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Benzoxaboroles: a new class of potential drugs
for human African trypanosomiasis

Human African trypanosomiasis, caused by the kinetoplastid parasite Trypanosoma brucei, affects thousands of
people across sub-Saharan Africa, and is fatal if left untreated. Treatment options for this disease, particularly
stage 2 disease, which occurs after parasites have infected brain tissue, are limited due to inadequate efficacy,
toxicity and the complexity of treatment regimens. We have discovered and optimized a series of benzoxaborole-
6-carboxamides to provide trypanocidal compounds that are orally active in murine models of human African
trypanosomiasis. A key feature of this series is the presence of a boron atom in the heterocyclic core structure,
which is essential to the observed trypanocidal activity. We also report the in vivo pharmacokinetic properties of

lead compounds from the series and selection of SCYX-7158 as a preclinical candidate.

Human African trypanosomiasis (HAT), more
commonly known as African sleeping sickness,
is caused by two subspecies of the kinetoplastid
parasite Trypanosoma brucei, Trypanosoma bru-
cei gambiense and Trypanosoma brucei rhod-
esiense, which are introduced into the victim
through the bite of the tse-tse fly [1.2]. Endemic
across sub-Saharan Africa, tens of thousands
of people are infected each year, with mil-
lions at risk of contracting the disease [3].
If not treated early in the progression of the
disease, the 7. brucei parasites migrate across
the blood—brain barrier and reside in brain
tissue, ultimately causing neuronal death lead-
ing to a multitude of neurological symptoms
including hallucinations, sleep disorders, coma
and, ultimately, death [4]. Current treatment
options for HAT are inadequate due to lack of
efficacy, particularly once the parasites have
migrated to the brain (stage 2 HAT), toxicity
and the complexity of treatment regimens [5,6].
The most commonly used treatment for stage
2 HAT, melarsoprol (I; Ficure 1) is highly toxic,
with an estimated 5-10% drug-related mor-
tality. A more recent drug, eflornithine (2),
while effective against 7. gambiense, is not
effective against 7.6. rhodesiense, and must be
administered in a complex intravenous regime
that is impractical in disease-endemic areas (7).
Recently, it has been shown that a combina-
tion of eflornithine with nifurtimox (3), a drug
used for Chagas disease that is not effective as
a HAT monotherapy, can be effective in a sim-
plified short-course treatment regime, although
this still requires multiple infusions of eflorni-
thine (s-11]. Consequently, there is an urgent
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need for new drugs to treat HAT and, in par-
ticular, a need for a safe, orally active drug that
is effective against all known strains of 7_ brucei
and is effective in stage 2 HAT.

The creation of boron-containing drugs goes
back to the early 1970s when aryl boronic acids
were shown to be inhibitors of serine proteases
such as subtilisin and chymotrypsin [12]. Due to
the unique electronic properties of boron, with
its empty p-orbital, these compounds prove to
be potent enzyme inhibitors due to their ability
to react with a serine hydroxyl in the enzyme
active site. These boronic acid inhibitors form
a tetrahedral adduct and this moiety serves as a
transition-state analog by mimicking the natural
transition-state intermediate (FIGURE 2).

Over the intervening years, drug researchers
have exploited this inherent reactivity of boronic
acids and designed inhibitors against a number
of therapeutically important enzymes, includ-
ing thrombin, B-lactamases, HCV protease and
dipeptidyl peptidase I'V [13-15]. One compound,
bortezomib (Velcade®), inhibiting the protea-
some, has received US FDA approval and is on
the market for the treatment of certain cancers.

Anacor Pharmaceuticals was founded in 2002
and employed a novel boron-based chemistry
platform to create drug candidates for infec-
tious diseases and inflammatory conditions.
Departing from traditional boronic acid chem-
istry, Anacor focused on creating boron com-
pounds where the boron was incorporated in a
ring system fused to an aromatic ring, as exem-
plified by the 5-fluorobenzoxaborole AN2690
(4; Ficure 3), which represents a new class of
antifungal drug [16].
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Figure 1. Drugs currently used to treat human African trypanosomiasis.
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Analogous to boronic acids, the boron atom
in 3 retains the vacant p-orbital and can undergo
a reaction with the two hydroxyls on the ribose
ring of the terminal tRNA™"adenosine to form
an adduct, which is its mechanism for inhib-
iting cytoplasmic leucyl-tRNA synthetase [17].
Structurally related benzoxaboroles (c.g., 5-8)
have also shown selective activity in inhibiting
B-lactamases [18], PDE4 [19], bacterial LeuRS [20]
and the malaria protozoa [21]. In addition, incor-
poration of the benzoxaborole scaffold into more
complex structures has yielded potent inhibi-
tors of HCV protease [22.23]. In this paper, we
describe the discovery of novel benzoxaboroles
with antitrypanosomal activity.

Experimental

m Biological assays

Details of the 7 vitro and in vivo assays used
to characterize the benzoxaboroles have been
described previously [24].

m General laboratory methods

Details of chemical experimental procedures,
including chromatographic purification and
spectroscopic analysis methods can be found in
the SUPPLEMENTARY DATA.

m General procedure for preparation of
benzoxaborole 6-carboxamides
4-fluoro-N-(I-hydroxy-1,3-dihydro-benzolc]
[1,2]oxaborol-6-yl)-2-trifluoromethyl-
benzamide (111)

A mixture of 6-amino-1-hydroxy-1,2-benzox-
aborolane hydrochloride (5 g, 26.9 mmol) and
4-fluoro-2-(trifluoromethyl)-benzoyl chloride
(6.1 g,26.9 mmol) in Et,N (11.2 ml, 80.7 mmol)
and DCM (200 ml) was allowed to stir overnight
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Figure 2. Tetrahedral adduct formation of a boronic acid with an enzyme.
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at room temperature. To the reaction was added
aqueous hydrochloric acid (100 ml, 1 M), and
the mixture was stirred for 1 h. The resulting
precipitate was collected by filtration, washed
with additional DCM, and dried under vacuum
to yield the title compound as an off-white solid
(5.2 g,57%). '"HNMR (400 MHz, DMSO—dG)
S ppm 4.96 (s, 2 H) 739 (d, ] = 8.4 Hz, 1 H)
7.61-7.73 (m, 2 H) 7.75-7.87 (m, 2 H) 8.13 (dd,
J=1.8,0.4Hz, 1 H)9.25(s, 1 H) 10.59 (s, 1 H).
ESI-MS: [M+H]* m/z 340. Analysis calculated
for ClSHmBF4NO3: C,53.14; H, 2.97; N, 4.13.
Found: C, 53.18; H, 2.87; N, 4.02.

N-(1-hydroxy-1,3-dihydro-benzo[c][l,2]
oxaborol-6-yl)-benzenesulfonamide (15a)

This compound was prepared as previously
reported [25].

m General procedure for preparation of
benzoxaborole-6-sulfonamides
N-(1-hydroxy-1,3-dihydro-
benzol[c][l,2]oxaborol-6-yl)-4-
methylbenzenesulfonamide (15b)

A mixture of 6-amino-1-hydroxy-1,2-benzoxa-
borolane hydrochloride (100 mg, 0.54 mmol),
p-toluenesulfonyl chloride (130 mg, 0.67 mmol),
and pyridine (55 pL, 0.67 mmol) in DCM
(10 ml) was allowed to stir overnight at room
temperature. Aqueous hydrochloric acid (1 M,
3 ml) was added and the resulting mixture was
extracted twice with DCM (5 ml). The combined
organic phases were dried over sodium sulfate,
and the material was concentrated under reduced
pressure. The residue was purified by silica-gel
chromatography to furnish the title compound
as an off white solid. (34 mg, 21%). 'H NMR
(400 MHz, DMSO-d()) 5 2.33 (s, 3 H) 4.88
(s, 2 H) 7.10~7.21 (m, 1 H) 7.22-7.28 (m, 1 H)
733 (d, ] = 7.8 Hz, 2 H) 749 (d, ] = 2.0 Hz,
1H)7.62(d,]=8.4Hz 2H)9.21 (s, 1 H) 10.17
(s, 1 H). ESI-MS: [M+H]* m/z 304.

m General procedure for preparation of
benzoxaborole-6-ureas
I-(I-hydroxy-1,3-dihydro-benzo[c][l,2]
oxaborol-6-yl)-3-phenyl urea (16a)

A mixture of 6-amino-1-hydroxy-1,2-benzox-
aborolane hydrochloride (79 mg, 0.53 mmol)
and phenylisocyanate (63 mg, 0.53 mmol) in
acetonitrile (10 ml) was allowed to stir over-
night at room temperature. The resultant pre-
cipitate was collected by vacuum filtration and
washed with acetonitrile (30 ml) and diethyl
ether (30 ml) to yield the title compound as a
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white solid (53 mg, 38%). '"H NMR (400 MHz,
DMSO-d,) 8 4.93 (s, 2 H) 6.96 (t, ] = 7.3 Hz,
1H) 7.30 (dd, J = 9.7, 8.2 Hz, 3 H) 7.46 (d,
J =79 Hz, 3 H) 7.50-7.61 (m, 1 H) 7.83 (d,
J=1.4Hz, 1H)8.85 (br.s, 2 H) 9.17 (s, 1 H).
ESI-MS: [M+H]* m/z 269.

(I-hydroxy-1,3-dihydro-benzol[c][|,2]oxaborol-
6-yl)-carbamic acid p-tolyl ester (17b)
A mixture of 6-amino-1-hydroxy-1,2-benzoxa-
borolane hydrochloride (100 mg, 0.54 mmol),
p-tolylchloroformate (77 pL, 0.54 mmol), and
triethylamine (0.18 ml, 1.35 mmol) in aceto-
nitrile (10 ml) was allowed to stir overnight at
room temperature. The reaction was quenched
by slow addition of water (5 ml). The resultant
precipitate was collected by vacuum filtration
and washed with additional water (10 ml)
and dichloromethane (5 ml) to yield the title
compound as a white solid (91 mg, 60%). 'H
NMR (400 MHz, DMSO-d) 8 2.31 (s, 3 H)
4.94 (s, 2 H) 7.07-7.14 (m, 3 H) 7.17-7.28 (m,
3H)7.35(d,]=84Hz,1H)758(dd, ] = 8.2,
2.1 Hz, 1 H) 7.88 (d, ] = 1.6 Hz, 1 H) 9.21 (s,
1 H) 10.19 (br. s., 1 H). ESI-MS: [M+H]* m/z
284. Analysis calculated for C ,H BNO,: C,
63.64; H, 4.98; N, 4.95. Found: C, 63.77; H,
5.13; N, 4.87.

The following pre-
pared by an analogous procedure using
4-methoxyphenyl chloroformate.

example was

(I-hydroxy-1,3-dihydro-benzol[c][l,2]oxaborol-
6-yl)-carbamic acid 4-methoxyphenyl

ester (17¢)

White solid (29%). 'H NMR (400 MHz,
DMSO-d)) 6 3.72 (s, 3 H) 4.90 (s, 2 H)
6.82-7.01 (m, 2 H) 7.02-7.19 (m, 2 H) 7.31 (d,
J=8.2Hz,1H) 754 (dd,] =8.2,2.0 Hz, 1 H)
7.83(d,J=1.8 Hz, 1 H) 9.17 (s, 1 H) 10.13 (br.
s., 1 H). ESI-MS: [M+H]* m/z 300. Analysis
calculated for C H ,BNO.: C, 60.24; H, 4.72;
N, 4.68 Found: C, 60.03; H, 4.78; N, 4.73.

m General procedure for preparation of
7-methyl benzoxaborole 6-carboxamides
N-(I-hydroxy-7-methyl-1,3-dihydro-benzo[c]
[1,2]oxaborol-6-yl)-benzamide (18a)

A mixture of 6-amino-7-methyl-3H-benzo[c]
[1,2]oxaborol-1-o0l (115 mg, 0.70 mmol) and
benzoyl chloride (100 pl, 0.85 mmol) in Et,N
(200 pl, 1.40 mmol) and DCM (10 ml) was
allowed to stir overnight at room temperature.
To the reaction was added aqueous hydrochloric
acid (3 ml, IM) and the resulting mixture was
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Figure 3. Benzoxaboroles with anti-infective, anti-inflammatory and

antifungal activities.

extracted twice with DCM (10 ml). The com-
bined organic phases were dried over sodium
sulfate, and the material was concentrated under
reduced pressure. The residue was purified by
silica-gel chromatography to furnish the title
compound as a off-white solid (16.2 mg, 8.7%).
'"HNMR (400 MHz, DMSO-dG) 62.37 (s,3H)
4.97 (s, 2 H) 7.23 (d, ] = 8.0 Hz, 1 H) 7.40 (d,
J =78 Hz, 1 H) 7.45-7.68 (m, 3 H) 7.99 (d,
J =72Hz, 2 H)9.00 (s, 1 H) 9.89 (s,1 H).
ESI-MS: [M+H]* m/z 268.

The starting material, 6-amino-7-methyl-
3H-benzo|c][1,2]oxaborol-1-0l, was prepared
as follows:

(2-bromo-3-methyl-phenyl)-methanol
2-bromo-3-methyl-benzoic acid (8.2 g,
38.1 mmol) was dissolved in 50 ml of THEF.
BH,-THF (76 ml, 76.3 mmol) was added drop-
wise to the reaction mixture and allowed to stir
at room temperature overnight. The reaction
was cooled to 0°C in an ice bath and slowly
quenched with MeOH via addition funnel.
The solution was then poured into 100-ml
saturated NaHCO, and extracted three times
with EtOAc. The combined organic phases
were dried over sodium sulfate, and the mate-
rial was concentrated under reduced pres-
sure, which resulted in a white powder (15.2
g, 100%). 'H NMR (400 MHz, DMSO—dG) o
ppm 2.35 (s, 3 H) 451 (s, 2 H) 7.19-7.33 (m,
2 H) 7.33-7.40 (m, 1 H).

2-(2-bromo-3-methyl-benzyloxy)-
tetrahydro-pyran

To a suspension of (2-bromo-3-methyl-
phenyl)-methanol (15.2 g, 76.4 mmol) in
DCM (300ml) was added 3,4-dihydro-2H-
pyran (14 ml, 152.8 mmol) and camphorsul-
fonic acid (900 mg). The reaction was allowed
to stir at room temperature overnight at which

www.future-science.com

Key Terms

African sleeping sickness:
Common name for the disease
caused by Trypanosoma brucei,
which is fatal if untreated and
for which suboptimal treatment
options exist.

Benzoxaboroles: Series of
heterocycles containing a boron
atom in a five-membered ring
adjacent to oxygen fused to a
six-membered aromatic ring.
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point NaHCO, (900 mg) and H,O (300 ml)
were added. The crude mixture was extracted
three times with DCM. The combined organic
phases were dried over sodium sulfate, and
the material was concentrated under reduced
pressure. The residue was purified by silica-gel
chromatography to furnish the title compound
as a clear oil (20.3 mg, 94%). ESI-MS: [M+H]*
m/z 285.

7-methyl-3H-benzo[c][l,2]oxaborol-I-ol

To a cooled (-75°C) solution of 2-(2-bromo-
3-methyl-benzyloxy)-tetrahydro-pyran (10 g,
35.2 mmol) in anhydrous THF (200 ml) was
added a solution of n-butyl lithium (15.5 ml,
[2.5 M], 38.7 mmol) in hexanes over 30 min
so that the internal temperature remained
below -65°C. After complete addition of the
butyl lithium a white suspension was observed
and the internal temperature was maintained
between -78 and -65°C for an additional hour
before a bolus addition of triisopropyl borate
(12.2 ml, 52.8 mmol) was added. The reac-
tion mixture was allowed to gradually warm
to room temperature overnight before the reac-
tion was quenched with aqueous HCI (40 ml,
[6.0 M]). The biphasic mixture was stirred at
room temperature for 30 min, then the organic
layer was separated. The remaining aqueous
layer was extracted with EtOAc (3 x 50 ml).
The combined organic fractions were washed
with 1-M NaOH 1 x 30 ml, brine 1 x 30 ml,
dried over Na,SO,, filtered and concentrated
to give 7-methyl-3H-benzo[c][1,2]oxaborol-
1-ol (3.7 g, 72%) as a white solid. '"H NMR
(400 MHz, DMSO-d,) & ppm 2.44 (s, 3 H)
4.94 (s,2H) 7.09 (d, ] = 7.2 Hz, 1 H) 7.17 (d,
J=74Hz, 1H) 729-7.37 (m, 1 H) 8.89 (br.
s, 1 H). ESI-MS: [M+H]* m/z 149.

7-methyl-6-nitro-3H-benzo[c][l,2]
oxaborol-I-ol

To 35 ml of fuming HNO; at -45°C, 7-methyl-
3H-benzo[c][1,2]oxaborol-1-0l (2.5 g,
16.9 mmol) was added in portions over a period
of 15 min. The solution was allowed to stir at this
temperature for an additional 45 min. The reac-
tion mixture was slowly poured into 200 ml of
ice water. The resulting precipitate was collected
and dried overnight under vacuum. 7-methyl-
6-nitro-3H-benzo[c][1,2] oxaborol-1-ol was
recovered as a white solid (1.6 g, 50%).%). 'H
NMR (400 MHz, DMSO-d,) & ppm 2.65 (s,
3H) 5.04 (s, 2H) 7.45 (d, ] = 8.4 Hz, 1 H) 8.04
(d,J=8.2Hz, 1 H)9.40 (s, 1 H).

Fufure Med. Chem. (2011) 3(10)

6-amino-7-methyl-3H-benzo[c][l,2]
oxaborol-I-ol
7-methyl-6-nitro-3H-benzo|[c][1,2] oxaborol-
1-ol (1.0 g, 5.2 mmol) was dissolved in THF
(50 ml). The solution was vacuum degassed and
purged with nitrogen, and then palladium (5%
on carbon, 275 mg) was added. The reaction
was evacuated, charged with hydrogen (1 atm),
and then allowed to stir at room temperature
overnight. The reaction mixture was filtered
through celite and the filtrate was evaporated
to dryness. 6-amino-7-methyl-3H-benzo|c]
[1,2]oxaborol-1-ol was recovered as an off white
solid (840 mg, 100%). '"H NMR (400 MHz,
DMSO-d,) 8 ppm 2.19 (s, 3 H) 4.80 (s, 2 H)
4.87 (br.s, 2 H) 6.76 (d, ] = 8.0 Hz, 1 H) 6.90
(d,J=8.0Hz,1H) 872 (s, 1 H).

m General procedure for preparation of
B-substituted benzoxaborole
6-carboxamides
N-(1-p-Tolyl-1,3-dihydrobenzo[c][l,2]oxaborol-
6-yl)-2-trifluoromethylbenzamide (22f)

A 40-ml reaction vessel was charged with a solu-
tion of N-(1-hydroxy-1,3-dihydrobenzo[c][1,2]
oxaborol-6-yl)-2-trifluoromethylbenzamide (9f,
100 mg, 0.31 mmol) in THF (10 ml). The solu-
tion was cooled to 0°C prior to the dropwise
addition of p-tolyl magnesium bromide (1 M
in THF, 1 mmol). The reaction was heated to
35°C for 2 h, and then allowed to stir at room
temperature for an additional 16 h. The reac-
tion was quenched by dropwise addition of
aqueous hydrochloric acid (0.5 ml, 1 M), and
then concentrated to dryness. The crude resi-
due was purified by silica-gel chromatography
(0-10% MeOH in DCM) to furnish the title
compound as a white solid (32 mg, 26%).
'H NMR (400 MHz, acetone-d,) & 2.40 (s,
3 H) 5.41 (s, 2H) 733 (d, ] = 7.6 Hz, 2 H)
7.60 (d, ] = 8.4 Hz, 1 H) 7.68-7.77 (m, 1 H)
7.76-7.81 (m, 2 H) 7.85 (d, ] = 7.8 Hz, 1 H)
8.02-8.13 (m, 3 H) 8.62 (d, ] = 1.8 Hz, 1 H)
9.72 (br. s, 1 H). ESI-MS: [M+H]* m/z 396.

m General procedure for preparation of
3-methyl benzoxaborole 6-carboxamides
4-fluoro-N-(I-hydroxy-3-methyl-1,3-dihydro-
benzol[c][l,2]oxaborol-6-yl-2-trifluoromethyl
benzamide (271)

To a solution of 6-amino-3-methyl
-3H-benzo[c][1,2]oxaborol-1-0l acetate
salt (102 mg, 0.46 mmol) in DCM (2 ml)
was added Et,N (128.5 pL, 0.92 mmol).
The mixture was cooled to 0°C and the
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2-trifluoromethyl-4-fluorobenzyol chloride
(77.0 pl, 0.51 mmol) was added slowly via a
syringe. The resulting solution was allowed to
warm to room temperature gradually and stir
for 2 h. The reaction solution was diluted with
DCM, washed with 1IN HCI, H,O and then
dried over Na SO, filtered and the filtrate was
concentrated under reduced pressure and the
crude material was purified by flash chroma-
tography. The title compound 261 was recov-
ered as a white solid (98.3 mg, 61%). '"H NMR
(DMSO-d,) 8:10.57 (s, 1H), 9.15 (s, 1H), 8.06
(d, J = 1.8 Hz, 1H), 7.75-7.80 (m, 2H), 7.61—
7.70 (m, 2H), 7.35 (d, ] = 8.2 Hz, 1H), 5.17
(g, J = 6.5 Hz, 1H), 1.37 (d, ] = 6.5 Hz, 3H).
ESI-MS: [M+H]* m/z 354.

The starting material, 6-amino-3-methyl
-3H-benzo[c][1,2] oxaborol-1-ol acetate salt, was
prepared as follows.

3-methyl-3H-benzol[c][l,2]oxaborol-1-ol

Sodium borohydride (941.0 mg, 24.3 mmol
4.0 eq.) was added in portions to a solution of
2-acetylphenylboronic acid (1.00 g, 6.1 mmol) in
3:1i-PrOH-H,O (40 ml). The reaction solution
was allowed to stir for 2.5 h at room tempera-
ture then the reaction was quenched by dropwise
addition of 6M HCI until gas evolution ceased
and the reaction mixture reach pH = 1-2. Once
the pH was established, the aqueous solution
was allowed to stir for an additional 0.5 h. The
aqueous solution was then extracted with DCM
and the combined DCM extracts were dried
over Na,SO,. The DCM was evaporated and
the remaining clear, colorless oil was subjected
to SiO, chromatography using 3:7 EtOAc—hep-
tane as the eluent. 3-methyl-3H-benzo[c][1,2]
oxaborol-1-ol was recovered as clear, colorless,

thick oil (741 mg, 82% yield).

3-methyl-6-nitro-3H-benzo[c][l,2]
oxaborol-I-ol

To fuming HNO, (4 ml) at -45°C was added
a solution of 3-methyl-3H-benzo[c][1,2]
oxaborol-1-ol (616 mg, 4.1 mmol) in nitroben-
zene (1 ml) slowly via a syringe while main-
taining the reaction temperature between -40
and -45°C. Once the addition was complete the
resulting solution was allowed to stir at -45°C
for an additional 45 min before poured into
crushed ice (20 g). The ice mixture was allowed
to melt and the aqueous solution was extracted
with dichloromethane. The combined dichlo-
romethane extracts were dried over Na,SO,
then evaporated. The crude oil remaining was
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mixed with one liter 1:1 DCM-heptane. The
volume of the solution was reduced on a rotovap
by half and the resulting solution was allowed
to stand overnight in a -20°C freezer over-
night. The precipitate formed was filtered out,
washed with heptanes and vacuum dried to give
3-methyl-6-nitro-3H-benzo[c][1.2] oxaborol-
1-ol as a white solid (612.0 mg, 75% yield). 'H
NMR (DMSO-d,) 6: 9.49 (br. s, 1H), 8.53 (d,
J=2.2Hz, 1H), 8.30 (dd, ] = 8.4, 2.3 Hz, 1H),
7.67 (d, ] = 8.4 Hz, 1H), 5.33 (q, ] = 6.7 Hz,
1H), 1.43 (d, ] = 6.7 Hz, 3H).

6-amino-3-methyl -3H-benzo|[c][l,2]
oxaborol-1-ol acetate salt

To a solution of 3-methyl-6-nitro-3H-benzo|c]
[1,2]oxaborol-1-0l (1.33 g, 6.8 mmol) in THF
(30 ml) was added HOAc (3.0 ml, 53 mmol).
The vessel was vacuum/N, purged three times
and 5% Pd/C (200 mg) was added. The mix-
ture was again vacuum/N, purged three times
then vacuum purged again. H, was then intro-
duced from a balloon and the reaction was
allowed to stir for 2.5 h. The reaction solution
was filtered through a short pad of celite and
the filcrate was evaporated to yield 6-amino-3-
methyl -3H-benzo[c][1,2] oxaborol-1-ol acetate
salt as a dark brown foamy solid (1.16 g, 76%).
'"H NMR (DMSO-d ) 6: 8.79 (s, 1H), 6.99 (d,
J=8.1 Hz, 1H), 6.82 (d, J = 2.0 Hz, 1H), 6.66
(dd, J = 8.1, 2.2 Hz, 1H), 5.02 (g, ] = 6.4 Hz,
1H), 4.95 (br. s, 2H), 1.28 (d, J = 6.4 Hz, 3H).

m General procedure for preparation of
3,3-dimethyl benzoxaborole
6-carboxamides
4-fluoro-N-(I-hydroxy-3,3-dimethyl-1,3-
dihydro-benzo[c][l,2]oxaborol-6-yl-2-
trifluoromethyl benzamide (281)

To a solution of 6-amino-3,3-dimethyl
-3H-benzo[c][1,2]oxaborol-1-ol acetate salt
(100 mg, 0.42 mmol) in DCM (2 ml) was
added Et,N ( 117.3 pl, 0.84 mmol). The
mixture was cooled to 0°C and the 2-triflu-
oromethyl-4-fluorobenzoyl chloride (70.0 pl,
0.46 mmol) was added slowly via a syringe.
The resulting solution was allowed to warm
to room temperature gradually and stir for
2 h. The reaction solution was diluted with
DCM, washed with 1IN HCI, H,O and then
dried over Na SO, filtered and the filtrate was
concentrated under reduced pressure and the
crude material was subjected to flash chroma-
tography. The title compound was isolated as a
white foam (144.6 mg, 93% yield). 'H NMR
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(DMSO-dG) 4: 10.58 (s, 1H), 9.11 (s, 1H),
8.02 (d, ] = 1.7 Hz, 1H), 7.75-7.83 (m, 2H),
7.60-7.71 (m, 2H), 7.38 (d, J = 8.2 Hz, 1H),
1.44 (s, 6H). ESI-MS: [M+H]* m/z 368.

The starting material, 6-amino-3,3-dimethyl
-3H-benzo[c][1,2]oxaborol-1-ol acetate salt, was
prepared as follows:

2-(2’-bromophenyl)-6-butyl[l,3,6,2]
dioxazaborocan

To a suspension of 2-bromophenylboronic acid
(10.0g, 49.7 mmol) in toluene (70 ml) was added
N-butyldiethanolamine (8.5 ml, 52.2 mmol,
1.05 equivalent) via a syringe. The mixture
was heated at 50°C for 2 h. After cooling to
room temperature, the toluene was evaporated
under reduced pressure and the remaining
clear colorless crude oil was treated with hep-
tanes (~500 ml). The heptanes mixture was
then sonicated for approximately 5 min and
the resulting suspension was allowed to stand
at room temperature overnight. The solid
that precipitated was collected by filtration,
washed with heptanes, and dried in a vacuum
oven overnight to yield 2-(2’-bromophenyl)-6-
butyl[1,3,6,2]dioxazaborocan as a white solid
(16.0 g, 98% yield). 'H NMR (400 MHz,
CDCL,) 6 0.86 (t, ] = 7.4 Hz, 3 H) 1.14-1.25
(m, 2 H) 1.51-1.62 (m, 2 H) 2.61-2.70 (m, 2 H)
3.01-3.11 (m, 2 H) 3.26-3.37 (m, 2 H) 4.09-
4.26 (m, 4H) 7.10 (td, ] = 7.6, 2.0 Hz, 1 H) 7.24
(td,J =73, 1.1 Hz, 1 H) 751 (d, ] = 7.9 Hz, 1 H)
7.81 (dd, ] = 7.4, 1.9 Hz, 1 H).

3,3-dimethyl-3H-benzo[c][l,2]oxaborol-I-ol

To a solution of 2-(2’-bromophenyl)-6-bu-
tyl[1,3,6,2]dioxazaborocan (3.0g, 9.2 mmol)
in THF (76 ml) at -78°C was added »-BulLi
(4.4 ml, 2.5M in hexane, 11.0 mmol, 1.2 equiv-
alent) dropwise via a syringe over a period of
10 min while maintaining reaction temperature
at -78°C. After the addition the reaction solu-
tion was stirred 20 min at -78°C before acetone
(946 pl, 12.8 mmol, 1.4 equivalent) was added
dropwise via a syringe over a period of 10 min
while maintaining the reaction temperature at
-78°C. The resulting mixture was allowed to
stir for 20 min at -78°C then warm to room
temperature gradually. Once the reaction vessel
reached room temperature, 6M HCI solution
(30 ml) was added and the mixture was stirred
for 30 min. The mixture was extracted with
EtOAc (three times). The EtOAc extracts were
dried over Na,SO, filtered and concentrated
under reduced pressure. The crude, slightly

Fufure Med. Chem. (2011) 3(10)

yellow in color, residual oil remaining was then
subjected to flash chromatography to afford
3,3-dimethyl-3H-benzo|[c][1,2] oxaborol-1-ol
as clear colorless oil (1.76 g, 61%). 'H NMR
(400 MHz, DMSO-d ) & ppm 1.44 (s, 6 H)
731 (d, ] = 1.1 Hz, 1 H) 7.38-7.47 (m, 2 H)
7.66 (d,J =72 Hz, 1 H) 8.99 (s, 1 H).

3,3-dimethyl-6-nitro-3H-benzo[c][l,2]
oxaborol-I-ol

To 14.2-ml fuming HNO, at -45°C was added
a solution of 3,3-dimethyl-3H-benzo[c][1,2]
oxaborol-1-0l (2.28 g, 14.1 mmol) in nitroben-
zene (3 ml) slowly via a syringe while main-
taining the reaction temperature between -40
and -45°C. Once the addition was complete
the resulting solution was allowed to stir at
-45°C for an additional 45 min before poured
into crushed ice (600 g). The ice mixture was
allowed to melt and the aqueous solution was
extracted with dichloromethane. The com-
bined dichloromethane extracts were dried
over Na, SO, then evaporated. The crude oil
remaining was mixed with 11 1:1 DCM-hep-
tane. The volume of the solution was reduced on
a rotovap by half and the resulting solution was
allowed to stand overnight in a -20°C freezer
overnight. The precipitate formed was filtered,
washed with heptanes and vacuum dried to
give 3,3-dimethyl-6-nitro-3H-benzo[c][1,2]
oxaborol-1-ol as a light yellow solid (2.01 g,
68%)."H NMR (400 MHz, DMSO-d,) & ppm
1.46 (s, 6 H) 7.69 (d, ] = 8.4 Hz, 1 H) 8.28 (dd,
J=8.4,2.3Hz,1H)8.48(d,]=2.2Hz, 1H)
9.41 (br. s., 1 H).

6-amino-3,3-dimethyl -3H-benzo[c][l,2]
oxaborol-|-ol acetate salt

To a solution of 3,3-dimethyl-6-nitro-3H-
benzol[c][1,2]oxaborol-1-ol (790 mg, 3.8 mmol)
in THF (20 ml) was added HOAc (1.7 ml,
30 mmol). The vessel was vacuum/N, purged
three times and 5% Pd/C (200 mg) was added.
The mixture was again vacuum/N, purged three
times then vacuum purged again. H, was then
introduced from a balloon and the reaction was
allowed to stir for 2.5 h. The reaction solution
was filtered through a short pad of celite and the
filtrate was evaporated to yield 6-amino-3,3-
dimethyl -3H-benzo[c][1,2] oxaborol-1-ol ace-
tate salt as a dark brown foamy solid (670 mg,
899). 'H NMR (400 MHz, DMSO-d,)  ppm
1.36 (s, 6 H) 4.94 (s, 2 H) 6.66 (dd, J = 8.1,
2.2Hz,1H)6.79 (d,] = 2.0 Hz, 1 H) 7.01 (d,
J=8.1Hz 1 H) 872 (s, 1 H).
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N-(3-cyclopentyl-1-hydroxy-1,3-dihydro-
benzo[c][l,2]oxaborol-6-yl)-2-trifluoromethyl-
benzamide (29f)
To a solution of 6-amino-3-cyclopentyl-
3H-benzo[c][1,2]oxaborol-1-ol acetate salt
(86.8 mg, 0.4 mmol) in DCM (10 ml) was
added Et;N (220 pl, 1.6 mmol). The mixture
was cooled to 0°C and 2-trifluoromethylben-
zoyl chloride (64.6 pl, 0.44 mmol) was added
slowly via a syringe. The resulting solution was
allowed to warm to room temperature gradually
and stir overnight. The reaction solution was
diluted with DCM, washed with IN HCI, H,O
and then dried over Na, SO, filtered and the
filtrate was concentrated under reduced pres-
sure and the crude material was subjected to
flash chromatography to give the title com-
pound was a white solid. "H NMR (acetone-
d,) 6 ppm 9.59 (br. s, 1H), 8.17 (d, ] = 1.9 Hz,
1H), 7.78-7.90 (m, 2H), 7.74-7.76 (m, 2H),
7.66-7.72 (m, 2H), 7.39 (d, ] = 8.2 Hz, 1H),
513 (d, ] = 4.8 Hz, 1H), 2.31 («d, ] = 8.2,
4.8 Hz, 1H), 1.81-1.93 (m, 1H), 1.60-1.75 (m,
2H), 1.42-1.60 (m, 3H), 1.29-1.41 (m, 1H),
1.08-1.22 (m, 1H). ESI-MS: [M+H]* m/z 390.
The starting material, 6-amino-3-cyclopen-
tyl-3H-benzo(c][1,2]oxaborol-1-ol acetate salt,
was prepared as follows.

2-(2’-formylphenyl)-6-butyl[l,3,6,2]
dioxazaborocan

To a suspension of 2-formylphenylboronic acid
(4.5 g,30.0 mmol) in toluene (40 ml) was added
N-butyldiethanolamine (5.2 ml, 31.5 mmol,
1.05 equiv.) via a syringe. The mixture was
heated at 50°C for 2 h. After cooling to room
temperature, the toluene was and the remaining
yellow oil was treated with heptanes (50 ml) and
the mixture was again evaporated under reduced
pressure. The resulting yellow solid was crashed
into small pieces and washed with heptanes to
give 2-(2"-formylphenyl)-6-butyl[1,3,6,2]diox-
azaborocan as a white powder (9.0 g, 100%
yield). 'HNMR (CDCI3) 5:10.92 (s, 1H), 7.87
(dd, ] =7.7, 1.1 Hz, 1H), 7.83 (d, ] = 7.5 Hz, 1H),
7.48 (td, ] = 7.4, 1.3 Hz, 1H), 7.33-7.40 (m, 1H),
4.03-4.26 (m, 4H), 3.07-3.14 (m, 4H), 2.23—
2.36 (m, 2H), 1.41-1.54 (m, 2H), 1.00-1.15
(m, 2H), 0.77 (t, ] = 7.3 Hz, 3H).

3-cyclopentyl-3H-benzo[c][l,2]oxaborol-I-ol

To a solution of 2-(2’-formylphenyl)-6-bu-
tyl[1,3,6,2]dioxazaborocan (5.0 g, 18.1 mmol)
in THF (100 ml) at -45°C was added cyclopentyl
magnesium bromide (9.1-ml, 2.0-M solution in
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THEF, 18.1 mmol) via a syringe. The mixture was
allowed to warm to room temperature gradu-
ally over 1 h before being quenched with HCI
(20 ml, 6N). The acidic mixture was stirred for
1 h and was extracted with EtOAc (three times).
Combined organics was washed with H O,
brine, dried over Na SO, filtered and the filtrate
was concentrated under reduced pressure. The
residue was purified by flash chromatography to
give 3-cyclopentyl-3H-benzo[c][1,2]oxaborol-
1-ol as a colorless oil. 'H NMR (DMSO-d) 6:
9.07 (s, 1H), 7.69 (d, ] = 7.2 Hz, 1H), 7.37-7.47
(m, 2H), 7.28-7.36 (m, 1H), 5.12 (d, ] = 4.7 Hz,
1H), 2.27 (td, J = 8.2, 4.9 Hz, 1H), 1.78-1.90
(m, 1H), 1.56-1.74 (m, 3H), 1.39-1.56 (m, 4H),
1.20-1.34 (m, 1H).

3-cyclopentyl-6-nitro-3H-benzo[c][l,2]
oxaborol-I-ol

To fuming HNO, (20 ml) at -45°C was added
a solution of 3-cyclopentyl-3H-benzo[c][1,2]
oxaborol-1-ol (1.4 g, 7.0 mmol) in nitrobenzene
(3 ml) slowly via a syringe while maintaining
the reaction temperature between -40 to -45°C.
Once the addition was complete the resulting
solution was allowed to stir at -45°C for an
additional 45 min before poured into crushed
ice (60 g). The ice mixture was allowed to
warm to room temperature and the precipitate
formed was filtered, washed with heptanes and
vacuum dried to give 3-cyclopentyl-6-nitro-
3H-benzolc][1,2]oxaborol-1-ol as a light yellow
solid.'H NMR (DMSO-d ) 5: 9.53 (s, 1H), 8.55
(d, ] = 2.2 Hz, 1H), 8.32 (dd, ] = 8.4, 2.3 Hz,
1H),7.70 (d, ] = 8.5 Hz, 1H), 5.29 (d, ] = 4.6 Hz,
1H), 2.31-2.42 (m, 1H), 1.80-1.92 (m, 1H),
1.57-1.71 (m, 2H), 1.38-1.57 (m, 3H),
1.17-1.30 (m, 1H), 0.93-1.06 (m, 1H).

6-amino-3-cyclopentyl-3H-benzo[c][l,2]
oxaborol-1-ol acetate salt

To a solution of 3-cyclopentyl-6-nitro-3H-
benzo[c][1,2]oxaborol-1-0l (970 mg, 3.9 mmol)
in THF (20 ml) was added HOAc (2.0 ml,
33 mmol). The vessel was vacuum/N, purged
three times and 5% Pd/C (200 mg) was added.
The mixture was again vacuum/N, purged three
times then vacuum purged again. Hydrogen was
then introduced from a balloon and the reac-
tion was allowed to stir for 2.5 h. The reaction
solution was filtered through a short pad of dia-
tomaceous earth and the filtrate was evaporated
to yield 6-amino-3-cyclopentyl-3H-benzo|[c]
[1,2]oxaborol-1-ol acetate salt as a dark brown
foamy solid.
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N-(I-hydroxy-3-isobutyl-1,3-dihydro-benzol[c]
[1,2]oxaborol-6-yl)-2-trifluoromethyl-
benzamide (30f)

Compound 30f was prepared using a proce-
dure similar to that of 29f, except starting with
6-amino-3-isobutyl-3H-benzo|[c][1,2] oxaborol-
1-ol acetate, prepared analogously to the cyclo-
pentyl analog described above, except using
isobutylmagnesium bromide in place of cyclo-
pentylmagnesium bromide in the second step.
Data for compound 29f: 'H NMR (DMSO-d )
8:10.53 (s, 1H), 9.13 (s, 1H), 8.06 (d,] = 1.9 Hz,
1H), 7.81 (d, ] = 7.5 Hz, 1H), 7.73-7.79 (m, 1H),
7.65-7.71 (m, 2H), 7.62 (dd, ] = 8.2, 2.0 Hz,
1H), 731 (d, ] = 8.2 Hz, 1H), 5.10 (dd, ] = 9.8,
3.0 Hz, 1H), 1.81-1.92 (m, 1H), 1.65 (ddd,
] =13.9,9.0, 3.1 Hz, 1H), 1.27 (ddd, ] = 14.1,
9.7, 4.6 Hz, 1H), 0.98 (d, ] = 6.6 Hz, 3H), 0.89
(d, J = 6.7 Hz, 3H). ESI-MS: [M+H]" m/z 378.

Results & discussion
m Discovery of benzoxaboroles as
antitrypanosomal agents
Focused screening of the Anacor chemical
library in a whole-cell trypanocidal assay iden-
tified a number of benzoxaboroles as potential
starting points for a medicinal chemistry lead-
identification and optimization program. Early
structure—activity relationships (SAR) gleaned
from compounds available in the existing chemi-
cal library suggested that benzoxaboroles con-
taining a substituent at C(6) of the heterocyclic
ring system (e.g., 9-11; Ficure 4) were particu-
larly interesting [25). While initial optimization
efforts focused on the 6-S series, exemplified by
the 4-chlorophenyl sulfoxide analog AN2920
(8a), delivered analogs with good i vitro try-
panocidal activity, in vivo activity in a mouse
model of non-CNS stage 1 HAT was modest.
Synthetic challenges encountered in the 6-S
series prompted us to focus our attention on
the 6-N series exemplified by AN2951 (11a). In
addition to the unsubstituted benzamide, sev-
eral substituted benzamides were available from
the library, which demonstrated that variation
of electronic properties of substituent(s) had

=
R— || H OH
X N B,
Tr
o}
11

11a:R=H

OH
/

Figure 4. Substituted benzoxaboroles identified in a trypanocidal

screening effort.
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little effect on in vitro potency, as summarized
in TaeLe I. In contrast, the iz vitro metabolic
stability of these benzamides were more heav-
ily impacted by the choice of substituent, with
several analogs (l1le, 11f (AN3520)) exhibiting
good metabolic stability in a mouse S9 liver
fraction assay. Encouragingly, aqueous solubility
and lipophilicity (logD) were within generally
acceptable ranges predictive of oral availabil-
ity [26.27). Permeability across the blood-brain
barrier was predicted to be good, with little
predicted interaction with the P-glycoprotein
(Pgp)-efflux transporter, based on the MDCK-
MDRI1 cell monolayer assay [28,.29]. Further
development of SAR of the benzamide region
afforded compound 111 (SCYX-6759), which
was selected for further characterization in an
array of iz vitro and in vivo experiments [24].

To explore the importance of the presence
of the boron atom for antiparasitic activity, we
prepared the lactone analogs of (12a) and (12f)
(Ficure 5). These analogs were completely inac-
tive in the whole-cell 7. brucei assay at the high-
est concentration tested (30 pM). Furthermore,
the acyclic arylboronic acids 13 and 14, analogs
of trypanocidal oxaboroles (I1a & 15a, respec-
tively) were similarly inactive in the in vitro
1. brucei assay.

m Variation of 6-N linker: sulfonamides,
ureas & urethanes

One of the regions explored in the benzoxa-
borole series was the linker between the het-
erocyclic core and pendant aryl group. When
the carboxamide was replaced by sulfonamide
(15), in vitro potency versus 1. brucei was main-
tained, but cytotoxicity to mammalian cells
was observed (TasLe 2). Ureas (16) were next
explored, where we found that potency in the
whole-cell 7. brucei assay was comparable to
that observed for the corresponding carbox-
amides, and cytotoxicty was generally low. We
also briefly explored aryl carbamate analogs
(172 & 17b), but quickly discovered that these
compounds were significantly less active, and
also suffered from chemical instability.

As observed in the carboxamides, metabolic
stability of the sulfonamides and ureas was
determined to a large degree by the presence
and nature of substituents on the pendant aryl
ring, with 4-substituted analogs (15b & 15c)
generally exhibiting improved stability. When
evaluated in the iz vitro MDCK-MDRI per-
meability assay, some evidence for interaction
with the Pgp efflux transporter was observed
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for the aryl sulfonamides, particularly in the
4-methoxyphenyl analog (15b). In contrast, the

A N
O

12a:R=H

electron-deficient 4-chlorophenyl analog (15n)
exhibited high permeability and low propen-

H H
N B(OH), N B(OH),
Ol i UL
13

14

sity for Pgp efflux. Predicted permeability of
the ureas was also low, as early examples (e.g.,
16a & 16c) exhibited low apparent permeability
values in the MDR1-MDCK assay, and some
examples (16 & 160) exhibited modest propen-
sity for Pgp efflux. Aqueous solubility was gener-
ally poor for the urea analogs examined. Taken
together, the lack of significant improvement
in the in vitro potency coupled with the del-
eterious effects on cytotoxicity, physicochemi-
cal and in vitro ADME properties observed for
these alternative linker moieties prompted us to
focus the majority of our subsequent effort in
the benzamide series.

m Substituents on the benzoxaborole ring in
6-carboxamides
Given the relative insensitivity of trypanocidal
activity to modification of the benzamide region
and the limitations on iz vitro ADME properties
observed in alternative linker functionalities, we
sought to improve activity through introduction
of substituents on the benzoxaborole core.
Access to compounds substituted at C(5) or
C(7) was limited due to the relatively capricious
nature of the nitration/hydrogenation sequence
that installed the C(6) substituent when sub-
stituents were present at C(5) or C(7). For
example, when an electron-donating substitu-
ent such as methoxy was introduced at C(5),
the nitration proceeded well, but hydrogenation
to the corresponding aniline was accompanied
by extensive decomposition of the product
prior to acylation. In contrast, nitration of the
5-fluoro benzoxaborole resulted in a complex
mixture of products from which the desired
6-nitro compound could be isolated only in
very low yield. Nitration of the 7-fluoro oxa-
borole predominantly delivered the 4-nitro iso-
mer, with the 6-nitro present as less than 20%
of the crude reaction mixture. Greater success
was found in the C(7)-methyl series, where
both nitration and hydrogenation proceeded
with reasonable efficiency, as summarized in
TasLe 3. Interestingly, the SAR of the C(7)-
methyl analogs did not parallel that observed
in the unsubstituted oxaboroles. Specifically,
where we had observed that incorporation of
an electron withdrawing substituent (Cl or
CF,) at the ortho position of the benzamide

3
was beneficial in the unsubstituted oxaboroles,
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12b: R = 2-CF,

Figure 5. Nonbenzoxaborole analogs evaluated for trypanocidal activity.

the corresponding C(7) analogs (e.g., 18h, 181
& 18m) were less potent than either the unsub-
stituted (18a) or 4-substituted (18b & 18n)
derivatives.

m Substitution of the benzoxaborole
heterocyclic ring

The final area of the benzoxaborole ring sys-
tem that was explored to improve efficacy
was the five-membered oxaborole heterocycle.
Specifically, two strategies were explored: intro-
duction of substituents on the boron atom and
introduction of substituents at C(3).

B-substituted oxaborole-6-carboxamides

It was found that reaction of a benzoxaborole
6-carboxamide with a Grignard reagent pro-
ceeded with good efficiency to provide the
corresponding B-alkyl or B-aryl analog. The
B-methyl (19f) and B-vinyl (20f) analogs of
11f were found to be cytotoxic, whereas the
B-phenyl (21f) analog was not; therefore, effort
focused on the B-aryl series (TasLE 4).

Several trends were noted in the SAR of ini-
tial compounds in the B-aryl series. Potency in
the 77 vitro assay appeared to be directly related
to the electronic density on the B-aryl ring, with
electron-rich systems such as the 4-methoxy-
phenyl (24f), 4-dimethylaminophenyl (25f) and
3,4-dimethoxyphenyl (26f) analogs exhibiting
the greatest potency. Conversely, metabolic
stability was greatest in compounds bearing
electron-deficient B-aryl rings such as 4-chlo-
rophenyl (23f). These SAR trends prompted
us to consider the possibility that the B-aryl
compounds were efficacious not only due to
their intrinsic trypanocidal activity, but might
also be converted to the corresponding par-
ent oxaborole via an oxidative cleavage of the
B-aryl bond. While we could not find conclu-
sive evidence of this metabolism occurring in
the in vitro assay, we were able to demonstrate
that oxidative de-arylation was significant when
a B-aryl compound (241) was dosed to mice,
as both the parent and de-arylated analog (111)
were observed in mouse plasma.
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C(3)-substituted benzoxaboroles

Introduction of a methyl group at C(3) of the
benzoxaborole ring had little effect on the
trypanocidal potency, but a significant increase
in cytotoxicity was observed for the majority
these analogs (27h, 271 & 27m; TasLe 5). As initial
samples of C(3)-methyl analogs were prepared as
racemates, we confirmed that both the trypano-
cidal activity and cytotoxicity were present in
the same stereochemical series by preparation
of pure enantiomers of 271. Disappointingly, the
R enantiomer was very potent in both assays,
but the § enantiomer exhibited some trypano-
cidal activity while essentially inactive in the
cytotoxicity assay. This observation was used to
advantage in progression to the C(3)-dimethyl
analogs (28f, 28h, 281 (SCYX-7158) & 28m),
which retained trypanocidal activity but were
not cytotoxic. Larger mono-substituted C(3)
analogs, such as cyclopentyl (29f) and isobutyl
(30f) were less active. n vitro potency against
additional 77 brucei strains.

While our primary in vitro assay for assess-
ment of potency employed the widely used and
well-characterized 7.b. brucei S427 strain, we
felt that it was important to ensure that the
SAR that we developed using this assay trans-
lated to human-infective 7.b. rhodesiense and
T.b. gambiense strains, including several melar-
soprol-resistant strains [30,31]. We were pleased
to find that this translation was observed for all
of the chemotypes evaluated, as summarized
in TABLE 4.

® In vivo pharmacokinetics & efficacy

In vivo efficacy in stage | HAT model
Concurrent with the exploration of in vitro
potency, physicochemical and ADME proper-
ties, as described earlier, selected compounds
from each of the subclasses explored were pro-
gressed to a mouse model of stage 1 HAT [32).
To help understand whether metabolism was
an important factor for iz vivo efficacy, three
early benzamide derivatives (11d, 11d & 11f) were
simultaneously progressed to in vive efficacy
and pharmacokinetics (PKs) models.

In these initial 77 vivo experiments, the 2-tri-
fluoromethyl benzamide 11f emerged as a lead
compound, as it exhibited good plasma PK and
was efficacious in a murine model of stage 1
(non-CNS) HAT. Further exploration of sub-
stitution on the benzamide region revealed that
installation of a fluoro substituent at C(4) in
combination with the C(2) trifluoromethyl
group (1) afforded further improvements in

future science group



Benzoxaboroles: a new class of potential drugs for human African trypanosomiasis

Compound Trypanosoma

brucei IC_,(pg/ml)

Trypanosoma brucei
rhodesiense IC_, (pg/ml)

S427 strain STIB 900 strain® 108R 40R DAL 1402 DRANI
strain* strain$ strain’ strain*

lla 0.04 0.041 0.046 0.047 0.033 0.062
I1b 0.03 0.0595 0.06 0.054 0.033 0.059
llc 0.02 0.053 0.03 0.035 0.024 0.045
d 0.07 0.114
1f 0.04 0.037 0.026 0.033 0.0M 0.024
I1h 0.03 0.033 0.018 0.022 0.006 0.016
1 0.05 0.038 0.033 0.023 0.009 0.018
IIm 0.04 0.035 0.017 0.032 0.0M 0.019
15b 0.02 0.108
15¢ 0.03 <0.02
I5n 0.03 0.023
l6a 0.047 0.163
16b 0.045 0.1195
l6c 0.059 0.299
271 0.091 0.116 0.07 0.085 0.031 0.065
281 0.292 0.294 0.165 0.363 0.065 0.129
28h 0.282 0.155 0.134 0.109 0.049 0.109

"Isolated from a patient in Tanzania in 1982.

*Isolated from a patient in Democratic Republic of Congo (DRC) in 2005, relapsed 8 months after melarsoprol treatment.
Slsolated from a patient in DRC in 2005, relapsed 6 months after melarsoprol treatment.

fisolated from a patient in Cote d’lvoire in 1990.
#lsolated from a patient in Uganda in 1995.

Trypanosoma brucei gambiense IC_ (ug/ml)

ITMAP
141267
strain'
0.048
0.041
0.028

0.015
0.013
0.016
0.016

0.048
0.092
0.069

"Isolated from a patient in DRC in 1960. All strains were adapted to cell culture at Swiss Tropical and Public Health Institute. For a general description of strains,

see [30,31].

in vivo PK and efficacy properties [24]. In addi-
tion, the 2-chloro (11h) and 2-chloro-4-fluoro
(11m) analogs exhibited comparable in vivo
efficacy in the stage 1 HAT model.

We were disappointed to find that many of
the modifications made to these initial 6-car-
boxamide leads did not improve iz vivo efficacy
in the stage 1 HAT model. As described earlier,
modification of the linker (e.g., sulfonamides
and ureas) was accompanied by lower in vivo
efficacy for representative compounds evaluated
in this model, (15¢, 15g, 16a & 160), attributable
to a combination of metabolic instability or
reduced permeability (TaeLe 2). The B-aryl series
(TasLE 6) initially appeared to hold promise for
improved permeability, but evaluation of repre-
sentative compounds (26f & 241) from this series
in the acute 77 vivo model revealed poor potency,
and 7z vivo PK studies revealed that metabo-
lism to the parent benzoxaborole by oxidative
cleavage of the B-aryl bond was significant.

Much greater success in improving overall
profile was achieved through exploration of
the 3-substituted benzoxaboroles. While the

fsg
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3-monosubstituted series was compromised to
some degree by cytotoxicity, analogs from this
series (27d & 27h) were quite active in the stage
1 in vivo model. Further improvement in the
in vivo potency was observed in the 3,3-dimethyl
analogs (28f, 28h, 281 & 28m), even though
these compounds were slightly less potent in
the in vitro trypanocidal assay. This apparent
disconnect between in vitro potency and in vivo
efficacy is most likely explained by the superior
PKs of the 3,3-dimethyl analogs (see later discus-
sion). The most interesting compound from this
series (28m) was able to completely cure animals
at a dose of 5 mg/kg in the stage 1 model.

In vivo efficacy in stage 2 HAT model

As the primary focus of our program was to
identify drug candidates for stage 2 HAT, 1If,
I1h and 111 were evaluated in a murine model of
stage 2 HAT [33.34], where they were found to be
effective when administered intraperitoneally at
a dose of 50 mg/kg twice daily for 14 days, with
111 able to cure 10/10 infected animals (TasLe 7,
entries 1-3) [24].
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Table 6. Structure-activity relationship of B-substituted benzoxaboroles.

Compound RB R2" R4 TBBIC,, L929IC,, Mouse S9 Permeability” In vivo,
(ug/ml)*  (pg/ml)* metabolism P +918 AQ+ acute HAT

(t,,, min)*  (F%/6)  (am/s) model'™*

19f CH, CF, H 0.27 4.34 123 803 671 -0.20

20f vinyl CF, H 0.139 3.69 170 635 483 -0.32

21f Ph- CF, H 0.22 >10 61 866 469 -0.51

22f 4-MePh- CF, H 0.22 >10 35 440 450 0.02

23f 4-CIPh- CF, H 0.81 >10 147 445 400 -0.1

24f 4-MeOPh- CF, H 0.125 >10 73 745 526 -0.42

25f 4-Me,NPh CF, H 0.069 5.31 22

26f 3,4-(MeO),Ph  CF, H 0.084 >10 47 1010 888 -0.14  po(-)

241 4-MeOPh CF, F 0.089 >10 266 po (-)

(+++) = active at 5 mg/kg, (++) = active at 10 mg/kg, (+) = active at 20 mg/kg; (-) = inactive at 20 mg/kg.

"Trypanocidal activity versus Trypanosoma brucei brucei S427.

*Cytotoxicity versus L929 mouse fibroblasts.

Stability in mouse S9 liver fraction.

TPermeability in an MDCK-MDRII cell monolayer assay.

#29].

""Activity in a stage T HAT model using mice infected with T. brucei EATRO 110 parasites [32].

AQ: Absorption quotient; HAT: Human African trypanosomiasis; P, . Apparent permeability; po: per os (oral) dosing; TBB: T. b. brucei.

Table 7. Efficacy of benzoxaborole 6-carboxamides in murine CNS human African

trypanosomiasis model.

Entry Compound Dose Dose Dose route Relapses® Cured?
(mg/kg) frequency

1 1f 50 BID ips 1D49, 1D56 7/91

2 I1h 50 BID ip® 1D105 8/91

3 1 50 BID ips 10/10

4 1 50 BID po 1D56 5/67

5 1 25 BID po 5D34, 1D41, 2/10
2D48

6 1 12.5 BID po 7D34, 2D41, 0/10
1D48

7 28f 50 QD po 2-D49 7/9%

8 28h 50 Qb po 7D35, 1D42 0/81

9 281 50 QD po 9/97

10 28I 25 QD po 10/10

1 281 12.5 QD po 1D34, 1D48 8/10

12 281 6 QD po 6D34, 1D41, 0/10
3D48

13 28m 50 QD po 9/97

14 28m 25 QD po 1D35, 3D42,  4/97
1D49

"Relapses defined as appearance of parasites in blood obtained from a tail snip on day indicated.

Defined as animals that remained parasite-free for 180 days post-infection.

SDosed for 14 days, all other groups dosed for 7 days starting on day 21 post-infection.

TEach experimental group started with ten mice. Mice found moribund prior to completion of the dosing period (7 or 14

days) were excluded from the study.

BID: Twice-daily dosing; ip: Interperitional dosing, po: per os (oral) dosing; QD: Once-daily dosing.

fsg
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Figure 6. Time versus plasm concentration curves for llc, 11d, I1fand 111
following single nominal bolus intravenous dose of 2 mg/kg to mice (data
normalized). Male CD-1 mice were administered a single dose of test compound
by intravenous injection. Blood samples were collected and analyzed by LC-MS/
MS as described in [24]. Data points represent a single mouse at each time point.

Key Term

Trypanosomes: Monocellular,
flagellate protozoan parasites of
the class Kinetoplastida that
includes Trypanosoma brucei, the
causative agent of human
African trypanosomiasis.
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Concurrent evaluation of the brain exposure
of 111 in mice suggested that, while concentra-
tions of drug were in excess of the minimum
inhibitory concentration (MIC) for parasite
growth (defined as the lowest concentration of
compound that completely inhibits visible para-
site growth determined by visual inspection of
wells in the 77 vitro assay after 48—72 h of incu-
bation, see [24]) at early (0—6 h) timepoints at
therapeutic doses, drug levels dropped below the
MIC by 12 h, which supported our decision to
administer this compound in a twice-daily dos-
ing (BID) regimen. We further characterized 111
in the stage 2 HAT model following oral admin-
istration at several doses (TasLe 7, entries 4—0).
While efficacious when dosed at 50 mg/kg, BID
for 7 days, lower doses (25, 12.5 or 6 mg/kg, BID
x 7 days) were not effective. These observations
prompted us to explore further variation of the
6-N series to attempt to improve potency and
overcome the need for BID administration of
drug compound.

Based on the improved efficacy in the stage
1 HAT model, several 3,3-disubstituted benzox-
aboroles were also evaluated in the CNS model
(TasLe 7, entries 7-14). In particular, 281 was
found to be very active in this model, where it
was able to cure mice of CNS trypanosomes fol-
lowing once daily oral administration of 25 mg/
kg for 7 days. The closely related analog 28m
was also efficacious in this model, albeit only at
a once-daily oral dose of 50 mg/kg for 7 days.
In contrast, 28f and 28h were not active at this

Fufure Med. Chem. (2011) 3(10)

dose level, consistent with observations made for
these compounds regarding duration of brain
exposure in PK studies. Briefly, PK data suggest
that efficacy in the CNS model is dependent
upon maintenance of drug concentrations in the
brain at or above the MIC for parasiticidal activ-
ity for at least 15 h to observe efficacy following
once-daily administration of compound. In the
case of compounds where brain concentrations
fall more rapidly (e.g., 111) cure of CNS infec-
tions can be achieved, but only after twice-daily
administration of test compound. Interestingly,
the data available to date suggest that total
brain concentration correlated with efficacy to
a greater extent than unbound (free) drug frac-
tion — suggestive that binding to brain tissues
is not restrictive, and that unbound compound
rapidly traverses into parasites.

In vivo PKs

Key to our medicinal chemistry strategy was
to integrate in vivo PK characterization of lead
compounds concurrent with in vive efficacy
studies. This approach has not been widely
used in previous programs for trypanocidal
drugs due to limited resources available to
those programs. Consequently, little informa-
tion was available at the outset of our program
, AUC and

as to which parameters (e.g., C
max
) were important predictors of iz vivo effi-

t
claizcy. Given the early lead-optimization stage of
the program and a desire to minimize numbers
of animals used, our strategy was to utilize a
fit-for-purpose discovery iz vivo PK screening
paradigm that used one mouse per timepoint.
While this approach is not designed to provide
definitive PK parameters for a compound, nor
enable fine discrimination between the PK
of closely related compounds, we have found
it useful to distinguish classes of compounds
with attractive properties from those that do not
meet requirements for progression to more labor
intensive models. One practical consequence of
this approach is the potential for observation of
multiple C__values (such as was observed for
281), most likely due to variability in dosing of
individual animals.

Early representatives of the oxaborole
6-carboxamides (lle, 11d & 11f) exhibited
modest in vivo PK following intravenous
dosing (Ficure 6), with both C_ and ¢ ,
broadly reflective of in vitro metabolic sta-
bility. Improvement of metabolic stability,
as in 111, was accompanied by concomitant
improvements in plasma PK.

future science group
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Modest to good plasma PK was also
observed following oral dosing for representa-
tives of the 3-monosubstituted benzoxaboroles
(271 & 27m) and 3,3-disubstituted benzoxa-
boroles (281 & 28m) as shown in Ficure 7. Direct
comparisons between these subseries (e.g., 111
vs 271 vs 281, and 11m vs 27m vs 28m) suggested
that the 3,3-dimethyl analogs were generally
better than the 3,3-unsubstituted and 3-mono-
substituted analogs, which, when combined
with the somewhat lower i vitro potency of the
3,3-disubstituted analogs, resulted in relatively
similar potencies of these compounds in the
murine stage 1 HAT model.

In comparison, we found that it was much
more difficult to achieve high brain concentra-
tions for extended periods, despite the in vitro
MDCK-MDRI data, which predicted most of
the benzoxaborole 6-carboxamides to be highly
permeable and of limited affinity for the Pgp
transporter. In particular, the 3,3-unsubstituted
(111 & 11m) and 3-monosubstituted (271 & 27m)
analogs were present at therapeutically relevant
levels (e.g., concentrations >MIC) in brain for
only short periods (e.g., t <6 h), whereas the
3,3-dimethyl analogs (281 & 28m) were much
more long-lived in the brain (e.g., t above MIC
>12 h) as depicted in Ficure 8. These trends in
brain PK were consistent with observations in
the CNS efficacy model, where the 3,3-dimethyl
compounds were active following once-daily
dosing, and some of the 3,3-unsubstituted
analogs were active only when dosed twice daily.

Conclusions

Benzoxaboroles have been identified that exhibit
potent trypanocidal activity against the caus-
ative agent of HAT, 7. brucei. Following identi-
fication of lead compounds in an 77 vitro whole-
cell assay, expansion of the series allowed us to
focus on a series of 6-carboxamides, which have
been found to have physicochemical and ADME
properties predictive of activity in animal mod-
els of HAT. This activity has been confirmed in
both stage 1 and stage 2 HAT murine models,
and data for the relationship between PK behav-
ior and 77 vivo efficacy has been presented. SAR
of the series has highlighted 3,3-disubstituted
benzoxaborole 6-carboxamides, exemplified by
281 and 28m, as promising agents for the treat-
ment of stage 2 HAT, as these compounds have
been found to cure mice infected with trypano-
somes resident in brain tissue. Significant work
remains, particularly in development of a greater
understanding of the PK-pharmacodynamic
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Figure 7. Time versus plasma concentration curves for compounds
following oral administration to mice. (A) Data for 2-trifluoromethyl-4-
fluorobenzamide analogs 111, 271 and 281. (B) Data for 2-chloro-4-

fluorobenzamide analogs 11m, 27m and 28m. Male CD-1 mice were administered
a single dose of test compound by oral gavage. Blood samples were collected and
analyzed by LC-MS/MS as described in [24]. Data points represent a single mouse

at each time point.

relationship for this class of compounds in this
disease, and in characterization of the toxico-
logical and pharmaceutical properties of lead
compounds such as 28I prior to progression to
clinical trials 3s].

Future perspective

Only recently have compounds containing a
boron atom been explored in a concerted and
systematic manner. Many of the concerns ini-
tially raised about organoboron pharmaceuti-
cals, such as chemical reactivity and resultant
toxicity, have been diminished through the
delivery of the cyclized oxaborole scaffolds.
With several compounds from this class cur-
rently in, or about to enter, clinical trials, many

www.future-science.com
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Figure 8. Time versus brain concentration curves for compounds

following oral administration

to mice. (A) Data for 2-trifluoromethyl-4-

fluorobenzamide analogs 111, 271 and 28l. (B) Data for 2-chloro-4-
fluorobenzamide analogs 11m, 27m and 28m. Male CD-1 mice were administered
a single dose of test compound by oral gavage. Blood samples were collected and
analyzed by LC-MS/MS as described in [24]. Data points represent a single mouse

at each time point.
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of the questions around potential for long-term
effects or toxicity will be answered in the next
few years. If successful, the addition of boron-
containing compounds to the arsenal of poten-
tial drug candidates will expand opportunities
in anti-infective and other disease areas.

In the area of neglected tropical diseases, his-
torical efforts have been characterized to a large
degree by empirical screening of known cyto-
toxic or antimicrobial compounds in whole-cell
parasiticidal assays, followed by 77 vivo evalua-
tion at arbitrarily chosen doses with little effort
expended on understanding the role of PKs on
in vivo activity. The research project described
here is, to our knowledge, the first fully inte-
grated drug-discovery project focused on HAT.

Fufure Med. Chem. (2011) 3(10)

In the relatively short time we have spent in
this field, we have made significant progress in
development of our understanding of the PK-
PD relationship for the oxaboroles and treatment
of HAT. Application of this paradigm to other
compound classes, and to other neglected tropi-
cal diseases, may provide a cost-efficient avenue
to the discovery of new treatments for these
devastating diseases.
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Benzoxaboroles: a new class of potential drugs for human African trypanosomiasis

Human African trypanosomiasis (HAT) is a significant health problem in sub-Saharan Africa, with tens of thousands of victims each year.
Treatment options for stage 2 HAT, where parasites have crossed the blood-brain barrier, are particularly problematic due to toxicity and

difficulty of administration.

Benzoxaborole-6-carboxamides (e.g., 11) have been discovered with potent in vitro trypanocidal activity against Trypanosoma brucel,
with little evidence of cytotoxicity to mammalian cells.

Integration of in vitro ADME evaluation of early leads facilitated selection of compounds for progression into an in vivo model where

efficacy was demonstrated.

Replacement of the carboxamide function with sulfonamide, urea or carbamate retained in vitro trypanocidal activity, but negatively

impacted in vitro ADME properties.

Optimization of the benzoxaborole-6-carboxamides through systematic exploration of substitution of the benzamide moiety and

benzoxaborole core afforded compounds (e.g., 28) with significantly improved ADME properties.

Concurrent evaluation of lead compounds in both in vivo efficacy and PK models provided a rationale for selection of compounds to

progress to a murine model of stage 2 HAT.

Optimized lead compounds (281 & 28m) were found to be efficacious in the murine stage 2 HAT model after oral administration of
25 mg/kg/day and 50 mg/kg/day for 7 days, respectively.

A preliminary relationship between concentration of compound in brain tissue and efficacy has been observed, with work to further
refine understanding this relationship in progress.

Compound 281 (SCYX-7158) has been selected for further evaluation as a preclinical candidate for treatment of stage 2 HAT.
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