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Four new Daphniphyllum alkaloids, dapholdhamines A-D (1-4), were isolated from the leaves of Daphniphyllum
oldhami. The structures and relative configurations of 1-4 were elucidated on the basis of spectroscopic data.

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 much attention regarding their biosynthesis and total
synthesis.2

Recently, we reported some new Daphniphyllum alkaloids from
Daphniphyllum oldhami (Hemsl.) Rosenth. and other species of
the family Daphniphyllaceae, some of which possessed unprec-
edented ring systems.3 In our continuing investigations of structur-
ally unique and biogenetically interesting alkaloids from the leaves
of D. oldhami, four new alkaloids, dapholdhamines A-D (1-4),
together with eight known ones, have been isolated. This paper
describes the isolation and structural elucidation of these new
compounds.

Dapholdhamine A (1) was obtained as a white solid, and its
molecular formula, C22H33NO3, was established by HRESIMS (m/z
360.2546 [M + H]+, calcd 360.2538), corresponding to seven
degrees of unsaturation. IR absorptions at 3392 and 1722 cm-1

suggested the presence of hydroxy and carbonyl functionalities,

respectively. 13C NMR and DEPT spectra data (Table 2) revealed
22 carbon signals due to one carbonyl, four sp3 quaternary, five
sp3 methine, 10 sp3 methylene, and two methyl carbon atoms. One
methylene (δC 57.4, δH 3.57) and two methines (δC 68.8, δH 3.15;
δC 62.9, δH 3.58) were typical of nitrogenated groups. The NMR
data showed high similarity to those of bukittinggine,4 except that
the C-2 methine in bukittinggine was replaced by an oxygenated
quaternary carbon at δC 82.1 and the absence of the six-membered
lactone ring in 1. This assignment was confirmed by 1H-1H COSY
and HMBC spectra, especially by the HMBC correlations from H-1
and H3-20 to C-2. Thus, the gross structure of dapholdhamine A
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Table 1. 1H NMR Data of Dapholdhamines A-D (1-4)

1a 2b 3b 4a

1 3.15 (s) 3.35 (d, 3.2)
2 1.60 (m)
3a 1.69 (m) 1.80 (m) 2.14 (d, 14.2) 2.10 (d, 15.6)
3b 1.84 (m) 2.28 (m) 2.54 (d, 14.2) 2.74 (d, 15.6)
4a 1.67 (m) 1.48 (m)
4b 2.16 (m) 2.04 (m)
6 2.40 (m) 1.70 (m) 2.89 (m) 2.66 (m)
7a 3.58 (m) 3.45 (br d,

12.8)
2.24 (dd, 11.6,

8.0)
2.32 (dd, 8.8,

11.2)
7b 3.91 (d, 12.8) 3.12 (m) 3.08 (m)
9 2.06 (m)
10 2.32 (m)
11a 1.88 (m) 3.89 (d, 6.4) 2.94 (dd, 2.8,

5.2)
2.92 (m)

11b 2.01 (m) 3.61 (ddd, 2.8,
13.6, 16.8)

3.55 (ddd, 2.8,
14.0, 16.4)

12a 1.55 (m) 1.41 (m) 1.68 (m) 1.66 (m)
12b 1.37 (m) 1.92 (m) 2.55 (m) 2.58 (m)
13a 1.54 (m) 1.33 (m)
13b 1.79 (m) 2.06 (m)
14a 2.35 (m) 2.16 (m)
14b 2.44 (m) 2.29 (m)
15a 1.56 (m) 1.57 (m)
15b 1.80 (m) 1.92 (m)
16a 1.77 (m) 1.38 (m) 7.68 (br s) 7.69 (d, 4.8)
16b 1.93 (m) 2.63 (m)
17a 1.69 (m) 1.39 (m) 7.68 (br s) 7.67 (d, 4.8)
17b 1.85 (m) 1.80 (m)
18 2.37 (m) 1.58 (m) 2.55 (m) 2.66 (m)
19a 3.53 (m) 0.93 (d, 5.0) 2.68 (dd, 2.4,

15.6)
2.57 (m)

19b 3.60 (dd, 11.2,
8.0)

3.24 (dd, 10.4,
15.6)

3.08 (m)

20 1.01 (d, 6.0)c 1.00 (d, 5.1) 0.90 (d, 6.8) 0.86 (d, 6.8)
21 1.02 (s)c 0.96 (s) 1.53 (s) 1.38 (s)
23 3.82 (s) 3.81 (s)
24a 2.15 (d, 12.8)
24b 2.93 (m)
26 2.18 (s)

a Measured in CDCl3. b Measured in CDCl3/CD3OD (2:1). c Overlapped.
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was assigned as 1, as shown in Figure 1A. The relative configuration
of 1 was elucidated by ROESY data, in which correlations of H3-
21/H-9, H3-21/H-11�, H3-20/H-19�, and H-19�/H-6 suggested that
CH3-21, H-9, and H-6 were �-oriented, as shown in a computer-
generated 3D drawing (Figure 1B).

Dapholdhamine B (2) showed a molecular formula of C22H35NO3,
as determined by HRESIMS at m/z 362.2695 (calcd 362.2695), with
six degrees of unsaturation. The IR absorptions indicated the
presence of hydroxy (3418 cm-1) and carboxylate (1569 and 1391
cm-1) functionalities. Its 13C NMR spectrum (Table 2) showed 22
carbon signals including one carbonyl, three quaternary, six sp3

methine, nine methylene, and three methyl carbon atoms. Since
the carbonyl group accounted for one out of the six degrees of
unsaturation, the remaining five degrees of unsaturation were
ascribed to the presence of a pentacyclic system, similar to that of
daphnezomine A.5 The planar structure of 2 was further established
by 2D NMR (HSQC, 1H-1H COSY, and HMBC). The HMBC
correlations of H-11, H-12b, H-13a, and H-16a with C-9 (δC 80.5)
indicated that the hydroxy group was located at C-9. Therefore,
the planar structure of 2 was established as shown in Figure 2A.
The relative configuration of 2 was the same as that of daphne-
zomine A, which was verified by the ROESY spectrum, as shown
in the computer-generated 3D drawing (Figure 2B). Structurally,
compounds 1 and 2 are very similar. However, compound 2 exists
as a zwitterion while 1 does not, as supported by the solubility of

1 in CDCl3. This could be explained by the presence of an additional
hydroxy group at C-2 in 1, which reduces the nitrogen basicity
through an inductive effect.

Dapholdhamine C (3) was obtained as a light yellow solid, and
its positive HRESIMS signal at m/z 434.1573 ([M + Na]+, calcd
434.1579) established the molecular formula C23H25NO6 with 12
degrees of unsaturation. The IR spectrum showed the presence of
hydroxy (3433 cm-1) and two conjugated carbonyl groups (1711
and 1630 cm-1, respectively). The 13C NMR and DEPT spectral
data (Table 2) of 3 showed 23 carbon signals including four double
bonds, two carbonyls, three sp3 quaternary carbons, two sp3

methines, five sp3 methylenes, two methyls, and one methoxy group.
The NMR data of 3 are strikingly similar to those of paxiphylline
B,3f except for the presence of signals corresponding to a quaternary
carbon (δC 93.8), which was assigned as an amino ketal carbon6

instead of a nitrogenated methylene group (δC 66.3). The hydroxy
group of the amino ketal moiety was located at C-4 on the basis of
the HMBC correlations from H2-3, H-7�, H2-19, and H3-21 to C-4.
The planar structure of dapholdhamine C was eventually established
by the 2D NMR experiments as 3 (Figure 3A). ROESY correlations
as shown in Figure 3B verified that the relative configuration of
dapholdhamine C (3) was the same as that of paxiphylline B, in
which H-4, H-6, CH3-20, and CH3-21 were �-oriented. On
biosynthesis considerations, the OH group at C-4 must be �-ori-
ented, and the assignment could also be supported by the γ-steric
compression effect from oxygen atoms of 4-OH to H3-21 (δH 1.53,
∆δH +0.08), which also resulted in the upfield shift of Me-21(δC

25.4, ∆δC -2.8).
Dapholdhamine D (4) had a molecular formula of C26H29NO6

as established by HRESIMS at m/z 474.1901 ([M + Na]+, calcd
for C26H29NO6Na+, 474.1892). Comparison of the NMR data of 4
(Tables 1 and 2) with those of 3 suggested that both alkaloids likely
shared the same basic skeleton, but the molecular weight of 4 is
larger than that of 3 by 40 units, namely, the hydroxy group of the
amino ketal moiety in 3 was replaced by a 2-oxopropyl unit [δC

51.9, δH 2.15, 2.93 (each 1H); δC 208.9; δC 33.3, δH 2.18 (3H)].
The planar structure of 4 was further established by 2D NMR
(HSQC, 1H-1H COSY, and HMBC), as shown in Figure 4A.
HMBC correlations of H2-24 to C-4, C-5, C-25, and C-26 indicated

Table 2. 13C NMR Data of Dapholdhamines A-D (1-4)

1a 2b 3b 4a

1 68.8 64.4 210.0 210.8
2 82.1 37.3 76.7 76.0
3 31.8 31.3 37.1 35.1
4 34.9 35.0 93.8 68.6
5 42.6 36.3 51.2 49.3
6 37.5 38.3 40.8 41.6
7 62.9 45.0 57.7 58.6
8 38.1 47.1 126.2 125.9
9 53.1 80.5 122.0 122.0
10 50.0 48.2 165.1 164.9
11 37.0c 66.8 29.9 29.8
12 19.2 28.4 26.5 27.4
13 26.2 26.8 141.4 141.9
14 30.9 34.1 107.9 108.3
15 29.7 25.6 132.6 132.4
16 29.0 34.5 110.8 110.6
17 37.1 24.6 143.4 143.2
18 37.0c 29.8 37.3 36.2
19 57.4 20.5 50.7 52.1
20 10.4 21.1 13.2 13.3
21 22.0 24.5 25.4 25.4
22 177.1 179.1 166.5 166.3
23 51.2 51.1
24 51.9
25 208.9
26 33.3

a Measured in CDCl3. b Measured in CDCl3/CD3OD (2:1). c Overlapped.

Figure 1. (A) 1H-1H COSY (bold) and key HMBC (arrow, HfC)
correlations of 1; (B) key ROESY (dashed) correlations of 1.

Figure 2. (A) 1H-1H COSY (bold) and key HMBC (arrow, HfC)
correlations of 2; (B) key ROESY (dashed) correlations of 2.

Figure 3. (A) 1H-1H COSY (bold) and key HMBC (arrow, HfC)
correlations of 3; (B) key ROESY (dashed) correlations of 3.
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that C-24 was attached to C-5 via C-4. The ROESY spectrum
showed that dapholdhamine D (4) had the same relative configu-
ration as dapholdhamine C (3). Especially, the �-orientation of
H-24a was recognized by the ROESY correlation of H-24a with
H3-21. Considering that acetone had not been used in any of
purification processes, compound 4 might be biogenetically derived
from daphnicyclidin B, and the “extra” unit (C-24 to C-26) might
be provided by acetyl coenzyme A (Supporting Information).7

In addition to the above four new alkaloids, the other eight
Daphniphyllum alkaloids, deoxyisocalyciphylline B,8 deoxycaly-
ciphylline B,8 daphnicyclidins A and D,9 daphnilactone A,10 methyl
homodaphniphyllate,11 zwitterionic alkaloid,12 and calyciphylline
E,13 were all identified by comparison of experimental and reported
physical data.

Dapholdhamines A-D (1-4) were evaluated in a bioassay for
cytotoxicity against six cell lines, HCT116, HL-60, HT-29, SW480,
KB, and K562, respectively. The results indicated that all of them
were inactive.

Experimental Section

General Experimental Procedures. IR spectra were measured on
a Bio-Rad FTS-135 spectrometer with KBr pellets. Optical rotations
were obtained on a Perkin-Elmer model 241 polarimeter. ESIMS and
HRESIMS were measured on a Finnigan MAT 90 instrument and VG
Auto Spec-3000 spectrometer, respectively. 1D and 2D NMR spectra
were measured on a Bruker DRX-500 or AM-400 spectrometer. Column
chromatography was performed on Si gel H (10-40 µm; Qingdao
Marine Chemical Factory) and Sephadex LH-20 (40-70 µm, Amer-
sham Pharmacia Biotech AB, Uppsala, Sweden).

Plant Material. The leaves of D. oldhami were collected from Hunan
Province, People’s Republic of China, in September 2007, and the plant
sample was identified by Prof. Xun Gong of Kunming Institute of
Botany, Chinese Academy of Sciences (CAS). A voucher specimen
(KIB 07090411) was deposited at the State Key Laboratory of
Phytochemistry and Plant Resources in West China, Kunming Institute
of Botany, Chinese Academy of Science (CAS).

Extraction and Isolation. The air-dried and powdered leaves (8.0
kg) of D. oldhami were extracted three times with 95% EtOH. The
extract was concentrated under reduced pressure, followed by partition-
ing between EtOAc and 3% tartaric acid. The aqueous phase was
adjusted to pH 10 with saturated Na2CO3 and extracted with CHCl3 to
give crude alkaloids (9.0 g). The crude alkaloids were subjected to a
Si gel column (CHCl3/MeOH, 1:0f 0:1) to obtain four major fractions
(F1-F4). Fraction 3 (F3) was further chromatographed over a Si gel
(300-400 mesh) column (CHCl3/MeOH, 20:1 f 10:1) followed by
Sephadex LH-20 CC eluted with MeOH to afford dapholdhamine C
(3, 7 mg) and dapholdhamine D (4, 5 mg). Fraction 4 (F4) was subjected
to a RP-18 Si gel column (MeOH/H2O) to give four subfractions
(P1-P4). Subraction 2 (P2) was subjected to Si gel (CHCl3/MeOH, 8:1)
followed by Sephadex LH-20 CC eluted with MeOH to afford
dapholdhamine A (1, 10 mg) and dapholdhamine B (2, 13 mg).

Dapholdhamine A (1): white solid; [R]26
D -38.8 (c 0.40, MeOH);

IR (KBr) νmax 3392, 2950, 1722, 1594, 1383, and 1188 cm-1; 1H and
13C NMR data, see Tables 1 and 2; ESIMS 360 [M + H]+; HRESIMS
m/z 360.2546 (calcd for C22H34NO3

+, 360.2538).

Dapholdhamine B (2): colorless solid; [R]26
D -34.9 (c 0.215,

MeOH); IR (KBr) νmax 3418, 2964, 1568, and 1391 cm-1; 1H and 13C
NMR data, see Tables 1 and 2; ESIMS 362 [M + H]+; HRESIMS m/z
362.2695 (calcd for C22H36NO3

+, 362.2695).
Dapholdhamine C (3): light yellow solid; [R]26

D -263.8 (c 0.115,
MeOH); UV (MeOH) λmax (log ε) 222 (4.19), 241 (4.08), 274 (4.27);
IR (KBr) νmax 3433, 2933, 1711, 1630, 1441, and 1233 cm-1; 1H and
13C NMR data, see Tables 1 and 2; ESIMS 434 [M + Na]+; HRESIMS
m/z 434.1573 (calcd for C23H25NO6Na+, 434.1579).

Dapholdhamine D (4): light yellow solid; [R]27
D -260.6 (c 0.165,

MeOH); UV (MeOH) λmax (log ε) 221 (4.25), 240 (4.11), 274 (4.26);
IR (KBr) νmax 3449, 2959, 2930, 1712, 1675, 1628, 1442, and 1235
cm-1; 1H and 13C NMR data, see Tables 1 and 2; ESIMS 474 [M +
Na]+; HRESIMS m/z 474.1901 (calcd for C26H29NO6Na+, 474.1892).
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Figure 4. (A) 1H-1H COSY (bold) and key HMBC (arrow, HfC)
correlations of 4; (B) key ROESY (dashed) correlations of 4.
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