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Abstract—The aerial part of Cynanchum caudatum afforded 10 new pregnane glycosides which had sarcostin or
deacylmetaplexigenin as the aglycone moiety. The structures of these compounds were elucidated by spectroscopic

methods and from chemical evidence.

INTRODUCTION

In connection with a study on the constituents of some
plants in the Asclepiadaceae, we have investigated
Cynanchum caudatum M. The isolation and structures of
pregnane glycosides from the roots of this plant were
previously reported [1, 2]. In the present paper, we
describe the isolation and structural elucidation of 10
pregnane glycosides from the aerial part of this plant.

RESULTS AND DISCUSSION

The methanol extract of the aerial part of C. caudatum
afforded new compounds 2-10 and 12. An aglycone
moiety obtained from 2-10 by acid hydrolysis was sar-
costin (1), which was identified by comparison of the
3CNMR spectral data, {o], and mp with previously
reported values [3, 4]. The aglycone moiety of 12 was
determined by comparing it with the reported data of the
glycoside, wilfoside MIN, which had deacylmetaplexig-
enin (11) as the aglycone [5].

Compound 2 showed an anomeric proton and carbon
signal at 64.79 (1H, dd, J = 9.5, 2.0 Hz) and §95.6 in the
'H and '3C NMR spectra, respectively. The signal from
the C-3 of the aglycone at §78.0 shifted downfield on
comparison with that of sarcostin (1). This glycosilation
shift indicated that the sugar moiety was attached to the
C-3 position. The FAB-mass spectrum of 2 revealed a [M
+ H]" ion peak at m/z 527, which was larger by 144
mass units than that of sarcostin. Because this difference
was derived from the sugar moiety, the molecular formula
of this sugar was deduced to be C;H,,0,, and identified
as cymarose by acid hydrolysis an comparison with an
authentic sample (see Experimental). Thus, the structure
of 2 was determined to be sarcostin 3-0-§-cymaropyran-
oside.

In the 'H NMR spectrum of 3, four anomeric proton
signals were observed at 64.84 (1H, dd, J = 9.5, 1.5 Hz),
476 (1H, dd, J =9.5, 20Hz), 446 (1H, dd, J =9.5,

2.0 Hz) and 4.87 (1H, dd, J = 4.5, 1.5 Hz), and in the
13CNMR spectrum, four anomeric carbon signals were
also observed at §96.1,99.7, 101.4 and 96.9. Acid hydroly-
sis gave cymarose and oleandrose as the sugar moieties,
and the relative ratio of these monosaccharides was
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determined to be three cymaroses to one oleandrose by
GC analysis. The hetero multiple quantum coherence
(HMQC) spectrum of 3 revealed cross-peaks between the
anomeric carbon signals at 96.1,99.7, 101.4,96.9 and the
anomeric proton signals at 4.84, 4.76, 4.46, 4.87, respect-
ively. Moreover, in the "H NMR spectrum, the character-
istic H-3 signals of cymaropyranoses were observed at
63.81(1H,q,J = 3.0 Hz),3.78 (1H, ¢, J = 3.0 Hz) and 3.58
(1H, ¢, J = 3.5 Hz). In the hetero nuclear multiple bond
connectivity (HMBC) spectrum, *Jcecus were confirmed
between these characteristic H-3 signals and the anomeric
carbon signals as follows, 53.8band 96.1, §3.78 and 99.7,
03.58 and 96.9. From the above results, the anomeric
signals at 64.84 (1H, dd, J = 9.5, 1.5), 96.1 and 4.76 (1H,
dd, J = 9.5, 2.0),99.7 were assigned to the H-1s and C-1s
of two B-cymaropyranoses, and the anomeric signals at
34.87(1H, dd, J = 4.5, 1.5 Hz) and §96.9 were assigned to
the H-1 and C-1 of a-cymaropyranose. The remaining
anomeric signals at 101.4 and 64.46 (1H, dd, J = 9.5,
2.0 Hz) belonged to the C-1 and H-1 of f-oleandropyran-
ose. For the sugar linkage, *Joocys Were observed as
follows in the HMBC spectrum, 396.1 [the C-1 of the first
f-cymaropyranose] and 3.54 (1H, m) [the H-3 of the
aglycone], §99.7 [the C-1 of another f-cymaropyranose]
and 63.21 (1H, dd, J = 9.5, 3.0 Hz) [the H-4 of the first 8-
cymaropyranose], §101.4 [the C-1 of f-oleandropyran-
ose] and 63.21 (1H, dd, J = 9.5, 3.0 Hz) [H4 of the
second fi-cymaropyranose], 696.9 [the C-1 of a-cymaro-
pyranose] and 63.12 (1H, ¢, J = 9.0 Hz) [the H-4 of -
oléandropyranose]. In the difference nuclear Overhauser
effect (NOE) spectra, irradiation at the anomeric proton
signal at 04.84 of the first f-cymaropyranose revealed a
NOE to the H-3 signal of the aglycone at 43.54. Similarly,
NOEs were observed between the anomeric proton signal
of the second f-cymaropyranose at $4.76 and the H-4
signal of the first f-cymaropyranose at §3.21, the H-1
signal of f-oleandropyranose at 4.46 and the H-4 signal
of the second f-cymaropyranose at §3.21, and between
the H-1 signal of a-cymaropyranose at 54.87 and the H-4
one of -oleandropyranose at 43.12. Based on the above
information, the structure of 3 was determined to be
sarcostin 3-0-z-cymaropyranosyl-(1 — 4)-§-oleandropy-
ranosyl-(1 — 4)-f-cymaropyranosyl-(1 — 4)-f-cymaropy-
ranoside.

Compound 4 had the same molecular formula as 3. On
hydrolysis, sarcostin, two cymaroses and two oleandroses
were obtained. The sugar linkage was determined in the
same manner as that of 3. The structure of 4 was
determined to be as shown.
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Compounds 5-8 had the molecular formula
C,,H,,0, ;5. Acid hydrolysis of these compounds sug-
gested that they were composed of sarcostin and three
2,6-dideoxy-3-O-methylhexoses. Based on the 'H,
13C NMR and H-H COSY spectra, three 2,6-dideoxy-3-
O-methylhexoses of 5-8 consisted of two §- and one -
cymaropyranoses; one f-, one o-cymaropyranose and
one f-oleandropyranose; one fS-cymaropyranose and
two f-oleandropyranoses; and two S-cymaropyranoses
and one f-oleandropyranose, respectively. The sugar
sequences of these compounds were determined in the
same manner as that of 3. The structures of 5-8 were
determined to be as shown.

Compounds 9 and 10 both had the molecular formula
C;5Hs30,,. Compound 9 was hydrolysed to sarcostin
and two cymaroses, and 10 to sarcostin, one cymarose
and one oleandrose. Using the same procedures described
previously, the structures were elucidated to be as shown.

The 'H and 3C NMR spectra of 12 suggested that it
consisted of four monosaccharides and an aglycone
moiety which was determined to be deacylmetaplexigenin
by comparison with the NMR spectral data in the
literature [5]. Since the NMR spectra of its sugar moiety
were consistent with those of 4, the sugar linkage was
determined to be the same as that of 4. Thus, the structure
of 12 was determined to be as shown.

Table 1. '3 CNMR spectral data of the
aglycone moiety of compounds 1-10 and

12
C 1* 2-10¢ 124
t 38.2 390¢ 389
2 309 29.1 290
3 70.3 78.0 77.9
4 42.1 389° 389
5 1390 1398 1407
6 1180 1184 1177
7 34.1 34.6 343
8 72.9 73.8 74.3
9 43.1 4338 442

10 36.1 37.0 371

1 27.8 28.6 28.0

12 69.3 7094 695

13 57.1 578 60.9

14 875 878 878

15 334> 335 333

16 332° 325 325

17 87.9°  88.0¢ 919

18 10.2 10.1 77

19 17.7 1848 187

20 7.5 724 2138

21 17.1 17.0 28.2

Run at 100.40 and 125.65 MHz.

2~ 4Agsignments may be interchanged in
each column.

A-CAssignments may be interchanged
between Tables 1 and 2.

*Measured in (Me),SO-d, at 35°.

tMeasured in CDCl, at 35°.
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The absolute configuration of each monosaccharide
was not determined in any of the compounds.

EXPERIMENTAL

'H and '3*CNMR were recorded at 500, 400 and
125.65, 100.40 MHz, respectively. TMS was used as int.
standard.

Plant material. Cynanchum caudatum M. was collected
in Shizuoka pref., Japan in August, 1993 and identified by
by Prof. T. Noro (University of Shizuoka).

Extraction and isolation. Dried aerial parts of C.
caudatum M. (2.4 kg) was extracted x2 with MeOH
under reflux. The extract was concd under red. pres. and
the residue suspended in H,O. This suspension was
extracted with Et,0. The H,O layer was passed through
a Mitsubishi Diaion HP-20 column, and the absorbed
material was eluted with 50, 60 and 70% MeOH in H,O
and MeOH. The Et,O layer was also concd and the
residue dissolved in hexane—C¢Hg (1:1). This soln was
extracted with 80% MeOH in H,O, and 80% MeOH in
the H,O layer was concd under red. pres. The residue of
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80% MeOH in the H,O layer (14.6 g) and the MeOH
eluate of the Diaion HP-20 column (7.1 g) were com-
bined, and rechromatographed on a silica gel column
with the CHCl;-MeOH system and a semi prep. HPLC
(Develosil-ODS and YMC-ODS: MeCN-H,O and
MeOH-H,O system) to give 2 (7mg), 3 (10mg), 4
(15 mg), 5 (13 mg), 6 (3 mg), 7 (3 mg), 8 (47 mg), 9 (9 mg),
10 (23 mg) and 12 (7 mg).

Compound 2. Amorphous powder [x]2® + 64.4°
(MeOH; ¢ 0.66). Caled for C,3H,0O5,H,0: C, 61.74; H,
8.88. Found: C, 61.45; H, 9.04. FAB-MS m/z: 527 [M
+ H]*, 549 [M + Na]™*.'H and **C NMR: Tables 1-3.

Compound 3. Amorphous powder [«]J3° —29°
(MeOH; ¢ 0.40). Caled for C,oHg,0,52H,0: C, 59.14; H,
8.71. Found: C, 59.29; H, 8.78. FAB-MS m/z: 959 [M
+ H]"*. 'H and *CNMR: Tables 1-3.

Compound 4. Amorphous powder [a]3® + 40.1°
{(MeOH; ¢ 0.32). Calcd for C,oHg,0,43H,0: C, 58.09; H,
8.75. Found: C, 58.33; H, 8.75. FAB-MS m/z: 959 [M
+ H]*, 981 [M + Na]*. 'H and *C NMR: Tables 1-3.

Compound 5 Amorphous powder [a]3® + 4.4°
(MeOH; ¢ 1.26). Calced for C,,H,,0,52H,0: C, 59.28; H,

Table 2. '3C NMR spectral data of the sugar moieties of Compounds 2-10 and 12

C 2 3 4,12 5 6 7 8 9 10
Cym. Cym. Cym. Cym. Cym. Cym. Cym. Cym. Cym.
1 95.6 96.1 96.1 96.1 96.2 96.1 96.0 96.1 96.1
2 341 35.8° 357 35.8¢ 36.1" 35.8 35.6 357 35.8
3 71.5 77.1 771 71.2 712 771 771 771 77.1
4 72.5¢ 82.5 82.5¢ 82.5 827 82.7 82.5 82.5 82.8
5 70.84 68.4" 68.3¢ 68.68 68.4 68.4 68.5 68.5 68.4
6 18.3% 1828 18.28 18.38 18.2B 18.28 18.28 18.38 18.28
Cym. Cym. Cym. Ole. Ole. Cym. Cym. Ole.
1 — 99.7 99.7 99.6 1014 1014 99.6 99.4 101.5
2 — 35.6* 357 35.9¢ 36.0" 364 35.6 338 354
3 — 77.1 771 77.3¢ 78.9 79.2 771 77.5 80.7
4 — 82.5 82.6° 81.6 81.5 823 82.6 72.5¢ 75.5
5 — 68.6° 68.6° 68.7¢ 71.7 71.0* 68.3 70.74 71.6
6 — 18.28 18.28 18.28 18.4% 18.4% 18.2% 18.28 18.0°
Ole. Ole. Cym. Cym. Ole. Ole.
1 — 101 .4 1014 98.3 96.9 100.2 1014 — —
2 — 36.1 364 31.0 31.0 355 354 — e
3 — 78.8 79.2 74.8 75.1 80.8 80.6 — —
4 — 814 823 72.2 72.2 75.5 754 — —
5 — 71.7 71.04 65.7 65.3 71.7 71.5 — -
6 — 18.4% 18.28 18.08 17.8 18.08 17.9 — —
Cym. Ole.
1 — 96.9 100.2 — — — — — —
2 — 31.0 35.5 — — — — — —
3 — 751 80.8 — — — — — —
4 — 722 75.5 — — — — — —
5 — 65.3 71.7 o — — — — —
6 — 178 17.9 — — — — — —
OMes 572 56.2 56.3 56.2 56.2 56.3 56.2 572 56.3
56.3 56.7 581x2 563 56.7 580 58.0 58.2
58.0 58.0 58.2 58.2 58.2
584 58.3

Measured at 100.40 and 125.65 MHz in CDCI, solution at 35°.
*~hAgsignments may be interchanged in each column.
A-CAssignments may be interchanged between Tables 1 and 2.
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Table 3. "HNMR spectral data of the sugar moieties of compounds 2-10 and 12

H 2 3 4,12
Cym. Cym. Cym.
1 4.79 1H, dd (9.5, 2.0) 4.84 1H, dd (9.5, 1.5} 485 1H, dd (9.5, 2.0)
3 3.63 1H, q (3.0) 3.81 1H, q (3.0) 3.80 1H, q (3.0)
4 3.58* 3.21 1H, dd (9.5, 3.0) 3.21 1H, dd (9.5, 3.0)
5 3.58% 3.84 1H, dq (9.5, 6.5) 3.84 1H, dgq (9.5, 6.5)
6 1.28 3H,d (6.5) 1.21 3H, d (6.5) 1.20 3H, d (6.5)
Cym, Cym.
1 — 4.76 1H, dd (9.5, 2.0) 4,75 1H, dd (9.5, 2.0)
3 — 3.78 1H, ¢ (3.0) 3.78 1H, q (3.0)
4 — 321 1H, dd (9.5, 3.0) 321 1H, dq (9.5, 3.0)
5 — 3.86 1H, dq (9.5, 6.5) 3.86 1H, dq (9.5, 6.5)
6 — 1.22 3H,d (6.5) 1.21 3H, d (6.5)
Ole. Ole.
1 — 4.46 1H, dd (9.5, 2.0) 4.45 1H, dd (9.5, 2.0)
3 — 3.26* 3.37*
4 — 3.12 1H,t (9.0) 3.17 1H, ¢t (9.0)
5 — 3.27 1H, dq (9.0, 6.5) 3.30 1H, dq (9.0, 6.5)
6 — 1.27 3H,d (6.5) 1.30* 3H, d (6.5)
Cym. Ole
1 — 4.87 1H, dd (4.5, 1.5) 4.72 1H, dd (9.5, 2.0)
3 — 358 1H,q (3.5 3.15*
4 — 3.25* 3.15*
5 — 4.08 1H, dg (9.5, 6.5) 3.30 1H, dq (9.0, 6.5)
6 — 1.25 3H, d (6.5) 1.35* 3H, d (6.5)
OMes 344 3H, s 3.353H,s 340 3H,sx2
3.38 3H, s 344 3H,sx2
344 3H,s
345 3H, s
Table 3. Continued
H 5 6 7
Cym. Cym. Cym.
1 485 1H, dd (9.5, 1.5) 4.85 1H, dd (9.5, 2.0) 485 1H, dd (9.5, 1.5)
3 3.80 1H, 4 (3.0) 3.79 1H, q (3.0) 3.79 1H, q (3.0)
4 3.22 1H, dd (9.5, 3.0) 323 1H,4dd (9.5, 3.0) 3.22 1H, dd (9.5, 3.0)
5 384 1H, dq (9.5, 6.5) 3.87 1H, dq (9.5, 6.5) 3.86 1H, dq (9.5, 6.5)
6 1.21 3H, d (6.5) 1.22 3H,d (6.5) 1.22 3H, d (6.5)
Cym. Ole. Ole.
1 477 1H, dd (9.5, 1.5) 446 1H, dd (9.5, 2.0) 445 1H, dd (9.5, 1.5)
3 3.69 1H, 4 (3.0) 3.27¢ 3.37*
4 3.23 1H, dd (9.5, 3.0) 3.12 1H, ¢t (9.0) 3.17 1H, (8.5)
5 3.88 1H, dq (9.5, 6.5) 3.27 1H, dq (9.0, 6.5) 331*
6 1.21 3H, d (6.5) 1.27 3H,d (6.5) 1.30° 3H, d (6.5)
Cym. Cym. Ole.
1 4.79 1H, dd (4.5, 1.5) 487 1H, dd (4.0, 1.5) 4.72 1H, dd (9.5, 2.0)
3 3.58 1H, g (3.5) 358 1H, g (3.5) 3.15%
4 3.28 1H, dd (9.0, 3.5) 3.27* 3.15%
5 404 1H, dg (9.0, 6.5) 408 1H, dq (9.5, 6.5) 3.31%
6 1.26 3H, d (6.5) 1.25 3H, d (6.5) 1.34% 3H, d (6.5)
1 — — _
2a — — —
2b — — —
3 — — -
4 — — _
5 — — _
6 — — -
OMes 3.39 3H, s 3.353H, s 340 3H,sx2
345 3H, s 3.38 3H, s 345 3H,s
349 3H, s 345 3H, s
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Table 3. Continued
H 8 9 10
Cym. Cym. Cym.
1 4.85 1H, dd (9.5, 1.5) 4.86 1H,dd (9.5, 2.0) 486 1H,dd (9.5, 2.0)
3 381 1H, 4 (3.0) 3.81 1H, ¢ (3.0) 382 1H,4 (3.0
4 321 1H,4dd (9.5, 3.0) 3.22 1H,dd (9.5, 3.0) 3.24 1H, dd (9.5, 3.0)
5 3.84 1H,dq (9.5, 6.5) 3.86 1H, dq (9.5, 6.5) 3.87 1H, dq (9.5, 6.5)
6 1.22 3H, d (6.5) 1.22 3H,d (6.5) 1.23 3H,d (6.5)
Cym. Cym. Ole.
1 4.76 1H, dd (9.5, 1.5) 4,68 1H, dd (9.5, 2.0) 4.50 1H, dd (9.5, 2.0)
3 3.81 1H,q (3.0 3.62 1H, q (3.0) 3.17*
4 323 1H.dd (9.5, 3.0) 3.18 1H, dd (9.5, 3.0) 313 1H,: 8.5)
5 3.87 1H, dq (9.5, 6.5) 3.56 1H, dq (9.5, 6.5) 3.29 1H, dq (8.5, 6.5)
6 1.21 3H, d (6.5) 1.28 3H, d (6.5) 1.32 3H, d (6.5)
Ole.
1 450 1H, dd (9.5, 1.5) — —
3 3.17 1H, ddd (12.5, 9.0, 4.5) — —
4 3.12 1H, 1 (9.0) — —
s 3.28 1H, dq (9.0, 6.5) — —
6 1.32 3H,d (6.5) — —
1 — _— J—
3 _ _ —
4 — _ _
5 _ _ —
6 — — _
OMes 3.39 3H,s 343 3H,s 339 3H,s
345 3H,5x2 345 3H,s 346 3H, s

Run at 400 and 500 MHz in CDCl; solution at 35°.
Signal assignments were done based on the consequences of 2D-NMR (HMQC/C-H COSY,
HMBC and COSY) and the decoupling experiments.

*Overlapping with other signals.

*PAgsignments may be interchanged in each column.

8.76. Found: C, 59.22; H, 8.79. FAB-MS m/z: 8§15 [M
+ H]*,837[M + Na]*. 'H and '*C NMR: Tables 1-3.

Compound 6 Amorphous powder [«]2® + 4.5°
(MeOH; ¢0.33). FAB-MS m/z: 815 [M + H]*, 837 [M
+ Na]*. 'H and '3C NMR: Tables 1-3.

Compound 7 Amorphous powder [0]3® + 32.0°
(MeOH; ¢0.38). FAB-MS m/z: 815 [M + H]*, 837 [M
+ Na]*. 'H and '3C NMR: Tables 1-3.

Compound 8. Amorphous powder [«]3° + 51.8°
(MeOH; ¢ 0.35). Caled for C,,H,,0, 52H,0: C, 59.28; H,
8.76. Found: C, 59.42; H, 8.94. FAB-MS m/z: 8§15 [M
+ H]*,837[M + Na]™*. !H and '3C NMR: Tables 1-3.

Compound 9. Amorphous powder [«]3® + 40.5°
(CHCl,; ¢0.55). Caled for C35H40,,,2H,0: C, 59.47; H,
8.84. Found: C, 59.41; H, 8.88. FAB-MS m/z: 671 [M
+ H]*. 'H and '3CNMR: Tables 1-3.

Compound 10. Amorphous powder [a]3° + 41.4°
(MeOH; ¢0.35). Caled for C35H440,,2H,0: C, 59.47; H,
8.84. Found: C, 59.53; H, 8.94. FAB-MS m/z: 671 [M
+ H]*. 'H and !3C NMR: Tables 1-3.

Compound 12. Amorphous powder [«]3¢ + 8.2°
(MeOH; ¢ 0.67). Caled for C4oH o0, 52H,0: C, 59.26; H,
8.52. Found: C, 59.43; H, 8.54. FAB-MS m/z: 957 [M
+ H]*,979[M + Na]*. 'H and !3C NMR: Tables 1-3.
13CNMR data of aglycone moiety in pyridine-d; soln at

35° 69.4 (C-18), 18.4° (C-19), 27.9 (C-21), 29.5(C-11), 30.0
(C-2), 32.8, 35.1 (C-15, 16), 34.3 (C-7), 37.4 (C-10), 39.0 (C-
4), 39.4 (C-1), 45.0 (C-9), 60.5 (C-13), 69.0 (C-12), 74.3 (C-
8), 77.8° (C-3), 89.3 (C-14), 92.6 (C-17), 119.5 (C-6), 139.5
(C-5), 209.6 (C-20). (**Assignments may be interchanged
with a part of the signals in sugar moiety at 18.5% 18.67,
18.72, 18.8% and 78.1%)) The elemental analysis of 6 and 7
was not performed because of the small amounts avail-
able.

Acid hydrolysis of compound 8. Compound 8 (ca 11 mg)
dissolved in dioxane (1 ml) and 0.2 M H,SO, (5 drops)
was heated at 60° for 90 min. After hydrolysis, this
reaction mixture was passed through a Mitsubishi Diaion
HP-20 column and eluted with H,0O and MeOH. The
MeOH eluate was concd to dryness and the residue
recrystallized with MeOH-CHCI, to give sarcostin (1)
(1 mg), mp 258-262°. [a]J3® + 62.5° (MeOH; ¢0.36) (lit.
mp 262-264° [«]2® + 63.4°% MeOH; ¢0.09) [4]. Sub-
sequently, for sugar analysis, the H,O layer was passed
through an Amberlite IR-60E column and the eluate was
concd to dryness, and the residue reduced with NaBH,
(ca 1 mg)for 1 hr at room temp. The reaction mixture was
passed through an Amberlite IR-120B column and the
eluate concd to dryness. Boric acid was removed by co-
distillation with MeOH, and the residue was acetylated
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with Ac,O and pyridine (1 drop each) at 100° for 1 hr. The
reagents were evapd off in vacuo. From each glycoside,
cymaritol acetate and oleandritol acetate were detected
by GC [Conditions: column Supelco SP-2380 capillary
column (0.25 mm x 30 m); column temp. 200°; carrier gas
N,; R, (min); cymaritol acetate 6.4, oleandritol acetate
7.2]. The relative ratio of each monosaccharide was
determined based on the peak area,

Acid hydrolysis of compounds 2-7, 9-10 and 12. Com-
pounds 2-7,9-10 and 12 (ca 0.3 mg) dissolved in dioxane
(4 drops) and 0.2 M H,SO, ¢1 drop) were heated at 60°
for 90 min, and the subsequent reactions were performed
as before. Each residue of 2-7, 9 and 10 was analysed by
HPLC to identify the aglycone by comparison with an
authentic sample. [Conditions: column YMC-ODS, flow
rate 1.0 mImin ~*; 40% MeOH in H,O; R, (min); sarcos-
tin, 10.8]. The remaining residue was reduced with
NaBH, and then acetylated with pyridine and Ac,O as
before. From each glycoside, cymaritol acetate and olean-

T. WaRrAsHINA and T. NORO

dritol acetate were identified by GC with the same
conditions as described previously.
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