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The *H and 3C NMR spectra of thirteen natural bufadienolides, which were isolated from
the Chinese drug Ch’an Su, were assigned using a combination of 2D NMR spectra that in-
cluded *H-'H COSY, NOESY, HMQC, and HMBC techniques.
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The naturally occurring bufadienolides comprise a class of steroids bearing
a 5-substituted 2H-pyran-2-one moiety at position C-170 (ref.1) and are now
well-known constituents of certain animals and plants?. Complex mixtures
of bufadienolides from toads of the Bufonidae® have been used in Chinese
(Ch’an Su) and Japanese (Sen So) traditional medicine for at least several
millenia. Ch’an Su is a product of the skin secretion of local toads such as
Bufo gargarizans Cantor or Bufo melanostictus Schneider. The principal bio-
logically active components of Ch’an Su are bufadienolides, which show a
broad spectrum of potent biological activities that includes cardiotonic, hy-
pertensive, antineoplastic* and antiviral*? activities.

In 1958 we began to investigate the bufadienolides as potential antineo-
plastic agents and directed considerable attention and resources to making
some of these very interesting steroids more readily available by total52-5f
and semisyntheses®2-6 for anticancer evaluations. Initial focus was on the
classic bufadienolide, bufalin’, where evidence is now accumulating that
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the cancer cell growth inhibiting and blood pressure regulating substance
may be a normal trace constituent of human serum“c. As part of our early
evaluations of the bufadienolides we were able to find a number of these
steroids with cancer cell line inhibitory*®6 and/or in vivo®® antineoplastic
activity and that validated our early assumptions®. Recently, we reported
cancer cell growth® structure-reactivity relationships for a selection of bufa-
dienolides, new separation methods using® Sephadex LH-20, and conform-
ational preference of the 2H-pyran-2-one ring in 17 position as analyzed
by spectroscopic and computational methods™©.

In our continuing investigation of Ch’an Su components*®, we isolated
thirteen previously known bufadienolides, cinobufaginol (1), desacetylcino-
bufaginol (2), resibufaginol (3), 12B-hydroxyresibufogenin (4), 123-hydroxycino-
bufagin (5), cinobufotalin (6), desacetylcinobufagin (7), resibufagin (8),
hellebrigenin (9), 15B-hydroxybufalin (10), 5B-hydroxybufotalin (11), des-
acetylbufotalin (12), and argentinogenin (13). Although these compounds
had been isolated from natural sources or synthesized from related bufa-
dienolides, the NMR data were incomplete. Since the majority of our earlier
chemical investigations of the bufadienolides were conducted with NMR
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instruments contemporary at the time, the renewal supply of the thirteen
bufadienolides allowed an opportunity to study these steroids by current
2D NMR techniques. In turn this was expected to update the 1987 study of
Robien'! and others.

EXPERIMENTAL

The Chinese traditional drug Ch’an Su was obtained in a Hong Kong folk medicinal market.
The Ch’an Su was ground into rough powder and extracted successively (3x) with methanol
and ethanol-water (1 : 1) at room temperature for five days. The extract was concentrated at
reduced pressure to provide a residue, which was subjected to column chromatography on
HP-20 (DIAION). Elution with methanol-water followed by successive column chromatogra-
phy on silica gel, Sephadex LH-20 and C,g-HPLC afforded the bufadienolides.

NMR spectra were recorded at room temperature using a JEOL ECP-500 spectrometer at
500 MHz for H, and 125 MHz for '3C. Bufadienolides 4, 6, 7, and 13 were dissolved in
CDCl;, 1-3, 5, and 9-12 in CD,0D and 8 in CDCI;-CD5;0D (7 : 1) owing to solubility re-
quirements. These samples (10-20 mg) were dissolved in about 0.5 ml of solvent using a
5-mm sample tube. Chemical shifts, referenced to TMS as internal standard, are reported in
ppm (&-scale). Coupling constants (J) are expressed in Hz. Processing of data was performed
using the program JEOL DELTA, running on a Silicon Graphics work station. All 2D NMR
experiments were conducted using the field gradient mode. The 1H NMR spectra were re-
corded with a spectral width of 7.5 kHz (with 16 384 data points). For 3¢ NMR spectra, the
spectral width was 31.4 kHz with 32 768 data points. HMQC spectra were obtained with an
f2 spectral width of 4.4 kHz (512 data points) and f1 spectral width of 23.3 kHz (128 data
points zero filled to 512). Relaxation delay was 1.5 s. HMBC spectra were collected with the
same spectral width and relaxation delay as with the HMQC spectra using a long-range cou-
pling constant of 8 Hz. The 'H-'H COSY and NOESY spectra were obtained using a spectral
width of 4.4 kHz (512 data points for f2 and 128 zero filled to 512 for f1). Relaxation delay
was 1.0 s for the 'H-'H COSY. NOESY results were obtained using a 1.5 s relaxation delay
with 1.0 s mixing time and processed in the phase-sensitive mode.

RESULTS AND DISCUSSION

The 'H and 3C NMR chemical shift assignments are presented in Tables
I-111. The complete NMR assignments of these compounds were made using
the data provided by two-dimensional NMR techniques that included
H-'H COSY, NOESY, HMQC, and HMBC spectra. As a typical example of
the assignments made for each compound, the analysis of cinobufaginol
(1) follows. The *H NMR spectrum showed H-21, H-22, and H-23 signals at
7.36, 8.02, and 6.24 ppm, respectively, for the 2H-pyran-2-one ring and a
characteristic bufadienolide pattern. The spectrum of 1 was similar to that
of cinobufagin (one of the major components of Ch’an Su) except for the
presence of a pair of doublets coupled to each other at 3.47 and 3.79 ppm,
and absence of a 19-methyl signal. This suggested that 1 was a 19-hydroxy
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derivative of cinobufagin. In the HMQC spectrum, relationships between
carbons and protons were determined. The *H-'H COSY spectrum revealed
the connectivities C-2 to C-11, C-16 to C-17, and C-22 to C-23. In the
HMBC spectrum, HMBC correlations of H-1 to C-5 and C-9, H-3 to C-1 and
C-5, H-11 to C-10, H-12 to C-9 and C-14, H-15 to C-13, H-17 to C-14 and
C-15, and H-18 to C-12, -14, and -17 allowed assignment of the steroid skele-
ton. The HMBC correlations H-19 to C-1 and C-5 suggested that the
CH,OH moiety was located on C-10. The H-2' assignable to an acetyl signal
showed an HMBC correlation to H-1', which was connected to C-16 by an
HMBC correlation of H-16 to C-1'. Therefore, these were assigned to the
acetoxy group at C-16. The connectivity between C-17 and C-20 was sup-
ported by the HMBC correlations H-17 to C-21 and C-22 and H-16 to C-20.
The connectivity through C-20 of the pyran ring was thereby confirmed.

The a and 3 protons of the molecule were assigned employing the phase
sensitive NOESY spectrum. NOESY correlations of H-18 and H-19 identified
the axial protons, H-1p3, H-8, and H-11p. The H-18 proton was also corre-
lated to the one of the protons at C-12, and that proton was assigned
H-12B. The H-3 proton showed NOESY correlations with both a and B pro-
tons at C-2 and C-4. These correlations suggested that H-3 was equatorial
and hence a-oriented. The a orientation of H-17 was assigned by NOESY
correlations with both protons at C-12. The signal of H-15 on the carbon
bearing the 14,15-epoxy group was assigned as a-oriented by a NOESY
correlation with H-7a, and the 14,15-epoxy group was confirmed to have
the B orientation. A NOESY correlation of H-12a/H-16 showed that the
16-acetoxy group was p-oriented. The NOESY correlations H-20/H-9,
H-4a/H-7a, H-5/H-1p3, H-5/H-4(3, H-63/H-8, and H-73/H-8 revealed the
assignments for all the skeleton protons. Thus, the H and 13C NMR spectra
of 1 were satisfactorily assigned.

In an analogous manner, the *H and *3C NMR spectra of bufadienolides
2-13 were assigned and the results are shown in Tables I-11l. The NMR data
will be useful for future identification and structure elucidation of other
bufadienolides and cardenolides.
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