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ABSTRACT

daphmanidin C (1)

daphmanidin D (2)

Two novel alkaloids with an unprecedented fused-pentacyclic skeleton, daphmanidins C (1) and D (2), have been isolated from the leaves of
Daphniphyllum tejjsmanii , and the structures were elucidated on the basis of spectroscopic data. The relative stereochemistry of 1 and 2 was
assigned by combination of NOESY correlations and a simulation analysis. Daphmanidin C (1) elevated activity of NGF biosynthesis.

Daphniphyllumalkaloids are a family of fused-heterocyclic
natural products elaborated by trees of the gebaph-
niphyllum (Daphniphyllacea€}? These ring systems have

In our search for structurally unique and biogenetically
interesting Daphniphyllum alkaloids® two novel fused-
pentacyclic alkaloids, daphmanidins €) @nd D @), con-

attracted great interest as challenging targets for total sisting of 1-azabicyclo[5.2.2Jundecane, hexahydronaph-

synthesig as well as biosynthetic studiés.
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Table 1. H and3C NMR Data of Daphmanidins CLj2 and D @)° in CDs;OD at (a) 315 and (b) 300 K

1 2
on dc HMBC (‘H) ow dc HMBC ('H)

1 172.7  7a,13b, 19a, 19b 172.7 7a, 13a

2 3.47 (1H, ddd, 3.2, 3.2, 10.2) 773 18,19b 217.2 4a, 20

3a 1.81 (1H, brd, 17.5) 34.1 2.45 (1H, ddd, 2.0, 10.1, 14.2) 426

3b 1.94 (1H, m) 2.74 (1H, dd, 1.8, 12.0)

4a 1.77 (1H, brs) 318  21b 2.14 (1H, m) 32.8 21a, 21b

4b 2.03 (1H, m) 2.20 (1H, m)

5 30.7  T7a,13b, 21b 30.7

6 2.79 (1H, brd, 7.7) 341  21b 2.61 (1H, m) 33.1 21a

7a 2.98 (1H, brd, 13.1) 562  6,19a 2.99 (1H, dd, 2.7, 14.6) 54.5 6

7b 3.81 (1H, dd, 10.5, 14.2) 3.35 (1H, dd, 10.1, 14.6)

8 419  13b 42.0

9 162.8  12b,13b, 15 159.4 12a

10 200.1  12b, 16a 199.7 12a, 17a

11 1302 6,12b 131.2 12a

12a  2.09 (1H, m) 28.6 2.24 (1H, dd, 2.1, 18.9) 29.5 7a

12b  2.23 (1H, ddd, 2.5, 2.5, 18.3) 2.09 (1H, m)

132 2.04 (1H, m) 31.8 2.77 (1H, m) 29.9

13b  2.63 (1H, dd, 8.0, 12.8) 1.94 (1H, dd, 12.0, 12.0)

14 3.61 (1H, ddd, 8.7, 11.3, 11.3) 455 3.60 (1H, dd, 8.3, 10.1) 56.4 15

15 3.21 (1H, m) 42.0 77.7

16a  1.58 (1H, ddd, 5.7, 12.5, 24.8) 27.8 1.89 (1H, ddd, 4.8, 13.1, 13.1) 33.8 15

16b  2.05(1H, m) 2.10 (1H, m)

17a 243 (1H, m) 38.4 2.37 (1H, ddd, 1.7, 14.6, 17.8) 33.9

17b  2.46 (1H, m) 2.80 (1H, m)

18 2.40 (1H, m) 384 2 3.50 (1H, m) 411 3a, 19a, 20

19a 2,52 (1H, dd, 11.6, 13.5) 555 18 2.51 (1H, dd, 10.2, 13.1) 53.1 20

19b  3.85 (1H, brd, 10.8) 4.31 (1H, dd, 7.6, 13.1)

20 0.95 (3H, d, 6.7) 17.1 0.99 (3H, d, 6.6) 13.9

2la  3.75(1H, d, 11.0) 69.7  4a 3.71 (1H, d, 11.0) 70.2

21b  3.98 (1H, d, 11.0) 3.98 (1H, d, 11.0)

22 175.6 14,23 174.7 14, 23

23 3.71 (3H, ) 52.2 3.75 (3H, s) 52.3

24 1728 25 172.6 25

25 2.07 (3H, ) 20.7 2.08 (3H, s) 20.6

we describe the isolation and structural elucidationlof

and?2.

daphmanidin C (1)

daphmanidin D (2)

The leaves oD. teijsmaniiwere extracted with MeOH,

MeOH, 1:0— 0:1), in which a fraction eluted with CHgI
was purified by a silica gel column (CHZMeOH, 1:0—
0:1) followed by Gg HPLC (25% CHCN/0.1% TFA) to
afford daphmanidins C (1, 0.6 mg, 0.00005% vyield) and D
(2, 0.6 mg, 0.00005%) as TFA salts together with known
alkaloids, daphmanidins A and 8Band yuzurimine B2
Daphmanidin C1)® showed the pseudomolecular ion peak
at m/z482 (M + Na)' in the ESIMS, and the molecular
formula, GsH33NO;, was established by HRESIMSn[z
482.2177, (M\+ Na)", A +2.2 mmu]. IR absorptions implied
the presence of hydroxyl (3370 cf) and carbonyl func-
tionalities, including esters, conjugated ketone, and amide
(1738, 1728, 1665, and 1645 cihrespectively). Thé3C
NMR spectra ofl at 300 K in C3OD gave partially broad
signals for a part of the molecule, which might be due to
conformational exchangeThe broadening observed for the
13C NMR spectrum was slightly overcome by measuring the
NMR spectrum at 315 KI3C NMR data at 315 K (Table 1)

and the extract was partitioned between EtOAc and 3% revealed 25 carbon signals due to one tetrasubstituted olefin,

tartaric acid. Water-soluble materials, which were adjusted

to pH 10 with saturated N&Os, were extracted with CHEGI (nea(t)Vmax 3;1%0, 2940, 17323, 1728, §§65, 1245:(,: 1235, 15)50, ?ndbl75@;)cm
. . . o UV (MeOH) Amax 250 nm (¢12 000);*H an NMR data (Table 1);

CHCls-soluble materials were subjected to an amino silica ggvsm/zas2 (M+ Na); HRESIMSm/2482.2177 (M+ Na: calcd for

gel column (hexane/AcOEt, 1:6~ 0:1, and then CHGI CosH3NO;/Na, 482.2155).
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(6) Daphmanidin C (1): colorless solid; [st}-15° (c 0.1, CHOH); IR



A (70.66 kcal/mol)

B (70.74 kcal/mol) C (71.38 kcal/mol)
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Figure 2. Three representative stable conformers—@) for
daphmanidin CX) analyzed by Monte Carlo simulation followed
by minimization and clustering analysis (upper) and rotation models
for the C-2-C-18 bond ofl (lower).

a quaternary carbon at C-8 was implied by long-range
correlations for H-13b to C-8 and C-9. The presence,gf
unsaturated ketone between partial structupesnd c,
constructing a hexahydronaphthalen-1-one and a cyclopen-
tane ring system, was shown by HMBC cross-peaks for
Figure 1. Selected two-dimensional NMR correlations for daph- H-12b and H-16b to C-10, H-12b to C-11, and H-12b
manidin C (). and H-15 to C-9. Homoallyl couplings between H-15 and
H,-12 also supported this partial structure. Thus, the gross
structure of daphmanidin C was assignedlafiaving an
one carbonyl, two ester carbonyls, one amide carbonyl, two unprecedented fused-pentacyclic ring system consisting of
sp® quaternary carbons, five $methines, nine spmethyl- an l-azabicyclo[5.2.2Jundecane ring with a ketone at C-1, a
enes, one methyl, one methoxy, and one acetoxy group.hydroxyl at C-2, an acetoxy methyl group at C-5, and a
Among them, two methylene®¢ 56.2,64 2.98 and 3.81;  methyl at C-18, a hexahydronaphthalen-1-one, and a cyclo-
andoc 55.5,04 2.52 and 3.85) were ascribed to those bearing pentane ring with a methoxy carbonyl at C-14 as shown in
a nitrogen, while one methin&{ 77.3, 0y 3.47) and one Figure 1.
methylene (¢ 69.7,0n 3.75 and 3.98) were those bearing  NOESY correlation of H-2/H-7b indicated that the hy-
an oxygen. droxyl at C-2 was ofa-configuration. Furthermore, the
The 'H—'H COSY and HOHAHA spectra revealed relative configurations at C-5, C-6, C-8, C-14, C-15, and
connectivities of three partial structura¢C-2—C-4, C-2to  C-18 were deduced from correlations observed in the phase-
C-18, and C-18 to C-19 and C-2®)(C-6 to C-7 and C-12),  sensitive NOESY spectrum as shown in computer-generated
and ¢ (C-13 to C-17) as shown in Figure 1. HMBC three-dimensional drawing (Figure 1). Conformational cal-
correlations were observed for H-19a to Cot (72.7) and  culations using the MMFF force ficddmplemented in the
C-7 (c 56.2), and H-7b to C-1, suggesting that C-1, C-7, Macromodel prografhsuggested that a part (C-2-7) of
and C-19 were connected to each other through a nitrogenthe nine-membered rings with a chair conformatié &nd
atom. The connectivities from C-4 and C-6 to C-21 with an 3 twist-chair conformation (Bwas stable, whereas that with
acetoxy group and C-13 through quaternary carbons at C-5a twist-boat conformationQ@) had relatively higher energy
and C-8 were implied by long-range correlations for H-4b (Figure 2). For the C-2C-18 bond, théJ (H-2, H-18) (10.2
to C-21, H-21 to C-5 and C-6, and H-13b to C-5 and C-8. Hz) and the NOESY correlations implied that H-2 had anti
These correlations indicated that partial structaesdb relation to H-18 and compountl underwent a conforma-
constitute a 1-azabicyclo[5.2.2Jundecane ring with a hydroxyl tional change between conformers A and®B.
at C-2, a methyl at C-18, a ketone at C-1, and an acetoXy paphmanidin D 2)** showed the pseudomolecular ion
methyl at C-5. In partial structurerevealed by the COSY peak atm/z 496 (M + Na)+ in the ESIMS Spectrum, and

and HOHAHA spectra, a methoxycarbonyl group was the molecular formula, §HzNOs, was established by
connected to C-14 from HMBC correlations for H-14 and HRESIMS [n/z496.1949, (M+ Na)", A +0.2 mmu]. IR

Hs-23 to C-22. The connectivity from C-13 to C-9 through

“>~» NOESY

(8) Halgren, T.J. Am. Chem. S0d.990,112, 4710—4723.

(7) Broad signals of C-3, C-5, C-6, C-8, C-12, C-19, and C-21 located (9) Mohamadi, F.; Richards, N. G. J.; Guida, W. C.; Liskamp, R.; Lipton,
at or near the 1l-azabicyclo[5.2.2Jundecane ring at 300 K were slightly M.; Caufield, C.; Chang, G.; Hendrickson, T.; Still, W. £.Comput. Chem.
changed to sharp ones at 315 K. 1990,11, 440—467.
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Scheme 1. Plausible Biogenetic Pathway for Daphmanidins
C (1) and D @)

— 'H-'H COSY & HOHAHA
—= HMBC

daphmanidin C (1) daphmanidin D (2)

Thus, the structure of daphmanidin D was elucidated to be
2, consisting of a l-azabicyclo[5.2.2]Jundecane ring with
ketones at C-1 and C-2, an acetoxymethyl at C-5, and a
methyl at C-18, a hexahydronaphthalen-1-one, and a cyclo-
“~.» NOESY pentane ring with a methoxy carbonyl at C-14 and a hydroxyl

) ] ) ) at C-15, whose skeleton was the same as daphmanidin C
Figure 3. Selected two-dimensional NMR correlations for daph- 1)

manidin D Q).

The relative stereochemistry df was deduced from
NOESY correlations (Figure 3). The conformation of the

absorptions implied the presence of hydroxyl (3415 Bm 1-azabicyclo[5.2.2]Jundecane moietytiaking a twist-chair

ester carbonyl (1740 and 1725 chy ketone (1705 crd), form as shown in Figure 3 was energetically more stgble
unsaturated ketone (1680 chy and amide (1645 cm) than that of1 by a hydrogen bond between the aml_de
functionalities. The'3C NMR (Table 1) spectrum o2 at carbonyl oxygen at C-1 and the hydroxyl at C'ls.W'th
300 K showed sharp signals due to one tetrasubstituted olefin,a'col?f'gl;rat'on' fThESff datla Werehalsq cotrrl]5|s,t/tlel\r;lt|:v';/|tfh the
two carbonyls, two ester carbonyls, one amide carbonyl, three€SU'ts 01 @ conformational search using the orce

A .
sp® quaternary carbons, threespethines, nine spmeth- field |mplgmenf[ed n the Macromodel progra’?m.. ,
ylenes, one methyl, one methoxy, and one acetoxy group.  Plausible biogenetic pathway for daphmanidins X (

Among them, two methylene®¢ 54.5, 0y 2.99 and 3.35: and D Q) is propo;ed as shovyn in Scheme 1. 'Daphmanidins
anddc 53.1,04 2.51 and 4.31) were ascribed to those bearing € (1) @nd D @) might be derived through oxidative-@

a nitrogen, while one émuaternary carbon (377.7) and bond flss_lo_n followed by aldol-type condensation from
one methylenedc 70.2,04 3.71 and 3.98) were those bearing d@Phmanidin B? o _

an oxygen. The structure d was elucidated by two- .Daphmamdm C 1) elevated activity of NGF biosynthe-
dimensional NMR {H—1H COSY, HOHAHA, HMQC, and ~ Sis*?

HMBC) data and comparison with the spectroscopic data of

1. The 'H—1H COSY and HOHAHA spectra revealed _Acknowledgment. The authors thank Mrs. .S. Oka qnd
connectivities of five unitsa (C-18 to C-19 and C-20) Mlgs M..K|uch|, Center for Instrumental AnaIyS|_s, Hokkaido
(C-3—C-4),c (C-6 to C-7 and C-12) (C-13—C-14), an: University, for measurement_s of. FABMS: Th|§ work was
(C-16—C-17). (Figure 3). These five units were connected Partly supported by a Grant-in-Aid for Scientific Research
to one another on the basis of HMBC correlations as shown ffom the Ministry of Education, Culture, Sports, Science,
in Figure 3. The presence of an amide carbonyl at C-1 was 21d Technology of Japan.

revealed by HMBC correlations of H-7b and H-13b to C-1.
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(10) Determination of the absolute configuration at C-2Ldfy using dlmen_SIOlj]al NN_IR spectra for compoundsand 2. This
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