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Application of benzoxaboroles compounds in medicinal chemistry
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Abstract: Benzoxaborole is a series of compounds with five member ring and boron atom. Since the approval
of crisaborole and tavaborole by FDA, benzoxaborole gained lots of research interests and become widely used in
current drug discovery. Specially, benzoxaborole derivatives were found to exhibit anti-bacterial, anti-fungal, anti-
protozoal, anti-tumor and anti-inflammatory activities. Here, we will review the properties of benzoxaborole, struc-
ture activity relationships as well as the recent progress in the biological activity of benzoxaborole derivatives.

Key words: benzoxaboroles; tavaborole; crisaborole; structure activity relationships; biological activity

IR IR — RS B R 1 T R Bk
E (B 1) ZBEAE YR — AR — AN TR 2
HEREN R, T 1957 4F & Ik 4% Torssell4 i . B, R
HAR IR 2R IR0 e 1 iy 44 00 1,3- Z&(-1-F8 56 -2, 1-2K 3¢
WML . BT, %R IR SRR AP K E AR, B
F 2006 4l A% 5l & 3 (tavaborole, & 1) # & Bl B A &
EPLEEEVE G, Mok 2 AR TAE S
FRUGET X AT IR N IR 25 1 0 BT

T AR, 2RI A & WD TE 259 % AU 1) o
FHEUAS T VR 2 S m P ik JE o 2014 4 F 11697 H 8t
(R 48 WL ) 1) At e 27 9 FDA L #E b 1iTH; 2015 4F
HF 697 N AR dUm (B BE) &4 (1)

Wi Fs H 341: 2019-07-20; &[0 H 141: 2019-08-13.

HEEUH: HEANRFEESEIIH (21672127).

*1@ I E# Tel: 86-531-88382019, E-mail: haofangcn@sdu.edu.cn
DOI: 10.16438/j.0513-4870.2019-0577

H;C

3
7 1 PH OH OH H OH
6 B , B, B, ” B,
Ol ¢ X5 LY O
4 3
1 2 3 4

OH OH
NC B NC B
NC (8] (9]
5 6

Figure 1  Chemical structures of benzoxaborole-based small

molecule inhibitors
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Figure 2 Comparison of pK, values of benzoxaboroles (a) and
phenylboronic acids (b)
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Figure 3 (a) Inhibition mechanism of AN2690 against LeuRS; (b) Adenosine-AN2690 adduct inside the editing active site of T. thermophilus

LeuRS (PDB 2V0G)
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Table 1 Structure-activity relationship of AN2690 and its analogs
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Compd. Ry Re T. rubrum T. mentagrophytes C. albicans C. neoformans A. fumigatus
7 H ) 4 4 4 8 4
8 5-F ) 1 2 05 2 2
9 H O 8 8 2 4 4
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3 5-F OH 1 1 0.5 0.25 0.25
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Figure 4 Chemical structures of benzoxaborole-based antifungal
inhibitors
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Figure 5 Chemical structures of benzoxaborole-based antibacte-
rial inhibitors
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Table 2 Structure-activity relationship of 3-aminoethyl 4-halogen benzoborazole analogs as LeuRS inhibitors
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Compd. Configurat R X %
omp ontiguration Mtb LeurRS Mtb H37Rv
27 (S) -CH,CH, F 0.08 0.2
28 (S) -CH,CH, Cl 0.056 0.1
29 (S) -CH,CH, Br 0.075 0.1
30 (S) -CH,CH,CH, Cl 0.31 0.16
31 (S) -CH,CH,CH,CH, Cl 0.27 0.6
32 S) -CH,CH,CH,OH Cl 0.47 0.14
33 Racemate -CH,CH,OH Cl 0.24 0.63
34 (S) -CH,CH,OH Cl 0.2 0.08
35 (R) -CH,CH,OH Cl 10 5
36 Racemate -CH,CH,0OH Br 0.15 0.16
37 (S) -CH,CH,OH Br 0.12 0.08
38 (R) -CH,CH,OH Br 14.2 10
39 Racemate -CH,CH,CH,OH Cl 0.44 >5
40 Racemate -CH,CH,CH,OH Br 0.37 >5
41 Racemate -CH,CH,0OH Cl 111 >5
42 Racemate -CH,CH,OH Br 0.89 >5
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Table 3  Structure-activity relationship of 7-carbonyl ethyl substituted benzobonazole derivatives
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46 -COOH 2 O 0.46
47 -COCH 2 NH 0.95
48 -COCH 2 NMe >5
49 -C(O)Me 2 c 2.7
50 -COOMe 2 C 0.32
51 -C(O)NH, 2 C 1.30
52 -C(O)NMe, 2 c >5
53 -C(O)NHSO,-c-Pr 2 C 0.46
54 -CN 2 C 1.02
55 -CH,NH, 2 c 0.52
56 -CN,H 2 c 0.16
57 -6-CH,CH,COOH 2 C 0.12
58 -5-CH,CH,COOH 2 C 2.89
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Figure 6 Chemical structures of novel amide pyrazinyloxy

benzoxaboroles
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Figure 7  Chemical structure of benzoxaborole-based HAT
inhibitor

to TR AR AT B A 5 AR 5 2
8224 SRV R AACHT I o 3K T A0 02 o 3l OB A
ARG, J& T RN RN, B2 000 5 A, iE

F5 T 2 NHET 10200 g I I g A — ot 4 e Iy, ok f
AT (1) CO, 7K A e B, 38 3ot B TS5 A Uik R S 2
H1Z Bl B A 9 2 B0 AR ) AR KR B M 1 B
P71, 2018 4F Nocentini ZU94 38 7 —Fhal F Fi% 2%
PRI VAT AT B 2 B e S B I T A 1) 7)o 124k
B3 I R ik B T R AR A R O R AR .
B A DR £ R 1R 2 IR e S A 1 ) (65, 1 8) ANT
oo PR R Tk R I NG B A R B AR R 1 (1Cs,=
0.91 pumol-LY), T H # A 2 fix B2 I 5 (19 38 MR IS
(1C5p>100 umol-LY), M B A RAFmik etk . ko5t
9 Tk 2 I I FH T4 o 3973 AR A1 2008 VBT B 4L T
T B

H H OH
N\n, N B
| o]
O;N ®
65

Figure 8 Chemical structure of benzoxaborole-based carbonic
anhydrases inhibitor
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Figure 9 Metabolites of crisaborole in vivo
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Table 5 Anti-inflammatory activities of compound 6 and 78 in

animal models

Compd. Dose Inhibition/%
6 1 mgl/ear x2 78
78 1 mg/ear x2 68
Dexamethasone 1 mg/ear x2 72
Rolipram 1 mgl/ear x2
3 mg/ear x2 5

FE 50 ML 1 R S A, B SN BT T
WORUE ~ WALl RO R 56 DATT fr 5 SLIH 27 /9T 2%
Mzt WIS 1 2~79 % Z (A1 522 4 &
JEE, B B 5%~ 95% AN R FEFE ) 280E . AR
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Table 4  Structure-activity relationship of crisaborole and its derivatives
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6, 66-78 79-81 82
ICg,/umol-L* or inhibition % at 10 umol-L*
Compd. R

PDE4 TNF-a IL-2 IFN-y IL-5 IL-10
6 4'-CN 0.49 0.54 0.61 0.83 24 5.3
66 2'-CN 3.7 8.5 4.0 41 7.8 8.0

67 4'-SO,NEt, 3.4 >10 >10 >10 >10 >10

68 4'-SO,N(CH,CH,),-NMe >30 >10 >10 >10 >10 >10

69 4'-COOH 6.4 >10 >10 >10 >10 >10
70 4'-CONEt, 15 1.3 14 0.43 4.3 2.0
71 4'-CON(CH,CH,),0 0.57 0.44 0.33 0.17 1.9 0.37

72 5-PhO 6.8 >10 >10 >10 >10 >10
73 3-CN 4.4 8.6 3.3 3.4 4.7 8.9

74 4'-F 7.7 >10 55% 15% 53% >10

75 4'-Cl 1.3 >10 62% 29% >10 >10

76 4'-Me 2.0 >10 >10 29% >10 >10

77 4'-OMe 2.7 >10 >10 39% >10 >10
78 4'-CF, 0.45 6.1 3.6 2.2 12% 49%

79 4-CN-PhO 6.0 >10 3.9 >10 8.2 >10

80 6-CN-PhO >30 >10 >10 >10 >10 >10

81 7-CN-PhO >30 >10 >10 >10 >10 >10

82 5-MeO - >10 >10 >10 >10 >10
Rolipram 0.86 0.16 0.23 0.23 0.5 0.88
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B 48 9 YR b E-ISGARY (3£ 6), 38.5% 5 5 #1537
792 (mild), 61.5% 2 5 #1573 4 3 (moderate) .

Table 6 The evaluation criteria of ISGA

Scale Grade Defination

0 Clear Minor residual hypopigmentation/hyperpigmen-
tation; no erythema or induration/papulation; no
oozing/crusting

1 Almost Trace faintpink erythema, with barely perceptible

clear induration/papulation and no oozing/crusting

2 Mild Faint pink erythema with mild induration/papula-
tion and no oozing/crusting

3 Moderate Pink-red erythema with moderate induration/pap-
ulation with or without oozing/crusting

4 Severe Deep or bright red erythema with severe indura-

tion/papulation and with oozing/crusting
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R, = CH.CH;, Ph, CH;Ph,
CH:CH;Ph, etc

Table 7  Clinical study of crisaborole.*Defined as an ISGA score
ofOor1l

No. Trial Success in ISGA?
1 Crisaborole (n = 503) 32.8%
Vehicle (n = 256) 25.4%
2 Crisaborole (n = 513) 31.4%
\ehicle (n = 250) 18.0%
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Figure 10 Chemical structures of benzoxaboroles-based antitu-
mor inhibitors
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Figure 11  Development of 7-propionamide benzoxaboroles as anti-tumor compounds
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