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Five new yuzurimine-type alkaloids, yunnandaphninesEA(2—6), together with two known analogues, macrodaph-
niphyllamine @) and calycinine A 7), have been isolated from the leaves and twig®aphniphyllum yunnanense
The structures of the new alkaloids were elucidated by spectroscopic methods. Yunnandapéhime Bdvel heptacyclic

yuzurimine-type alkaloid with an oxazine ring.

Daphniphyllumalkaloids are a structurally diverse group of

comparison, we have made fdli and3C NMR assignments for

nitrogen-containing polycyclic natural products isolated from plants 1 (Tables 1 and 2).

of the genusDaphniphyllum (Daphniphyllacea€). These ring

Yunnandaphnine A2) was obtained as a white powder, and

systems have attracted great interest as challenging targets for totathe molecular formula was established agHzNO3z by HRESIMS

synthesis as well as biosynthetic studiesRecently, a number of
new Daphniphyllumalkaloids have been isolated from the gefids.

In our continuing search for structurally unigDaphniphyllum
alkaloids? five new yuzurimine-type alkaloids, yunnandaphnines
A—E (2—6), along with two known analogues, macrodaphniphyl-
lamine @)° and calycinine A 7),82 were isolated from the leaves
and twigs ofDaphniphyllum yunnanens& unnandaphnine E6J

is a new heptacyclic yuzurimine-type alkaloid with an oxazine ring.
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Results and Discussion

Macrodaphniphyllaminel) was first isolated in 1967; however
only limited NMR data were reporteédTo assist in the structure
elucidation of the new alkaloids2{-6) through spectroscopic
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[m/z372.2544, (M+ H)*] with eight degrees of unsaturation. The
IR absorption bands at 3440 and 1737émsuggested the presence
of a hydroxyl and an ester carbonyl, respectively. THeand13C
NMR spectra of2 (Tables 1 and 2) were closely related to those
of the known compound macrodaphniphyllamir®, (with the
exception of the loss of an oxymethinéc(75.4) in1 and the
addition of a methylene i@. All the NMR data implied tha was
4-deoxymacrodaphniphyllamine. This was further confirmed by 2D
NMR experiments, and its planar structure and relative configuration
are shown in Figures 1 and 2, respectively. In addition, the
conformations of the cyclohexane (G-C-5 and C-8) and cyclo-
heptene (C-5, C-6, and C-&-12) rings were all assigned as chairs
from NOE correlations of H4/H-133, H-2/H-13x, and H-21/H-
125.

Yunnandaphnine B3) was also isolated as a white powder. Its
molecular formula, gH33NO; obtained by HRESIMS, contained
one less oxygen thath. The 'H and 13C NMR spectra in both
compounds (Tables 1 and 2) matched closely, except that an
a-nitrogen methine dc 65.7) in 3 replaced an amino ketal
quaternary carbord¢ 96.9) in1, supporting the fact that compound
3 has the same skeleton Asut lacking the hydroxyl at C-1. Data
from the 'H—1H COSY, HMQC, and HMBC spectra further
justified the structure o8, as shown in Figure 1. Th& values
(11.5, 6.0 between H-4 and,#3) suggested H-4 took A-axial
orientation, which was confirmed by the observed correlations
between H-4 and H-18in the ROESY spectrum. In addition, the
relative configuration at the remaining chiral centers3ofould
be analogous to those dfon the basis of3C NMR shifts and
NOE data.

Yunnandaphnine C4j had the same molecular formula of
Ca3H33NOs as 3, determined by HRESIMSn)i/z372.2544, (M+
H)*]. The NMR features ot (Tables 1 and 2) closely resembled
those of3 except for the resonances in the vicinity of C-4. The
correlation between H-4( 3.60) and H-6 ¢4 1.95) in its ROESY
spectrum indicated that H-4 took arorientation. The structure
of yunnandaphnine C was thus established as shown in Figure 1.

Yunnandaphnine D5) was obtained as a white powder, whose
molecular formula of gH33aNO, was determined by HRESIMS
[m/z356.2590, (M+ H)*], indicating that it possessed two oxygen
atoms less tharl. The 13C NMR and DEPT spectra (Table 2)
revealed 23 carbons due to one ester carbonyl, one tetrasubstituted
double bond, two quaternary carbons, six methines, nine methyl-
enes, and three methyls. All the data implied that compdiinas
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Table 1. H [0n (pattern,d (Hz)] NMR Data of Macrodaphniphyllaminel and Yunnandaphnines-2D (2—5) in CDClz at 300 K

1 2 3 4 5

1 2.97 (1H, m) 3.11 (1H, m) 2.73 (1H, brs)

2 2.19 (1H, m) 2.13 (1H, m) 2.31 (1H, m) 2.43 (1H, m) 2.23 (1H, m)

30 1.36 (1H, m) 1.50 (2H, m) 1.43 (1H, m) 1.68 (1H, m) 1.48 (2H, m)

38 1.75 (1H, m) 1.92 (1H, m) 1.82 (1H, dd, 14.0, 4.0)

4o 1.42 (1H, m) 3.60 (1H, m) 1.47 (1H, m)

a8 3.73(1H,dd, 11.5,6.0)  1.65 (1H, dt, 13.5, 7.0) 3.73 (1H, dd, 11.5, 6.0) 1.58 (1H, m)

6 2.32 (1H, m) 1.90 (1H, m) 2.52 (1H, m) 1.95 (1H, m) 1.95 (1H, m)

70 3.04 (1H, m) 3.19 (1H, dd, 12.5, 9.0) 3.05(1H, dd, 12.0,10.0)  2.95 (1H, m) 3.25 (1H, d, 12.5)

78 3.32 (1H, d, 10.5) 3.31(1H, d, 12.5) 3.47 (1H, br d 12.0) 3.57 (1H, m) 3.03 (1H, dd, 12.5, 9.5)
1la  2.06 (1H,dd, 17.0,5.5)  2.01 (1H, m) 2.12 (1H, dd, 18.0, 5.5) 2.20 (1H, m) 2.37 (1H, m)

118 2.40 (1H, m) 2.41 (1H, m) 2.52 (1H, m) 2.47 (1H, m) 2.04 (1H, m)

120 1.42 (1H, m) 1.37 (1H, m) 1.54 (1H, m) 1.50 (1H, m) 1.40 (1H, m)

128 1.92 (1H, m) 2.08 (1H, m) 1.99 (1H, m) 2.05 (1H, m) 2.09 (1H, m)

13 2.29 (1H, m) 2.42 (1H, dd, 14.5,10.0)  1.88 (1H, dd, 14.0, 9.0) 2.05 (1H, m) 1.98 (1H, dd, 14.5, 9.0)
138 2.64 (1H, m) 2.62 (1H, dd, 14.5, 4.5) 2.69 (LH, dd, 14.0, 4.5) 2.88 (1H, dd, 15.0,6.5)  2.61 (1H, dd, 14.5, 4.5)
14 43.1 (1H, m) 3.04 (1H, td, 10.5, 4.0) 2.92 (1H, m) 2.94 (1H, m) 2.91 (1H, dt, 9.5, 4.5)
15 3.51 (1H, m) 3.53 (1H, m) 3.58 (1H, m) 3.70 (1H, m) 3.54 (1H, m)

160 1.85 (1H, m) 1.84 (1H, m) 1.92 (1H, m) 1.92 (1H, m) 1.86 (1H, td, 7.0, 11.5)
168 1.29 (1H, m) 1.35 (1H, m) 1.21 (1H, m) 1.18 (1H, m) 1.31 (1H, m)

17a.  2.65(1H,dd, 13.5,4.0)  2.67 (1H, m) 2.83 (1H, m) 2.78 (1H, m) 2.68 (1H, m)

178 2.27 (1H, m) 2.31 (1H, dd, 15.0, 8.5) 2.27 (1H, m) 2.23(1H, dd, 14.5,8.0)  2.32 (1H, dd, 15.0, 9.0)
18 2.75 (1H, m) 2.77 (1H, m) 2.43 (1H, m) 2.40 (1H, m) 2.04 (1H, m)

19  3.57 (1H,t, 10.5) 3.60 (1H, m) 3.86 (1H, m) 3.94 (1H, m) 2.23 (1H, m)

198 2.25(1H,m) 2.26 (1H, dd, 11.5, 7.5) 2.37 (1H, m) 2.43 (1H, m) 3.43 (1H, m)

20 1.03 (3H, d, 7.5) 1.03 (3H, d, 7.5) 1.08 (3H, d, 6.5) 1.05 (3H, d, 5.5) 1.03 (3H, d, 6.5)

21 1.22 (3H, s) 1.12 (3H, s) 1.25 (3H, s) 1.26 (3H, s) 1.08 (3H, s)

23 3.62 (3H, s) 3.63 (3H, s) 3.64 (3H, s) 3.64 (3H, s) 3.64 (3H, s)

Table 2. 13C [0c] NMR Data of Macrodaphniphyllaminely

and Yunnandaphnines-AD (2—5) in CDCl; at 300 K

Table 3. H [oy (pattern,J (Hz)] and3C [6c] NMR Data of
Yunnandaphnine E6j and Its TFA Salt §a) in CDClz

1 2 3 4 6 6a
1 96.95 97.9s 65.7d 65.5d 67.1d no. o 5c? onP Oc
2 42.8d 43.4d 37.4d 35.0d 38.5d n c 1099
i gg'i; gé?tt gg.gtd %igtd %%Aft 2 227(1H,m) 441 2,58 (1H, m) 44.4
: : ' ' : 30 1.91(1H, m) 243  213(lH,dd, 155,35  23.0
5 44.1s 39.7s 39.9s 39.0s 35.0s
6 33.3d 42.8d 33.5d 39.5d 43.5d 3 172(1H,m) 1.88 (1H, m)
5 et : ' ' : 4 3.85 (1H, m) 84.7  4.21(1H,d, 3.0) 87.6
1t 58.6t 57.3t 57.1t 58.7t c et 470
8 53.0s 52.65 46.5s 44.9s 46.1s . 2,02 (1H, m) 515 237 (1H,m) ho.8
9 143.8s 144.2s 142.5s 142.4s 1450s - 420(IH.brs) 938 489 (1H.brs) e
10 136.2s 135.8s 135.7s 135.1s 132.6s 8 ' ' c ' ) ' 53.9 '
11 25.5t 25.3t 25.3t 24.7t 25.3t 5 c e
12 27.8t 28.8t 27.8t 27.3t 29.0t 10 419 iy
ii ig'% ig'(l)td 34‘172'%1 isl'%t g 3;%2; | 11 2.09 (2H, m) 247  2.09 (2H, m) 24.4
: : : : : 120 2.02 (1H, m) 26.0  2.25(1H, m) 23.3
15 57.1d 58.1d 53.5d 51.2d 54.2d 198 194 (1H. m) 2,06 (1H, m)
ig ig'g: igf_’: 4212% ig'ﬂ i;g: 130 2.32(1H,my 387  2.21(1H, m) 38.6
18 34.0d 34.4d 36.7d 37.1d 38.6d 13 2.47(1H,m) 2.48 (1H, dd, 13.5, 10.0)
19 646t 65.1t 65.0t 65.7t 65.5¢ 14 315(1H,m) 41.9 - 3.27 (1H, m) 418
50 14.4q 14.5 14.84 13.9q 15.1q 15 3.46 (1H, m) 539  3.62(1H, m) 52.7
: : : : : 160 1.90 (1H, m) 28.8  1.98 (1H, m) 29.5
21 21.1q 25.0q 20.5q 18.5q 24.7q 168 142 (1H m) 120 (1H, m)
22 176.0s 176.5s 175.6s 175.8s 175.9s : : ' ’
170 2.62 (1H, m) 40.6  2.60 (1H, m) 39.9
23 51.0q 51.0q 51.3q 51.9q 51.1q 173 234 (1H m) 2.30 (1H, m)
18 2.71(1H, m) 340  3.16 (1H, m) 32.7
the same skeleton ds but that it is without the hydroxyl groups i;‘ ggg 8: m; 58.2 247'27(1%"';”';‘) 571
TOCSY NMR data of5 permitted establishing the structure ®f 21 1.23 (3H, s) 22.4 1.34 (3H, s) 21.4
as 1,4-dideoxymacrodaphniphyllamine (Figure 1). Furthermore, the 22 175.6 177.4
relative configuration at the chiral carbons was elucidated to be 23 3.64 (3H, m) 512  3.71(3H,s) 52.4

same as those dfby ROESY data o5 as well as by the similarity

of the 13C NMR chemical shifts ob to those ofl.
Yunnandaphnine B5§ was obtained as a white powder, and the

molecular formula was established ag3:NO, by HRESIMS
[M/z386.2338, (M+ H)*] with nine sites of unsaturation. THEC
NMR spectra ob at 315 K in CDC} (Table 3) gave only 20 signals,

lapped.

aMeasured at 315 KPMeasured at 300 KiNot observeddOver-

To further elucidate its structuré,was treated with C&£OOH
and converted to its TFA sal6g). In the 13C NMR spectrum of
6a (Table 3), all 23 resonances were observed corresponding to

including some partially broadened ones, which may be due to one ester carbonyl, one tetrasubstituted double bond, thiee sp

conformational exchang&1® Analysis of the 2D NMR data o6

guaternary carbons, sever? spethines, seven methylenes, and three

implied that it had the basic yuzurimine-type skeleton, although methyls. The’®*C NMR data suggested that the methyleneat
several key HMBC correlation signals related to quaternary carbons57.1 (C-19) was linked to the nitrogen atom, and the methirde at

were not observed (Figure 3).

87.6 (C-4) to an oxygen atom. The chemical shifts of the methine



Yuzurimine-Type Alkaloids from Daphniphyllum yunnanense

= 1H.'H cOSsY, HMQC
— HMBC

Figure 1. Selected 2D NMR data of yunnandaphnines-&
(2-5).

---- ROESY

Figure 2. Energy-minimized model of illustrating the major
ROESY correlations used to define the relative configuration.

— 'H-'H cOsY, HMQC
— HMBC
—— bonds which can't be established
via 2D NMR spectra
Figure 3. Selected 2D NMR data of yunnandaphnine@f énd
its TFA salt ©a).

carbon atyc 95.5 (C-7) and of the quaternary carbonjat109.9
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---- ROESY

Figure 4. Energy-minimized model & (MM2 followed by PM3)
illustrating the major ROESY correlations used to define the relative
configuration.

(a—c), heteroatoms, and quaternary carbons was furnished by the
HMBC experiment. In the HMBC spectrum, cross-peaks fer H
19 to C-1 and C-7 indicated that C-1, C-7, and C-19 were all
connected to the nitrogen atom. The connectivities of CS22(.4)

to C-4, C-6 0c 49.8) and C-8 ¢c 53.9) via C-5 §c 47.0) were
shown by HMBC correlations from 21 to C-4, C-5, C-6, and
C-8. The HMBC correlations from H-b3to C-1 and C-8 and from
H-2 to C-1 indicated that substructurasand c were connected
through C-1 and C-8. The critical correlation between H»74.89)

and C-4 created one tetrahydrofuran ring G and one oxazine ring:
C1-C8—C5—-C4—0—C7—N. The additional correlations of H
11/C-10, HB-17/C-10, H-13/C-9, H-14/C-22, and #23/C-22
clearly indicated the other linkages@d. Thus, the planar structure

of 63, the TFA salt of6, was unambiguously established.

The relative configuration o6 was deduced from ROESY
correlations, as shown in the computer-generated 3D drawing
(Figure 4). The ROESY correlations of H-4/H{A&nd H-3/H-

130 indicated the relative configurations at C-4 and the boat
conformation of ring E (C-+C-5 and C-8).

Experimental Section

General Experimental ProceduresOptical rotations were recorded
on a Perkin-Elmer model 241 polarimeter. IR spectra were measured
in a Bio-Rad FTS-135 spectrometer with KBr pellets. ESI and high-
resolution mass spectra were recorded using a Finnigan MAT 90
instrument and VG Auto Spec-3000 spectrometer, respectili¢ignd
2D NMR spectra were measured on a Bruker DRX-500 instrument,
while 3C NMR spectra were recorded on a Bruker AM-400 spectrom-
eter. Chemical shifts were reported using residual GH&| 7.26 and
dc 77.0) as internal standard. Column chromatography was performed
on silica gel H (16-40 um; Qingdao Marine Chemical Inc.), amino
silica gel (75-100um, Fuji Silysia Chemical LTD, Japan), Sephadex
LH-20 (40-70 um, Amersham Pharmacia Biotech AB, Uppsala,
Sweden), and Lichroprep RP-18 gel (4683 um, Merck, Darmstadt,
Germany). Precoated silica gel GF254 and HF254 plates (Qingdao
Haiyang Chemical Plant, Qingdao, People’s Republic of China) were
used for TLC.

Plant Material. The leaves and twigs @aphniphyllum yunnanense
were collected in Xishuangbanna of Yunnan Province, People’'s
Republic of China, in April 2005. The sample was identified by Prof.
Shun-Cheng Zhang, Xishuangbanna Tropical Botanical Garden, Chinese
Academy of Sciences, and a voucher specimen (KIB 05050217) was
deposited at the State Key Laboratory of Phytochemistry and Plant
Resources in West China, Kunming Institute of Botany, Chinese
Academy of Sciences.

(C-1) revealed that they were amino ketal carbons. The above data  gyiraction and Isolation. Air-dried and powdered leaves and twigs

indicated that6a possessed a heptacyclic structure. THe-1H

of D. yunnanensé7 kg) were extracted with 95% EtOH, and the extract

COSY, HMQC, and HMBC spectra revealed three partial structures was partitioned between EtOAc and 0.001 N HCI. The aqueous layer
(a—c) as shown in Figure 3. The connectivity of the fragments was alkalinized to pH 10 wit 2 N NaOH followed by exhaustive
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extraction with CHGJ. CHCk-soluble materials were roughly separated References and Notes

by amino silica gel column chromatography, using C#@e€OH (from
0:1to 1:0) as eluent, to give five fractions (AA5). A2 was subjected
to a Gg column (MeOH/0.1% TFA, 1:9~ 8:2), in which a fraction
that eluted with 50% MeOH/0.1% TFA was purified further by
Sephadex LH-20 (CH@MeOH, 1:1) to afford two major fractions,

B1 and B2. Fraction B1 was chromatographed over a normal silica gel

column eluting with petroleum etherdiiH (30:1— 10:1) to affordl
(20 mg), 2 (8 mg), 5 (7 mg), and7 (12 mg). Fraction B2 was

chromatographed over a silica gel column eluted with petroleum ether/

EtOAc (5:1) to yield6 (4 mg). Fraction A4 was subjected to asC
column (MeOH/0.1% TFA, 1:9~ 7:3), in which a fraction that eluted
with 40% MeOH/0.1% TFA was further purified by Sephadex LH-20
(MeOH) and then chromatographed over a normal silica gel column
eluted with petroleum ethefEt,NH (15:1) to yield3 (8 mg) and4 (3
mg).

Preparation for 6a. 6 in CDCl; was treated with 1.2 equiv of GF
COOH and stirred for 2 min.

Macrodaphniphyllamine (1): needles (MeOH)H and'3C NMR
data, see Tables 1 and 2; ESIM%z 386 [M + H]".

Yunnandaphnine A (2): white powder; §]*> —56.0 € 0.20,
CHCly); IR vmax 3400, 2923, 2853, 1737, and 1631 ¢m'H and*C
NMR data, see Tables 1 and 2; ESIM# 372 [M + H]*; HRESIMS
m/z 372.2544 (calcd for &H3sNOs, 372.2538).

Yunnandaphnine B (3): white powder; §]%% +0.79 € 0.21,
CHCL); IR vmax 3424, 2953, 2858, 1732, 1630, and 1435 &niH
and 1°C NMR, see Tables 1 and 2; ESIM&/'z 372 [M + H]T;
HRESIMSm/z 372.2547 (calcd for &H34NOs, 372.2538).

Yunnandaphnine C (4): white powder; §]*> —24.0 ¢ 0.22,
CHCL); IR vmax 3386, 2951, 2859, 1731, 1631, and 1444 &niH
and 1°C NMR, see Tables 1 and 2; ESIM&/'z 372 [M + H]T;
HRESIMSm/z 372.2544 (calcd for &H34NOs, 372.2538).

Yunnandaphnine D (5): white powder; §]*> —45.2 € 0.21,
CHCL); IR vmax 2927, 2869, 1738, 1458, 1436, 1367, and 1317%¢m
1H and 3C NMR, see Tables 1 and 2; ESIM#&z 356 [M + H]T;
HRESIMS m/z 356.2590 (calcd for &HzNOs, 356.2589).

Yunnandaphnine E (6): white powder; §]?°> —88.0 € 0.16,
CHCL); IR vmax 3433, 2949, 2855, 1735, 1632, and 1451 &niH
and *C NMR, see Table 3; ESIM$&Vz 386 [M + H]™; HRESIMS
m/z 386.2338 (calcd for &HzNO;, 386.2331).
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Broad signals of C-3, C-4, C-6, C-11, C-12, C-19, and C-21 located

at or near the 2-oxa-8-azatetracyclo[6'3.0°8.0”1Jdodecane at 300

K only slightly coalesced on heating to 315 K. In addition, all the

“missing” carbons were quaternary ones, which might be located at

position C-1, C-8, and C-9.
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