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Abstract—Texaline, an antimycobacterial oxazole-containing alkaloid previously isolated from Amyris texana and A. elemifera, and
related compounds have been synthesized in order to explore aspects of the structure–antituberculosis activity relationship. While
texaline was found to be inactive in our assays, simpler diaryloxazoles were more active whilst also exhibiting modest toxic selec-
tivity, leading to their identification as potential lead compounds.
� 2005 Elsevier Ltd. All rights reserved.
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Figure 1. Structure of texaline.
With over one-third of the world�s population infected
and three million deaths per year directly attributable
to the infection, tuberculosis remains one of the primary
causes of death or suffering worldwide.1 Increasing
examples of multiple drug resistant strains of tuberculo-
sis (MDR-TB) and the now intimate relationship
between HIV/AIDS and tuberculosis has meant that
there is increasing strain on the current range of thera-
pies available.2

Introduced in the 1950s–1960s, natural products or their
derivatives have had a remarkable impact on the treat-
ment of tuberculosis, with current examples including
rifampin, kanamycin and cycloserine. In the search for
new classes of antituberculosis agents, investigations of
natural products continue to provide useful new hits.3

One such natural product is the oxazole alkaloid texa-
line (1) (Fig. 1),4 isolated from the plants Amyris texana
and A. elemifera and subsequently reported to inhibit
the growth of M. tuberculosis, M. avium and M. kansasii
0040-4039/$ - see front matter � 2005 Elsevier Ltd. All rights reserved.
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with a minimum inhibitory concentration (MIC) of
25 lg ml�1.5
In an effort to explore new antimycobacterial chemo-
types, we have undertaken the first reported synthesis
of texaline, from commercially available 3,4-(methyl-
enedioxy)acetophenone 2, that is amenable to the prepa-
ration of a range of analogues.

a-Bromoketone 3, prepared from 3,4-(methylene-
dioxy)acetophenone (2),6 was converted to a-azidoace-
tophenone 4 by reaction with sodium azide in DMSO
at room temperature (Scheme 1).7

Catalytic reduction of azide 4 with 10% palladium
on activated carbon in glacial acetic acid, under an
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Scheme 1. Reagents and conditions: (a) p-TsOHÆH2O, NBS, MeCN, reflux (84%); (b) NaN3, DMSO, 25 �C (73%); (c) H2, 10% Pd/C, acetic acid,
25 �C (81%); (d) Nicotinoyl chloride hydrochloride (6), NaHCO3, EtOAc/H2O, 0–25 �C (16%); (e) Conc. H2SO4, acetic anhydride, 90 �C (46%).

Table 1. Comparative activity of texaline and analogues 8–11 against
M. tuberculosis H37Rv and VERO cell-line cytotoxicity

Compound MIC (lg ml�1) for
M. tuberculosis H37Rv

IC50 (lg ml�1)

MABAa Microbrothb LORAc VERO cell-lined

1 >128 >125 >128 >128
8 30.1 31.25 >128 >102
9 29.0 31.25 62.5 nte

10 >128 >125 >128 nt
11 >128 >125 >128 >102
Rifampin 0.11 nt 7.9 104

aMIC = 90% growth inhibition in Microplate Alamar Blue Assay.14
bMIC = 100% growth inhibition in microbroth dilution assay.
cMIC = 90% growth inhibition in the Low Oxygen Response Assay.15
d IC50 = 50% growth inhibition.
e nt: not tested.
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atmosphere of hydrogen, followed by product precipita-
tion with ethereal hydrogen chloride yielded amine 5 as
the hydrochloride salt.8 Nicotinoyl chloride hydrochlo-
ride 6 was then coupled with amine 5 using Schotten–
Baumann conditions9 to give key amide 7. The low yield
(16%) of this step is believed to be a result of the poor
solubility of acid chloride 6.10 Subsequent cyclization
of amide 7 using acidic conditions11 yielded texaline
(1), the spectroscopic data for which were in excellent
agreement with reported data.4,12

Several analogues of texaline, namely 2-(3 0-pyridyl)-5-
phenyloxazole (8), 2,5-diphenyloxazole (9) and the
natural product texamine (10)4 were also prepared utiliz-
ing similar methodology (Fig. 2).13

The antimycobacterial activity and cytotoxicity of texa-
line (1), oxazole analogues 8, 9 and 10 and N-phenacyl-
nicotinamide (11) were determined against M.
tuberculosis H37Rv in a number of different assay for-
mats including the fluorescence readout Microplate Ala-
mar Blue Assay (MABA)14 and the non-fluorescent
readout microbroth dilution assay (Table 1). Texaline
(1) and 11, the precursor amide to oxazole 8, were inac-
tive in all assays. Interestingly, the size reduced 2,5-
disubstituted oxazole examples 8 and 9 exhibited modest
activity, with some degree of toxic selectivity (SI (IC50/
MIC) > 3). In this limited series of compounds, the pres-
ence of a methylenedioxy moiety (e.g., 10) appears to be
detrimental to antimycobacterial activity.

It is now widely accepted that a physiological state of
non-replicating persistence of the tubercle bacillus
(NRP-TB) is responsible for the long treatment duration
for tuberculosis and that the key to shortening the
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Figure 2. Structures of texaline analogues.
6-month regimen lies in targeting this subpopulation.
In an in vitro low oxygen recovery assay that models
NRP-TB,15 9 exhibited an MIC of 62.5 lg/mL, sugges-
tive that simple oxazoles could be useful in targeting
NRP-TB.

In summary, we have synthesized texaline (1) following
a synthetic pathway that also allowed for the prepara-
tion of several analogues. While texaline, previously
reported to exhibit antimycobacterial activity, was
inactive in our hands, two simpler analogues were found
to be active against M. tuberculosis. This work suggests
that simple oxazole derivatives may be viable leads in
the search for new classes of antituberculosis agents
and that further structure–activity studies are clearly
warranted.
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