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Daphmanidins E and F, Alkaloids from Daphniphyllum teijsmannit’
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Two newDaphniphyllumalkaloids, daphmanidins B)Yand F

@), have been isolated from the leavesDaphniphyllum

teijsmannij and the structures were elucidated on the basis of spectroscopic data. Daphmanidins E and F showed a

moderate vasorelaxant effect on rat aorta.

Daphniphyllum alkaloids are a family of fused-heterocyclic
natural products elaborated by trees of the gebaphniphyllum

Table 1. 1H and3C NMR Data of Daphmanidins Elf and F
(2) in CD3OD at 300 K

(Daphniphyllacea€). Heathcock and co-workers have reported on dc
biomimetic synthesis of daphnane and secodaphnane type skeletoni)Ositi on 1 > 1 >

of Daphniphyllumalkaloids? In a search for structurally unique

and biogenetically interestingaphniphyllumalkaloids, we isolated 1 205.1  201.0
previously new types of polycyclioaphniphyllumalkaloid$—2 such 3a 2.58 (1H, m) 2.46 (1H, m) 5%5 3 572§ 9
as a series of daphnezomirfe8daphnicycliding;” daphmanidins, 3b 1.59 (1H, m) 1.51 (1H, m) ' '
calyciphyllines? and daphniglaucid&from variousDaphniphyllum 4a 1.84 (2H, m) 2.07 (1H, m) 27.3 272
species. Recently, we isolated two novel alkaloids, daphmanidins  4b 1.81 (1H, m)

C and D!! consisting of a novel 1-azabicyclo[5.2.2Jundecane, a 5 425 486
hexahydronaphthalen-1-one, and a cyclopentane ring, fdom ? 42112 8:2; égg gnmg g%g 251;"51
teijsmanniiZoll. Further investigation on extracts of the leaves of 8 ' ' ’ ' 49.6 454
D. teijsmanniiresulted in the isolation of daphmanidins § &nd 9 152.9 74.9
F (2), which inhibited vasocontraction induced by norepinephrine 10 149.3 845
(NE) on rat aorta. This paper describes the isolation and structural 11a 2.24 (1H, m) 2.15(2H, m) 243 274
elucidation of1 and2 with moderate vasorelaxant activity. 11b 242 (1H, m)

The leaves oD. teijsmanniiwere extracted with MeOH, and gz ig? 8:23 igf ((%:m)) 254 251
the extract was partitioned between EtOAc and 3% tartaric acid. 15 315 (1H’, d, 16.8) 359 (1,4, d,17.2) 467 470
Water-soluble materials, which were adjusted at pH 10 with  13p 3.55 (1H, d, 16.8) 2.22 (1H, d, 17.2)
saturated N&COs(aq), were extracted with CHEICHC-soluble 14 1175 12538
materials were subjected to passage over an LH-20 column (CHCI 15 169.5 1595
MeOH, 1:1), followed by a & column (30% MeOH— 80% igz 2.95 (2H, m) 22-3%)7(&%?) 430 344
MeOH) and then @ HPLC (25% CHCN/0.1% TFA) to afford : '
daphmanidins EX, 0.0001%) and F2 0.00003%) with a known tra  2.77(H.m) 1oy (L dd 94 265 236
related alkaloid, daphmanidin A3).8 17b 216 (1H, m)

18 2.50 (1H, dd, 7.3, 16.8) 2.47 (1H, m) 377 375
COOMe 19a 3.79 (1H, m) 3.80 (1H, m) 612 62.1
19b  4.28 (1H,dd, 9.0,16.8) 4.35 (1H, dd, 8.9,
N 13.8)
wel Y ‘ 20 1.27 (3H,d, 7.3) 1.21(3H,d, 7.4) 142 136
‘\ @ 2la  4.10(2H,d, 16.1) 3.98(1H,d,12.0) 656 66.7
. 21b 4.19 (1H, d, 12.0)
22 167.2 165.2
O™ T,_Jone 23 3.67(3H,9) 3.78 (3H, s) 516 523
24 172.3 1721
1 2 25 2.03 (3H, s) 2.00 (3H, s) 206 206
ag in ppm.

Daphmanidin E 1) showed a pseudomolecular ion peakéz
426 (M + H)*, and the molecular formula, 56H3NOs, was
established by HRFABMSnjyz 426.2273, (M+ H)*, A —0.8
mmul]. IR absorptions implied the presence of hydroxyl (3620'¢m
and carbonyl (1735 and 1685 c#) functionalities. Analysis of
1H and 13C NMR data (Table 1) and the HMQC spectrum bf
revealed the presence of seveAapd three spquaternary carbons,
three sp methines, nine Spmethylenes, and three methyl groups.
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Among them, one spmethylene §c 61.2;6 4 3.79 and 4.28) and
one sp iminium carboA? (6c 205.1) were ascribed to those bearing
a nitrogen, while two carbonyl carbond(167.2 and 172.3), one
sp® methine §c 67.5), and one Spmethylene §c 65.6) were
ascribed to those bearing an oxygen atom.

Four partial structuresa-d) were deduced from extensive
analyses of the 2D NMR data dfincluding the'H—!H COSY,
HOHAHA, HMQC, and HMBC spectra in CiDD (Figure 1). The
IH and3C NMR data are presented in Table 1. HMBC correlations
for H-18 and H-3 of C-2 (0c 58.2) gave rise to the connectivity
between C-3 and C-18 through C-2. HMBC correlations fer1d
and H-3a to C-1dc 205.1) showed the presence of a dihydropyrrole
ring (C-1, C-2, C-18, C-19, and N-1). Connectivities between C-7
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"H-'H COSY & HOHAHA
— HMBC

Figure 1. Selected two-dimensional NMR correlations for daph-
manidin E ().

~----= NOESY

Figure 2. Selected NOESY correlations and relative stereochem-
istry for daphmanidin EX).
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TH-"H COSY & HOHAHA
—= HMBC

=---= NOESY

Figure 3. Selected 2D NMR correlations and relative stereochem-
istry for daphmanidin F2).

sp? quaternary carbon®¢ 74.9 and 84.5) bearing an oxygen atom

and C-2 and between C-4 and C-6 through C-5 were elucidated byfor 2 were observed in place of the olefin carbonsloFigure 3

HMBC cross-peaks for H-7 to C-2 and for,#4 to C-5 (¢ 42.5)

and C-6 §c 51.8). Connectivities among C-1, C-5, and C-13
through C-8 were provided by HMBC correlations fop-i3 to

C-1 and C-8 §c 49.6) and H-4 to C-8. HMBC correlations for
H»-13 to C-14 ¢ 117.5) and C-15d¢ 169.5) and the chemical
shifts of C-14 ¢c 117.5) and C-15dc 169.5) suggested this
tetrasubstituted olefin was conjugated with a carbonyl group.
Connectivities among C-8, C-11, C-13, C-16, and C-17 through a
conjugated diene (C-9 and C-10, and C-14 and C-15) were implied
by long-range correlations for#L1 and B-17 to C-10 §c 149.3)

and for H-11, H-13, and H-16 to a conjugated diene. So, the

showed 2D NMR correlations for daphmanidinZy.(The positions

of these quaternary carbons were deduced to be C-9 and C-10 by
HMBC correlations for H-13, H-16, and H-17 to C-9, and kb

11 and H-17 to C-10.

The relative stereochemistry @ was deduced from NOESY
correlations (Figure 3). Thg-configuration of the epoxide at C-9
and C-10 affected the nonequivalency of the chemical shifts of
methylene protons at C-16, C-17, and C-21. In addition, NOESY
correlations between H-13a and H-21a, H-11la and H-17a, and
H-11b and H-17b supported the presence ofAkepoxide.

A plausible biogenetic pathway for daphmanidins I énd F

presence was suggested of a bicyclo[3.3.0]2-carboxy-1,5-octadieng) js proposed as shown in Scheme 1. Daphmanidif)Enfght

unit. HMBC cross-peaks for $#21 and H-25 to C-24 §c 172.3)
indicated that an acetoxy group was attached to C-21, which was
connected to C-5 by those for,#21 to C-5, C-6, and C-8. The
presence of a methoxy carbonyl group at C-14 was deduced from
HMBC correlations for B-23 to C-22 §c 167.2). Thus, the gross
structure of daphmanidin E was elucidated td.lwth a hexacyclic
ring system and a diene moiety. The relative stereochemistty of
was elucidated by NOESY correlations as depicted in the computer-
generated 3D drawing (Figure $)A bicyclo[2.2.2]octane ring (C-
1—-C-8) took the boat-boat form, resulting from correlations for
H-4a and H-13a, H-3a and H-18, and H-6 and H-21. The C-7
hydroxyl group had #-configuration from the correlations for H-7
and H-20 and for H-7 and H-11a.

Daphmanidin F2) showed a pseudomolecular ion peakrét
442 (M + H)* and 464 (M+ Na)" in the FABMS spectrum, and
the molecular formula, £H31NOg, was established by HRFABMS
[M/z442.2236, (M+ H)*, A +0.6 mmu, andn/z 464.2046, (M+
Na)", A —0.3 mmu]. IR absorptions implied the presence of
hydroxyl (3610 cmt) and ester carbonyl (1740 and 1685 @
functionalities. The!H and3C NMR (Table 1) spectra d? were
analogous to those dfexpect for the following observation: two

be generated from a common imine intermedi@ewhich has
been proposed as a precursor of the secodaphniphylline-type
skeleton by Heathcock et aFormation of the C-+C-2 bond and
N-1—C-19 bond followed by oxidation at C-7 will give the
intermediateB. Then, subsequent cleavage of the N&:7 bond
followed by formation of the C-2C-7 bond will afford daphmani-
dins A, E @), and F @).

When norepinephrine (NE) at:3 10-7 M was applied to thoracic
aortic rings after achieving a maximal response, daphmanidins A
and F @) at 10> M showed slow vasorelaxant actions (37.5% and
45.8%), whereas the vasorelaxant effect (34.9%) of daphmanidin
E (1) was comparable to those of daphmanidins A an®)Fat
104 M.

Experimental Section

General Experimental Procedures.Optical rotations were mea-
sured on a JASCO DIP-4 polarimeter. UV spectra were recorded on a
Shimadzu UV1600PC spectrophotometer and IR spectra on a Perkin-
Elmer 1710 spectrophotometéH and 2D NMR spectra in methanol-
ds were recorded on a 600 MHz spectrometer at 300 K, WEIeNMR
spectra were measured on a 150 MHz spectrometer. Chemical shifts
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Scheme 1.Plausible Biogenesis of Daphmanidins B and F @)

HO™ ™.,_Toac

daphmanidin A 1

were reported using residual @DD (6 3.31 anddc 49.0) as internal

Notes

These animal experimental studies were conducted in accordance

standard. Standard pulse sequences were employed for the 2D NMRwith the Guiding Principles for the Care and Use of Laboratory Animals,

experiments. FAB and high-resolution mass spectra were recorded onHoshi University, and under the supervision of the Committee on

a VG Autospec instrument by using a glycerol matrix. Animal Research of Hoshi University, which is accredited by the
Plant Material. The leaves oDaphniphyllum teijsmanni{Daph- Ministry of Education, Science, Sports Culture, and Technology of

niphyllaceae) were collected in Hiroshima in 2000. The botanical Japan.

identification was made by Dr. S. Mukai, Miyajima Natural Botanical

Garden, Hiroshima University. Voucher specimens (no. 201101) have
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Extraction and Isolation. The leaves oD. teijsmannii(2 kg) were
crushed and extracted with MeOH (204.2). The MeOH extract (273

g) was treated with 3% tartaric acid (pH 2) and then partitioned with

EtOAc. The aqueous layer was treated with saturatefCRgaq) to
pH 10 and extracted with CHElo give a crude alkaloidal fraction
(2.7 g). This fraction was subjected to an LH-20 column (CGHZOH,
1:1) and then & column chromatography (30% MeOH- 80%

MeOH), in which a fraction eluted with 50% MeOH was purified by

Cis HPLC (YMC-Pack, Polymer g, 5um, YMC Co., Inc., 10x 250
mm; eluent, 25% CECN/0.1% TFA; flow rate, 2 mL/min; UV
detection at 205 nm) to afford daphmanidinsE 2.2 mg, 0.0001%

yield) and F 2, 0.6 mg, 0.00003% yield) as TFA salts, together with

daphmanidin A3, 0.8 mg, 0.00004%).

Daphmanidin E (1): colorless solid; §]*% +11 (c 0.5, MeOH);
UV (MeOH) Amax 296 nm € 8200); IR (neatymax 3620, 2930, 1735,
1685, and 1200 cni; *H and*3C NMR data (Table 1); FABMSn/z
426 (M + H)*; HRFABMS m/z 426.2273 (M + H; calcd for
CusH3NOs, 426.2281).

Daphmanidin F (2): colorless solid; ¢]?% +25 (c 1.0, MeOH);
UV (MeOH) Amax 235 nm € 6200) and 291 nme(4200); IR (neat)
vmax 3610, 2920, 1740, 1685, and 1240 ¢mH and *C NMR data
(Table 1); FABMSm/z 442 (M + H)*; HRFABMS mVz 442.2236 (M
+ H; calcd for GsH3oNOg, 442.2230) and 464 (M- Na)*; HRFABMS
m/z 464.2046 (M+ Na; calcd for GsH3iNOgNa, 464.2049).

Vasodilator Assay!* A male Wistar rat weighting 340 g was

Science, and Technology of Japan.
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