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ABSTRACT We report the discovery of benzoxaborole antitrypanosomal agents
and their structure—activity relationships on central linkage groups and different

substitution patterns in the sulfur-linked series. The compounds showed in vitro ;
growth inhibition ICsq values as low as 0.02 ug/mL and in vivo efficacy in acute i

murine infection models against Tryapnosoma brucei.
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a fatal disease, is caused by the protozoan parasite

Trypanosoma brucei and is transmitted by the bite of
the tsetse fly." Although it affects a large population in Africa,
drug discovery has been largely neglected during the past
half century.” The currently available treatments for early
stage infection, pentamidine and suramin, and melarsoprol
and eflornithine for late stage infection, have the problems
of high toxicity, high cost, or low efficacy.” There is an urgent
need to develop new therapies with low toxicity, improved
efficacy, and affordable cost.**

We report here the discovery and structure—activity
relationship (SAR) of novel benzoxaborole antitrypanosomal
agents. During an initial screening of a focused library of
antiinfective benzoxaboroles, compound 12 was found to
inhibit in vitro T. brucei growth (IC5o = 0.12 ug/mL). There
was no previous report on benzoxaboroles as effective
antiprotozoals, although they had been studied as antifun-
gal® and antiinflammatory’ agents. In this study, we ex-
plored the effect of a variety of linkage groups at C(6) and
different substitution patterns in the 6-sulfur linked series on
T. brucei growth inhibition.

The synthesis of benzoxaboroles with thioether, sulfoxide,
and sulfone linkage groups at C(6) is outlined in Scheme 1.
Nucleophilic substitution of 2-bromo-4-fluorobenzaldehyde
by phenylthiol gave thioether 1, where an ice bath was
necessary in some cases to minimize side reactions due to
the substitution of bromide. After the aldehyde was con-
verted to MOM-protected hydroxyl, the oxaborole ring was
installed by halogen—metal exchange with n-butyllithium
followed by in situ trapping with triisopropylborate and
deprotection with HCI to give benzoxaboroles 4—8. An
alternative route utilized a palladium-mediated boronylation
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of 1 to provide aldehyde 19, followed by reduction with
NaBH, and acid-catalyzed cyclization to the benzoxaboroles
20—24. Thioethers were oxidized to their sulfoxide analo-
gues either by heating with NalO, at 60 °C for an hour or by
treatment with an equivalent of m-CPBA at —20 °C. Sulfones
were obtained by treatment of thioethers with NalO4 at 60 °C
for 12 h or by treatment with 2 equiv of m-CPBA at —60 °C.
Analogously, ether 28 was obtained from 2-bromo-4-fluoro-
benzaldehyde and phenol as depicted in Scheme 2.

Benzoxaboroles with carbonyl and carbinol linkage
groups were synthesized as shown in Scheme 3. Diphenyl
ketone 29 was prepared by Friedel—Cralfts reaction and was
subsequently brominated with NBS in the presence of Bz,0,
and converted to hydroxymethyl group by treatment with
sodium acetate followed by basic hydrolysis to give com-
pound 30. After oxidation with PCC, both carbonyl groups
were protected as acetals (32). Introduction of the boronic
acid functionality via lithiation and trapping with triisopropyl
borate afforded boronic acid 33 after hydrolysis of the acetal
groups. Reduction of compound 33 led to the formation of
carbinol 34. Oxidation of compound 34 with PCC resulted in
ketone 35.

Benzoxaboroles with linkage groups derived from 6-OH
and 6-NH, were also synthesized (Scheme 4). First, com-
pound 37 was prepared from acetal 36 by treatment with
benzyl alcohol and NaH. Benzoxaborole 39 was obtained
after boronylation and reduction as described above. Hydro-
genation of compound 39 in the presence of Pd/C resulted in
the 6-OH benzoxaborole 40, which was coupled with phenyl
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Scheme 1. Synthesis of Benzoxaboroles with Thioether, Sulfoxide,
and Sulfone Linkage Groups”
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Scheme 4. Synthesis of Benzoxaboroles with 6-OH and 6-NH,
Derived and Reversed Amide Linkage Groups”
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“Reagents and conditions: (a) K,COs, DME 0 or 100 °C. (b) NaBH,,
CH5OH. (c) MOMCI, DIPEA. (d) n-BuLi, B(i-PrO)s;, —78 °C to room
temperature. (e) HCl. (f) NalO4, MeOH—H,O, 60 °C, 1 h or 1 equiv
of m-CPBA, DCM—THE —20 °C. (g) NalO,4, 60 °C, 12 h or 2 equiv
of m-CPBA, —60 °C to room temperature. (h) Bis(pinacol-diboron),
PdCl,(dppf),, KOAc, dioxane. (i) NaBHy4, EtOH.

Scheme 2. Synthesis of Benzoxaboroles with Ether Linkage
Group”
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(c) MOMCI, DIPEA, DCM. (d) (i-PrO)sB, n-BuLi, THE —78 °C to room
temperature. (e) HCL.

Scheme 3. Synthesis of Benzoxaboroles with Carbonyl and
Carbinol Linkage Groups”
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“Reagents and conditions: (a) SOCl,. (b) Benzene, AlCl5, 50 °C. (c) NBS,
Bz,0,, CCly, reflux. (d) NaOAc, DME 60 °C. (e¢) NaOH, MeOH—H,0,
reflux. (f) PCC, DCM. (g) Eethylene glycol, p-TsOH, toluene, reflux, 96 h.
(h) B(i-PrO)s, n-BuLi, —78 °C to room temperature. (i) HCI. (j) NaBH,,
THF—H,0. (k) PCC, DCM.
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“Reagents and conditions: (a) Ethylene glycol, TsOH, toluene, reflux.
(b) BnOH, NaH, DME 0—65 °C. (c) n-BuLi, B(iPrO)5, —78 °C to room
temperature. (d) HCl. (e) NaBH,, THE 0 °C. (f) Pd/C, H,, MeOH.
(8) PhNCO, Et5N, DME 0 °C to room temperature. (h) PhnCOCI, NaHCO5,
CH5CN. (i) BnBr, NaHCO3, DME 100 °C. (j) PhSO,Cl, K,COs5, CH5CN.
(k) K»COs, DME (1) Bis(pinacol-diboron), PdCl,(dppf),, KOAc, dioxane.
(m) NaBH,4, MeOH. (n) Aqueous HCI. (o) Pd/C, HCO,NH,. (p) PhCOCI,
EtsN, CH,Cl,. (q) AgNO5, NaOH, H,O, 0 °C. (r) Analine, EDCI, DCM,
room temperature, 60 h.

isocyanate to give carbamate 41. Coupling of amine 42° with
benzoic acid, benzyl bromide, or phenylsulfonyl chloride led
to the formation of benzoxaboroles with amide (43), amino-
methylene (44), and sulfonamide (45) linkage groups, res-
pectively. The N-methylbenzyl amine 48 was prepared in
three steps from 2-bromo-4-fluorobenzaldehyde. Hydroge-
nolysis of compound 48 afforded the N-methyl benzoxabor-
ole 49, which was treated with benzoyl chloride to provide
the N-methylbenzamide 50. The reversed amide 53 was
synthesized by coupling of aniline with carboxylic acid 52
that was prepared from 6-formyl benzoxaborole 51.°

As shown in Scheme 5, benzoxaboroles with NH and
methylene linkage groups were also synthesized. Dipheny-
lamine 54 was obtained by the coupling of iodobenzene and
3-bromo-4-methylanaline in the presence of Cul and L-pro-
line.'® After Boc protection, compound 55 was converted to
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Scheme 5. Synthesis of Benzoxaboroles with NH and CH, Link-
age Groups”
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“Reagents and conditions: (a) Cul, -proline, t-BuONa, DMSO, 50 °C.
(b) LIHMDS, Boc,O, THE —80 °C to room temperature. (c) NBS, Bz,0,,
CCly, reflux. (d) NaOAc, DME 70 °C. (e) NaOH, MeOH—H,O, reflux.
(f) DHP, pyridine, p-TsOH, CH,Cl,. (g) n-BuLi, B(iPrO)5, —78 °C to room
temperature. (h) p-TsOH, pyridine, EtOH, 50 °C. (i) TFA, CH,Cl,, 0 °C to
room temperature. (j) Pd(dppf)Cl,, CsE K,COs5, dioxane, 80 °C. (k)
CeCls, Nal, CH5CN, reflux. (I) Tf,O, EtsN, CH,Cl,, —78 °C. (m) Bis-
(pinacol-diboron), Pd(dppf)Cl,, KOAc, dioxane, 80 °C. (n) NaBH,,
MeOH—THE 0 °C. (0) HCI.

alcohol 56 as described above. Subsequent THP protection
and boronylation gave boronic acid 58. Attempts to remove
the Boc and THP protecting groups simultaneously with HCI
resulted in a complex mixture. Thus, THP was first removed
with pyridinium p-toluenesulfonate to give compound 59,
which was treated with trifluoroacetic acid at 0 °C to give
amine 60. Compound 65 with a methylene linkage group
was synthesized from benzyl boronic acid and 2-methoxy-
4-bromobenzaldehyde. Suzuki coupling gave biarylmethane
61, which was converted to triflate 63 by demethylation
using CeCls/Nal followed by treatment with Tf,O. Borony-
lation followed by reduction and acidic treatment gave
benzoxaborole 65.

To probe the effect of different C(6) linker groups on
antitrypanosomal activity, the above benzoxaboroles were
tested for their ability to inhibit growth of T brucei. They
showed good inhibitory effect with IC5o values ranging
from 1.62 to 0.02 ug/mL. They also showed a satisfactory
(> 10 ug/mL) cytotoxicity profile against mouse lung fibro-
blast cells (L929) in a 72 h in vitro assay. First, the oxaborole
functionality was essential for the observed antitrypanoso-
mal activity as demonstrated by the loss of activity (IC5o >
10 ug/mL) upon removal of the oxaborole ring from com-
pounds 4 and 35. Second, the length and hydrogen-bonding
properties of the linkage group “L” at C(6) had a significant
effect on the antitrypanosomal activity (Table 1). The
mechanism of action of these benzoxaboroles is unclear,
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Table 1. EffectofLinkage Group “L” on T. brucei Growth Inhibition
and Cytotoxicity®

L8 BPH
O C-
4 3
L ICs 1929 L ICs 1929
|
4 S 051 3.1 | 48 ~UNo 0.83 >10
? H
9 s 017  >10 |43 SN 0.04 >10
o
|
14 X 033 >10 [50 M 032 >10
OO
28 o L1 >10 |53 w044 >10
o o
35 I 0.15 >10 | 41 \m*o/ 0.35 >10
OH H
34 0.16  >10 |45 '™ 0.02 3.48
39 ~Oou 162 >10 |60 _n. 0.70  >10
H
44 ~NC 121 >10 | 65 o~ 059 >10

4ICs0: growth inhibition of T. b. brucei 427 strain (ug/mL). L929: ICso
against L929 cells (ug/mL). References: suramin and pentamidine.

so the possibility of interaction with multiple biomolecular
targets remains, and their membrane permeability and
serum-binding properties may also have contributed to
cellular activity.

Compounds with thioether (4), ether (28), methylene
(65), and amino (60) linkage groups showed IC5q values in
the range of 0.51—1.11 ug/mL. The methylene linker is the
most flexible with a wide range of allowed conformations,
while amino is the most rigid and prefers a near planar
conformation. "

The benzoxaboroles bridged with sulfoxide (9), sulfone
(14), carbonyl (35), and carbinol (34) represent the category
of linkage groups with a hydrogen bond acceptor that is two
covalent bonds away from C(6) and showed improved
potency (0.15—0.33 ug/mL). It is known that benzophe-
nones such as 35 are a rather rigid chemical motif with sp?
geometry and closely clustered conformations,'"'* while
sulfoxide 9, sulfone 14, and carbinol 34 have sp’ geometry
and more conformational flexibility. Carbinol 34 showed
comparable activity, suggesting that the hydroxyl group may
serve as a hydrogen bond acceptor as well.

Benzoxaboroles with amide (43) and sulfonamide (45)
linkers showed further improvement of antitrypanosomal
activity and represent the most potent compounds among
the series (IC5o: 0.04 and 0.02 ug/mL). The N-methylbenza-
mide 50 is 8-fold less potent than amide 43. It is interesting
that benzylamine 44 and N-methylbenzyl amine 48 are
significantly less active (ICsq: 1.21 and 0.83 ug/mL), indicat-
ing that carbonyl is essential for high potency and may
contribute as a strong hydrogen bond acceptor. Benzyl ether
39 lacking a carbonyl also showed low potency. The reversed
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Table 2. SAR of S-Linked Series®

X ICso 1929 X ICso 1929
thioether
5 2-Cl 058 >10 21 2-CO,Me 0.14 >10
6 3-Cl 0.12 1.11 22 3-OMe 0.12 2.64
7 4-Cl 0.15 2.02 23 4-NHCOMe 0.04 >10
8 34-Cl, 0.49 0.56 24 4-NH, 0.03 >10
20 4-NO, 032 >10
sulfoxide
10 2-Cl 0.18 >10 12 4-Cl 0.12 8.87
11 3-Cl 0.15 >10 13 3,4-Cl, 0.30 2.67
sulfone
15 2-Cl 0.10 >10 17 4-Cl 0.16 >10
16 3-Cl 022 >10 18 3,4-Cl, 052 >10

4ICs0: growth inhibition of T. b. brucei 427 strain (ug/mL). L929: IC5o
against L929 cells (ug/mL). References: suramin and pentamidine.

amide 53 has a 10-fold lower activity than amide 43, suggest-
ing that the distance between the hydrogen bond acceptor O
and the benzoxaborole C(6) has a significant effect. Com-
pounds 9, 14, 34, and 35 have an O—C(6) distance in the
range of 2.38—2.70 A and ICs, values of 0.15—0.24 ug/mL.
Amide 43 and sulfonamide 45 have an O—C(6) distance of
2.96 and 3.52 A and improved 1C5, of 0.04 and 0.02 ug/mL.
With the exception of thioether 4 and sulfonamide 45, the
benzoxaboroles described in Table 1 exhibited very little
cytotoxicity in a L929 cell line.

We next explored the SAR of the 6-sulfur-linked benzox-
aboroles (Table 2). In the thioether oxidation state, the
3-chloro (6) and 4-chloro (7) analogues improved the anti-
parasite potency approximately 3-fold, but cytotoxicity was
also increased relative to the unsubstituted thioether (4).
Cytotoxicity was further increased in the 3,4-dichloro (8)
analogue, but the antiparasite potency was diminished. By
contrast, the 2-chloro analogue (5) was approximately equi-
potent with the unsubstituted phenyl but did not exhibit
cytotoxicity. In the sulfoxide oxidation state, the antiparasitic
potency was not significantly increased by chloro substitu-
tion (10—13), but cytotoxicity was observed for the 4-chloro
(12) and 3,4-dichloro (13) analogues. In the sulfone oxi-
dation state, the antiparasite potency was similar for the
three analogues (15—17) and slightly diminished for the
3,4-dichloro analogue (18). No cytotoxicity was observed
at the sulfone oxidation state. Furthermore, a few more
thioethers 4-nitro (20), 2-carbomethoxy (21), 4-acetamido
(23), and 4-amino (24) analogues exhibited good anti-
parasite activity and low cytotoxicity, while the 3-methoxy
(22) analogue was cytotoxic.

The 4-chlorophenylsulfoxide 12 was evaluated in a murine
model of blood stage T. brucei infection. Treatment of mice
infected with 600 T. b. brucei (EATRO 221 strain) at 50 mg/kg,
b.i.d., i.p. x 5 days resulted in 100% survival and no para-
sitemia 40 days after infection. Treatment of T. b. rhodesiense
(strain IL1852, 10* parasites)-infected mice at the same dose
also cleared parasites 60 days after infection (Figure 1).

v ©2010 American Chemical Society

168

pubs.acs.org/acsmedchemlett

100 =

3

L 80 - —*—Untreated

[}

D 60 —=— Compound 12

g 50 mg/kg b.i.d.

2 40 |

©

£

'E 20 o

<

E) T
0 5 10 15 20 25 30 35 40

Day Post-Infection

© 100

2

"; 80 - ~*~ Untreated

=

@ 60 ~*~Compound 12

& 50 mg/kg b.i.d

— 40 -

©

£

‘S 20 o

<

X 9 ———
0 10 20 30 40 50 60

Day Post-Infection

Figure 1. (a) Female BALB/c mice were inoculated IP with 600
T b. brucei (EATRO 221) parasites. Treatment with compound 12
(50 mg/kg, b.i.d.) cured 100% of mice. (b) Treatment of T. b.
rhodesiense (IL1852, 10*/mouse)-infected mice with compound
12 (50 mg/kg, b.i.d.) also gave parasite-free survival of the mice.
Reference compound: suramin.

We further explored the efficacy of several 6-S-linked
benzoxaboroles in the murine model of blood stage T. b.
brucei infection, using the EATRO 110 strain. The sulfoxide
12 was effective at 20 mg/kg, i.p., but failed to show
complete cure of infection via an oral route. The sulfone 17
was more efficacious, with complete cure observed at 20
mg/kg, p.o., but with only limited efficacy at 10 mg/kg, p.o.
None of the thioether analogues (7, 23, or 24) demonstrated
meaningful reduction of parasitemia in this model.

In summary, we report novel benzoxaborole-based anti-
trypanosomal agents. Their in vitro antitrypanosomal ICsq
values ranged from 0.02 to 1.62 ug/mL, and they also
showed satisfactory cytotoxicity above 10 ug/mL against
L929 cells. The SAR of the linkage groups suggested that
while most linkers can provide compounds with acceptable
antiparasite potency, those containing a hydrogen bond
acceptor offer superior potency. The effects of substitution
and sulfur oxidation state were investigated, and it was
found that they had a significant effect on cytotoxicity.
Finally, compounds 12 and 17 showed efficacy in the mice
infected with T. brucei. Further optimization of the benzox-
aboroles, in particular 6-carboxamides, exemplified by com-
pound 43, is underway and will be the subject of future
communications. The discovery of benzoxaboroles as a
novel class of antiparasitic agents offers a new opportunity
in the war against pathogenic parasites.

SUPPORTING INFORMATION AVAILABLE Synthetic ex-
perimental details, analytical data of compounds, and biological
assay protocols. This material is available free of charge via the
Internet at http://pubs.acs.org.
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