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Five novel cardiac glycosides with two types of unusual aglycone [funingenin A (2a) and B], named funin-
genosides E—I (2—6), together with a known compound, funingenoside B (1), were isolated from the aeria part of
Parepigynum funingense Tsiang et P. T. Li (Apocynaceae). The structures of 2—6 were elucidated by means of M S,
IR, NMR spectral analyses and chemical degradation. The possible biogenetic pathway of the two types of cardiac

glycosides was also discussed.
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Introduction

Parepigynum funingense, an endemic species be-
longing to the family apocynaceae, is naturally distrib-
uted in Yunnan Province, China. In the previous litera
ture, alarge number of cardiac glycosides were isolated
from various species in this family.* However, only four
compounds from this plant have been published up till
now.? As a monotype genus, its unique taxonomic posi-
tion attracted us to investigate its chemical constituents.
In this paper, we report the isolation and structural elu-
cidation of five novel cardiac glycosides from the aeria
part of P. funingense. The five compounds belonged to
two types of cardiac glycosides. The possible biogenetic
pathway of the two types of cardiac glycosides was
discussed.

Results and discussion

Compound 1 was identified by comparison of the
spectral data with reported ones as funingenoside B.?
But the configuration of cymarosyl of 1 was indicated to
a-D-cymarosyl by the broad singlet at oy 5.14 (H-1) for
the anomeric proton of the cymaropyranosyl unit and
confirmed by the comparison of spectral data. The *H
and *C NMR spectral data of the internal sugar of 1
were similar to those of funingenoside A.? Furthermore,
according to the X-ray crystallographic analysis? the
internal sugar of funingenoside A should be a-D-cy-
marosyl. So, the interna sugar of 1 was determined to
be a-D-cymarosyl. And the R configuration of C-20 was
indicated by the NOE interactions of Jy 2.50 (H-20)
with oy 1.05 (H-18) and oy 1.54 (H-158), 1.25 (H-165)
with oy 4.09, 4.25 (H-21), éy 1.05 (H-18) with 5y 2.80
(H-22). Therefore, the structure of 1 was elucidated as
(8R)-4p-acetoxy-34-[(O-p-D-glucopyranosyl-(1 — 6)-O-

S-D-glucopyranosyl-(1 — 4)-a-D-cymaropyranosyl)oxy]-
14-ox0-5a-20(R)-15(14 — 8)-abeo-card-20(22)-dihydro-
enolide (Figure 1).

Funingenoside E (2) was obtained as white powder.
The molecular formula was determined to be Cy4HegO19
from negative-ion HRFABMS (experimental part). Mild
acidic hydrolysis of 2 revealed the presence of olean-
drose and glucose by TLC comparison with authentic
compounds. The *C NMR (Table 1) and HMQC-
TOCSY spectra of 2 displayed the presence of an un-
substituted glucopyranosyl unit, a substituted glu-
copyranosyl unit and a substituted oleandropyranosyl
unit,* together with 25 carbon signals for the aglycone.
The downfield chemical shifts of C-4' of the oleandro-
pyranosyl unit and C-6" of the glucopyranosy! unit (dc
82.1 and 70.7) proved their substitutions at C-4' and
C-6" respectively. This was supported by the HMBC
spectral analysis (Table 2), which displayed significant
correlation peaks of H-1" of the glucopyranosyl unit
with C-4' of the oleandropyranosy! unit, and H-1" of the
terminal glucopyranosyl residue with C-6" of the glu-
copyranosyl unit. The linkage of saccharide chain to the
aglycone was decided by correlation peak between H-1'
of the oleandropyranosy! unit with C-3 of the aglycone
in HMBC. In the '"H NMR spectrum of 2, the doublet
signals at oy 5.16 (H-1") with coupling constant at 7.9
Hz and 6, 5.27 (H-1") with coupling constant at 7.8 Hz
for the anomeric protons of the two glucosyl residues
respectively indicated the g linkages. Moreover, the
broad singlet at oy 5.31 (H-1') for the anomeric proton
of the oleanderopyranosy! unit indicated the « linkage.

Acid hydrolysis of 1 and 2 respectively gave the
same aglycone, named funingenin A (2a). It was neither
isolated nor transformed previoudly. Its NMR data (ex-
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Figurel The structures of compounds 1—6, 2a and 3a.

Tablel *CNMR, DEPT, HMQC and *H NMR spectral dataof 1 and 2 recorded in CsDsN

Position = 1 1 = 2 1
C NMR and DEPT HMQC and "H NMR C NMR and DEPT HMQC and "H NMR

la 384 (1) 0.81—0.85 (m) 385 (1) 0.85—0.89 (M)
18 2.33—2.37 () 1.76—1.80 (m)
20 253 1.81—1.85 (m) 25.1 (1) 1.68—1.72 (m)
28 1.92—1.96 (m) 1.88—1.92 (m)
3 75.3 (d) 3.75 (brd, J=9.8 Hz) 74.0 (d) 3.80 (brd, J=9.8 Hz)
4 72.4(d) 5.38 (brs) 72.0 (d) 5.38 (brs)
5 46.6 (d) 0.08—1.02 (m) 46.5 (d) 1.01—1.05 (m)
6a 23.5(t) 1.23—1.27 (m) 236 () 1.26—1.30 (m)
68 0.92—0.96 (M) 1.00—1.04 (m)
7a 35.0(t) 0.85—0.89 (M) 35.1(1) 0.87—0.91 (m)
78 2.35—2.39 (M) 2.33—2.37 (m)
8 49.3(s) 49.5(s)
9 60.6 (d) 1.62—1.66 (m) 60.6 (d) 1.57—1.61 (m)
10 38.5(9) 38.5(s)
1la 20.9 (t) 1.68—1.72 (m) 21.0 (1) 1.70—1.74 (m)
11b 1.89—1.87 (m) 1.94—1.98 (m)
12a 42.3(t) 2.02—2.06 (M) 42.4(t) 1.97—2.01 (m)
128 1.87—1.89 (m) 1.92—1.96 (m)
13 49.3(s) 49.7 (s)
14 220.0 (s) 221.3(s)
15a 434 (1) 1.83—1.87 (m) 436 (1) 1.79—1.81 (m)
158 1.60—1.64 (m) 1.52—1.56 (m)
16a 23.6 (t) 2.35—2.39 (m) 23.9 () 2.33—2.37 (m)
165 1.30—1.33 (m) 1.23—1.27 (m)
17 55.9 (d) 1.96—2.00 (m) 56.1 (d) 1.93—1.97 (m)
18 23.8(q) 1.05(9) 24.0(q) 1.05(9)
19 16.1(q) 0.92 (9) 16.2 (q) 0.91 (9
20 36.4 (d) 2.47—2.51 (m) 36.6 (d) 2.48—2.52 (m)
2la 714 (t) 4.07—4.11 (m) 71.8(t) 4.07—4.11 (m)
21b 4.18—4.22 (m) 4.23—4.27 (m)
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Continued
Position 1 2
3¢ NMR and DEPT HMQC and 'H NMR 3C NMR and DEPT HMQC and *H NMR
22a 36.4 (t) 2.78 (dd, J=7.7,8.9 Hz) 36.7 (t) 2.80 (dd, J=7.7,8.9 Hz)
22b 2.34—2.38 (m) 2.34—2.38 (m)
23 177.0 () 177.7 (9)
O-CO-Me 170.7 () 171.1(s)
O-CO-Me 21.0(q) 2.02(9 21.1(q) 1.96 (s)
kN 94.6 (d) 5.14 (brs) 95.1 (d) 5.31 (brs)
2a 31.8(t) 1.89—1.93 (m) 35.2 (1) 1.58—1.62 (m)
2b 2.34—2.38 (m) 2.26—2.30 (m)
3 73.3(d) 4.04—4.08 (M) 79.3(d) 4.26—4.30 (M)
4 78.7 (d) 4,09—4.28 (M) 82.1 (d) 3.88—3.92 (m)
5 65.2 (d) 4.63—4.55 (M) 68.2 (d) 4.08—4.12 (m)
6 185 (q) 1.55 (d, J=6.4 Hz) 19.1 (q) 1.77 (d, J=6.4 Hz)
OMe 56.4 (q) 3.41(s) 57.0(q) 3.38(s)
1" 101.8 (d) 5.00 (d, J=7.7 H2) 105.0 (d) 5.27 (d, J=7.8 Hz)
' 75.2 (d) 4,06—4.10 (m) 75.9 (d) 4,06—4.10 (m)
3 78.4 (d) 4.09—4.29 (m) 78.4 (d) 3.93—3.97 (m)
4 71.9 (d) 4.28—4.32 (m) 72.0 (d) 4,06—4.10 (m)
5" 77.7 (d) 4,03—4.06 (M) 77.4(d) 4.96—5.00 (M)
6'a 70.4 (t) 4.83—4.85 (M) 70.7 (t) 4.80—4.84 (M)
6'b 4.30—4.31 (m) 4.30—4.33 (m)
1" 105.5 (d) 5.18 (d, J=7.8 H2) 105.6 (d) 5.16 (d, J=7.9 Hz)
2" 75.4 (d) 4.06—4.10 (m) 75.4 (d) 4.10—4.15 (m)
3 78.5 (d) 4.09—4.29 (m) 78.5 (d) 4.10—4.15 (m)
4" 71.8 (d) 3.85—3.89 (M) 71.9 (d) 4.06—4.09 (M)
5" 78.6 (d) 4,09—4.29 (M) 78.6 (d) 4.18—7.21 (m)
6"a 62.9 (t) 4.52—A4.56 (M) 63.0 (t) 4.43—4.47 (M)
6"b 4.37—4.41 (m) 4.53—4.57 (m)
Table2 HMBC and ROESY spectral datafor 1 and 2 recorded in CsDsN
Position HMBC (H to C) ROESY Position HMBC (H to C) ROESY
la H-3, H-5, H-9
15 C-2,C-3,C-5 H.19 158 C-16 H-20
iz, C-1,C-3,C-4 Ejg 16a C-17 H-17
3  ClC2cC4CT H-1a, H-4, H-5, H-1' | 168 H-21, H-17
4  C-2,C3C5O0AC H-3, H-5, H-6a 17  C-12,C-14,C-16,C-18 H-12¢, H-18, H-21
5  C-6,C-7,C-10,C-19 H-9,H-4,H-3,H-1a | 18  C-12,C-13,C-14,C-17 H-17, H-20, H-22
6a H-4 19 C5,C9C10 H-28
6p H-7 20  C-17,C-21,C-22,C-23 H-158, H-8, H-21, H-22
2la H-168, H-17
7a C-14 H-9 1h C-20, C-22,C-23 H. 16/;
78 C-14 H-158 22a C-20,C-21,C-23 H-18
9  C-5C-8,C-10,C-11,C-12,C-14,C-19 H-5,H-7a, H-1a OAc C-4
1la C-9,C-12 ' C-3,C-5,C3 H-3
12¢ C-9,C-11, C-14 H-17 c-4,C-5"
128 C-18 C-6",C-5"
15¢ C-9,C-14 H-9
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perimental part) was similar to those of aglycone of 1
except for C-3 and C-4, which was explained by
glycosylation shifts.

Based on extensive spectral analysis, the structure of
2 was €ucidated as (8R)-45-acetoxy-35-[(O-p-D-glu-
copyranosyl-(1— 6)-O-f-D-glucopyranosyl-(1—4)-a-D-
oleandro-pyranosyl)oxy]-14-oxo-5a-20(R)-15(14 — 8)-
abeo-card-20(22)-dihydroenolide and named funin-
genoside E (Figure 1).

Funingenoside F (3) was obtained as white powder.
The molecular formula was determined to be C4HggO19
from negative-ion HRFABMS (experimental part). Mild
acidic hydrolysis of 3 revealed the presence of cymarose
and glucose by TLC comparison with authentic com-
pounds. Comparison of the NMR spectral data of 3
(Tables 3 and 4) with those of 1 revealed that the sac-
charide chains of them were the same, and the rings A
and E of their aglycones were very similar. Two qua
ternary carbons éc 64.2 and 70.7 aéppeared in 3 instead
of the carbonyl 5¢ 221.0 in 1. The **C and DEPT spectra
of the aglycone of 3 showed the presence of six methi-
nes, ten methylenes, three methyl groups, four quater-
nary carbons and two carbonyl groups. The chemical
shifts of the rings B, C and D of aglycone carbons were
similar to those of 5a-adynerin.” The formation of the
structure was supported by the correlations of H-18 (dy
0.89) with C-14 (6c 64.2) and H-19 (Jy 1.23) with C-8
(dc 70.7) and further proved by the product of hydroly-
sisof 3.

Funingenin C (3a), white powder, was the product of
the hydrolysis of 3. The molecular formula was deter-
mined to be CxH3s0s from positive-ion ESI (experi-
mental part). A careful comparison of the *H and **C
NMR data of 3a (Tables 3 and 4) with those of aglycone
of 3 showed that the two characteristic quaternary car-
bons (dc 64.2 and 70.7) in 3 disappeared and three qua
ternary carbons (dc 150.9, 142.4 and 123.3) and one
methine (Jc 116.9) in 3a appeared. It was deduced that
the 8,14-epoxy bond was destructed to form two conju-
gate double bonds (A® and A'™). This deduction was
supported by the correlations of H-19 Jy 1.48 with C-9
oc 142.4, H-18 5y 0.81 with C-14 6 150.9 and C-17 J¢
55.1 in HMBC. The literature also showed the same
conversion after the similar hydrolysis.* The downfield
chemical shift of C-19 from Jc 15.1 to 22.2 after hy-
drolysis was explained by the deshielding effect of A®.
And it was interesting to note that Ac group migrated
from position-4 to position-3 under acidic condition.
This was showed by the interactions between H-3 (Jy
4.94) and H-2 (6,4 1.85, 2.34) in the "H-'H COSY spec-
trum and supported by the coupling constants of H-3
(brd, J=9.8 Hz) and H-4 (brs).

The obvious pair of signals for H-21 of 3a revealed
that a pair of epimer at C-20, which was not separated
by HPLC, was present. And it was also the reason of the
appearance of doublet signals at C-9, C-12, C-14, C-15,
C-16, C-20, C-21, C-22 and C-23in 3 and 3a.

CAO & LUO

Therefore, the structure of 3a was elucidated as
3p-acetoxy-44-hydroxy-5a-card-20(22)-dihydro-8,14-di-
enolide and named funingenin C. The structure of 3 was
elucidated as 4p-acetoxy-3p-[(O-4-D-glucopyranosyl-
(1 — 6)-O-p-D-glucopyranosyl-(1 — 4)-a-D-cymaropyr-
yl)oxy]-8,14-epoxy-5a-card-20(22)-dihydroenolide and
named funingenoside F. The aglycone of 3 was named
funingenin B (Figure 1).

Funingenosides G (4), H (5) and | (6) were obtained
as white powder. Their molecular formulas were de-
duced from negative-ion HRFABMS respectively (ex-
perimental part). The 'D and °D NMR (Tables 3, 4 and
5) showed that the aglycones of 3—6 were the same.
The sugar moiety of 4 was similar to that of 3 except
that there was one less glucosyl in 4 on the basis of
spectroscopic data. Accordingly, 4 was elucidated as
4p-acetoxy-3p-[O-4-D-glucopyranosyl-(1 — 4)-a-D-cy-
maroranosyl]oxy]-8,14-epoxy-5a-card-20(22)-dihydroe-
nolide and named funingenoside G (Figure 1). The
sugar moiety of 5 was the same to that of 2 on the basis
of spectroscopic data. Accordingly, 5 was elucidated as
4p-acetoxy-3p-[ (O-4-D-glucopyranosyl-(1 — 6)-O-4-D-
glucopyranosyl-(1 — 4)-a-D-oleadropyranosyl)oxy]-8,14-
epoxy-5a-card-20(22)-dihydroenolide and named fun-
ingenoside H (Figure 1). The sugar moiety of 6 was
similar to that of 2 except that there was one less gluco-
syl in 6 on the basis of spectroscopic data. Accordingly,
6 was elucidated as 4p-acetoxy-3p-[O-f-D-glucopy-
ranosyl-(1— 4)-a-D-oleadropyranosyl]oxy]-8,14-epoxy-
5a-card-20(22)-dihydroenolide and named funingenosi-
del (Figurel).

Compounds 1—6 belonged to two types of cardiac
glycosides. A possible pathway of biogenesis of the two
types of glycosides has been proposed in Figure 2.°

Compounds 1—6 all were the cardiac glycosides
without the common olefinic bond in ring E. In the pre-
vious literature, a large number of cardiac glycosides
were isolated from species of apocynaceae.’ Moreover,
the unsaturated lactone at C-17 was the characteristic of
cardiac glycosides and associated with cardiotonic ac-
tivity.” However, compounds 1—6 instead of normal
cardiac glycosides were isolated from P. funingenese.
This finding supported the view of taxonology that P.
funingenese is a monotype genus in apocynaceae.?

Experimental

Optical rotations were recorded in pyridine and
chloroform on a Horiba SEAP-300 spectropolarimeter.
IR spectra were taken in KBr pellets on a Bio-Rad
FTSIR spectrophotometer. *H NMR (500 MHz), **C
NMR (125 MHZ) and 2D NMR spectra were recorded in
pyridine-ds on a Bruker DRX-500 NMR spectrometer
with TMS as an internal standard. MS data were mess-
ured by a VG Autospec 3000 mass spectrometer and an
APl QSTAR Pulsar | system under negative-ion FAB,
El and ESI models respectively. Column chromatogra-
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Table3 *C NMR spectral data of 3—6 and 3a recorded in CsDsN

C 3 4 5 6 3a
1 37.5(1) 37.6(t) 37.5(1) 37.5(t) 36.0 (t)
2 25.0 (t) 25.2 (t) 24.7 (1) 24.8 (1) 233 (1)
3 75.3 (d) 75.4 (d) 74.0 (d) 74.0 (d) 76.4 (d)
4 72.4(d) 725 (d) 71.7 (d) 71.8 (d) 72.3(d)
5 47.3(d) 47.3(d) 47.0 (d) 47.1(d) 45.2 (d)
6 23.9(t) 24.1 (t) 23.9 (1) 23.9 (1) 27.1 ()
7 32.3(t) 32.4(t) 32.3(t) 32.3(t) 30.1(t)
8 64.2 (s) 64.3 (s) 64.2 (s) 64.1(s) 123.3(9)
9 51.2 (d) 51.2 (d) 51.1 (d) 51.1 (d) 142.4 (142.5) ()
10 37.6(s) 37.7(s) 37.6(s) 37.6(s) 37.4(s)
11 16.2 (t) 16.3 (t) 16.2 (t) 16.2 (t) 21.4(t)
12 36.9 (37.3) (t) 37.1(37.4) (v) 36.9 (37.3) (1) 37.0(37.3) (1) 35.6 (35.9) ()
13 40.9 (41.1) (9 41.0(41.2) (9 40.9 (41.1) (9 40.9 (41.1) (9 45.7 ()
14 70.7 (70.8) (s) 70.8 (71.0) (s) 70.8 (70.9) () 70.8 (70.9) () 150.9 (s)
15 27.6 (t) 27.7 (t) 27.6 (1) 27.6 (1) 116.9 (117.1) (d)
16 25.9(26.9) (t) 26.1(27.2) (t) 25.9(27.0) (1) 25.9(26.9) (1) 36.1(36.3) ()
17 54.7 (d) 54.8 (d) 54.6 (d) 54.6 (d) 55.1 (d)
18 15.8 (15.9) (g) 15.9 (16.0) (g) 15.8 (15.9) (g) 15.8 (15.9) (g) 16.7 (q)
19 15.1(qg) 15.3(q) 15.1(qg) 15.1(qg) 22.2(q)
20 37.7(38.0) (d) 37.8(38.2) (d) 37.7(38.0) (d) 37.6(38.0) (d) 37.3(37.6) (d)
21 72,5 (72.9) () 72.6 (73.0) (1) 72,5 (72.9) (1) 724 (72.8) (1) 72.8(72.9) (d)
22 34.1(34.2) (1) 34.2(34.3) (1) 34.1(34.2) (1) 34.1(34.2) (1) 34.4(34.5) (1)
23 177.0 (177.5) () 177.0 (177.6) () 177.0 (177.5) (s) 177.0 (177.5) (s) 177.1(177.6) ()
OCOMe 21.0 (q) 21.2 (q) 21.0 (q) 20.9 (q) 21.3(q)
OCOMe 170.7 () 171.0 (s) 170.9 (s) 170.9 (s) 170.5 (s)
1 94.9 (d) 95.0 (d) 94.9 (d) 95.0 (d)
2 31.8(t) 31.8(t) 35.0(t) 35.1(t)
3 73.3(d) 73.3(d) 79.1 (d) 79.3 (d)
4 78.5 (d) 78.9 (d) 82.0 (d) 82.5 (d)
5 65.2 (d) 65.1 (d) 68.0 (d) 67.9 (d)
6' 18.5(q) 18.6 (q) 18.9(q) 18.8(q)
3-OM¢e 56.4 () 56.5 (q) 56.7 () 56.7 ()
1 101.8 (d) 102.1 (d) 104.8 (d) 105.2 (d)
2" 75.4 (d) 75.6 (d) 75.7 (d) 76.0 (d)
3" 78.3 (d) 78.5 (d) 78.3 (d) 78.3 (d)
4" 71.9 (d) 72.0 (d) 71.8 (d) 72.1(d)
5" 77.7 (d) 78.7 (d) 77.1(d) 78.2 (d)
6" 70.4 () 63.1 () 70.5 () 63.2 (1)
1 105.5 (d) 105.4 (d)
2" 75.3 (d) 75.2 (d)
3" 78.4 (d) 78.2 (d)
4" 717 (d) 717 (d)
5" 78.6 (d) 78.5 (d)
6" 62.9 (1) 62.8 (1)
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Table4 *H NMR spectral data of 3—6 and 3a recorded in CsDsN

CAO & LUO

H 3 4 5 6 3a
. 1.01 (m . .99 (m 1.02—1.04 (m . .94 (m
L lEe tEmn e lamasm e
2 1.30—2.00 (m) 1.30—2.00 (m) 1.30—2.00 (m) 1.30—2.00 (m) 1.84—1.86 (m), 2.32—2.36 (m)
3 3.80(brd,J=9.8Hz) 3.78 (brd, J=9.8Hz) 3.79 (brd, J=9.8Hz) 3.80(brd, J=9.8Hz) 4.94 (brd, J=9.8 Hz)
4 5.44 (brs) 5.45 (brs) 5.44 (brs) 5.46 (brs) 4.24 (brs)
5 197 (m) 1.96—2.00 (m) 1.96—2.00 (m) 1.95—1.99 (m) 1.57—1.61 (m)
6 1.30—2.00 (m) 1.30—2.00 (m) 1.30—2.00 (m) 1.30—2.00 (m) 2.19—2.23 (m)
1.76—1.79 (m 1.85—1.89 (m 1.76—1.80 (m
7 18139 (m) 1.33—1.37 Em; 1.39—1.43 Em; 1.33—1.37 Em;
9 1.26—1.30(m) 1.26—1.30 (m) 1.36—1.40 (m) 1.26—1.30 (m)
12 1.42—1.46 (m) 1.42—1.46 (m) 1.50—1.54 (m) 1.42—1.46 (m) 1.63—1.67 (m)
1.32—1.36 (m) 1.32—1.36 (m) 1.40—1.44 (m) 1.32—1.36 (m) 1.38—1.42 (m)
15 1.30—2.00 (m) 1.30—2.00 (m) 1.30—2.00 (m) 1.30—2.00 (m) 5.37 (brs)
16 1.30—2.00 (m) 1.30—2.00 (m) 1.30—2.00 (m) 1.30—2.00 (m) 2.03—2.07 (m)
17 1.31—1.35(m) 1.31—1.35(m) 1.34—1.37 (m) 1.29—1.33 (m) 1.73—1.76 (m)
18 0.89(9) 0.89 () 0.90 (s) 0.90 (s) 0.81(9)
19 1.23(9 1.23(9) 1.23(9) 1.25(9) 1.48 (9
20 2.40—2.44 (m) 2.40—2.44 (m) 2.41—1.45 (m) 2.41—1.45 (m) 2.54—2.58 (m)
4.47,4.89[4.87,3.82]
21 440(,J=81Hz) 4.40(t,J=8.1Hz) 4.37 (t,J=8.1Hz) 4.42 (t,J=8.1Hz) (t, J=8.0 H2)
2 2.65, 2.50 (dd, 2.65,2.51(dd, J=5.8, 2.67,2.53(dd, J=5.8, 2.66,2.52(dd, J=5.8, 2.75(dd, J=5.8, 7.2 Hz)
J=5.8, 7.2 Hz) 7.2 Hz) 7.2Hz2) 7.2 Hz) 2.0—2.5, overlap
OAc 2.07(s) 2.08 (s) 2.05(s) 2.01(s) 1.93(s)
1' 5.14 (brs) 5.14 (brs) 5.31 (brs) 5.31 (brs)
> 2.39—2.43 (m) 2.39—2.43 (m) 2.25—2.29 (m) 2.25—2.29 (m)
1.73—1.77 (m) 1.73—1.77 (m) 1.56—1.60 (m) 1.56—1.60 (m)
3 3.96 (brs) 3.96 (brs) 3.86—3.90 (M) 3.86—3.90 (M)
4 3.99—4.03 (m) 3.99—4.03 (m) 3.79—3.83 (m) 3.79—3.83 (m)
5 4.60—4.64 (m) 4.60—4.64 (m) 4.04—4.08 (m) 4.04—4.08 (m)
6 145(d,J=6.0Hz) 1.45(d,J=6.0H2) 1.72 (d, J=6.5Hz) 1.66 (d, J=6.5Hz)
OMe 3.43(s) 3.43(s) 3.37(9) 3.40 (s)
1" 516(d,J=7.7Hz) 501(d, J=7.7H2) 519 (J=7.7Hz) 5.30 (J=7.7Hz)
G ATATI 3 Sy AR e
1" 4.96(d, J=7.7 Hz) 5.07 (d, J=7.7 Hz)
6" 4.53—4.57 (m) 4.43—4.47 (m)

-H3O

R

N

8
3a

o)

e

Figure 2 Proposed biogenesis of cardiac glycosides in Parepi-
gynum funingenese.

phy and TLC were carried out on silica gel (Qingdao,
China), MCI CHP-20P gel, FUJl (ODS-Qs) gel (Mitsu-
bishi Chemica Co.) and Lobar RP-C18 gel (Merck)
using the following solvent systems. CHCl;-MeOH-
H,0O and MeOH-H0, respectively.

Extraction and isolation procedure

The aeria part of Parepigynum funingense Tsiang et
P. T. Li (apocynaceae) was collected in Wenshan, Y un-
nan, China in September 1999 and identified by Yang
Zhenghong. A voucher speciemen (No. 90-1297) has
been deposited in the Herbarium of the Department of
Taxonomy, Kunming Institute of Botany. The dried ae-

© 2005 SIOC, CAS, Shanghai, & WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim



Cardiac glucosides

Table 5 HMBC and ROESY spectra data for 3 and 3a re-
corded in CsDsN

3 3a
HMBC ROESY HMBC ROESY
H-1,
3 C1,C4 g H-5

C-2,C-3, H-5

. . C2,C3 s

C5C10 H3  C5C10
. H-3, H-3, H-9
H-9
12 H-17 H-17
s C-16,C-13,
C-17,C-8,C-14
. c-18,C-21, H-12, H-21,
C-13,C-14,C16  H-22
15 C12.C13, c12 C13 H-12, H-15,
C-14,C-17 C-14, C-17 H-20, H-21
19 C-10,C5, C-10,C-5,C-9
Cc-9,C8
21 C-20,C-22, C-20,C-22, H-18, H-17
C.23 C-17,C-23 '

rid part (4.5 kg) of P. funingenes was extracted
threetimes with 95% EtOH/H,O at room temperature.
After removal of the solvent in vacuo, the extract was
suspended in H,0, then extracted with petroleum ether.
The agueous layer was concentrated in vacuo to yield a
residue, which was subjected to column chromatogra-
phy on silica gel (550 g, 200—300 mesh), eluting with
gradient mixtures of CHCl;-MeOH-H,0 from CHCl;3 to
CHCI3/MeOH/H,O (7 - 3: 0.3,V I V V) to produce 6
fractions. A 4-g amount of the fraction 3 (7 g) obtained
from CHCIs/MeOH (9: 1, V V) was rechromatogra-
phed (MCI gel CHP-20P, RP-8, MeOH : H,O=60 : 40,
V © V) to afford three fractions. The second fraction (1.2
g) was purified by repeated CC (silica gel,
CHCI3/MeOH, 95: 5,9 : 1, V: V) to form pure 4 (70
mg) and 6 (270 mg). A 8 g amount of the fraction 6 (17
g) obtained from CHCl3/MeOH/H,O (8:2:0.2, V.
V V) was rechromatographed [MCI gel CHP-20P,
MeOH : H,O=60 : 40 (V . V)] to afford five fractions.
The third fraction (1.4 g) was purified by repeated CC
[RPg, FUJ ODS, MeOH : H,0=60 : 40 (V : V); sil-
icagel, CHCl; : MeEOH : H,0=8:2:02 (V:V:V)]
toyield pure 1 (49 mg), 2 (48 mg), 3 (50 mg) and 5 (240
mag).

Funingenoside B, (8R)-4p-acetoxy-3p-[(O-4-D-gl-
ucopyranosyl-(1 — 6)-O-4-D-glucopyranosyl-(1 — 4)-a-
D-cymaropyranosyl)oxy]-14-ox0-5a-20(R)-15(14 — 8)-
abeo-card-20(22)-dihydroenolide (1): White powder;
m.p. 166—168 C; [a]3? —56.15 (c 0.65, CsHsN):
'H and °C NMR see Table 1; IR (KBr) v: 3430, 2933,
1780, 1699, 1455, 1371, 1245, 1167, 1049, 1024 cm
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negative ion HRFABMS m/z 899.4270 [M " —H] (calcd
for C44H67019 8994277)

Funingenoside E, (8R)-4p-acetoxy-3p-[(O-4-D-gl-
ucopyranosyl-(1 — 6)-O-p-D-glucopyranosyl-(1 — 4)-a-
D-oleadropyranosyl)oxy]-14-oxo-5a-20(R)-15(14 — 8)-
abeo-card-20(22)-dihydroenolide (2): White powder;
m.p. 175—177 °C; [a]3? —54.44 (c 0.90, CsHsN); H
and °C NMR see Table 1; IR (KBr) v: 3430, 2929,
1777, 1735, 1455, 1370, 1244, 987 cm & negative ion
HRFABMS m/z: 899.4255 [M " —H] (calcd for CaHer-
019 899.4277).

Funingenoside F, 44-acetoxy-35-[(O-4-D-glucopy-
ranosyl-(1—6)-O-p-D-glucopyranosyl-(1—4)-a-D-cyma-
ropyranosyl)oxy]-8,14-epoxy-5a-card-20(22)-dihy-
droenolide (3): White powder; *H and *C NMR see
Tables 3 and 4; IR (KBr) v: 3430, 2933, 1780, 1699,
1455, 1371, 1049, 1023 cm ™ *; negative ion ESI-MS m/z:
899.4268 [M " —H] (calcd for CuHeOm9 899.4277);
negative ion FAB-MS mvz 899 (M ", 100), 737 (20).

Funingenoside G, 4p-acetoxy-3p-[(O-p-D-glucopy-
ranosyl-(1 — 4)-a-D-cymaropyranosyl)oxy]-8,14-eoxy-
5a-card-20(22)-dihydroenolide (4): White powder; 'H
and *C NMR see Tables 3 and 4; IR (KBr) v: 3444,
2943, 1780, 1639, 1453, 1372, 1048, 1019 cm *; nega-
tiveion FAB-MSm/z 737 (M, 100), 575 (20).

Funingenoside H, 4p-acetoxy-3p-[(O--D-glucopy-
ranosyl-(1 — 6)-O-p-D-glucopyranosyl-(1 — 4)-a-D-
oleadropyranosyl)oxy]-8,14-epoxy-5a-card-20(22)-dihy-
droenolide (5): White powder; *H and *C NMR see
Tables 3 and 4; IR (KBr) v: 3424, 2941, 1775, 1733,
1455, 1370, 1046, 1019 cm % negative ion FAB-MS
m/'z. 899 (M, 100), 737 (20).

Funingenoside |, 4p-acetoxy-3p-[(O--D-glucopy-
ranosyl-(1 — 4)-a-D-oleadropyrano-syl)oxy]-8,14-epo-
xy-5a-card-20(22)-dihydroenolide (6): White powder;
'H and **C NMR see Tables 3 and 4; IR (KBr) v: 3458,
2937, 1779, 1737, 1455, 1370, 1030, 1020 cm *; Nega-
tiveion FAB-MSm/z 737 (M, 100), 575 (20).

Funingenin A, (8R)-4p-acetoxy-3p-hydroxyl-14-
0X0-50-15(14 — 8)-abeo-card-20(22)-dihydroenolide
(2a): White powder; m.p. 198—201 C; [a]3? —5.21
(c 0.65, CDCl3); '"H NMR (500 MHz, CDCl3) §: 5.09
(brs, 1H, 4-H), 4.21—4.25 and 3.80—3.84 (m, 2H,
21-H), 3.66—3.70 (m, 1H, 3-H), 2.68—2.72 (m, 1H,
20-H), 2.08 (s, 3H, OCOMe), 1.03 (s, 3H, 18-H), 0.84 (s,
3H, 19-H); °C NMR (125 MHz, CDCls) 6: 38.4 (C-1),
25.5 (C-2), 71.4 (C-3), 75.7 (C-4), 46.6 (C-5), 235
(C-6), 34.8 (C-7), 49.1 (C-8), 60.6 (C-9), 38.1 (C-10),
20.8 (C-11), 42.0 (C-12), 49.3 (C-13), 220.9 (C-14),
43.2 (C-15), 23.6 (C-16), 55.9 (C-17), 23.6 (C-18), 16.1
(C-19), 36.1 (C-20), 71.2 (C-21), 36.3 (C-22), 176.7
(C-23), 172.2, 21.1 (4-OAc); IR (KBr) v: 3428, 2933,
1780, 1699 cm *; positive ion FAB-MS m/z 433 (M ™,
50), 83 (100).

Acid hydrolysis of Funingenoside E (2)
A solution of compound 2 (20.0 mg) in MeOH (4
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mL) was treated with 0.4 mol/L HCI (3 mL) at 70 °C for
30 min, 4 mL of H,O were added and the whole solu-
tion was concentrated to 7 mL and then extracted with
CDCl3. The organic phase was evaporated in vacuo to
yield a residue which purified by silica gel column
chromatography with petro-ether/acetone (3: 1, V I V)
to afford an aglycone identified as funingenin A by
positive ion HRFABMS, *H and **C NMR (in CDCl5).
The aqueous layer was neutralized with 5% NaOH. The
precipitate was filtered off and the filtrate evaporated to
a syrup to give oleandrose and glucose by comparison
with authentic compounds.

Acid hydrolysis of compounds 3 gave funingenin C
(3a). The condition of acid hydrolysis was similar to
that of compound 2.

Funingenin C, 3p-acetoxy-445-hydroxy-5a-card-20-
(22)-dihydro-8,14-dienolide (3a): White powder; *H and
3C NMR see Tables 3 and 4; positive ion ESI-MS m/z
415.2484 [M " +H] (cacd for CxHasOs 415.2488);
EI-MSm/z 414 (M, 100).
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