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Synthesis of new and potent analogues of anti-tuberculosis agent
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Abstract—Previously, the lead compound 5-nitro-furan-2-carboxylic acid 4-(4-benzyl-piperazin-1-yl)-benzylamide was identified in
our anti-tuberculosis drug discovery program. Although this compound demonstrated excellent in vitro activity, it did not meet the
expected in vivo profiles due to structural features that resulted in rapid metabolic cleavage and poor absorption, which therefore
limited its bioavailability. In efforts to increase the bioavailability, a new series of analogues was successfully synthesized using three
modification schemes: replacement of the benzyl group on the piperazine C-ring with carbamate and urea functional groups; intro-
duction of a nitrogen atom into the aromatic ring-B; and expansion of the ring-B to a bicyclic tetrahydroisoquinoline moiety. These
modifications retained strong activity and in some case gained superior anti-tuberculosis activity, increased absorption, and serum
half life.
� 2006 Elsevier Ltd. All rights reserved.
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Mycobacterium tuberculosis is a deadly obligate human
pathogen. The global effect of tuberculosis is immense.
According to the World Health Organization, in 2003
there were 8.8 million new cases reported, killing 1.7 mil-
lion people.1 Based on the trend over the past few years,
a total of 225 million new cases and 79 million deaths
are expected from tuberculosis between 1998 and
2030.2 According to the Global Burden of Disease
Study, TB is the seventh leading cause of global prema-
ture mortality and disability, and this figure is estimated
to remain the same even in the year 2020.3 Further com-
plicating this already adverse situation is the increase in
multi-drug resistant tuberculosis strains,4 and the syner-
gistic pathological effects of tuberculosis and HIV
co-infection. Hence, there is an urgent need to develop
new, potent, and fast acting anti-tuberculosis drugs with
low toxicity profiles.

In our ongoing efforts to develop new anti-tuberculosis
agents, we previously discovered a series of nitrofuranyl
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amide compounds with inhibitory activity against
M. tuberculosis.5,6 Among them, 5-nitro-furan-2-carbo-
xylic acid 4-(4-benzyl-piperazin-1-yl)-benzylamide [I]
was identified with good in vitro activity (MIC90

0.0125 lg/mL) (Fig. 1).6 However, this compound did
not perform well during in vivo studies due to a short
biological half life and rapid elimination. Analysis of
the structure I led us to attribute this behavior to two
sites that are likely candidates for rapid metabolic cleav-
age: the furanyl amide bond and the benzyl-piperazine
bond. Hence, in this study these features were modified
in an attempt to achieve increased bioavailability. Ring-
A has been retained intact, as previous attempts to
change this part of the molecule to nitrothiophene and
nitroimidazole resulted in loss of activity against
O2N
II; R = Alkyl, NCOOR, NCONHR; 
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Figure 1. Lead compound from the previous library and general

structures of the target compounds.
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M. tuberculosis. However, previous modifications at
ring-B and ring-C were well tolerated lending hope that
the proposed modifications would not significantly
diminish the anti-tuberculosis activity while increasing
the potential bioavailability.6

In this study, ring-C analogues were explored by
replacement of the benzyl group with more metabolical-
ly stable functional groups. During synthesis of interme-
diate 9a, it was discovered that the biological activity of
the boc-protected 1a was several fold more active than
the lead compound I. Therefore, the functionalization
of the terminal nitrogen on the piperazine ring was fo-
cused using carbamate and urea groups. Two modifica-
tions to ring-B were explored. The first modification was
the introduction of a nitrogen atom into the ring to
make the molecule more polar, in order to facilitate
solubility and increase absorption. In the second modi-
fication, the ring was expanded to a bicyclic, tetrahy-
droisoquinoline moiety to make a more rigid tertiary
amide, which was expected to be more resistant to pro-
teolysis. The synthesis of the target molecules in these
three schemes, their in vitro activities against M. tuber-
culosis, and bioactivities are discussed in this paper.

The synthesis of 9a (Scheme 1) started from 4-fluoro
benzonitrile [5], which was subjected to aromatic nucle-
ophilic substitution with 1-boc-piperazine [6a] in the
presence of K2CO3 at 90 �C to give the corresponding
nitrile 7a in 89% yield.7 7a was subjected to reduction
with catalytic hydrogenation using Raney-Ni in the
presence of palladium on carbon and lithium hydroxide
to give the corresponding benzyl amine,8 which was
immediately subjected to acylation using 5-nitro-furan-
2-carbonyl chloride [8] to afford amide 1a in 94% yield.
The boc-protection group on 1a was removed using
trifluoroacetic acid to give the piperazinyl amine 9a.
Compound 9a was then treated with alkyl chlorofor-
mates in the presence of triethyl amine to afford the
F
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Scheme 1. Reagents and conditions: (a) K2CO3, DMSO, 90 �C, 8 h; (b) Ran

HCl, THF, 0 �C to rt, 1 h; (e) ROCOCl, Et3N, THF, rt, 6 h; (f) RNCO, Et3
corresponding carbamate derivatives 1b–f, or with alkyl
isocyanates9 to afford the corresponding urea derivatives
1g and 1h. The same approach was employed to make
the diazepane (seven-membered ring) analogues, start-
ing with 1-boc-(1,4) diazepane [6b] instead of 6a.

For the synthesis of analogues with a nitrogen atom
incorporated in ring-B, commercially available 6-pipe-
razinonicotinonitrile [10] was used as the starting mate-
rial (Scheme 2). The piperazinyl amine 10 was protected
with a boc functional group, followed by the reduction
of the nitrile functional group by catalytic hydrogena-
tion using Raney-Ni in the presence of palladium carbon
and lithium hydroxide to give the corresponding benzyl
amine 11 in 93% yield. Amine 11 was then treated with
5-nitro-furan-2-carbonyl chloride [8] to give amide 3a in
86% yield. The boc-deprotection of 3a was achieved
using trifluoroacetic acid leaving the secondary amine
functional group open for a variety of functionalization.

Compound 12 was first treated with benzyl bromide in
the presence of K2CO3 to give 3b (71% yield), a close
analogue of I. Analogous compounds to 1b and 1h were
also synthesized from 12 by treatment with ethyl chloro-
formate in the presence of triethyl amine to afford the
carbamate 3c in 79% yield. Similarly, compound 12
was treated with 2-isocyanato-propane in the presence
of triethyl amine to afford the urea derivative 3d in
82% yield.

For the synthesis of bicyclic tetrahydroisoquinoline ana-
logues in the ring-B, an efficient and facile strategy was
developed by employing Schmidt rearrangement10 on
commercially available 5-fluoroindanone [13]. Com-
pound 13 was treated with sodium azide in an acidic
solution to afford lactam 14 in 55% yield11 (Scheme 3).
The amide functionality was then exploited as an elec-
tron-withdrawing group to activate the fluorine on inter-
mediate 14 for nucleophilic aromatic substitution.
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Scheme 2. Reagents and conditions: (a) K2CO3, DMSO, 90 �C, 8 h; (b) Raney-Ni, H2, Pd/C, EtOAc, LiOH; (c) 8, CH2Cl2, Et3N, rt; (d) CF3COOH–
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Compound 14 upon reaction with benzyl-piperazine in
the presence of K2CO3 at 140 �C for 24 hours afforded
the substituted lactam 15a in 75% yield. Compound
15a was reduced to the tetrahydroisoquinoline deriva-
tive 16a (81% yield) using borane–THF. Compound
16a was then treated with 5-nitro-furan-2-carbonyl chlo-
ride [8] to give the desired target compound 4a in 91%
yield. Similarly, the fluoro group on lactam 14 was
substituted with N-methyl-piperazine and thiomorpho-
line separately to give the corresponding intermediates
15b (83% yield) and 15c (69% yield), respectively. The
subsequent reduction of the lactam to tetrahydroiso-
quinoline derivative 16b and 16c followed by acylation
with 5-nitro-furan-2-carbonyl chloride [8] afforded com-
pound 4b (82% yield) and 4c (79% yield).

Determination of the anti-tuberculosis activity was car-
ried out using microbroth dilution and visual inspection
as described previously.6 The MIC values of compounds
in this study range from 0.0062 to 1.56 lg/mL and are
therefore commensurate with current therapeutic anti-
tuberculosis agents (Table 1). Benzyl-piperazine C-ring
substitutions 3b and 4a demonstrated the most potent
MIC activity. Ethyl carbonate 1c had the best activity
of the carbonate/urea series with carbonates 1a–f and
3c having generally better MIC activity than the ureas
1g, 1h, and 3d. The introduction of a diazepane C-ring
2a–d reduced MIC activity compared with the corre-
sponding piperazines I, 1c, and 1h. The introduction
of pyridyl 3a–d or tetrahydroisoquinoline 4a–c B-ring
had little effect on the MIC activity of the series and
was well tolerated.

Preliminary bioavailability of a selected set of com-
pounds was assessed using a bioactivity assay. Briefly,
mice were dosed via oral gavage at 300 mg/kg in 0.5%
methylcellulose. Mice were subsequently bled at set
intervals (at 0.5, 2.5, 4 and 8 h after dosing) with three
mice per time point. The serum collected from these
mice was then serially diluted and tested for anti-tuber-
culosis activity in a bioassay using M. tuberculosis.12,13

The results from the bioassay reflect approximate con-
centrations of unbound bioactive product in the serum
rather than providing total drug levels (Table 1). The
bioactivity results indicate that compounds 1g, 2d, 3c,
and 3d had the best Cmax values. The longest T1/2 values
were obtained for 2a, 3a, 4a, and 4b. Within these data,
general trends were observed. The pyridinyl series 3a–d
achieved the best absorption, the benzyl B-ring series
resulted in short half lives, and the tetrahydroisoquino-
lines 4a and 4b had longer half lives. The diazepane C-
ring compounds 2a and 2d also had better half lives.

This series of compounds has been designed to increase
the bioavailability of lead compound 5-nitro-furan-2-car-
boxylic acid 4-(4-benzyl-piperazin-1-yl)-benzylamide [I]
by addressing the metabolic instability of the molecule
and increasing absorption. Three modification schemes
were explored, 20 compounds were synthesized,14 tested
in vitro for MIC activity, and the bioactivity of nine com-
pounds was tested in mice (Table 1). Modifications in
each of these schemes affected the anti-tuberculosis activ-
ity, presenting the challenge of selecting compounds from



Table 1. Structures of advanced hit analogues and their anti-tuberculosis activity
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Table 1 (continued)

Compound

OO2N
O

R =

Structure

MIC90 (lg/ml) Cmax
b (lg/ml) Tmax (h) T1/2

c (h)

4b N
N

N
R 0.2 0.28a 0.5a 2a

4c N
S

NR 0.4

a Determined using the HCl salt of the compound.
b Drug levels in the mouse serum are estimated by multiplying the dilution factor by the MIC value of the drug in the presence of 10% serum.
c Estimated based on graph of concentration versus time curve.
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the series that have significant anti-tuberculosis activity,
but are also likely to be well absorbed with a long half life
in serum. Compounds selected under these criteria can
then enter lengthy testing in animal models of tuberculo-
sis infection with an increased chance of success. The first
modification explored was the replacement of the benzyl-
piperazine C-ring substituent of I with carbamates and
ureas. Compounds in this series showed good MIC activ-
ity, increased absorption, and lower serum binding but
were just as rapidly eliminated as I. The second modifica-
tion explored was the introduction of the pyridinyl B-
ring, which had little affect on MIC activity or serum half
life, but significantly boosted absorption, most likely due
to increased solubility. The final modification evaluated
was introduction of tetrahydroisoquinoline B-ring which
significantly increased the serum half life while maintain-
ing or improving MIC activity. This suggests that rapid
metabolism of the furanyl amide bond is the limiting fac-
tor for bioavailability of this series and that bioisosteric
replacement may be a fruitful future strategy for the
development of this series. In the course of this study it
emerged that serum binding and tissue distribution may
also be important factors that need to be addressed as this
series progresses. As it was noted during the bioavailabil-
ity assay the MIC activity of most of the compounds in
this series decreased in the presence of serum, for example
the MIC value for 4a was tenfold worse in the presence of
10% mouse serum. The best compounds in this series are
currently undergoing a detailed microbiological assess-
ment and are being tested in in vivo infection models.
The results from these studies will be reported in due
course. In conclusion, we have successfully further elabo-
rated this series of anti-tuberculosis compounds, devel-
oped compounds with highly potent anti-tuberculosis
activities, and improved bioactivity.
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