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.%BsTR.\cT.-The isolation and identification of 8 bufodienolides present in 1-ietna- 
mese toad venom, collected from Big0 nieletiosticiirs, is described. The presence of 
the earlier by means of pc identified bufodienolides: hufotalin, marinobufagin and 
hellebrigenin, could be confirmed, as n-ell as the presence of the previously tentatively 
identified compounds: resibufogenin and bufalin. Three additional biifadienolides 
were identified: desacetylbufotalin, hellebrigenol and 19-hydros>-biifalin. The as- 
signment of 13C-nmr spectra of seven of these compounds is reported. 

In  a previous publication (I) ,  n-e reported on the sterols present in the toad 
venom of Bujo melawosfictzu. I n  this paper n-e report on the bufadienolides 
present. Furthermore. the 13C-nnir spectroscoph- of some bufadienolides is dealt 
n-it 11. 

Van Gils ( 2 ,  3 )  reported on the isolation of some compounds present in the 
venom of Bzifo melairosficus collected in Indonesia. Three compounds u-ere 
thought to be bufadienolides. The empirical formulas of tn-o of them n-ere re- 
ported to be C?9H4,0i and C23H3006. The former compound, the major component, 
n-as thought to be melano-bufagenin; the latter compound n-as thought to be 
analogous with bufotenin. I n  this compound no acetyl groups could be detected. 
The third compound, of n-hich no empirical formula was determined, was thought 
to be analogous n-ith bufotalidin ( = hellebrigenin). 

Iseli et a l .  (4) investigated the venoni of Bujo melmrosfictus by means of paper 
chromatography in combination with the detection reagent antimony trichloride. 
The authors identified hellebrigenin. marinobufagin, and bufotalin as the major 
components. Tn-o minor components were tentatively identified as resibufogenin 
and bufalin. Seven other minor components were not identified. 

RESULTS 
BJ- means of preparative tlc, the t h e e  main components observed in the 

chromatogram of the toad venom were isolated. By means of 'H-nmr and 13C-nmr 
these compounds were identified as resibufogenin (2): bufotalin (3) and 19-hydroxy 
bufalin (5). Hslc and tlc comparison v-itli authentic samplee of resibufogenin 
and bufotalin (kindly provided by Prof. Dr. I<. Meyer, Basel) confirmed their 
identification. By means of preparative hslc. n-itli a solvent system similar to a 

tem described by Shimada et al. (5* G ) ,  some minor components u-ere isolated. 
By ft 'H-nmr, hslc and tlc coniparison with reference compounds. these components 
n-ere identified as bufalin (1): niarinobufagin (8): hellebrigenin ( 7 ) ,  hellebrigenol 
(6): and desacetj-lbufotalin (9). 

I n  table 1 the approximate quantities of the bufadienolides present in fraction 
B (scheme I)! used for isolation of the bufadienolides, are summarized. I t  is 
obvious that the differences I\-ith the results of Iseli et al. (4) are mainly quantita- 
tive. Tlc of 
fraction C gave a similar picture as fraction B. -Also a methanol extract of the 

Only bufotalin in both cases n-as one of the major components. 

'Part I published in Joi t rnai  o j  Ethnopharnzacologj, 1, 197-202 (1979). 
?Dep t .  of" Phr~rniarognosy ,  S to fe  l-)ii;ersitg qf Leiden,  Gorlaeirs Laboratories,  P .  0.  Boa 9502, 

2300 R.4 Lezdeii-The S e t h e r l a n d s .  
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TABLE 1. Estimation of the percentages of 
bufadienolides present in Fraction B.8 

hellebrigenol 

hellebrigenin 
19-hydroxy bufalin 
bufotalin 
bufalin 
resibufogenin 
marinobufagin 
others 

: 4% 

aCalculated bynieasuringpeak areas in the 
HSLC chromatogram, using the solvent 
methanol-H?O (3f2) and a 25 cm long, 4 . G  
mm ID stainless steel column filled n i t h  
Liclirosorb 5RP8, 5 pm. UT' detection a t  
280 nm. 

venom showed the same three previously mentioned compound3 as the main com- 
ponents. For identification of the main component~, 13C-nmr IT as uqed in addition 
to 'H-nmr. An extensive review of the 13C-nnir of steroids has been given by Blunt 
arid Stothers (i). Tori et al. (8) described the l3C-nmr of some cardenolides. 
Gsell and Tanim (9) described the use of 'H-nnir in the structure elucidation of 
bufadienolides, whereas the use of maqs spectrometry wis extensively described 
by Brown et al. (10, 11). For 
some bufadienolides, the noise decoupled and off resonance spectra were recorded. 

By use of the assignments made by Tori et al. (8) for cardenolides, and com- 
mon shift rules, tlie signals in tlie spectra of the available bufadienolides could be 
assigned. 

V-nmr  iq a very useful additional technique. 

SCHEA~E 1. Fractionation of toad venom. 

es t rac led  3 times w i t h  400 nil  e t h y l  acetate 
.L 

resi!,ie sollit ion 

extracted 3 times 

with 4OOpii ethanol 

evaporated t D dryness 
1 
I 

residiie 

extracted with 10 ml methanol 

A soliit ioii 

I 
residiie 

(125 nig sterols) 

(a) 
evaporated t o  dryness 

residue 

(500 mg sterols 7 

biifadienolidesj 

(B) 
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21 02' 
41 30 

1 bufalin 
2 resibufogenin 
3 bufotalin ? cinobufagin 
J 19-hydroxylbufalin 
6 hellebrigenol 
i hellebrigenin 
8 marinobufagin 
9 desacetylbufotalin 

23 75 23 78  
122 83 1 122 29 

CHI H 
CH, H 
CHI H 
CH, H 

23 76 

CHiOH H 

CHO OH 
CH2OH OH 

CHB OH 
CHa H 

RI R4 
OH H 

-0- 
OH H 

-0- 
OH H 
OH H 
OH H 

-0- 
OH H 

Rs 
H 
H 
OAC 
OAC 
H 
H 
H 
H 
OH 

The spectra of bufalin and bufotalin can directly be compared with digitoxigenin 
and its 16-0-acetyl derivative respectively; only the lactone carbons are different. 
The same applies for hellebrigenin, which can be compared with strophanthidin. 
The assignment of the other spectra is derived from these. 

TABLE 2. l3Cnmr shifts of some bufadienolides (6 In  ppm downfield from TAIS). . ._ 

i I 
I 

4 

9 
10 

14 

15 
16 
17 
18 
19 
20 
21 

I ~ I1 1 I11 

29.67 1 29.55 29.66 
27.91 27.91 i 27.79 
66.77 66 71 66.54 
33.34 33.31 33.20 
36 013 35 98 36 01' 
26 57 1 25 82 26 5i 
21 42 21 08" 21 19 
42 29 1 39 38 1 42 06 
35 TO3 33 58 I 35 63" 
35 40 3 5 . 5 2  ' 35.36 
21 42 20.78" 21 19 
40 95 39 38 I 40 63b 
48 42 I 45 29 49 63 
85.27 74.71 84.04 

32.73 59.85 1 40 530 

22 
23 
24 c=o 
CH, I 

- .  - .  . 

148 49 ' 149 55 
146 95 147 03 
115 18 115 18 
162 41 161 99 

117.58 

29.46 i 22.96 
27.91 27.47 
66 59 I 66.54 
33.22 33.20 
35.86 28.15 ~. 

25 66 26 26 
20 93" 21 60" 
39 28 42 13 

74 75 28 78 
50 39 51 30 
17 23 , 16 GO 
23 72 65 47 

116 18 1 122 90 

150 loc 148 28 147 06 
112 77 113 82 1 115 23 
162 81 161 66 162 7-1 
170 53 170 08 
20 94 20 51 

18 87 
27 45 
67 52 
36 77" 
78 01 
35 3Ta 
23 99 
40 8gb 
39 06b 
42 09 
21 59 
41 12 
48 26 
85 07' 
85 23 
32 23 
28 62 
51 02 
16 54 
65 35 

122 81 
148 64 
147 04 
115 28 
162 29 

5-1 I I 

24 78' 
27 94 
67 98 
38 89 
7 5  41 
34 67 
23 2Te 
42 74 
32 61 
40 86 
21 45 
39 41 
45 05 
74 59 

59 76 
32 34 
47 59 
16 78 
16 78 

122 10 
149 52 
146 82 
115 30 
161 68 

avb*c*d'eShifts may be reversed. 

stroph- 
anthi- 
din' 

24.8 
27.4" 
67.2 
38.1 
75.3 
37.0 
18 l b  
42.21' 
40.20 
55.8 
22 8b 
40 2 
50.1 
85.3 

32 2 
72.58 
51.4 
16.2 

195.7 
177.2d 
74.8 

117.8 
176.6d 

_____ 

'Uata from ' lori  et al. (S) 
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I n  a comparison of the results of the I3C-nmr (table 2) and the 'H-nmr spec- 
troscopy in the characterization of structural changes in the bufadienolides, it is 
interesting to note the following observations. The differences in the chemical 
shifts of the C-18 and C-19 methyl groups, which is a useful characteristic in the 
'H-nmr in determining the substituent in bufadienolides in the 14, 15 and 16 posi- 
tion, are not observed in the I3C-nmr spectra. However, the kind of substituent in 
these positions can be determined from the shifts of the lactone ring carbons and 
the D-ring carbons. The 16-0-acetyl substitution (3, 4) leads to a downfield shift 
for C-22 (1.3-3.1 ppm) and C-21 (1.8-2.6 ppm) and upfield shifts for C-20 (5.2- 
6.1 ppm) and C-23 (1.4-2.4 ppm). 

The 14-15 epoxide substitution (2, 4, 8) is characterized by an upfield shift of 
C-13 (3.1-4.4 ppm) and C-17 (3.5-6.8 ppm) if compared with the 14p-hydroxy 
compounds (1, 3). C-14 is shifted upfield 10.6-11.6 ppm and C-16 is shifted 
downfield 17.0-18.9 ppm as compared with the 14 p-hydroxy compounds. 19-Hy- 
droxy substitution (5 )  causes a downfield shift of 41.7 ppm of the a-carbon. The 
P-effect is observed as a downfield shift of 3.9 ppm in 5 .  The tn-o carbons C-1 
and C-5 which can undergo a y-gauche inter-relationship with the 19-hydroxy 
group are consequently shifted upfield with resp. 6.7 and 7.9 pprn in 5 .  If 8 is 
compared with 6, the shifts of C-1 and C-5 are, respectively, 5.9 upfield and 2.6 
ppm downfield; the p-effect is a 1.2 ppm shift downfield. 

Substitution with a 5 P-hydroxy group in 5 causes a downfield shift of 49.9 
ppm for C-5. This large shift is explained by the loss of the upfield shift (7.9 
ppm) of C-5 due to the ahead>- mentioned interaction with the 19-hydroxy sub- 
stituent. The 5-hydroxy group causes further downfield shifts for the 0-carbons 
C-6 (9.1 or 10.5 ppm), C-4 (3.6 or 2.2 ppm) and C-10 (2.8 ppm). Of the y- 
carbons only C-1 is in a 1.3-diaxial relation with the 5-hydroxy group. This is 
reflected in a 4.1 ppm upfield shift for C-1 in 6. The other two carbons in y-posi- 
tion are respectively shifted downfield with 4.6 or 5.5 ppm (C-9) and 2.4 or 3.0 
ppm (C-7). 

Substitution of a 5 p-hydroxy group in 2 causes a 39.4 ppm shift downfield for 
C-5. The shifts for C-4, C-1, C-6 and C-7 are compatible with those found for 
5 .  The shift of C-9 is, however, 1 ppm upfield instead of the downfield shift noted 
in 5 .  In 8 C-19 is shifted upfield with '7.0 ppm, as compared n-ith 2; this is similar 
to the shift of the methyl group in cis-2-methyl-cyclohexanol (12). 

I n  a comparison of the spectra of strophanthidin (Tori et al., 8) and 6, it is 
noted that the signal of C-5 has shifted upfield; this is probably due to an intra- 
molecular H-bond between the 5 p-hydroxy group and the 19 aldehyde group. 
C-1 is observed 5.9 ppm more don-nfield in the spectrum of strophanthidin; this is 
due to the loss of the y-gauche shielding effect of the 19-hydroxy group. 

EXPERIAIENTBL 
?rl.kmRIhL.-The toad venom v a s  collected by squeezing the venom directly from the 

The toads q-ere collected in the suburbs of Hanoi, 
The dried venom was ex- 

The analysis of the sterol fraction has 

SPECTROSCOPY.-The 1H-nmr and 13C-nmr were recorded on a Jeol Ps-100 operating at 100 
Both proton-noise de- 

The spectra n-ere obtained from 

The ms was obtained on a T'arian RIAT 'ill double-focusing mass spectrometer equipped 

parotoid glands into a collection vessel. 
Vietnam. 
tracted and fractionated as  described in scheme I. 
been described in a previous publication (1). 

hlHz and 25.15 hIHz, respectively, in the Fourier transform mode. 
coupled and off-resonance 13C-nmr spectra were recorded. 
solutions in CDC13 with TMS as internal standard. 

with a combined EI/FD source, using the field desorption mode. 

One kg of dry venom, --as obtained from 40,000 toads. 
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THIS LAYER CHRO\iATOGR.iPHT.-The follon-ing tlc systems were used for the separation 
and identification of the hufadienolides: 
A chloroform-methanol (9:1), B (19:l) 
C cyclohexane-isopropanol (7:3) 
D chloroform-acetic acid (4:l) 
E petroleum ether (40-60)-acetone-toluene (1: l : l )  
All chromatography was carried out in saturated chromatography chambers and in combina- 
tion with precoated Silica gel GO F,,, glass plates (AIerck). For the detection of the hufadie- 
nolides, 2 0 5  antimony trichloride in chloroform was used, folloR-ed by heating with hot air. 
The identification of all bufadienolides was confirmed with the tlc system, -4-E. For routine 
analysis, the tlc systems D and C were used. 

PREPARATITE TLc.-This x-as carried out with 1 nim thick plates of Silica gel P F m  (lIerck) 
in combination n-ith the solvent chloroform-methanol (9: l )  in saturated chamhers. The 
hufadienolides n-ere eluted from the silica gel with chloroform-methanol (1:l). 

HIGH SPEED LIQUID cHRoZI.~ToGR.~PHT.--We performed this technique with an apparatus 
consisting of a Waters 6000 pump, a Waters model U 6 K injector and a Waters model 440 
absorbance detector equipped for detection a t  280 nni. -\ 4.6 mm ID s 25 cm stainless steel 
column filled with Lichrosorb 5-RP8 u-as used in Combination n-ith the solvents: methanol- 
water (3 :2 j  (flax- rate 0.6 mlimin), acetonitrile-water (5:6) (flow rate 1.3 ml'min), tetrahydro- 
furan-water (1:2) ( f l o ~  rate 0.6 ml). For  the relative retention times of some of the hufadie- 
nolides see table 3. 

For  preparative hslc a 9 nim ID s 30 em stainless steel column filled m-ith lichrosorb Si 60 
5-10 pm was used in combination with the solvent chloroform-methanol (19:l) (flow rate 9.5 
ml ,min). 

TABLE 3. Relative retention time of some bufadienolides." 

Compound 1 llethanol- 
water (3:21 

hellebrigenol 
hellebrigenin 
19-hydroxy bufalin 
bufotalin. 
12-a-hydrox) resibufogenin 
marinobufagin 
bufalin 
cinohufagin 
resibufogenin 

0.67 
0.67 
0.84 
1 .OO ( 8 .  6 min) 
1 .21 
1.20 
1.72 
2 . 2 3  
2.23 

x a t e r  i5:6) 

0 65 1 O . i i  
0 i o  I 0.57 
0.68 0 53 
1 00 (4 4 min) 
0 92 1 04 
1 13 0.92 

' 1 00 (19 6 min) 

1.32  0.92 
1.69 ~ 1.60 
1.88 1.66 

~ ~ ~~ ~ ~ 

;.Column: 4.6 mm ID x 25 cm stainless steel column filled with Lichrosorh 5 RP8. 

CHAR.iCTERIZ.1TIOS OF THE B u F . i D I E s O L I D E S 3 . - ~ e 5 ~ ~ z ~ ~ g e n i i i . - 1 H - n m r  ICDCl3, 100 MHz, 
FT-mode) characteristic signals a t  6 in ppm: 7.80 (d of d, 1 H ,  1 2 2 - - ? 3 = 9 . 8  Hz,  J?1--22=2.7 Hz, 
HP?) ,  7.22 id  of d ,  1 H ,  Jnl-:?=2.7 Hz, J21--?3=1.0 Hz, HzI),  6.25 (d of d ,  1 H, J22-23=9.8 Hz, 
J21--23=1.0 Hz, H2S), 4.14 (s ihroadj, 1 H, H3j ,  3.52 (s, l H ,  Hi,), 0.99 (s ,  3H, His) and 0 . B  (s, 
3 H, His). 

For  I3C-nmr da ta  see table 2 .  

B$uZiv.-1H-nnir (CDClj, 100 l I H z ,  FT-mode) characteristic signals a t  6 in ppm: 7.85 id 
of d, 1 H,  J?2--2j=9.8 Hz,, J21-?2=2.7 Hz, H22j, 7 .22  (d of d ,  1 H ,  J21--2?=2.i Hz, J21-23=1.0 Hz, 
HZ1)> 6.26 id of d ,  1 H ,  J22-23=9.8 Hz, Jnl-?a=l.O Hz, HZs), 4.13 (m, 1 H, H3), 0.95 ( s ,  3 H ,  H l s j  
and 0.70 ( s ,  3 H ,  HIS) .  

For 13C-nmr da ta  see table 2. 

Biifofuiiti.--'H-nmr (CDCl,, 100 MHz,  FT-mode) characteristic signals a t  6 in ppm: S.04 
id of d, lH, 122--?1=9.8 Hz, Jnl-??=2.4 I l z ,  H2?) ,  7.25 id, 1 H ,  J21-22=2.4 Hz,  H21j ,  6.20 (d, 1 H ,  
J22-23=9.8  Hz, HP1), 5.54 itriplet of doublets, 1 H, Jl5-16=8.9 Hz, J16-1i=8.9 Hz,  J l ~ ~ ~ - 1 6 = 2 . 0  
Hz,  HIB) ,  4.15 (s  broad!, 1 H, H?) ,  2.87 (d, 1 H, J16--1;=8.9 Hz, HI:), l.ST (s, 3 H, 0-acetyl), 
0.95 is. 3 I€. H I Q )  and 0.78 is. 3 H. HI \ ) .  

For  13C-nmr data  see table 2. 

3All bufadienolides were obtained as amorphous compounds. 

- -  
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~~~arinobz~agzn.--'H-nmr (CDC13, 100 hlHz, FT-mode) characteristic signals a t  6 in ppm: 
7.80 (d of d, 1 H I  J22-23=10.0 Hz, J21-22=2.9 Hz, H ~ z ) ,  7.24 (d, 1 H, J21--22=2.9 Hz, HZ1),  6.52 
(d, 1 H, J2~--2~=10.0 Hz, H23)j 4.20 (s (broad), 1 H I  H3), 3.51 (s, 1 H ,  Hi$),  0.99 (s, 3 H,   HI^) 
and 0.79 (s, 3 H,  HI8 ) .  

For W-nmr data see table 2. 

DesacetTGbufotalzn.--'H-nmr (CDCl3, 100 MHz, FT-mode), characteristic signals a t  6 in 
ppm: 7.74 (d of d, 1 H I  J22-23=9.7 Hz, J21-22=2.7 Hz, H22), 7.27 (d of d ,  Jzi-z3=1.0 Hz, J21-22 
not visible, because of overlapping in CHCl~s igna l ,  HzJ ,  6.24 (d of d, 1 H I  Jz2--23=9.7 Hz, J 2 1 - 2 3 =  
1 Ha, HZ3j ,  4.42 (t,  1 H, J15-i6=J16--li=6.5 Hz,  HI^), 4.14 (m, Ha) ,  0.96 (s, 3 H I  Hl9) and 0.82 (s, 
3 H,  His). 

Hellebrigenzn.--'H-nmr (CDC13, 100 RIHz, FT-mode), characteristic signals a t  6 in ppm: 
9.98 (s, 1 H, H19), 7.80 (d of d ,  1 H I  J22-23=9.8 Hz, J21-~2=2.7 Hz, Hzz),  7.26 (coincides n i t h  
CHC13 signal), 6.27 (d, J22-23=9.8 Hz, H23), 4.17 ( s  (broad), 1 H ,  Ha) and 0.70 (s, 3 H ,  HIS) .  

Hellebr?genol.-'H-nmr (CDC13, 100 JIHz, FT-mode), characteristic signals a t  6 in ppm: 

0.8 Hz, H21), 6.27 (d of d ,  1 H I  J22--23=9.8 Hz, J21-23=O.8 Hz, H23)) 4.38 (d, 1 H ,  J1g-i91=10.7 Hz, 
HH) ,  4.24 (s (broad), 1 H,  H z ) ,  3.48 (d, 1 H I  J19--1~~=10.7, Hiv) and 0.68 (s ,  3 H I  HIB). 

7.81 (d of d, 1 H ,  J22-23~9.8 Hz,  J21-22=2.2 Hz, Hzz), 7.23 (d of d ,  1 HI J21-22=2.2 Hz,  J21-23= 

For I3C-nmr data see table 2. 

19-Hydroxy bufalin.--'H-nmr (CDC13, 100 MHz),  characteristic signals in 6 in ppm: 7.86 (d 
of d, 1 H I  J22-23=10 Hz, J21-22=2 Hz, HZ2),  7.26 (d, 1 H,  J21-22=2 Hz, H2,) ,  6.26 (d, 1 H I  1 2 2 - 2 3 =  
10 Hz, HZ3) ,  4.14 (s (broad), 1 H,  H3), 3.88 (d, 1 H,  1191--19t1=12 Hz, Hw), 3.48 (d, 1 H I  J191-1911= 
12 Hz, H1911) and 0.70 (s, 3 H ,  HIS). 

Mass spectrum shon-s a molecular weight of 402 (l00$&), characteristic peaks at  367 (6), 
335 (6), 236 (11) and 227 (6). 

Uv spectrum in methanol shows a maximum a t  298 nm. 
For 13C-nmr data see table 2. 
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