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A phytochemical investigation of the fruits of Daphniphyllum

longeracemosum K. Rosenthal led to the isolation of a novel

fused-hexacyclic alkaloid, longeracemine (1), along with a new

one, demethyl calyciphylline A (2). Their structures were estab-

lished on the basis of comprehensive spectra associated with

quantum chemical analysis. Bioassay firstly indicated that

Daphniphyllum alkaloid 1 can stimulate wheat shoot elongation.

Daphniphyllum alkaloids are a family of natural products with
complex and diverse structures produced by Daphniphyllum trees.1

As early as 1973, Suzuki and Yamamura traced the origin of these
alkaloids to squalene.2,3 Twenty years later, the fortuitous
discovery of an efficient cascade reaction from dihydrosqualene
dialdehyde to proto-daphniphylline elucidated the biogenetic
mechanism for these alkaloids.4 The particularly concise biogen-
esis has attracted widespread interest in the areas of phytochem-
istry1 and total synthesis5–7 in recent years. D. longeracemosum was
distinguished by its production of diverse alkaloid skeletons.8–14

To search for structurally unique and biogenetically interesting
alkaloids from D. longeracemosum, its alkaloid components were
investigated thoroughly. As a result, a novel alkaloid, long-
eracemine (1), along with a new one, demethyl calyciphylline A
(2), was isolated from the fruits of the title plant. To the best of our
knowledge, 1 is the first C-7/C-9 bonding alkaloid found in
Daphniphyllaceae family. In this paper, we describe the isolation,
structure elucidation, and bioassay results of 1 and 2.

The air-dried fruits (60 kg) of D. longeracemosum were extracted
with 95% EtOH, and the crude extract was pretreated with general
acid–alkali treatments to enrich the alkaloids.11,12 The extract was
then exhaustively extracted with chloroform and n-BuOH. The
n-BuOH fraction was separated on silica gel column eluted with
acetone, methanol, and methanol/diethylamine (20 : 1). The third

fraction was further separated over ion-exchange resin and C18

silica gel to afford 1 (36 mg) and 2 (19 mg).

Longeracemine (1) was obtained as white amorphous pow-
der.15 Its molecular formula (C22H33NO3) was established by HR-
ESI-MS, requiring seven degrees of unsaturation. IR absorption
band at 1574 cm21, associated with dC 181.6 ppm, suggested the
presence of a carboxyl acid salt (COO2). The 13C NMR and DEPT
(Table 1) spectra revealed 22 carbon signals due to two methyls,
nine methylenes, seven methines, and four quaternary carbons.
Apart from one degree of unsaturation due to the carboxyl group,
the rest indicated that 1 possesses a hexacyclic system.

Extensive analysis of the 2D NMR spectra (HSQC, 1H-1H COSY,
TOCSY, and HMBC) revealed the framework of 1. All protons
directly bonded to the carbon atoms were assigned on the base of
the HSQC data. Three fragments (a, b, and c in Fig. 1) were
deduced from COSY and TOCSY interaction pairs. Further detailed
HMBC analysis established the connections of the fragments, the
quaternary carbons, the nitrogen atom and the isolated methyl
group. The HMBC correlations of H-19/C-1, H-19/C-7, and H-7/C-1
indicated that C-1, C-7, and C-19 are linked to the nitrogen atom,
while those of H3-21 to C-4, 5, 6, and 8 disclosed that Me-21 and
C-4, 6 and 8 were connected to the quaternary carbon C-5. In
HMBC spectrum, the cross-peaks of H-6, 10, 16 with C-9, and
those of H-10 and H-15 with C-8 introduced the linkages of C-7, 8,
10, 15 to the spiral carbon C-9.16 The HMBC correlation of H-1/C-8
indicated the connection between C-1 and C-8. Furthermore,
fragment c (C-13 to C-14) was extended from C-8 and the carboxyl
group from C-14 by the HMBC correlations between H-1/C-13 and
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H2-13/C-22. Thus, the planar structure was elucidated as 1, with a
novel 5/6/5/5/6/5 skeleton.

The relative configuration of 1 (Fig. 2) was established by
ROESY correlations in combination with molecular modelling
studies. As shown in Fig. 2, the observed correlations of H3-21/H-
10 and H3-21/Hb-11 indicated that they are on the up-side of
molecule and were arbitrarily assigned as b-orientation. The ROE

correlations of Ha-11/H-7 indicated that both protons are
a-oriented. The ROE correlations of Me-21/H-6, H-6/Ha-19, Ha-19/
H3-20, and H3-20/H-2 showed that H-6, H-2 and Me-20 were
b-configuration, whereas H-1 and H-18 were assigned as a-config-
uration judging from ROESY correlation of H-18/H-1. Moreover,
although ROESY correlations of H-15 with H-13 and H-1 were
observed, the orientation of H-15 could not be determined
unambiguously. Therefore, DFT calculation at the B3LYP/6-
311G+(d,p) level in Gaussian 0317 were conducted on the two
possible epimers of 1 corresponding to a (1a) and b (1b)
orientation of H-15, respectively. The calculated distances of the
proton pairs of the H-15b epimer of 1 are fully consistent with the
corresponding ROESY data, and thus H-15 was assigned as the
b-orientation (Fig. 2B). Therefore, the relative configurations of all
the chiral centers of 1 were determined and in agreement with its
presumed biosynthetic origin, which will be discussed in detail
later.

The absolute configuration of 1 was assigned on the basis of
comprising the experimental optical rotation (OR) with theoretical
values. The ab initio calculation for OR, especially B3LYP/aug-cc-
pvDZ, is a sophisticated method to give high reliable OR value in
theory to determine absolute configuration for natural products
with complex and rigid skeletons.18 The 3D models of 1 was
subject to a conformational search under MMFF94S by Conflex
6.8, a conformational searching tool independent of initial
models.19 The searching results gave only one stable configura-
tion, and it was further optimized at the B3LYP/6-311G+(d,p) level
using Gaussian 03 package. The ORs were calculated at the B3LYP/
aug-cc-pvDZ level with a PCM (MeOH) solvent model. The
resulting stereochemistry gave a consistent OR direction and
approximate value (258.4) to the experimental one (261.8). Thus,
the absolute configuration of 1 was assigned as 1S, 2R, 5S, 6S, 7R,
8S, 9S, 10S, 15R, and 18S. The identified configuration is
consistent to the biosynthetic origin (Scheme 1), (–)-homoseco-
daphniphyllate (A), which chirality was secured by asymmetric
total synthesis previously.20Fig. 1 Selected COSY and HMBC correlations of 1.

Fig. 2 A) Selected ROESY correlations of 1. B) The calculated distances of the key
proton pairs in the two possible DFT-optimized structures (1a and 1b) are listed.

Table 1 NMR data for 1 and 2a

1 2b

dH (mult. Hz) dC dH (mult. Hz) dC

1 3.96 (d, 5.7) 73.4 215.1
2 2.23 (m) 38.4 2.54 (m) 43.6
3 1.54 (m) 17.9 2.52 (m) 19.3

1.30 (m) 1.97 (m)
4 1.54 (m) 36.7 4.21 (brs) 87.3

1.42 (m)
5 42.2 62.6
6 2.29 (d, 5.9) 39.2 2.84 (m) 49.5
7 3.51 (s) 67.4 3.83 (dd, 13.5, 7.6) 72.1

3.31 (m)
8 53.5 52.5
9 72.3 140.8
10 2.45 (m) 40.3 140.6
11a 1.84 (m) 26.0 2.16 (m) 27.0
11b 1.22 (m) 2.16 (m)
12a 1.84 (m) 24.9 1.90 (m) 29.8
12b 1.70 (m) 1.90 (m)
13a 1.83 (m) 25.7 2.59 (m) 41.4
13b 1.54 (m) 2.40 (dd, 13.9, 7.8)
14a 2.24 (m) 36.2 2.77 (m) 42.6
14b 2.03 (m)
15 4.18 (br. s) 74.4 3.37 (m) 53.7
16a 1.65 (m) 35.1 1.94 (m) 28.3
16b 1.43 (m) 1.46 (m)
17a 1.84 (m) 34.5 2.83 (m) 41.6
17b 1.42 (m) 2.75 (m)
18 2.64 (m) 42.0 2.56 (m) 32.3
19a 3.17 (dd, 11.2, 6.6) 49.8 3.78 (dd, 16.0, 6.7) 65.4
19b 2.96 (t, 11.2) 3.46 (m)
20 0.97 (d, 6.6) 11.4 1.20 (d, 6.7) 18.9
21 1.09 (s) 24.1 1.56 (s) 27.5
22 181.6 177.8

a dH 400MHz, dC 100 MHz in CD3OD. b 2% (v/v) acetic acid was
added to dissolve compound 2.
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A plausible biogenetic pathway of 1 is proposed as shown in
Scheme 1. Longeracemine might be generated from homoseco-
daphniphylline-type alkaloid through daphnilactone B-type one as
follows. The homosecodaphniphylline-type one, homodaphniphyl-
late (3), was isolated from the title plant, and identified by
comparison of 1H and 13C NMR data with those of authentic
samples (see supplementary information). The key intermediate
N,7-9,10-diene C should be generated by fragmentation of C-7/C-
10 bond of the alkaloid A followed by 1,3-hydrogen shift. Then C-7
should bind to the nearest C-9 to create finally the tetrahydro-
pyrrole ring in 1. Generally, both epimers (1a and 1b) of 1 could be
formed from the intermediate D as shown in Scheme 1. However,
only one of them with a-hydroxyl at C-15 was isolated, which
disagreed with the proposed biosynthesis pathway. Then, chemi-
cal computation was employed to model the key intermediate with
cation at C-15 (D) (for detail see supplementary information3). In
the most stable conformation of D, side chain was curved, and a
new cycloheptane-like moiety, including C-8, C-13, C-14, C-22,
O-1(oxygen atom of carbonyl group), C-15 and C-9, was formed. In
the moiety, the distance between the C-15 cation and the O-1 is
only 1.59 Å. Obviously, lone pair of oxygen in the carbonyl group
helped to stabilize positive charge at the C-15.20 Moreover, this
interaction disfavored attack of the hydroxyl group from the
upside. Therefore, only one product with hydroxyl group at a

position should be formed, which was also the only epimer that
could be detected from the metabolites of n-BuOH part via HPLC/
MS analysis (200 nm). All this data supported the proposed
biogenetic pathway.

HR-ESI-MS of demethyl calyciphylline A (2) indicated its
molecular formula C22H29NO4.21 Its planar structure was identi-
fied by its 1H and 13C NMR data (Table 1) and the assignment for
those data was based on the key correlations in 2D NMR (HSQC,
1H-1H COSY and HMBC) as shown in Fig. 1. The compound could
be also considered as demethylation from calyciphylline A or
N-oxydation from daphnilongeranin C.22,23 The similarities of 13C
NMR and ROESY correlations among the three compounds were
further supported that compound 2 possesses the same relative
configuration as calyciphylline A or daphnilongeranin C.

Compounds 1 and 2 were bioassayed for their plant growth
regulating function according to the previous reported protocol.24

Both compounds were bioassayed on wheat seed at 200 and 50
ppm to estimate the average percentage (three repetitions) of
germination and seedling growth with respect to the control,
glyphosate. 1 can stimulate the shoot elongation of wheat by
437.5% and 394.4% at 200 and 50 ppm (mg ml21) with respect to
the blank.

Conclusions

In summary, longeracemine (1) was the firstly found novel C-7/C-9
bonding alkaloid in Daphniphyllum alkaloids family. Along with it,
a new calyciphylline-A type alkaloid (2) was also isolated from the
same plant Daphniphyllum longeracemosum. Their structures
including absolute configuration were identified on the basis of
spectra analysis associated with quantum chemical approach.
Moreover, we firstly found that Daphyniphyllum alkaloid possess
plant growth regulating activity.
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T. Matsumoto and E. Ōsawa, CONFLEX, Conflex corp., Tokyo-
Yokohama, Japan, 2004.

20 C. H. Heathcock and J. A. Stafford, J. Org. Chem., 1992, 57,
2566–2574.

21 Demethyl calyciphylline A: white amorphous; [a]25
D 2134.8 (c

0.7, MeOH); IR (KBr) nmax: 3422, 2929, 1687, 1434, 1084 cm21;
1H and 13C NMR data (Table 1); ESIMS m/z 372 [M + H]+;
HRESIMS m/z 372.2178 (calcd for [M + H]+ 372.2174).

22 H. Morita and J. Kobayashi, Org. Lett., 2003, 5, 2895–2898.
23 H. Takatsu, H. Morita, Y. C. Shen and J. Kobayashi,

Tetrahedron, 2004, 60, 6279–6284.
24 G. Bruce Williamson and D. Richardson, J. Chem. Ecol., 1988,

14, 181–187.

This journal is � The Royal Society of Chemistry 2013 RSC Adv., 2013, 3, 9658–9661 | 9661

RSC Advances Communication

Pu
bl

is
he

d 
on

 1
6 

A
pr

il 
20

13
. D

ow
nl

oa
de

d 
by

 K
un

m
in

g 
In

st
itu

te
 o

f 
B

ot
an

y,
C

A
S 

on
 2

4/
07

/2
01

3 
04

:4
2:

22
. 

View Article Online

http://dx.doi.org/10.1039/c3ra41072b

