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Four newDaphniphyllumalkaloids, daphnimacropodines/ (1—4), together with three known ones, daphnilactone
B and daphnezomines H and I, were isolated from the fruitBabhniphyllum macropodunTheir structures were
determined by spectroscopic methods, especially 2D NMR techniques.

Daphniphyllumalkaloids with highly complex polycyclic struc-  mined as GH3;NOz; by HRESIMS atm/z 358.2368 [(M+ H)™*,
tures are the secondary metabolites elaborated by plants of the genusalcd for G,H3,NOs, 358.2382], corresponding to eight degrees
Daphniphyllum! Radioactive tracer experiments revealed that they of unsaturation. IR absorptions suggested the presence of hydroxy
were generated from six molecules of mevalonic acid via a (3420 cntl) and carbonyl (1624 cm) functional groups. Th&C
squalene-like intermediateHeathcock and co-workers performed  NMR data (Table 1) revealed 22 carbon resonances, which were
biomimetic total syntheses of sevelhphniphyllumalkaloids? classified into two sp quaternary carbons, two ¥puaternary
In recent years, more than 60 né&aphniphyllumalkaloids were  carbons, one $pnethine, six spmethines, 10 simethylenes, and
isolated!™® Some of these alkaloids showed cytotoxic activities one methyl group. ThéH and 13C NMR spectra ofl indicated
against several tumor cell lines. that the sp quaternary carbond¢ 168.8) was a lactam carbonyl
Daphniphyllum macropodurMig., widely distributed in the 59 the spmethine carbondc 104.3) was a hemiacetal carbon.
south of China, is commonly used in Chinese traditional medicine gne methine dc 64.8; 0y 3.68) and one methylendd 53.7; o
to treat several symptoms, such as inflammation, pyreticosis, and3 79 and 3.18) were ascribed to carbons linked to a nitrogen atom.
influenza? In the investigation ofDaphniphyllumalkaloids, D. Since two degrees of unsaturation were attributable to the carbonyl

macropodunwas the first species to be studiednd a series of 5 the trisubstituted double bortiwas inferred to possess six
Daphniphyllumalkaloids were discoveréd.Recently, three new fing systems

Daphniphyllumalkaloids, macropodumines-AC, were isolated .

from this specie$.In our investigation ofD. macropodumfour Three partial structureg} (C-1 to C-4, C-2 to C-18, C-18 to

new Daphniphyllumalkaloids, daphnimacropodines-/® (1—4), C-19 and C-20)b (C-6 to C-7, C-10 to C-12, C-10 to C-17, C-15
to C17), andc (C-13 to C-14), and an isolated GKbc 74.9; On

as well as daphnilactone'Band daphnezomines!Hand 12 were | . ¢
isolated from the fruits of this plant. Daphnimacropodinel}i¢ 4.13 and 3.53) were deduced from te—'H COSY (including
associated with daphniglaucinTin biogenetic syntheses and HMQC) data ofl, as shown in Figure 2. The linkages of the three
pOSSesses a new ring system. partial structures and the isolated methylene with quaternary carbons

and heteroatoms were achieved by analysis of the HMBC spectum

Q CHo COOH (Figure 2). The presence of a 2-hydroxytetrahydrofuran ring was
N 4 N H ' suggested by the HMBC correlations of H-7 to C-5, C-6, and C-21,
Ho H as well as H-21 to C-5, C-6, and C-7. The attachment of C-22 to
H H ‘@ the nitrogen atom was established by HMBC correlation gfLBl
to C-22. An olefinic carbon abc 147.0 was assigned to C-9 by
0—on o}
1 2

HMBC correlations of H-15 and 16 to C-9. The connectivity

of C-9 to C-10 was supported by the HMBC correlations of H-15
to C-9 and C-10. The HMBC correlations from H-15 to C-8 and
C-9, as well as H-1 to C-8 and C-9, allowed the connection of C-8
to C-9 and C-1 to C-8. The connection of C-5 to C-8 was indicated
by the HMBC correlations of H-1 to C-5 and C-8. In the HMBC
experiment, the correlations of,#13 to C-8 and C-9 established
the attachment of C-13 to C-8.

The relative configuration ofl was established by ROESY
experiments (Figure 3). The ROESY correlations of24/H-1,
Daphnimacropodine Alj was obtained as colorless gum with  H,-21/H-2, H-21/H-43, H»-21/H-133, and H-21/H-6 indicated that
[a]®% +50.5 € 1.00, acetone). Its molecular formula was deter- H-1, H-2, and H-6 were alB-cofacial with the B ring in a boat
conformation. H-7 and H-10 were algboriented on the basis of
* To whom correspondence should be addressed.F86-871-5223263. the ROESY correlations of H-6/H-7 and H-6/H-10. The ROESY

Fa’fkﬁg&%ﬁfﬁ&&?g}; E;)Ta?:; haoxj@mail.kib.ac.cn. correlation of H-1/H-18 suggested that B0 was in theo-ori-

*Key Laboratory of Chemistry for Natural Product of Guizhou. entation. The structure of daphnimacropodinel)\fas thereby
§ Graduate University of the Chinese Academy of Sciences. elucidated a4.
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Table 1. NMR Spectroscopic Data (400 MHz, CD{Lbf
Daphnimacropodine Al

posi-

tion  Oc, mult. oy (JinHz) HMBC ROESY

Journal of Natural Products, 2007, Vol. 70, No. 8349

1 648,CH 368d  23,58,913 18,19 H-2, H-13 Hy-21
(10.2)
2 385CH 262,m 1,3,4,8,18,19,20 H-1,HB3
3 1950CH al9,m 1,2,4,518 H-B, H-15, H-20
fl44,m 1,2,4,5 H-2, H-8, H-18
4 256,CH al73,m 2,3,56,21 H3 1 1
f154,m 3,5,8,21 H-B, H-4a — 'H-"H COSY and HMQC
5  49.0,qC — HMBC
6 50.1,CH 219,m 4,5,7,8,12 H-7, H-10,#3, . . . .
H-21b ‘ Figure 2. Selected 2D NMR correlations for daphnimacropodine
7 104.3,CH o5.05d 5,6,12,21 H-6, 12 A (D).
(5.1)
8 44.9,qC
9 147.0,qC
10 44.7,CH 2.64,m 8,9,11,15 H-6, H-B1H-13q,
H-178
11  315CH B176,m 6,9,10,17 H-6, H-10, H-12
al.70,m 6,9,10,12,17 H-11
12 230,CH f192,m 5,6,7,10,11 H-6, H-1@
158 m 6,710,11 H-7, H-12
13  275,CH a202,m 1,59 14,22 H-6, H-10, H-13
Ho-14
p173,m 1,59, 14 H-1, H-6, H-18,
H-21a
14  30.4,CH f242,m 8,13,22 13, H-14a
218, m 8,13,22 H-10, H-18
15 128.2,CH 5.32,s 5,9,10,14,16,17 52D, H-19a
16  30.3,CH «229(m) 915,17 H-18, H-17a
f2.18,m 10,9,15 H-15, H-16
17 33.8,CH $1.90,m 9,10,11,15,16 H-10, H-BB H-17a
al48m 910,11,15, 16 H-86 H-178
18 325CH 269, m 1,3,19,20 H-1, HB3H-195,
Hs-20 ) )
19 53.7,CH 3.79,m 1,2,18,20,22 H-18, H-1® Figure 3. Selected ROESY correlations (dashed arrows) and
0(t132-158y7dg) 1,2,18,20,22 H-15, H-18, Hs-20 relative configuration of daphnimacropodine 2.
20 146.CH 1('708’)(’ 218,19 ,'_',if '('1"15’ H-18, Scheme 1.Plausible Biogenetic Path for Daphnimacropodine A
21  749,CH b4.13,d 6,12 H-1,H
H
H
H-

22

Figure 1. Structures of daphnimacropodines-B (1—4).

A plausible biogenetic pathway for daphnimacropodinel \ig
proposed in Scheme 1. Daphnimacropodine B (night be

daphnimacropodine A (1)

be formed. Daphnimacropodine A)(would be finally produced

from intermediate F through intramolecular hemiacetal formation.
Daphnimacropodine B showed a molecular formula ob&3;-

NOs as determined by HRESIMS at'z 390.2280 (M+ H)* with

eight degrees of unsaturation. THE NMR spectrum displayed

22 carbon resonances attributed to three carbonyls, one trisubstituted

double bond, two quaternary carbons, four methines, 10 methylenes,

and one methyl. Comparing thel and**C NMR chemical shifts

(Table 2) with those of daphniglaucin C, the only difference was

the absence of the C-2@-methyl resonance ir2. Therefore,

daphnimacropodine B2} was elucidated as d®-methyldaph-

generated from a common imino intermediate C, which has been niglaucin C.

proposed as a precursor of daphniglaucin C by Kobayashi'ét al.

The ROESY spectrum d? showed the same relative configu-

The intermediate C could be transformed into intermediate D ration as that of daphniglaucin C. Correlations of H-24;a24.49)
through Schiff base hydrolysis and then converted into intermediate to H-10 and H-21bdy 3.82) to H-13 suggested that}21, H-10,
E through a series of oxidation reactions. Oxidation of the C-7 and CH-13 weref-cofacial. As a consequence, the correlations

hydroxy group would lead to the C-N bond cleavage and the

of H-1 to H,-13 and of H-1 to H-2 and H-18 indicated that H-1,

C-22—-N bond formation; consequently lactam intermediate F would H-2, and H-18 weres-oriented.
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Table 2. NMR Spectroscopic Data of Daphnimacropodines The ROESY correlations of H-21ay( 4.28) to H-10 and H-12

B-D (2—-4) (0n 2.00) and of H-21b &, 3.65) to H-$ (dy 2.20) and H-6
posi- 2a 30 42 suggested that G#21, H-10, H-4, and H-6 werg3-cofacial. The
tion oc, mult. op@INHzZ) o0c On@inHz) oc, mult. on (Jin Hz) ROESY correlations of H-6 to Hf7 (6w 3.15), H-7 to H-38 (dn
1 655 CH 4.154d(4.0) 711 3.79,d(55) 72.3,CH 3.62,d 1.39) and H-18 (0u 2.52), and H-B and H-1$ to CHy-20
2 40.4,CH 2.26,m 37.8 2.42,m 37.8,CH 2.40 (m) indicated that CH20 was -oriented. On the other hand, the
3 170,CH al.73,m 18.30c2.01, m 20.0, CHl @ 1.80, m ROESY correlations of H-1 to H-2 and H-18, as well as H-2 to
f1.66,m p1.63,m f31.39,m H-30. and H-4, indicated that H-1, H-2, and H-18 were in the
4 26.9,CH a221,m 25.6 1.81,m 32.3,GH32.20,m : . ' ' '
B 1.59, m 1.81, m @2.03,m a-orientation.
5 57.7,qC 55.1 41.1,qC i 1 i i
8 2163 qC o012 361 O 2.49,m A Daphnlla}ctoneﬂﬁ an((J]II fiagpm\:;o(;mnes |_k|1 arr:d | w;ere |Eent_|f|ed
7 165.4.CH 8.06,s 167.0 856, s 58.3 CH3.79. m y comparison ofH an ata with those of authentic
B 3.15,t samples.
8 469 qC 495 403, qC (11.5) Daphnimacropodines AD (1—4) showed no inhibition on in
9 1506 qcC 148.5 146.7, qC vitro platelet aggregation induced by PAF, ADP, and AA.
10 47.2,CH 3.16,m 49.1 3.11,m 47.8,CH 2.87,m
11 32.3,CH $1.87,m 27.441,81, m 31.4,Chl 02.05, m ; ;
. 153 m @147, m F164.m Experimental Section
12 429,CH 0(‘5392%3*2) 434 0(‘12?;%4'5‘16) 30.4,CH $2.00,m General Experimental Procedures.Optical rotations were mea-
£2.31,m £2.41,m «1.45 m sured on a Jasco DI®70 digital polarimeter. IR spectra were recorded
13 31.9,CH 1.98,t(7.8) 33.932.38,m 31.5, Chl 2.07, m on a BIO-Rad FTS spectrometer with KBr diskid. NMR, *C NMR,
1.98,1(7.8) (?125-%7,711% 1.74,m IH—1H COSY, HMBC, HMQC, and ROESY spectra were measured
14 31.4,CH 215.1(78) 29.7a 2.75.m 30.1, CHl 2.24, m on DRX-500 or A\/—400 spectrometers with TMS as |nterqal ;tandard.
2.15, t(7.8) B2.50,t(7.5) 2.19,m ESIMS were obtained on a Waters 2659 HPLC-Thermo Finnigan LCQ
15 131.9,CH 5.72,s 134.7 5.93,d (2.0) 132.9,CH 5.80,s Advantage ion trap mass spectrometer. Column chromatography was
16 30.1,CH tﬁlgggnn: 303 222155:: 29.8, GH3 22%2 carried out on silica gel (200300 mesh; Qingdao Marine Chemical
17 345, CH [32:18: m 3288 2.36,m 32.4, Chi ;;‘2_'01,’m Factory, Qingdao, People’s Repu_blic_of China) and Sephadex LH-20
«1.73, m «1.63, m «1.68, m (40—70 um; Amersham Pharmacia Biotech AB, Uppsala, Sweden).
18 34.9,CH 2.30,m 36.0 1.92,m 36.0,CH 2.53,m Plant Material. The fresh fruits ofD. macropodunwere collected
19 517,CH f362,dd  49.5/3.95 dd 65.6,Chp 0. 4.46, brs in Jiangxi Province, People’s Republic of China, in November 2005,
(11.5,6.5) (11.5,6.9) : - X h
0.2.96, t 269, d £2.52,nt and identified by Prof. Xun Gong of the Kunming Institute of Botany,
(11.5) (11.5) CAS.
20 12.8,CH 1.08,d (6.5 10.9 0.96,d(6.9)  13.3,€H.05,d (6.5) Extraction and Isolation. The fresh fruits ofD. macropodun(20
21 66.5,CH 4.49,d(105) 708 4.61,d(13.0) 664, 5"1'12(?'03’ kg) were percolated with 95% EtOH. After removal of solvent under
3.82, d (10.5) 3.91, d (13.0) 3.65, d reduced pressure, the crude extract (2.1 kg) was dissolvedOn(8i
(10.0) L) to form a suspension, which was adjusted with tartaric acid to pH
gg 178.2,qC 173.7 éf%'e'cqucs 63 ~3. The acidic mixture was defatted with CHGR L x 4), and the
Ay .03, S

2500 MHz, CDROD.P500 MHz, CDC}. “Resonances partially

obscured.

Daphnimacropodine C3f had a molecular formula of £Hg
NO, as shown by HRESIMS atvz 394.1970 [(M+ Na)", calcd

for CooH20NOsNa 394.1994]. 1t43C NMR and DEPT spectra (Table

agueous phase was basified with NH,O to pH 10 and extracted with
CHCI; (2 L x 4) to obtained a crude alkaloid (47.0 g) fraction. The
alkaloids were then subjected to column chromatography on silica gel
eluted with a gradient solvent system of CH®leOH (100:0 to 0:100)

to give six fractions (—Fs). Fraction F (7.6 g) was rechromatographed
over a silica column eluted with CHgZMeOH (100:4-100:8) to give

two major fractions, Pand Dy. Each of them was separated by silica
gel column chromatography eluted with petroleum/acetopsHE(10:

2) revealed 22 carbon resonances, which were consistent with thaty:g 02 to0 10:3:0.02) and then purified by Sephadex LH-20 column
of 2, implying that the two alkaloids likely shared the same basic chromatography eluted with MeOH to affofd(20 mg),2 (6 mg), 3

skeleton. Considering that the molecular weigh8dg 18 less than

those of2, 3 was inferred as the lactone derivative2fAnalysis

of 2D NMR spectra (HMQC!H—1H COSY, HMBC) confirmed

(7 mg), and4 (120 mg), as well as daphnilactone B (320 mg),
daphnezomine H (34 mg), and daphnezomine | (27 mg).
Daphnimacropodine A (1): colorless gum; ¢]?% +50.5 € 1.00,

that3 had the structure as inferred. The ROESY spectrum showed acetone); IR (KBr)imax 3420, 2931, 1624, 1465, 1408, 1037, 1011
that daphnimacropodine @G)(and daphnimacropodine B)(had
the same relative configuration.

Daphnimacropodine D4) showed a molecular formula of

Ca3H3sNOs as determined by HRESIMS at/z 374.2695 [(M+

H)*, calcd for GoHzeNOs 374.2695] with seven degrees of
unsaturation. All 23 carbon resonances were displayed itQ@s
NMR spectrum (Table 2), which were assignable to one ester

cm % 'H and3C NMR, see Table 1; ESIM&vVz 358.5 (M + H)*;

HRESIMSm/z 358.2368 [(M+ H)*, calcd for G,H3,NO3; 358.2382].
Daphnimacropodine B (2):amorphous, white powdemr]?% —30.1

(c 0.15, CHOH); IR (KBF) Amax 3431, 2933, 1705, 1696, 1630, 1455,

1382, 1171 cm!; *H and3C NMR, see Table 1; ESIM&vVz 390.5

(M + H)™; HRESIMSm/z 390.2282 [(M+ H)*, calcd for GoH3NOs

390.2280].

Daphnimacropodine C (3):amorphous, white powdem[*’; —49.4

carbonyl, one trisubstituted double bond, two quaternary carbons, (c 0.30, acetone); IR (KBrimax 3433 (H0), 2932, 1742, 1696, 1644,
five sp® methines, 11 methylenes, one methyl, and Greethyl.
The methylenedc 66.4,04 4.28 and 3.65) had to be connected to  372.4 (M + H)*; HRESIMS vz 394.1970 [(M+ Na)*, calcd for
a hydroxyl group. The carbonyl and the double bond accounted Cz2H20NOsNa 394.1994].

for two degrees of unsaturation; the remaining five degrees of

1441, 1184, 1086 cnt; 'H and13C NMR, see Table 1; ESIM&Vz

Daphnimacropodine D (4): colorless gum; ¢]?% —22.5 € 0.20,

unsaturation were assignable to the presence of a pentacyclic ringCHsOH): IR (KBr) Anax 3431, 2924, 1738, 1456, 1169 cfn'H and
system in4. TN

MR, see Table 1; ESIM&Vz 374.6 (M+ H)"; HRESIMSm/z
374.2695 [(M+ H)™, calcd for GsH3eNO3 374.2695].

The patterns and the chemical shifts'# NMR data (Table 2)
were similar to those of daphnilactone'Bexcept for the presence
of anO-methyl resonancej¢ 51.7) in4, suggesting that these two
alkaloids shared the same basic skeleton. 2D NMR spectra (HMQC,
IH—IH COSY, and HMBC) showed that was the methyl ester
derivative of daphnilactone B.
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