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ABSTRACT

o
calyciphylline A (1)

calyciphylline B (2)

Two types of Daphniphyllum alkaloids with unprecedented fused-hexacyclic ring systems, calyciphyllines A (1) and B (2), have been isolated
from the leaves of Daphniphyllum calycinum (Daphniphyllaceae), and the structures and relative stereochemistry were elucidated on the basis
of spectroscopic data.

Plants of the genuBaphniphyllumare known to produce Recently, we have isolated some novel typeDaph-
structurally diverse alkaloids with unusual polycyclic skel- niphyllum alkaloid$~1° such as daphnezomines A and B
etons!? These unique ring systems have attracted greatwith a unique aza-adamantane core, daphnezomines F and
interest as challenging targets for total synthesis as well as
biosynthetic studie3Heathcock and co-workers have pro-
posed a biogenetic pathway foaphniphyllumalkaloids and
demonstrated a biomimetic total synthesis of seveegh-
niphyllum alkaloids3#
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Table 1. 'H and3C NMR Data of Calyciphyllines AX) and B @) in CD;OD at 300 K

1 2
(3H 5(; (SH 6(:
1 215.9 4.08 (1H, d, 5.7) 94.4
2 2.45 (1H, brs) 43.6 3.05 (1H, m) 47.0
3 2.44 (2H, m) 19.5 1.83 (2H, m) 20.7
4a 3.80 (1H, brs) 89.6 1.91 (1H, m) 36.4
ap 1.95 (1H, m)
5 62.7 87.5
6 2.88 (1H, m) 49.6 2.59 (1H, ddd, 2.4, 11.3, 13.0) 45.2
Ta 3.21(1H, dd, 11.1, 12.3) 74.4 4.09 (1H, d, 13.0) 68.8
7b 3.35 (1H, dd, 7.6, 12.3)
8 52.8 51.9
9 141.1 139.8
10 140.9 3.15 (1H, m) 42.0
1la 2.05 (1H, brdd, 6.2, 17.3) 27.1 1.46 (1H, brddd, 13.6, 4.5, 4.5) 31.3
11b 2.18 (1H, brdd, 12.1, 16.4) 2.05 (1H, m)
12a 1.59 (1H, m) 30.0 1.87 (1H, m) 20.8
12b 1.91 (1H, m) 1.15 (1H, m)
13a 2.80 (1H, m) 415 1.65 (1H, ddd, 3.8, 9.3, 13.5) 31.2
13b 2.41 (1H, dd, 10.2, 16.2) 1.85 (1H, m)
14a 2.82 (1H, m) 427 2.52 (1H, ddd, 3.8, 8.3, 17.9) 28.1
14b 2.63 (1H, ddd, 4.0, 9.3, 17.9)
15 3.40 (1H, m) 54.3 6.03 (1H, dd, 2.5, 5.0) 135.7
16a 1.34 (1H, m) 28.2 2.39 (2H, m) 32.9
16b 1.93 (1H, m)
17a 2.41 (1H, dd, 10.2, 16.2) 41.6 1.39 (1H, ddd, 7.2, 11.7, 16.9) 35.7
17b 2.65 (1H, m) 2.33 (1H, m)
18 2.51 (1H, m) 32.8 3.01 (1H, m) 34.2
19a 3.56 (1H, dd, 6.8, 13.5) 67.5 3.54 (1H, dd, 5.2, 11.0) 73.7
19b 3.03 (1H, dd, 8.8, 13.5) 3.13 (1H, dd, 11.0, 13.2)
20 1.22 (3H, d, 6.9) 19.3 1.13 (3H, d, 6.7) 11.9
21 1.57 (3H, s) 27.8 1.36 (3H, s) 20.7
22 176.1 174.6
23 3.63 (3H, s) 51.8

G® with a 1-azabicyclo[5.2.2]Jundecane ring system, daph- MeOH (7:3) was purified by an ODS column (MeOH/®}
nicyclidins A—H (see Scheme %)J, and KR with a unique 2:3— 1.:0) followed by LH-20 (CHGJMeOH 1:1) and silica
hexa- or pentacyclic ring system, daphmanidit? ith an gel columns (CHGYMeOH/EtOAC, 8:1:1) to afford calyci-
unprecedented fused-hexacyclic skeleton from the leaves anghyllines A2 (1, 0.001% yield) and B (2, 0.0001%).

stems oM. teijismanniand/orD. humile, and daphniglaucin Calyciphylline A (1) showed the pseudomolecular ion peak
At with a fused-polycyclic skeleton containing a 1-azonia- at m/z 386 (M + H)* in the FABMS, and the molecular
tetracyclo[5.2.2.0:0.4° undecane ring and a quaternary formula, GaHa;NO,, was established by HRFABMSrjz
nitrogen from the leaves @. glaucescendn our continuing 386.2346, (M+ H)*, A +1.4 mmu]. IR absorptions implied
search for structurally unique and biogenetically interesting he presence of ester carbonyl and ketone (1735 and 1705
Daphniphyllumalkaloids, calyciphyllines A (1) and B2, cm™, respectively) functionalitied3C NMR data (Table 1)

two types of alkaloids with unprecedented fused-hexacyclic g\ eajed 23 carbon signals due to 1 tetrasubstituted olefin,
ring systems, were isolated from the leaveBaphniphyllum 2 carbonyls, 2 shquaternary carbons, 6 3methines, 8 sh
calycinum (Daphniphyllaceae)This paper describes the methylenes, 2 methyls, and 1 methoxy. Among them, 2
isolation and structural elucidation @fand 2. methylenes (8 74.4, oy 3.21 and 3.35p¢ 67.5, 0y 3.03

Lhehleaves ob. calycingr_nwe(rje t? xtractedEintrAMeO(;-l, oy and 3.56) and 1 methiné{ 89.6;0n 3.80) were ascribed to
and the extract was partitioned between EtOAc an ® those bearing an oxidative nitrogéh.

tartaric acid. Water-soluble materials, which were adjusted

at pH 9 with saturated N&Os, were extracted with CHEI 12 Calvetlin A (D) cotor 9 Tel—51° (e 1.0. CHOM.
CHClz-soluble materials were subjected to an amino silica lR<(ngat)";n¥j%3{)(',?‘*293(0)-17°§5‘fff7s§5?°1'65(§‘?]1455, (gnd' iosgbjcml’
gel column (hexane/EtOAc, 9:3 1:1 and then CHGI and13C NMR data (Table 1); FABMSn/z386 (M + H)*; HRFABMS

. . ; ; ; m/z386.2346 (M+ H; calcd for GaHz:NO,, 386.2332).
MeOH, 1:0— 0:1), from which a fraction eluted with CHEI (13) Calyciphylline B (2): coloriess solid: [6] -58° (c 0.4, CHOH):
IR (KBr) vmax 3280, 2930, 1740, 1460, 1270, and 750 ¢éptH and13C
(11) Kobayashi, J.; Takatsu, H.; Shen, Y.-C.; MoritaQtg. Lett.2003 NMR data (Table 1); FABM$1z 358 (M+ H)"; HRFABMS m/z 358.2392
5, 1733—-1736. (M + H; caled for GoH3oNO3, 358.2382).
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Figure 1. Selected two-dimensional NMR correlations for caly-
ciphylline A (1).

The 'H-'H COSY and HOHAHA spectra revealed
connectivities of three partial structuragC-2 to C-4, C-2
to C-18, and C-18 to C-19 and C-2(,(C-6 to C-7 and
C-12, and C-11 to C-12), and(C-13—C-17) as shown in
Figure 1. HMBC correlations were observed for H-19b to
C-7 (6c 74.4) and H-7b and H-19a to C-4 {d89.6),

s~
Yo

NOESY

Figure 2. Selected two-dimensional NMR correlations for caly-
ciphylline B (2).

C-8, and C-9 (¢ 141.1). In addition, the HMBC correlation
for H-15 to C-9 indicated the connectivity of C-9 to C-15.
A methoxy group was attached to C-22 by HMBC correla-
tions for H-23 and H-14 to C-224c 176.1). Thus, the gross
structure of calyciphylline A was assigned A$aving an
unprecedented fused-hexacyclic ring system (three five-, two
six-, and one seven-membered rings) containiniylanxide

suggesting that C-4, C-7, and C-19 were connected to eachgroup as shown in Figure 1.

other through a nitrogen atom. The chemical shifts of C-4,
C-7, and C-19 (¢ 67.5), which resonated at a lower field
than those of carbons bearing a nitrogéhand a fragment
ion atm/z370 (M — 16)" in the FABMS spectrum indicated
the presence of aN-oxide function. The connectivity of
C-21 to C-4, C-6, and C-8 through C-5 was implied by
HMBC correlations for H-21 to C-4, C-5 (¢ 62.7), C-6
(6¢c 49.6), and C-8 (§52.8). HMBC cross-peaks forl1
and H-17 to C-10 (¢ 140.9) indicated connectivities of units

The relative stereochemistry df was deduced from
NOESY correlations as shown in Figure 1. The NOESY
correlation of H-3b/H-13a suggested that the cyclohexane
ring (C-1~C-5 and C-8) took a boat form.

Calyciphylline B (2) was shown to have the molecular
formula of G;H3;NO3; by HRFABMS [m/z358.2392, (MH
H)*, A +1.0 mmu], which was smaller than that bby a
CO unit. The IR absorption implied the presence of a
o-lactone (1740 cmt) functionality. 3C NMR data (Table

b andc through C-10. The presence of a ketone at C-1 was 1) revealed 22 carbon signals due to 1 trisubstituted olefin,

suggested by the HMBC correlation for H-2 to C-d¢(
215.9). The connectivity of C-1 and C-13 to C-9 through
C-8 was implied by HMBC correlations for HL3 to C-1,

(14)13C NMR signals for sp carbons bearing aN-oxide are shifted

about 10 ppm downfield as compared with those bearing secondary and

tertiary amines: Kashiwaba, N.; Ono, M.; Toda, J.; Suzuki, H.; Sand, T.
Nat. Prod.1998,61, 253—255.
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1 ester carbonyl, 2 $muaternary carbons, 6 Smethines,

9 sp methylenes, and 2 methyls. Among them, 1 methylene
(0c 73.7; 6y 3.13 and 3.54) and 2 methinedc(94.4; on
4.08; ¢ 68.8; 0y 4.09) were ascribed to those bearing an
N-oxide group;* while 1 s quaternary carbon (87.5)
corresponded to that bearing an oxygen. Since 2 out of 8
unsaturations were accounted fanvas inferred to possess
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Scheme 1. Plausible Biogenetic Path for Calyciphyllines &)(and B @)

yuzurimine A: R=Ac
macrodaphniphyliamine: R=H

daphnicyclidin A daphniglaucin A

6 rings. The gross structure @fwas elucidated by analyses of daphniglaucin A will give the skeleton of calyciphylline
of two-dimensional NMR data, includingH—'H COSY, A (1), from which daphnicyclidin A may be generated
HOHAHA, HMQC, and HMBC spectra in CiDD (Figure through an intermediate as proposed previoti€in the other
2). hand, the biogenetic origin of calyciphylline B)(seems to

Connectivities of C-+C-4, and C-2 to C-18, and C-18 be imine intermediat€, which might be produced through
to C-19 and C-20 (unif), C-6 to C-7 and C-12, C-10 fragmentation reaction of the secodaphniphylline-type skel-
C-12 and C-10to C-17, and C-£&-17 (unitb), and C-13 eton (B) derived from imine intermedia#® proposed by
to C-14 (unitc) were revealed by thtH—H COSY and Heathcock et al Calyciphylline B @) might be generated
HOHAHA spectra. The presence of a hexahydroindene from attack of the carbonyl group to C-5 of the intermediate
moiety (unitb) was deduced from HMBC correlations for C and cleavage of C-4C-5 and C-8-C-9 bonds followed
H-7 to C-9 and C-10, and H-15 to C-10. HMBC cross-peaks by C-7—C-9 bond formation. Stereochemistry at C-6 was
for H-1 and H-21 to C-5 and C-8, H-6 and H-7 to C-5, and believed to epimerize through enamine formation during
H.-4 to C-8 indicated connections of C-1 and C-4 to C-8, these backbone rearrangements.
and C-5to C-7 and C-8, constructing an octahydroindolizine  Calyciphyllines A (1) and B Z) exhibited cytotoxicity
ring system fused to a cyclopentane ring. On the other hand,against murine lymphoma L1210 cells §=2.1 and 4.2«0/
the C-14 methylened( 28.1;64 2.52 and 2.63) was attached mL, respectively) in vitro.
to a carbonyl group at C-22¢{ 174.6), which was connected
to C-5 (0. 87.5) through an ester linkage to fornddactone Acknowledgment. The authors thank Prof. Huiping
ring, since the HMBC correlation of H-1 to C-13 was Zhang, Fudan University, for plant collection, and Mrs. S.
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as 2 having an unprecedented hexacyclic ring system Research from the Ministry of Education, Culture, Sports,
consisting of a hexahydroindene ring and an octahydroin- Science, and Technology of Japan.
dolizine ring fused to a cyclopentane ring withddactone , ) i
ring at C-5 and C-8. The relative stereostructurel afias ~Supporting Information Available:  One- and two-
deduced from cross-peaks observed in the phase-sensitivdimensional NMR spectra for compoundsand 2. This
NOESY spectrum as shown in computer-generated three-material is available free of charge via the Internet at
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and B @) is proposed as shown in Scheme 1. Calyciphylline
A (1) might be generated from the yuzurimine-type alkaloids  (15) Sakurai, H.; Irikawa, H.; Yamamura, S.; Hirata, Yetrahedron
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