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ABSTRACT

calyciphylline D (1)

Calyciphylline D (1), a novel
nonane ring system, has been isolated from the leaves of
stereochemistry were elucidated on the basis of spectroscopic data.

Daphniphyllum alkaloid with an unprecedented fused-pentacyclic skeleton containing a 8-azatricyclo[4.2.1.0. 48]
Daphniphyllum calycinum

(Daphniphyllaceae), and the structure and relative

Daphniphyllumalkaloids are a family of fused-heterocyclic
natural products elaborated by trees of the gebagh-
niphyllum (Daphniphyllacea€).” These ring systems have
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attracted great interest as challenging targets for total
synthesis as well as biosynthetic studies.our search for
structurally unique and biogenetically interestilmaph-
niphyllum alkaloids? we have isolated novel types of
Daphniphyllumalkaloids such as calyciphyllines-AC?29
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s The leaves oD. calycinumwere extracted with MeOH,

Table 1. H and3C NMR Data of Calyciphylline D 1) in and the MeOH extract was partitioned between EtOAc and
CD,OD 3% tartaric acid. Water-soluble materials, which were
adjusted to pH 10 with saturated }&0;, were extracted

On o with CHCl;. CHCl-soluble materials were subjected to an
1 3.64 (1H, m) 69.7 d amino silica gel column (hexane/EtOAc, 1:04:6, and then
2 1.55 (1H, m) 39.9 d CHCl/MeOH, 1:0— 0:1), in which a fraction eluted with
gg igg%g’ m) 27.3¢ t hexane/EtOAc, 3:2 was purified repeatedly by silica gel
da 2,06 EIH 2; 35,16 ¢ columns (CHGJMeOH, 1:0— 0:1) to afford calyciphylline
b 1.55 (10, m) D (1, 0.00013% yield).
5 44.7 S Calyciphylline D @) showed the pseudomolecular ion peak
6 4.15 (1H, m) 70.6 d at m/z 456 (M + H)* in the ESIMS, and the molecular
7 formula, GgH4sNOs, was established by HRESIMSn[z
8 53.4 s 456.3452 (M+ H)*, A-2.6 mmu]. IR absorptions implied
9 242 (1H, m) 52.6 d the presence of keto carbonyl (1680 dirfunctionality. The
10 85.0 s 13C NMR (Table 1) spectrum of gave signals including
11a 2.31 (1H, m) 35.2 t i .
11b 2.08 (1H. m) one I_<et0ne carbonyl, five §|cqua_ternary carbons, six %p
12 2.19 (2H, m) 23.9 ¢ methines, 12 spmethylenes, and five methyls. Among them,
13a 2.04 (1H, m) 19.7 t two methinesdc 69.7 and 70.6) and one quaternary carbon
13b 1.84 (1H, m) (6c 85.0) were ascribed to those bearing a nitrogen atom.
14a 3.04 (1H, ddd, 18.6, 11.2, 5.6) 35.8 t The 'H-'H COSY and TOCSY spectra df revealed
14b 2.81 (1H, ddd, 18.6, 10.4, 4.5) connectivities of five partial structures(C-1 to C-4, C-2
122 fgg ‘g m) 30.3 t to C-18, and C-18 to C-19 and C-2@),(C-6 to C-12, and
o ElH: 3 N C-11 to C-12)¢ (C-13 to C-14)d (C-9 to C-15 and C-15
16b 1.63 (1H, m) to C-17), ance (C-26 to C-28) as shown in Figure 1. HMBC
17a 2.17 (1H, m) 37.7 t
17b 1.89 (1H, m)
18 1.53 (1H, m) 34.0 d
19 1.07 (3H, d, 6.0) 21.9¢ q
20 1.05 (3H, d, 6.0) 22.0¢ q
21 1.13 (3H, s) 19.6 q
22 214.5 s
23 51.9 s
24 0.85 (3H, s) 18.4 q
25a 4.30 (1H, dd, 12.3, 1.9) 67.0 t
25b 3.65 (1H, d, 12.3)
26 4.73 (1H, brd, 6.3) 83.2 d
27 2.09 (2H, m) 26.3 t
28a 2.13 (1H, m) 35.5 t
28b 1.92 (1H, m)
29 107.5 s
30 1.40 (3H, s) 24.8 q

a~CAssignments are interchangeable.

with unique fused-hexacyclic ring systems from the leaves
of Daphniphyllum calycinumRecently, we have isolated a
novel alkaloid, calyciphylline DX), with an unprecedented
fused-pentacyclic skeleton containing an 8-azatricyclo- Figure 1. Selected 2D NMR correlations for calyciphylline M)(
[4.2.1.048nonane ring system fromD. calycinum. In this
paper, we describe the isolation and structure elucidation of
1 correlations of H-1 to C-6d¢ 70.6) and H-6 to C-10d¢
85.0) suggested that C-1, C-6, and C-10 were connected to
each other through a nitrogen atom. Connections between

—  1H.1H COSY & TOCSY
—» HMBC
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C-4, C-6, and C-21 via C-5 were implied by HMBC cross- fused-pentacyclic ring and a chair form of the cyclohexane
peaks for H-4 to C-5 ¢ 44.7) and H-21 to C-4 ¢¢c 35.1), ring (C-1 to C-5 and C-8). The relative configurations at
C-5, and C-6. On the other hand, connections among C-9,C-23, C-26, C-29 and a chair form of the 6-membered ring
C-11, and C-17 via C-10 were indicated by HMBC cross- in the 2,8-dioxabicyclo[3.2.1]octane moiety were verified by
peaks for H-9 to C-11¢c 35.2), H-17 to C-9¢c 52.6), and NOESY correlations of 524 to H-26 and H-25a, and H-25b
H-15 to C-10. HMBC cross-peaks for H-2,44 and H-21 to H-27 and H-28a.

to C-8 (¢ 53.4), H-9 to C-1 ¢c 69.7), and H-13 to C-1, Calyciphylline D (1) is a noveDaphniphyllumalkaloid

C-5, and C-9 suggested connectivities among umits, c, having an unprecedented fused-pentacyclic skeleton contain-
and d to form a nitrogen-containing fused-pentacyclic ing a 8-azatricyclo[4.2.1.6%nonane ring system.

skeleton consisting of a 8-azatricyclo[4.2.18nonane ring, Biogenetically, calyciphylline D (1) might be generated

a cyclohexane ring, and a cyclopentane ring. The presencegrom intermediatéd, which could be derived from oxidation
of a 2,8-dioxabicyclo[3.2.1]octane moiety including uait  of daphnimacropiné through oxidative degradation of Ct7
was deduced from HMBC cross-peaks of 1 to C-25and  followed by formation of N-7 to C-6 bond (Scheme 1).
C-26, H-25 to C-26 and C-29, H-26 to C-29, and-BO to
C-28. HMBC cross-peaks for H-14,324, and H-25 to _
C-22 provided the connection between C-14 and C-23 via Scheme 1. Plausible Biogenetic Path of Calyciphylline m)(
C-22.

Thus, the gross structure of calycipylline D was elucidated
to be 1.

The relative stereochemistry df was deduced from
NOESY correlations as shown in Figure 2. NOESY cor-

Acknowledgment. We thank Ms. S. Oka, Center for
Instrumental Analysis, Hokkaido University, for measure-
ments of ESIMS. This work was partly supported by a
research fellowship for young scientists from the Japan
Society for the Promotion of Science (to S.S.), Mitsubishi
Chemical Corporation Fund, and a Grant-in- Aid for
Scientific Research from the Ministry of Education, Science,
Sports and Culture of Japan.

Supporting Information Available: One- and two-
dimensional NMR spectra for compouid This material is
available free of charge via the Internet at http:/pubs.acs.org.

-« -->» NOESY

0OL0631455
Figure 2. Selected NOESY correlations and relative stereochem-

istry for calyciphylline D (). (9) Calyciphyliine D ): colorless amorphous solida?p —25.6 (c

0.5, MeOH); IR (neatymax 1680 cnT!; H and 13C NMR, see Table 1;

ESIMS m/z456 (M + H)*; HRESIMS (n/z456.3452 [(M+ H)*; calcd
: for CpoHsNOs, 456.3478)).

relations of H'_l t‘? H-17b, H-2 to_H-13a, H-9 tOﬁ_ﬂl, and (10) Kamijo, N.; Nakano, T.; Terao, S.; Osaki, Retrahedron Lett1966

H-12 to H-21 indicated the relative stereochemistry of the 2889—-2892.
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