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Cardiac Glycosides from Erysimum cheiranthoides
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Three new cardiac glycosides named cheiranthoside VIII (1), cheiranthoside IX (2) and cheiranthoside X (3)
were isolated from the seeds of Erysimum cheiranthoides. Based on spectroscopic data, the structures of 1—3
were characterized as strophanthidin 3-0-B-p-glucopyranosyl-(1 - 4)-B-p-antiaropyranoside, cheiranthidin 3-0-
B-p-glucopyranosyl-(1 - 4)-B-p-boiviopyranoside and cheiranthidin 3-0-o~L-rhamnopyranosyl-(1 - 4)-f-p-digi-
toxopyranoside, respectively. The aglycone moiety possessing a carboxyl group at C-10 of 2 and 3 was regarded

to be determined for the first time.

Key words

Erysimum cheiranthoides L. (Cruciferae) is a Chinese
crude drug used for treating cardiac diseases, weak cardio-
palmus, edema, dyspepsia, etc.” In previous papers,” ™ we
reported seven new cardenolides. As a continuing study on
the constituents in the seeds, three additional new glycosides
named cheiranthosides VIII, IX and X were isolated, and
their chemical structures are described here.

Cheiranthoside VIII (1), obtained as a white powder, [],
—5.2° (MeOH), showed a quasimolecular ion at m/z 711
[M—H]™ in the negative FAB-MS. Its 'H-NMR spectrum
displayed signals due to H;-18 (3H, s) at 6 1.00, H-17 (1H,
brd, J=8.5Hz) at 0 2.78, H,-21 (each 1H, brd, J=18.3Hz)
at 6 4.98 and 5.28, H-22 (1H, s) at 6 6.12, CHO-19 at o
10.37 on the cardiac steroidal framework, and two anomeric
protons at & 4.57 (1H, d, J=7.3Hz) and 5.38 (1H, 4,
J=8.5Hz), and H;-6 at  1.52 (3H, d, J=6.1 Hz) represent-
ing of one 6-deoxysugar in the sugar moiety. The *C-NMR
spectrum showed signals due to a total of 35 carbons, among
which 23 carbon signals were originated from the steroidal
aglycone part and were coincident with those of strophan-
thidin; the remaining 12 carbons should be assigned to a
sugar moiety. Comparative studies of the 'H- and *C-NMR
spectra with those of the glycosidic linkages of cheirantho-
sides already obtained from the seeds of the title plant re-
sulted in the identification of 1 with that of the sugar linkage,
B-p-glucopyranosyl-(1 - 4)-3-p-antiaropyranosyl> " moiety,
of cheiranthoside VII.¥ Heteronuclear multiplebonds corre-
lation (HMBC) spectrum of 1 showed the connectivities be-
tween C-3 (6. 74.8) of the aglycone and the H-1 (& 5.38) of
antiarose, and between the H-1 (d,; 4.57) of glucose and the
C-4 (6 79.1) of antiarose. Therefore, 1 was characterized as
3-0-B-p-glucopyranosyl-(1 - 4)--p-antiaropyranosyl  stro-
phanthidin, as shown in the Formulae.

Cheiranthoside IX (2), obtained as a white powder, [],
+1.8° (MeOH), showed a quasimolecular ion peak at m/z
711 [M—H] in the negative FAB-MS. The 'H-NMR spec-
trum showed signals due to H;-18 (3H, s) at § 1.03, H-17
(IH, brs) at 6 2.80, H,-21 (each 1H, brd, J=18.3Hz) at §
5.05 and 5.33 , H-22 (1H, s) at 6 6.12 in the aglycone part,
and two anomeric protons at 4 4.92 (1H, d, J=7.3 Hz) and
5.46 (1H, brd, J=9.8 Hz) and a methyl group at 6 1.54 (3H,
d, J=6.7Hz) of a 6-deoxyhexosyl moiety in the sugar part.
The *C-NMR spectrum of 2 showed a total of 35 carbon sig-
nals, among which 23 were assigned to an aglycone, in
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which a carboxyl carbon signal at § 176.1 was replaced by
an aldehyde carbon signal at 6 208.8 in 1. This cardiac agly-
cone could be deduced to have a carboxyl group instead of
the aldehyde group substituted at C-10 of strophanthidin. As
far as is known, the cardiac aglycone carrying the carboxylic
group at C-10 was obtained for the first time and named
cheiranthidin. Concerning the sugar linkage, the presence of
a terminal glucopyranosyl moiety was easily revealed, and
the remaining six carbon signals (8 98.2, 35.2, 66.3, 76.5,
69.5, 17.7) were attributable to a 4-O-substituted boiviopyra-
nosyl moiety, by comparison with those of a 3-p-glucopyra-
nosyl-(1 - 4)-B-p-boiviopyranosyl moiety in cheiranthoside
1.2 Therefore, the chemical structure of 2 was characterized
as 3-0-B-p-glucopyranosyl-(1 - 4)-B-p-boiviopyranosyl
cheiranthidin, as shown in the Formulae.

Cheiranthoside X (3) obtained as a white powder, [«],
+16.3° (MeOH), showed a quasimolecular ion peak at m/z
695 [M—H] ™ in the negative FAB-MS. The 'H-NMR spec-
trum showed signals due to H;-18 at & 1.04, H-17 (1H, brd,
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J=8.5Hz) at 6 2.81, H,-21 (each 1H, brd, J=18.3Hz) at §
5.06 and 5.33, and H-22 (1H, s) at § 6.13, as well as two
anomeric protons at 6 5.45 (1H, brd, /=9.8 Hz) and 5.48
(1H, s). Moreover, the respective proton signals at & 5.45
(1H, d, /=9.8Hz), 4.37 (1H, d, J=6.7 Hz), 1.82, 2.24 (each
1H, d,J=15.4Hz), 1.38 (3H, d, /=6.7Hz), 5.48 (1H, s), 4.38
(1H, d, J=6.1Hz), and 1.38 (3H, d, /J=6.1 Hz) could be as-
signed to the H-1, H-5 and H,-2, H;-6 of B-p-digitoxopyra-
nosyl, and the H-1, H-5 and H;-6 of ¢-L-thamnopyranosyl
residues. The *C-NMR spectrum of 2 showed a total of 35
carbon signals, among which 23 were assigned to the agly-
cone, cheiranthidin, 6 to a terminal rhamnopyranosyl moiety
and the remaining 6 (6 104.1, 72.5, 73.8, 79.0, 70.4, 18.6) to
a 4-O-substituted-B-p-digitoxopyranosyl moiety, by compari-
son with those of cheiranthoside I1.? Therefore, the chemical
structure of 3 was characterized as 3-O-o-L-rhamnopyra-
nosyl-(1 - 4)-B-p-digitoxopyranosyl cheiranthidin, as shown
in the Formulae.

Although much attention has focused on the change in
Na*, K™-ATPase inhibiting activity, the introduction of car-
boxylic acid at C-10 resulted in a decrease of their activities
in2 and 3.9

It is worth noting that the cardiac glycosides having a
novel aglycone, cheiranthidin, were isolated from Cruciferae
plant.

Experimental

General Optical rotations were determined on a JASCO DIP-1000 digi-
tal polarimeter. FAB-MS were obtained in a glycerol matrix in the negative
ion mode using JEOL JMS-DX 300 and JMS-DX 303 HF instruments.
NMR spectra were measured in pyridine-ds on a JEOL a-500 spectrometer,
and chemical shifts were relative to tetramethylsilane (TMS). TLC was per-
formed on precoated silica gel 60F,;, (Merck), and detection was achieved
by spraying with 10% H,SO,, followed by heating. Column chromatography
was carried out on silica gel 60 (230—400 mesh, Merck), MCI gel CHP-
20P (75—150 um, Mitsubishi Chemical Ind.), Sephadex LH-20 (25—
100 um, Pharmacia Fine Chemicals) and Chromatorex ODS (30—S5 um,
Fuji Silysia Chemical Ltd.).

Plant Material The seeds of E.
Harbin, Heilongjiang Province, in China.

Extraction and Isolation The seeds (2.5kg) of Erysimum cheiran-
thoides L. were extracted with MeOH, and the extract (189 g) was parti-
tioned between hexane and water. The aqueous layer (123 g) was subjected
to MCI gel CHP 20P column chromatography, and eluted with water, 40%
MeOH, 60% MeOH, 80% MeOH and MeOH, gradiently increasing the
MeOH. The 40% eluate (10 g) was subjected to Sephadex LH-20, Chroma-
torex ODS and silica gel column chromatographies to provide cheirantho-
sides VIII (1, 4.2 mg), IX (2, 13.2mg) and X (3, 8.8 mg).

cheiranthoides were harvested at

Vol. 50, No. 6

Cheiranthoside VIIT (1): A white powder, [@]3! —5.2° (¢=0.42, MeOH),
negative FAB-MS (m/z): 711 [M—H]". 'H-NMR (pyridine-d;) &: 1.00 (3H,
s, H,-18), 1.52 (3H, d, J=6.1 Hz, ant H,-6), 2.78 (1H, brd, J=8.5 Hz, H-17),
4.19 (overlapped, glc H-4), 4.31 (1H, brs, ant H-4), 4.57 (1H, d, J=7.3 Hz,
glc H-1), 4.60 (1H, dd, J=3.0, 8.2 Hz, ant H-2), 4.98, 5.28 (each 1H, brd,
J=18.3Hz, H,-21), 5.38 (1H, d, J=8.2Hz, ant H-1), 6.12 (1H, s, H-22),
10.37 (1H, s, H-19). *C-NMR (pyridine-ds) &: 18.7, 26.0, 74.8, 35.0, 73.6,
37.8, 24.9, 41.9, 39.5, 55.5, 22.7, 39.6, 49.9, 84.4, 32.2, 27.2, 51.1, 16.0,
208.8, 175.7, 73.7, 117.8, 174.5 (C-1—23, respectively). 99.3, 69.3, 70.1,
79.1, 69.2, 17.1 (ant C-1—6, respectively), 103.3, 72.9, 78.5, 72.1, 78.5,
63.0 (glc C-1—6, respectively). Anal. Caled for C;Hy,0,5: C, 58.97; H,
7.35. Found: C, 59.12; H, 7.33.

Cheiranthoside TX (2): A white powder, [@]L} +1.8° (c=0.45, MeOH),
negative FAB-MS (m/z): 711 [M—H]". 'H-NMR (pyridine-d;) &: 1.03 (3H,
s, H;-18), 1.54 (3H, d, J=6.7Hz, boiv H;-6), 2.80 (1H, brs, H-17), 4.92
(1H, d, J=7.3 Hz, glc H-1), 5.05, 5.33 (each 1H, brd, J=18.3 Hz, H,-21),
5.46 (1H, brd, J=9.8 Hz, boiv H-1), 6.12 (1H, s, H-22). *C-NMR (pyridine-
ds) 6: 24.3, 26.8, 74.8, 36.4, 74.8, 37.0, 24.2, 40.6, 39.4, 55.0, 21.6, 39.9,
50.3, 84.9, 32.6, 27.5, 51.3, 16.5, 176.1, 176.1, 73.8, 117.7, 174.6 (C-1—23,
respectively), 98.2, 35.2, 66.3, 76.6, 69.5, 17.7 (boiv C-1—6, respectively),
103.4, 74.8, 78.4, 71.9, 78.5, 63.1 (glc C-1—6, respectively). Anal. Calcd
for C45Hs,0,5: C, 58.97; H, 7.35. Found: C, 59.03; H, 7.37.

Cheiranthoside X (3): A white powder, [@]}} +16.3° (c=0.53, MeOH),
negative FAB-MS (m/z): 695 [M—H] ™. 'H-NMR (pyridine-d;) &: 1.04 (3H,
s, H;-18), 1.38 (3H, d, /=6.7Hz, dig H;-6), 1.57 (3H, d, J=6.1 Hz, rtha H;-
6), 1.82, 2.24 (each 1H, d, J=15.4Hz, dig H,-2), 1.92, 2.47 (each 1H, brd,
J=10.4Hz, H,-7), 2.81 (1H, brd, J=8.5Hz, H-17), 3.62 (1H, dd, /=24,
9.2 Hz, dig H-4), 4.60 (1H, brq, J=6.1 Hz, dig H-5), 4.38 (1H, d, J=6.1 Hz,
rha H-5), 5.06, 5.33 (each 1H, brd, J=18.3Hz, H,-21), 5.45 (1H, brd,
J=9.8Hz, dig H-1), 548 (1H, s, rha H-1), 6.13 (1H, s, H-22). 3*C-NMR
(pyridine-ds) 0: 24.2, 26.7, 75.3, 36.4, 73.8, 37.2, 24.2, 40.5, 39.4, 55.1,
21.5,40.1,50.3, 84.8, 32.5,27.5, 51.2, 16.5, 177.0, 176.0, 73.8, 117.7, 174.6
(C-1—23, respectively), 97.7, 39.8, 68.9, 82.5, 67.5, 18.5 (dig C-1—6, re-
spectively), 104.1, 72.4, 72.5, 73.8, 70.4, 18.6 (rha C-1—®6, respectively).
Anal. Caled for CyHy,0,,: C, 60.33; H,7.52. Found: C, 60.35; H, 7.49.
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