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Daphniphyllum and Diterpenoid Alkaloids from Daphniphyllum longeracemosum
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Four new Daphniphyllum alkaloids, daphlongamines A—D (1—4), were isolated from the fruits of Daphniphyllum
longeracemosum. Their structures were characterized by spectroscopic methods, especially 2D NMR techniques. A
single-crystal X-ray diffraction analysis was used to confirm the stereochemistry of 3. Remarkably, this is the first
report of aconitine- and veatchine-type diterpenoid alkaloids from the genus Daphniphyllum.

Daphniphyllum alkaloids are a family of alkaloids with structur-
ally diverse and complex polycyclic skeletons,"? which have
attracted much attention regarding their total synthesis and
biosynthesis.>* The presence of many structurally unique Daph-
niphyllum alkaloids may be ascribed to their special biosynthetic
pathways from key intermediates as proposed by Heathcock.’

In the past two years, we have isolated more than 30 structurally
unique and biosynthetically meaningful Daphniphyllum alkaloids,®”
including some with novel skeletons from Daphniphyllum longer-
acemosum Rosenth.” In our continuing investigations of biogeneti-
cally and structurally interesting alkaloids from the fruits of D.
longeracemosum Rosenth., four new Daphniphyllum alkaloids,
daphlongamines A—D (1—4), as well as 22 known compounds,
including 13 Daphniphyllum alkaloids and eight aconitine-type and
one veatchine-type diterpenoid alkaloids, have been isolated. Herein,
we present the isolation and structural elucidation of alkaloids 1—4.
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Results and Discussion

Daphlongamine A (1) was obtained as a white solid, and its
molecular formula, Co4H3sNOy, was established by HRESIMS (m/z
402.2652 [M + H]*, caled 402.2644), corresponding to eight
degrees of unsaturation. IR absorption bands at 1728 and 1711 cm™!
implied the presence of two carbonyl groups. '*C NMR and DEPT
spectra (Table 2) revealed 24 carbon signals including two carbonyl
carbons, four sp? quaternary carbons, four sp? methines, 11 sp?
methylenes, and three methyl groups. Three methylenes (d¢ 53.1,
On 3.27 and 2.89; O¢ 55.6, Oy 3.56 and 2.97; d¢ 64.9, Oy 3.20 and
3.13) were ascribed to those attached to a nitrogen atom, while
one methylene (d¢c 71.2, oy 3.88 and 3.62) and one sp? quarterary
carbon (¢ 99.9) were ascribed to those bearing oxygen atoms.

The structure of 1 was proposed to consist of two moieties
(Figure 1A) by analyses of 2D NMR ('"H—'H COSY, HSQC, and
HMBC). The 'H—'H COSY spectrum indicated the presence of
four partial fragments: a (C-18 to C-19 and C-20), b (C-3 to C-4),
¢ (C-6 to C-7 and C-12, and C-11 to C-12), and d (C-13 to C-17)
drawn with bold bonds in Figure 1A. Furthermore, the HMBC
spectrum suggested the presence of the right-hand moiety (in red)
as shown in Figure 1A, containing three carbocyclic ring systems
(two five-, one seven-membered), a carbomethoxy group at C-14,
an oxymethylene at C-5, and a methylene at C-6, which are the
usual structural components in yuzurine- and yuzurimine-type
Daphniphyllum alkaloids. In addition, HMBC cross-peaks of H-1a
to C-7 (Oc 55.6), H-15 to C-24 (d¢ 64.9), and H-7a to C-24 (O¢
64.9) imply that C-1, C-7, and C-24 are connected through a
nitrogen atom. The connection of fragments a and b via C-2 was
elucidated by correlations of H,-3 and H-18 with the ketone carbon
(C-2, d¢ 213.5). Correlations of H,-13 to C-1 and of H-1a to C-8
implied that C-1 and C-13 were connected through C-8. Meanwhile,
the formation of an ether linkage between C-21 and C-9 and
connectivity of C-24 and C-10 were illustrated by HMBC correla-
tions of H,-21 to C-9 and of H,-24 to C-10, respectively. Thus,
the gross structure of daphlongamine A was assigned as 1 with a
unique fused hexacyclic ring system as shown in Figure 1A. The
relative configuration of 1 was elucidated by ROESY data, as shown
in a computer-generated 3D drawing (Figure 1B). The ROESY
cross-peak between the proton pair H-6/H-21b suggested that H-6
was in a f-orientation. H-14 and H-15 were established to be
a-oriented by correlations of H-13a/H-14, H-14/H-15, and H-15/
H-160.

Daphlongamine B (2) showed a molecular formula of C,HxgNOs,
as determined by HRESIMR at m/z 344.2227 (calcd 344.2225),
with eight degrees of unsaturation. IR absorption bands at 1724
and 3239 cm™! implied the presence of carbonyl and hydroxy
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Table 1. 'H [0y (pattern, J (Hz))] NMR Data of Daphlongamines A—D (1—4)

14 24 3b 4b
la 3.27 (1H, d, 11.0) 2.45 (1H, m) 3.07 (1H, m)
18 2.89 (1H, d, 11.0)
3a 2.36 (2H, m) 1.50 (2H, m) 1.72 (1H, m) 1.50 (2H, m)
38 1.42 (1H, m)
4a. 1.67 (1H, m) 1.92 (2H, m) 1.54 (1H, m) 1.94 (1H, m)
46 1.86 (1H, m) 1.67 (1H, m) 1.69 (1H, m)
6 1.88 (1H, m) 2.11 (1H, m) 2.01 (1H, m) 2.26 (1H,t,5.0)
Ta 297 (1H,d, 11.4) 2.76 (1H, d, 6.5) 2.95(1H, d, 16.0) 3.25 (1H, m)
76 3.56 (1H,dd, 11.4,4.4) 3.68 (1H, t, 6.5) 2.85 (1H, m) 2.89 (1H, t, 11.5)
10 2.12 (1H, m)
1o 1.58 (1H, m) 2.17 (1H, m) 1.88 (1H, m) 1.36 (1H, m)
118 2.08 (1H, t, 10.0) 2.02 (2H, m) 2.10 (1H, m) 1.90 (1H, m)
120 1.69 (1H, m) 1.47 (1H, m) 1.24 (1H, m) 1.27 (1H, m)
128 2.19 (1H, t, 10.4) 2.06 (1H, m) 1.94 (1H, m) 1.80 (1H, m)
130 1.62 (1H, m) 1.91 (1H, m) 2.80 (1H, m) 2.55 (1H, dd, 15.0, 7.5)
138 2.80 (1H, m) 1.95 (1H, m) 2.24 (1H, dd, 17.0, 3.5) 2.11 (1H, m)
14 2.77 (1H, m) 3.04 (1H, t, 4.5) 2.75 (1H, s) 3.09 (1H, m)
15 2.63 (1H, m) 2.60 (1H, dd, 9.0, 5.0) 3.32 (1H, m) 2.61 (1H, dd, 19.0, 9.0)
1600 1.84 (1H, m) 1.81 (1H, m) 1.01 (1H, m) 1.60 (1H, m)
168 1.94 (1H, m) 1.63 (1H, m) 1.69 (1H, m) 1.13 (1H, m)
170 1.74 (1H, m) 1.72 (1H, m) 2.11 (1H, m) 1.36 (1H, m)
178 1.81 (1H, m) 2.15 (1H, m) 2.45 (1H, m) 1.50 (1H, m)
180 2.60 (1H, m) 1.42 (1H, m) 1.87 (1H, m) 1.98 (1H, m)
188 1.81 (1H, m)
19a 1.10 (3H, d, 1.5) 0.96 3H, t,7.3) 3.18 (1H, s) 3.47 (1H, t, 10.0)
198 1.94 (1H, m) 2.14 (1H, d, 10.0)
20 1.07 3H, d, 1.5) 0.88 (3H, d, 7.0) 0.93 3H, d, 7)
2la 3.88 (1H, d, 6.8) 4.29 (1H, d, 10.3) 3.67 (1H, d, 11.5) 4.13 (1H, d, 10.9)
21b 3.62 (1H, d, 6.8) 3.64 (1H, d, 10.3) 3.62 (1H, d, 11.5) 3.67 (1H, d, 10.9)
23 3.66 (3H, s) 3.45 (3H,s) 3.75 (3H, s)
24a 3.20 (1H, d 11.0) 3.16 (1H, d, 13.6)
24b 3.13 (1H, d, 11.0) 2.73 (1H, d, 13.6)

@ Measured in CDCls. » Measured in CDCI3/CD3;0D (4:1).

Table 2. 3C [0c] NMR Data of Daphlongamines A—D (1—4)

14 24 317 417
1 53.1 66.4 67.6
2 213.5 81.9 71.5 77.0
3 36.1 29.3 28.5 26.8
4 24.5 38.8 30.1 33.1
5 47.7 54.2 38.3 40.6
6 35.6 41.3 38.1 38.4
7 55.6 54.1 56.3 56.8
8 43.6 67.3¢ 44.5 48.2
9 99.9 67.3¢ 143.4 93.6
10 41.6 95.8 133.9 46.9
11 33.7 29.4 24.6 21.3
12 28.6 25.2 27.4 29.9
13 36.8 30.0 34.0 31.9
14 39.8 56.1 42.07 41.7
15 51.7 49.3 53.8 56.7
16 24.9 21.6 27.4 26.7
17 439 41.2 42.13 323
18 40.9 27.5 46.0 44.7
19 18.3¢ 9.0 60.9 60.5
20 18.3¢ 12.7 11.3
21 71.2 65.5 66.5 67.2
22 173.5 175.4 177.0 175.6
23 51.5 51.0 51.3
24 64.9 58.7
“Measured in CDCls. ”Measured CDCI3/CDsOD  (4:1).
¢ Overlapped.

functionalities, respectively. In its '*C NMR spectrum, 21 carbon
signals were revealed, including one sp? ester carbonyl group, five
sp?® quaternary carbons, three sp> methines, 11 sp® methylenes, and
one methyl. Three carbons were inferred to bear a nitrogen (d¢
81.9, s; 58.7, t; 54.1, t), and two carbons, an oxygen (Oc 95.8, s;
65.5, t). Since the carbonyl group accounted for one out of the
eight degrees of unsaturation, the remaining seven degrees of
unsaturation were assumed to indicate the presence of a heptacyclic

system in 2.

Figure 1. (A) 'TH-'H COSY (bold) and HMBC (arrow, H—C)
correlations of 1. (B) NOESY (dashed) correlations of 1.

By detailed comparison of the NMR data of 2 with those of

paxdaphnine A, which had been previously isolated from this



1204 Journal of Natural Products, 2008, Vol. 71, No. 7

Figure 2. (A) '"H-'H COSY (bold) and HMBC (arrow, H—C)
correlations of 2. (B) NOESY (dashed) correlations of 2.

genus,”® 2 was implied to possess a similar skeleton. The main
difference was the absence of the ether linkage between C-10 and
C-21 in 2, which was suggested by the chemical shift of C-10
(upfield about 4 ppm) and C-21 (downfield about 10 ppm). When
considering the heptacyclic system in 2, a lactone ring was implied
to exist between C-21 and C-22 or between C-10 and C-22. To
further elucidate the structure of 2, 2D NMR experiments were
employed. 2D spectra (‘H—'H COSY, HSQC, and HMBC) proved
the presence of rings A—F, as shown in Figure 2, which were the
same as those of paxdaphnine A. In addition, */ HMBC correlation
from H-11f to C-22 indicated that C-10 and C-22 were linked,
forming a six-membered lactone (C-14, C-15, C-9, C-10, oxygen
atom, and C-22). Therefore, the planar structure of 2 was
established. Furthermore, the relative configuration of 2 was the
same as paxdaphnine A, which was verified by the NOESY
spectrum, as shown in the computer-generated 3D drawing (Figure
2B).

Daphlongamine C (3) was isolated as block crystals (CH;0H)
with [0]**p —27.27 (¢ 0.17 CHCI3/CH;0H, 1:1). Its molecular
formula was determined to be C3H33NO4 by HRESIMS at m/z
388.2492 (calcd 388.2487), requiring eight degrees of unsaturation.
IR absorption bands implied the presence of carbonyl (1736 cm™")
and hydroxy (3425 cm™!) functional groups. Analyses of the NMR
spectra ('H, '3C, DEPT, HSQC, and HMBC) suggested that alkaloid
3 had 23 carbons, corresponding to six quaternary carbons (sp® x
3 and sp? x 3), five sp’ methines, 10 sp* methylenes, and two
methyl groups. Comparison of the NMR data of 3 with those of
yuzurimine B indicated that both compounds were structurally
similar, with the exception of the presence of a quaternary carbon
at Oc 77.5 (C-2) and the absence of a methine carbon at ¢ 37.9 in
3. The HMBC correlation of H3-20 (0 0.88) with the quaternary
carbon at Oc 77.5 (C-2) suggested that C-2 should be substitued
by a hydroxy group. The structure and relative configuration of 3

Li et al.

Figure 3. ORTEP drawing of the X-ray structure of 3.

was further confirmed by an X-ray crystallographic study (Figure
3),® which was consistent with the ROESY data.

Daphlongamine D (4) was shown to have the molecular formula
Cy3H35NOs by HRESIMS at m/z 406.2574 (cald 406.2593). The
'"H and *C NMR spectra were similar to those of compound 3
except for the absence of the double bond between C-9 and C-15
and the presence of an oxy-substituted quaternary carbon with a
chemical shift of d¢ 93.6 in 4. Long-range HMBC correlations of
H-14 and H,-11 with C-9 (¢ 93.6) proved that C-9 was substituted
by a hydroxy group. The planar structure of daphlongamine D was
eventually established by the 2D experiments as 4.

The relative configuration of daphlongamine D should be the
same as alkaloid 3 on the basis of analysis of ROESY correlations
and biogenetic considerations. Specifically, the observed NOE
correlations of H,-21 with H-10 indicated that H-10 was S-oriented,
and the OH group at C-9 should take an a-orientation, which was
compatible with the computer-optimized 3D structure of 4 using
Hartree—Fock (HF) at the 3-21G(d) basis set level.

In addition to the four new alkaloids, the other 13 Daphniphyllum
alkaloids, yuzurimine B,? daphnezomine S,'9 zwittenrionic alka-
loid,"" oxodaphnigraciline,'* daphnigracine,'* daphnigraciline,'?
methyl homodaphniphyllate,'® daphniyunnines A, D, and E,"
daphnipaxianines A and B,** and longistylumphylline A, together
with eight aconitine-type C-19 diterpenoid alkaloids, condelphine, '
neoline,'® chasmanine,'® talatisamine,!” isotalatizidine,'” nevad-
enine,'® fuziline,'® and beiwucine,?® and one veatchine-type C-20
diterpenoid alkaloid, songorine,?' were all identified by comparison
of experimental and reported physical data.

The proposed biogenetic pathways of Daphniphyllum alkaloids
are different from those of diterpenoid alkaloids. The former
originate from six molecules of mevalonic acid via a squalene-like
intermediate;>” the latter are derived from tetracyclic or pentacyclic
diterpenes. The biogenetic pathways of the four new Daphniphyllum
alkaloids are proposed as shown in Scheme 1.

Experimental Section

General Experimental Procedures. Melting points were recorded
on an X-4 apparatus without correction. IR spectra were measured in
a Bio-Rad FTS-135 spectrometer with KBr pellets. Optical rotations
were obtained on a Perkin-Elmer model 241 polarimeter. ESI and
HRMS 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 um; Qingdao
Marine Chemical Factory) and Sephadex LH-20 (40—70 um, Amer-
sham Pharmacia Biotech AB, Uppsala, Sweden).

Plant Material. The fruits of D. longeracemosum were collected
in Hekou of Yunnan Province, People’s Republic of China, in Octobor
2005. The sample was identified by Prof. Xun Gong, Kunming Institute
of Botany, Chinese Academy of Sciences, and a voucher specimen (KIB
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Scheme 1. Possible Biogenetic Pathways for Daphlongamines A—D (1—4)

Paxdaphnine B

—
—_—

6 MVA™—=» Squalene

05110021) was deposited at the State Key Laboratory of Phytochemistry
and Plant Resources in West China, Kunming Institute of Botany,
Chinese Academy of Sciences.

Extraction and Isolation. The fruits (60 kg) of D. longeracemosum
were extracted with 95% EtOH, and the crude extract was adjusted to
pH 2 with 2% HCI. The acidic mixture was defatted with petroleum
ether (bp 60—90 °C), followed by extraction with CHCls. The pH of
the aqueous layer was adjusted to pH 10 with 3% NaOH and then
exhaustively extracted with CHCl; to give the crude alkaloid. The crude
extracts were subjected to a Si gel column (CHCI3/MeOH, 1:0 — 0:1)
to obtain six major fractions (F,—Fg). Fraction 3 (Fs) was further
chromatographed over a Si gel (200—300 mesh) column (petroleum
ether/Et;NH, 50:1 — 10:1) followed by Sephadex LH-20 CC eluted
with CH30H to afford daphlongamine A (1, 12 mg). Fraction 4 (Fy)
was subjected to a RP-18 Si gel column (MeOH/H>O) to give four
fractions (P;—P4). Fraction 1 (P;) was subjected to Si gel (EtOAc/
MeOH, 8:1) followed by Sephadex LH-20 CC eluted with CH30H to
yield daphlongamines C (3, 7 mg) and D (4, 17 mg). Fraction 3 (P5)
was chromatographed on Si gel (petroleum ether/Et,NH, 50:1 — 10:1)
to obtain daphlongamine B (2, 20 mg).

Daphlongamine A (1): white solid; [a]**p +5.08 (¢ 0.29, CHCl3);
IR (KBr) vimax 3432, 2955, 2925, 1728, 1711, 1468, and 1199 cm™;
'H and '3C NMR data, see Tables 1 and 2; ESIMS 402 [M + H]";
HRESIMS m/z 402.2652 (caled for Co4HigNO4™, 402.2644).

Daphlongamine B (2): white solid; [a]**p —107.25 (c 0.23, CHCl5);
IR (KBr) vmax 3239, 2961, 2934, and 1724 cm™'; 'H and '3C NMR
data, see Tables 1 and 2; ESIMS 344 [M + H]*; HRESIMS m/z
344.2227 (caled for Co1H3NO5™, 344.2225).

Daphlongamine C (3): block crystal (CH;OH); mp 153—155 °C;
[0]**p —27.27 (¢ 0.17, CHCL;/CH;0H, 1:1); IR (KBr) Vmax 3425, 2951,
2924, 2869, and 1736 cm™!; 'H and '3C NMR data, see Tables 1 and
2; ESIMS 3838 [M + HJ"; HRESIMS m/z 388.2492 (calcd for
C13H34NO, ™, 388.2487).

Daphlongamine D (4): white solid; [0]**p —16.28 (¢ 0.22, CHCly/
CH;0H 1:1); IR (KBr) vmax 3420, 2951, 2868, and 1733 cm™!; 'H and
13C NMR data, see Tables 1 and 2; ESIMS 406 [M + H]"; HRESIMS
mlz 406.2574 (caled for Cp3H36NOs™, 406.2593).

Acknowledgment. Financial support by the National Natural Science
Foundation (20672120) of PRC is acknowledged. The authors thank
Prof. X. Gong, Kunming Institute of Botany, Chinese Academy of
Sciences (CAS), for the identification of the plant material and also
Dr. S. Haynes, Department of Chemistry, University of Warwick, for
initial proofreading of the document.

Supporting Information Available: 1D and 2D NMR spectra of
daphlongamines A—D (1—4) are supplied, and this material is available
free of charge via the Internet at http://pubs.acs.org.

HN

Anpan

Secodaphnane type Yuzurimine B

l COOMe

References and Notes

(1) For a review of Daphniphyllum alkaloids : Kobayashi, J.; Morita, H.
In The Alkaloids; Cordell, G. A., Ed.; Academic Press, New York,
2003; Vol, 60, pp 165—205, and references therein.

(2) (a) Di, Y. T.; He, H. P.; Wang, Y. S.; Li, L. B.; Lu, Y.; Gong, J. B.;
Fang, X.; Kong, N. C.; Li, S. L.; Zhu, H. J.; Hao, X. J. Org. Lett.
2007, 9, 1355-1358. (b) Saito, S.; Kubota, T.; Fukushi, E.; Kawabata,
J.; Zhang, H. P.; Kobayashi, J. Org. Lert. 2007, 9, 1207-1209. (c)
Fan, C. Q.; Yin, S.; Xue, J. J.; Yue, J. M. Tetrahedron 2007, 63, 115—
119. (d) 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.

(3) (a) Denmark, S. E.; Baiazitov, R. Y. J. Org. Chem. 2006, 71, 593—
605. (b) Sole’, D.; Urbaneja, X.; Bonjoch, J. Org. Lett. 2005, 7, 5461—
5464. (c) Wallace, G. A.; Heathcock, C. H. J. Org. Chem. 2001, 66,
450-454. (d) Heathcock, C. H.; Joe, D. J. Org. Chem. 1995, 60, 1131-
1142.

(4) (a) Niwa, H.; Hirata, Y.; Suzuki, K. T.; Yamamura, S. Tetrahedron
Lett. 1973, 14, 2129-2132. (b) Suzuki, K. T.; Okuda, S.; Niwa, H.;
Toda, M.; Hirata, Y.; Yamamura, S. Tetrahedron Lett. 1973, 14, 799—
802.

(5) (a) Piettre, S.; Heathcock, C. H. Science 1990, 248, 1532—1534. (b)
Heathcock, C. H. Proc. Natl. Acad. Sci. USA 1996, 93, 14323-14327.

(6) (a)Mu, S.Z.; Li, C. S.; He, H. P.; Di. Y. T.; Wang, Y.; Wang, Y. H.;
Zhang, Z.; Lu, Y.; Zhang, L.; Hao, X. J. J. Nat. Prod 2007, 70, 1628—
1631. (b) Kong, N. C.; He, H. P.; Wang, Y. H.; Mu, S. Z.; Di, Y. T.;
Hao, X. J. J. Nat. Prod. 2007, 70, 1348-1351. (c) Mu, S. Z.; Yang,
X. W.; Di, Y. T.; He, H. P.; Wang, Y.; Wang, Y. H.; Li, L.; Hao,
X. J. Chem. Biodiversity 2007, 4, 129-138. (d) Mu, S. Z.; Wang, Y.;
He, H. P.; Yang, X. W.; Wang, Y. H.; Di, Y. T.; Lu, Y.; Chang, Y.;
Hao, X. J. J. Nat. Prod. 2006, 69, 1065-1069. (e) Di, Y. T.; He, H. P.;
Li, C. S.; Tian, J. M.; Mu, S. Z.; Li, S. L.; Gao, S.; Hao, X. J. J. Nat.
Prod. 2006, 69, 1745-1748.

(7) (a) Li, C. S.; Di, Y. T.; He, H. P.; Gao, S.; Wang, Y. H.; Lu, Y.;
Zhong, J. L.; Hao, X. J. Org. Lett. 2007, 9, 2509-2512. (b) Li, C. S;
He, H. P.; Di, Y. T.; Wang, Y. H.; Mu, S. Z.; Li, S. L.; Gao, S.; Gao,
Z. L.; Hao, X. J. Tetrahedron Lett. 2007, 48, 2737-2740. (c) Li, L.;
He, H. P.; Di, Y. T.; Gao, S.; Hao, X. J. Tetrahedron Lett. 2006, 47,
6259-6262. (d) Di, Y. T.; He, H. P.; Lu, Y.; Yi, P.; Li, L.; Wu, L,;
Hao, X. J. J. Nat. Prod. 2006, 69, 1074-1076. (e) Li, L.; He, H. P.;
Di, Y. T.; Tian, J. M.; Hao, X. J. Helv. Chim. Acta 2006, 89, 1457—
1462.

(8) Crystal data for daphlongamines A (3): C23H33NO4, MW = 387.52,
dimensions 0.20 x 0.30 x 0.50 mm; orthorhombic system, space group
P2,2,2y, crystal cell parameters: a = 8.799(1) A, b = 14.981(1) A, ¢
=15.655(1) A, V=2063.6(3) A3, Z= 4, d = 1.305 g/cm>. A crystal
was used for measurements on a MAC DIP-2030K diffractometer with
a graphite monochromator (@ scans, 20m,x = 50.0°), Mo Kot radiation.
The total number of independent reflections measured was 4651, of
which 4339 were observed (IFI> = 201FI?). The crystal structure of 3
was solved by direct methods using SHELXS-97 (Sheldrich, G. M.
University of Gottingen: Gottingen, Germany, 1997) and then
expanded using full-matrix least-squares calculation and difference



1206 Journal of Natural Products, 2008, Vol. 71, No. 7

Fourier techniques. H atoms were placed at geometrically idealized
positions. The final indices were Ry = 0.0369, wR, = 0.1028 (w =
1/0lF1?), S = 1.055. Crystallographic data for 3 reported in this paper
have been deposited in the Cambridge Crystallographic Data Centre
as CCDC 669445. Copies of the data can be obtained, free of charge,
on application to the Director, CCDC, 12 Union Road, Cambridge
CB21EZ, UK (fax: +44-(0) 1223-336033 ore-mail: deposit @ccdc.cam.ac.uk).
(9) Irikawa, H.; Yamamura, S.; Hirata, Y. Tetrahedron 1972, 28, 3727—

3738.

(10) Morita, H.; Yoshida, N., H.; Kobayashi, J. Tetrahedron 2000, 56,
2641-2646.

(11) Yamamura, S.; Toda, M.; Hirata, Y. Bull. Chem. Soc. Jpn. 1976, 49,
830-844.

(12) Yamamura, S.; Lamberton, J. A.; Irikawa, H.; Okumura, Y.; Hirata,
Y. Chem. Lett. 1975, 9, 923-926.

(13) Toda, M.; Yamamura, S.; Hirata, Y. Tetrahedron Lett. 1969, 2585—
2586.

Li et al.

(14) Zhang, H.; Yang, S. P.; Fang, C. Q.; Ding, J.; Yue, J. M. J. Nat.
Prod. 2006, 69, 553-557.

(15) Chen, X.; Zhang, Z. J.; Yue, J. M. Helv. Chim. Acta 2006, 88, 854—
858.

(16) Pelletier, S. W.; Djarmati, Z. J. Am. Chem. Soc. 1976, 98, 2626—
2636.

(17) Boido, V.; Edwars, O. E.; Handa, K. L.; Kolt, R. J.; Purushothaman,
K. K. Can. J. Chem. 1984, 62, 778-784.

(18) Pelletier, S. W.; Badaw, M. M. Heterocycles 1985, 23, 2873-2883.

(19) Pelletier, S. W.; Mody, N. V.; Desia, R. C. Heterocycles 1981, 16,
747-750.

(20) Yu, H. L.; Jia, S. S. Acta Pharm. Sin. 2000, 35, 232-234.

(21) Csupor, D.; Forgo, P.; Csedo, K.; Hohmann, J. Helv. Chim. Acta 2006,
89, 2981-2884.

NP8001332





