by computational
methods. A plausible biosynthetic pathway of 1 was also proposed.

Daphniphyllum alkaloids are a family of structurally diverse
natural products with complex polycyclic systems elaborated
by plants of the genus Daphniphyllum.1 Their unique
structural features have attracted great attention to the total
synthesis2 and biosynthetic research.3 In recent years, a series
of novel Daphniphyllum alkaloids have been isolated and
identified, which may be explained by the unique biogenetic

process involving repeated fissions of C-C or C-N bonds
followed by rearrangements and recyclization.1

Daphniphyllum himalense (Benth.) Muell.-Arg (Daph-
niphyllaceaae), an evergreen tree, is distributed mainly in
the Yunnan Province of China.4 Up to now, the chemical
constituents of D. himalense have not been investigated. In
our further search for structurally unique and biogenetically
interesting Daphniphyllum alkaloids,5,6 two biogenetically
related new alkaloids, daphhimalenines A(1) and B (2), and
the recently reported alkaloid daphnezomine T (3)7 were
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isolated from the leaves of D. himalense. Among them,
daphhimalenine A (1) contains a 1-azabicyclo[5.2.1]decane
ring system due to its unique cleavage of the C-1/C-8 bond.
This paper describes the isolation and structural elucidation
of the new compounds and a plausible biosynthetic pathway
for their generation.

The air-dried and powdered leaves of D. himalense were
extracted with 95% EtOH, and the crude extract was
partitioned between EtOAc and an acidic liquor at pH 3.
The aqueous layer was then basified to pH 10 with saturated
Na2CO3, followed by exhaustive extraction with CHCl3. The
CHCl3-soluble material was subjected to repeated column
chromatography on silica gel and semipreparative HPLC to
afford daphhimalenines A (1, 12 mg) and B (2, 16 mg) and
daphnezomine T (3, 10 mg).

Daphhimalenine A (1)8 was obtained as an optically active
([R]D

19 -28.1) light yellow oil. The molecular formula of 1
was established as C22H27NO3 by HRESIMS data (m/z
376.1897 [M + Na]+, calcd 376.1888), with 10 degrees of
unsaturation. IR absorptions implied the presence of an ester
carbonyl (1732 cm-1) and a lactam (1687 cm-1) function-
alities. All 22 carbon signals observed in the 13C NMR and
DEPT spectra of 1 could be classified into three double
bonds, two carbonyls, five sp3 methines, seven sp3 methyl-
enes, one methyl together with one methoxy group. Among
them, two methylenes (δC 51.6, 48.6) and one carbonyl
carbon (δC 183.8) were ascribed as bearing a nitrogen. Since
two carbonyl groups and three double bonds accounted for
five out of 10 degrees of unsaturation, the remaining five
degrees of unsaturation were assumed for the presence of a
pentacyclic system in 1.

The 1H-1H COSY revealed that 1 possessed three
fragments: a (C-2 to C-4, C-2 to C-18, and C-18 to C-19
and C-20), b (C-6 to C-7 and C-12, and C-11 to C-12), and
c (C-13 to C-17), as shown in Figure 1. Further detailed

HMBC studies established the connectivity of the three
fragments (a-c), quaternary carbons, and a nitrogen atom.
HMBC correlations of H-7R to C-1 (δC 183.8) and C-19
(δC 51.6) and of H-19� to C-7 (δC 48.6) indicated that C-1,
C-7, and C-19 were connected to each other through the
nitrogen atom. Moreover, HMBC cross-peaks of H-2 to C-1
and of H-3 and H-6 to C-5 established the connectivity of
fragmentsaandb,whichconstitutea1-azabicyclo[5.2.1]decane
ring with a methyl at C-18 and a carbonyl at C-1. HMBC
correlations of H2-13 to C-5, C-8, and C-9, along with the
correlations of H2-17 to C-9 and C-10 and of H2-12 to C-10,
led to the connection of fragments b and c with C-5, C-8,
C-9, and C-10, which also indicated the presence of the
seven-membered ring C with the conjugated ∆5,8 and ∆9,10

double bonds. A methoxy group was attached to C-22 by
HMBC correlations of H3-23 and H2-13 to C-22. Thus, the
gross structure of 1 was assigned as shown in Figure 1,
having a unique fused 5/8/7/5/5 ring system containing a
1-azabicyclo[5.2.1]decane ring (N-1, C-1-C-7, C-18, and
C-19) with a ketone at C-1, a methyl at C-18, and a double
bond between C-3 and C-4, a cyclohepta-1,3-diene ring, a
cyclopentene ring, and a cyclopentane ring with a methoxy
carbonyl at C-14 as shown in Figure 1.

The relative configuration of 1 was deduced from the
analysis of its ROESY correlations in combination with
molecular modeling studies. As shown in Figure 2A,
correlations of H3-20 with H-3 and H-19�, together with H-4
with H-13�, indicated that CH3-20, H-19�, H-13�, and
double bond C-3-C-4 were cofacial and were arbitrarily
assigned as �-oriented, which implied the R-orientation of
H-2 accordingly. Correlations of H-19�/H-7� and H-7�/H-6
implied that H-6 was �-oriented. The ROESY correlation
of H-13R/H-15 indicated R-orientation of H-15. However,
the orientation of H-14 was impossible to determine by ROE
methods as its correlations with other protons are both limited
and unreliable. Thus we turned our attention to coupling
constant analysis and molecular modeling. The two lowest-
energy conformers of epimers (Figure 2B) of 1, correspond-
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Figure 1. 1H-1H COSY and key HMBC correlations of 1.
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ing to the R- and �-orientations of the observed of H-14,
were generated after conformational searching by computer
modeling (MMFF945 force field calculations for energy
minimization with CONFLEX 6.2). In A, the dihedral angles
between H-14 and H-13R and H-13� were 31.2° and 89.3°,
respectively, whereas in B, the dihedral angles were 156.0°
and 35.3°. With a consideration of the coupling constants
between the two protons (6.0 and near 0) in 1, A is in more
agreement with the experimental result. Therefore, the H-14
was assigned as R-oriented. Furthermore, the calculation
results also suggested the eight-membered ring B takes a
chair-half-chair conformation.

Subsequently, for the assignment of the absolute config-
uration of daphhimalenine A (1), the optical rotation (OR)
value of 1 was calculated by using the density functional

theory (DFT) methods6b,9 in the Gaussian 03 program
package.10 The “self-consistent reaction field” method (SCRF)
was employed to perform the OR caculation of the most
stable conformer of 1 in MeOH solution at the B3LYP/6-
311G++(d,p)//B3LYP/6-311G(d, p) level. The calculated
OR value (-29.2) for 1 is close to its experimental values
(-28.1), which indicated that the absolute configuration of
daphhimalenine A was elucidated as shown in structure 1
(for more details see Supporting Information). Furthermore,
its absolute configuration, i.e., (6S,14R,15R)-1, is consistent
with calyciphylline J, the other structurally related Daph-
niphyllum alkaloid, whose configuration was assigned by the
PGME method.11

Daphhimalenine B (2)12 was isolated as a light yellow oil,
and the molecular formula was established as C23H29NO4

by HRESIMS (m/z 384.2190, [M + H]+) with 10 degrees
of unsaturation. The 1H and 13C NMR data of 2 (see Table
1) were strikingly similar to those of yuzurimine C,13 with

the exception of the replacement of the tertiary oxygenated
carbon atom at C-2 (δC 80.1) in yuzurimine C by a methine
carbon atom resonating at δC 46.5 in the 13C NMR spectrum
of 2. All the NMR data implied that 2 was the 2-deoxy form
of yuzurimine C, which was confirmed by 2D NMR (HSQC,
1H-1H COSY, HMBC, and ROESY) experiments.

The coexistence of the three structure-related alkaloids
(1-3) in the same plant implies that the unprecedented
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Figure 2. (A) Key ROESY correlations of 1. (B) Two lowest-energy
conformers (A,B) of epimeric form of daphhimalenine A (1),
corresponding to the R- and �-orientations of H-14, analyzed by
MMFF945 force field calculation followed by minimization and
clustering analysis (upper) and rotation models for the C-13-C-14
bond of the two epimers of 1 (lower).

Table 1. 1H (500 MHz) and 13C (125 MHz) NMR Data of
Daphhimalenines A (1)a and B (2)b

1 2

δH
a δC

a δH
b δC

b

1 183.8 (s) 103.3 (s)
2 2.78 (overlapped) 49.4 (d) 3.05 (m) 46.5 (d)
3 5.30 (dd, 6.0, 12.5) 122.4 (d) 5.85 (dd, 10.5, 3.0) 127.0 (d)
4 6.29 (d, 12.5) 133.2 (d) 6.16 (dd, 10.5, 2.0) 130.1 (d)
5 129.4 (s) 48.3 (s)
6 3.11 (m) 40.2 (d) 2.18 (m) 38.2 (d)
7R 4.19 (t, 12.0) 48.6 (t) 3.64 (m) 54.4 (t)
7� 2.73 (dd, 12.0, 4.0) 3.28 (m)
8 134.4 (s) 56.4 (s)
9 142.0 (s) 142.0 (s)

10 134.7 (s) 140.4 (s)
11R 2.21 (br s) (overlapped) 26.9 (t) 1.94 (m) 25.8 (t)
11� 2.21 (br s) (overlapped) 1.70 (m)
12R 1.81 (m) (overlapped) 26.3 (t) 2.23 (d, 16.5) 25.0 (t)
12� 1.81 (m) (overlapped) 2.62 (m)
13R 2.47 (ddd, 17.0, 6.0, 3.0) 39.7 (t) 2.55 (dd, 15.5, 9.5) 41.7 (t)
13� 2.66 (br d, 17.0) 2.33 (dd, 15.5, 3.0)
14 2.89 (t, 7.5) 43.9 (d) 3.08 (m) 43.0 (d)
15 3.44 (br s) 55.5 (d) 3.87 (br s) 58.2 (d)
16R 1.94 (m) 28.6 (t) 1.97 (m) 29.8 (t)
16� 1.29 (m) 1.27 (overlapped)
17R 2.78 (overlapped) 42.0 (t) 2.37 (d, 7.5) 43.2 (t)
17� 2.36 (m) 2.64 (m)
18 2.40 (m) 30.4 (d) 3.18 (m) 32.4 (d)
19R 3.21 (dd, 9.0, 7.0) 51.6 (t) 4.19 (dt, 12.0, 3.5) 61.6 (t)
19� 3.15 (br t, 9.0) 2.69 (dd, 12.0, 3.5)
20 1.09 (d, 7.0) 12.9 (q) 1.26 (d, 7.5) 18.2 (q)
21 10.37 (s) 206.1 (s)
22 175.2 (s) 175.8 (s)
23 3.60 (s) 51.0 (q) 3.61 (s) 51.5 (q)

a NMR data for 1 (in CDCl3). b NMR data for 2 [in CDCl3 (containing
1% TFA, v/v)].
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pentacyclic skeleton of daphhimalenine A (1) should be a
further modification of two yuzurimine-type alkaloids daph-
himalenine B (2) and daphnezomine T (3). Therefore, a
possible pathway to 1 is suggested in Scheme 1. Transforma-

tion of 2 underwent oxidation to give intermediate i, and
then oxidative decarboxylation of i and subsequent oxidation
yielded 3. After dehydration, 3 could further convert to the
key carbonium intermediate ii, which finally underwent a

carbocation rearrangement to afford 1-azabicyclo[5.2.1]decane
ring system in daphhimalenine A (1).

The cytotoxic activities of 1 and 2 against growth of tumor
cell lines [A549 (human lung adenocarcinoma) and HL-60
(human promyelocytic leukemia)] were evaluated. However,
the results indicated that 1 and 2 were inactive against the
above cancer cells (50% effective dose of clonal inhibition
(ED50) > 10 µg/mL).
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Scheme 1. Biogenetic Pathway Proposed for Compounds 1-3
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