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Baccharin, a Novel Potent Antileukemic Trichothecene 
Triepoxide from Baecharis megapotamica1'2 

Sir: 

In the course of a continuing search for tumor inhibitors 
from plant sources, we found that an ethanol extract of Bae
charis megapotamica Spreng (Asteraceae)3 showed significant 
inhibitory activity in vitro against cells derived from human 
carcinoma of the nasopharynx (KB) and in vivo against P-388 
leukemia in mice.4 We report herein the isolation and struc
tural elucidation of one of the novel and very potent antileu
kemic principles, baccharin (1), which appears to be the first 
reported trichothecene triepoxide isolated from natural 
sources. 

Fractionation of the alcohol extract, guided by a combina
tion of P-388 in vivo assay in mice and KB testing in vitro 
showed that the inhibitory activity was concentrated, succes
sively, in the ethyl acetate layer of an ethyl acetate-water 
partition and in the methanol layer of a 90% aqueous metha-
nol-petroleum ether partition. Column chromatography on 
alumina (activity II, III) gave several active fractions; chro
matography on Silica Gel 60 of one of these fractions followed 
by preparative TLC on Silica Gel 60 afforded baccharin (1, 
0.004%): mp 200-230 0 C (dichloromethane-methanol); 
[a]24D +41.5° (c 2.2, CHCl3); uvmax (EtOH) 259 nm (e 
18 700); ir (CHCl3) 2.72, 2.9 (broad), 5.68, 5.80, 6.08, and 
6.22 jit; mass spectrum (chemical ionization: methane gas re
agent) m/e 563.2476 ( M + + H, calcd 563.2492), 409, 275, 
257, 137; NMR (CDCl3) 5 0.75 (3 H, s, 14-H), 1.20 (3 H, d, 
J = 5.6 Hz, 14'-H), 1.37 (3 H, s, 16-H), 1.65 (3 H, s, 12'-H), 
2.48 (1 H, d o f d , J 3 a 4 a = 8.8;y3 a 3 (3= 16 Hz, 3a-H), 2.75, 
3.16 (each 1 H, d, J = 4.0 Hz, 13-H), 3.11 (1 H, d, Z10 n = 5.8 
Hz, 10-H), 3.37 (1 H, s, 2'-H), 4.24, 4.42 (each 1 H, d, J = 
12.2 Hz, 15-H), «5.80 (1 H, 4-H), 5.82 (1 H, d, Jy w = 11 
Hz, 10'-H), 5.98 (1 H, d of d, J6> r = 2; J1* 8' = 15.5 Hz, 7'-H), 
6.60(1 H , d o f d ( / 8 ' 9 ' = -/9'io'= H Hz, 9'-H), 7.48 (1 H, d 
o f d , y r , 8 ' = 15.5; / 8 ' ,9 '= 11 Hz, 8'-H). 

Treatment of baccharin (1) at room temperature with acetic 
anhydride in pyridine gave baccharin diacetate, mp 254-256 
0 C; uvmax (EtOH) 262 nm (21 000); ir (CHCl3) 5.75 (broad 
with shoulders), 6.10 and 6.25 fi; mass spectrum (chemical 
ionization: methane gas reagent) m/e 647.2692 ( M + + H, 
calcd 647.2704); NMR (CDCl3) 8 0.75 (3 H, s, 14-H), 1.24 
(3 H, d, J = 6.6 Hz, 14'-H), 1.36 (3 H, s, 16-H), 1.74 (3 H, s, 
12'-H), 2.03, 2.16 (each 3 H, s, -COCH 3 ) , 2.46 (1 H, d of d, 
J3aAa = 8.0; J3a 3,3 = 16 Hz, 3a-H), 2.76, 3.16 (each 1 H, d, 
J = 3.9 Hz, 13-H), 3.07 (1 H, d, Zi0 11 = 5.3 Hz, 10-H), 3.37 
(1 H, s, 2'-H), 4.23, 4.49 (each 1 H, d, / = 12.5 Hz, 15-H), 
«4.30 (1 H, 4'-H), 5.06 (1 H, d of q, Jw 13' = 6.6, Jw 6' = 4 
Hz, 13'-H), «5.75 (1 H, 4-H), 5.80 (1 H, d, J9, w = 11 Hz, 
10'-H), «5.90 (1 H, 7'-H), 6.60 (1 H, d of d, J8Z9' = J9' icy = 

11 Hz, 9'-H), 7.47(1 H, dofd , Jr g '= 15.5;/8 '9 ' = n Hz> 
8'-H). 

Inspection of the above spectral data for baccharin (1) and 
its diacetate suggested that these compounds were related to 
the roridins5 whose structures are distinguished by a 12,13-
epoxytrichothecene central ring system which is spanned by 
a dienic macrolide ester side chain. However, careful com
parison of the spectral data for 1 and its diacetate (as well as 
the spectral data for a number of structurally similar com
pounds that have been isolated from B. megapotamica) with 
the data published for the roridins5-6 clearly showed that 1 (and 
other so far isolated active principles) is more highly oxygen
ated than the known roridins.7 

1 

The chemical structure and molecular stereochemistry of 
1 were determined by a direct single-crystal x-ray analysis 
using a crystal obtained by slow evaporation of solvent from 
a solution of 1 in dichloromethane-methanol. Crystals of 1 
conform to space group P2\2\2\ with a = 10.389 (1) A, b = 
30.160 (2) A, c = 10.172 (1) A, and Z = A. Intensity mea
surements were made by diffractometry with Cu Ka radiation 
made monochromatic by Bragg reflection from a highly ori
ented graphite crystal. Within a single octant of reciprocal 
space, surveyed to sin 6/\ 0.562, scattered intensity signifi
cantly above background [/ > 3<r(/)] was measured by scin
tillation counting at 2471 of 2726 locations. 

The structure was solved by application of the program 
MULTAN9 and refined by difference Fourier and least-
squares method to R = 0.07 for the significant reflections. C 
and O atoms were refined using anisotropic thermal parame
ters, and all hydrogen atoms in the molecule, with the exception 
of those associated with the hydroxy groups, were clearly 
identifiable from different maps, and fixed contributions for 
them were included in the least-squares calculations. Loosely 
bound water of solvation is found at four sites in the asym
metric unit with one site fully and the others partially occu
pied. 

A view of the molecular structure of 1 as found in the crystal 
is shown in Figure 1. Although the absolute configuration of 
1 has not been established by the analysis, the figure is drawn 
to conform to the absolute stereochemistry derived from the 
x-ray analysis of the p-iodobenzenesulfonate of verrucarin A.10 

The 12,13-epoxytricothecene structure is confirmed with ep
oxide functionalities found also at C(9)-C(10) and C(2 ' ) -
C(3'), a hydroxy group at C(4'), and a hydroxyethyl group at 
C(6'). In the central nucleus, the six-membered oxa-ring B 
adopts a chair conformation, the five-membered ring C an 
envelope form with the flap at C( 12). The presence of the 9,10 
epoxide unit, which acts stereochemically as a double bond, 
leads to a 1,2-diplanar conformation for the six-membered A 
ring typical of substituted cyclohexenes. 

Note should be taken that isolation of 1 and related com
pounds from B. megapotamica constitutes the first known case 
of the appearance of 12,13-epoxytrichothecenes in higher 
plants; all previous isolations of such compounds have been 
from various species of fungi. At the moment, we cannot ex
clude the possibility that these compounds result from fungal 
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Figure 1. Diagrammatic representation of the structure of baccharin as 
found in the crystal. Carbon atoms are represented by the larger single 
circles, oxygen by double circles, and hydrogen by the smaller circles. 
Hydrogen atoms not located, at the 0(4') and 0(13') hydroxy groups, are 
omitted. 

contamination; however, inspection of the plant material does 
not reveal any obvious contamination, and the baccharins have 
been isolated from two separate collections of plant material. 
Furthermore, the compounds are estimated to comprise ca. 
0.02% of the dry plant material, a rather high percentage for 
such a putative contamination. What does seem a distinct 
possibility is that the baccharins may be plant-altered fungal 
metabolites. 
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[Mo3(OAc)6(CH3CH2O)2(H2O)3]
2+ and Other New 

Products of the Reaction between Molybdenum 
Hexacarbonyl and Acetic Acid 

Sir: 
The preparation of dimolybdenum tetraacetate Mo2(OAc^ 

by refluxing Mo(CO)6 in an acetic acid-acetic anhydride 
mixture1 was characterized by a noticeably low yield.2 The 
dark brown solution from which the crystals of the tetraacetate 
had been removed contained the greater part of the molybde
num products of the reaction. These products were separated 
by ion exchange chromatography. The solution was absorbed 
on a cation exchange column (Dowex 50 X2) and eluted by 0.1 
M CF3SO3H. This elution removed a green-brown molybde
num ion (I) with an absorption maximum at 595 nm. The 
elution behavior of this species indicated an ionic charge of 1 +. 
Several green bands of species with higher ionic charges re
mained on the column. All these products were also obtained 
when acetic anhydride was omitted from the reaction mixture; 
i.e., they were produced by the reaction of Mo(CO)6 and acetic 
acid. 

The green-brown solution of I was oxidized by permanga
nate to a deep red solution which was absorbed on a cation 
exchange column. Elution with 0.1 M acid removed a brown 
band of the remaining unreacted ion I. Elution with 0.5 M acid 
removed a red molybdenum ion II. The spectrum of II is pre
sented in Figure 1. 

When trifluoromethylsulfonic acid was used for elution of 
II, spontaneous crystallization took place in the eluted solution. 
The red crystals were filtered, rinsed with acetone and ether, 
and dried under vacuum. Elemental analysis3 suggested the 
formula MostOAcUCHaCHjOMI^OMCFaSOsh. Crys
tallization also occurred when the ion II was eluted with per
chloric acid and p-toluenesulfonic acid.4 The trifluorometh-
ylsulfonate salt was subjected to x-ray diffraction structure 
determination.5-6 The structure of the complex is shown in 
Figures 2 and 3. 
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Figure 1. Absorption spectrum of [Mo3(OAc)6(CH3CH2O)2-
(H2O)3P+. 
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