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Abstract: Tuberculosis (TB) is an enduring threat to global health. The epidemic persists with growing drug
resistance, especially for extensively drug-resistant TB. Therefore, the treatment for TB and its associated multidrug
resistance has been an ongoing challenge. Due to the greater attention and investment in the elimination of this
disease, significant progress has been achieved. Bedaquiline, delamanid, and pretomanid have been approved for
the clinical use. In addition, two dozens new anti-TB drugs are currently in clinical testing. China has contributed
four new drugs TBI-223, TBI-166, aulimanid, and WX-081. The aim of this review is to summarize the recent
advances in anti-TB drug development. Based on the different clinical stages of these anti-TB drugs, we mainly
focus on mechanism of action, in vitro and in vivo pharmacological studies, pharmacokinetics and clinical studies.
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Figure 1 The structures of TBI-223 (1) and OTB-658 (2)

TBI-223 % 5 A5 R 45 % KT 18 ANt 265 7 25 K AT 1R
P BA A0, A2 /D BB AR R rh B R BT R
I, HF 4 R B Rz AV BA BRI M4 MRsh 7%
P 1 R A M) R A A T ) (B 7, =3 h,

Anti-tubercular drugs in clinical phases. ATP: Adenosine triphosphate; DprEl: Decaprenyl-phosphoryl-ribose 2'-epimerase;

LeuRS: Leucyl-tRNA synthetase; PDE4: Phosphodiesterase 4; MmpL3: Mycobacterial membrane protein large 3

Drug name Class Research institute Target Study phase
TBI-223 Oxazolidinone TB Alliance and Institute of Materia Medica Ribosome Phase I
TBAJ-876 Diarylquinoline TB Alliance ATP synthase Phase I
TBAJ-587 Diarylquinoline TB Alliance ATP synthase Phase |
Aulimanid Diarylquinoline C&O Pharmaceutical Technology Co., Ltd. ATP synthase Phase I
GSK-286 Uracil GlaxoSmithKline Unknown Phase 1
BVL-GSK098 Amido piperidine BioVersys and GlaxoSmithKline Bacterial transcriptional ~ Phase I

regulators
Epetraborole ~ Oxaborole AN?2 Therapeutics and Brii biosciences Unknown Phase I
Telacebec Imidazopyridine amide ~ Qurient Cytochrome bcl Phase 11
BTZ-043 Benzothiazinone Hans-Knoell-Institute for Natural Products Research DprElL Phase 11
Macozinone Benzothiazinone Swiss Federal Institute of Technology in Lausanne and DprEl Phase 11
Nearmedic Plus
TBA-7371 Azaindole AstraZeneca and TB Alliance DprElL Phase 1T
OPC-167832  3,4-Dihydrocarbostyril Otsuka Pharmaceutical Co., Ltd. DprElL Phase 1T
derivative

GSK3036656 Oxaborole GlaxoSmithKline LeuRS Phase 11
Sutezolid Oxazolidinone Pfizer and TB Alliance Ribosome Phase 11
Delpazolid Oxazolidinone LegoChem BioSciences Ribosome Phase 1T
SPR720 Benzimidazole Spero Therapeutics Gyrase B Phase 1T
TBI-166 Phenazine TB Alliance and Institute of Materia Medica Unknown Phase 11
WX-081 Diarylquinoline Cisen Pharmaceutical Co., Ltd. and Shanghai Jiatan Co., Ltd. =~ ATP synthase Phase 11
AMG-634 Isoindolin-1-one Celgene and Amgen PDE4 Phase 11
SQ109 Ethylenediamine Sequella, Inc. MmpL3 Phase III
Delamanid Nitroimidazooxazine Otsuka Pharmaceutical Co., Ltd. Cell wall mycolic acid Marketed
Bedaquiline Diarylquinoline Johnson & Johnson ATP synthase Marketed
Pretomanid Nitroimidazooxazine TB Alliance Cell wall mycolic acid Marketed
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KR 1,,= 8 h), F3HMZAA W) 7~ BT R B0 A4 AR
T X T 0 M 2 P450 BE TG 5 S AE H (4
R < 20%, 30 umol-L™"). FH 5 F 435 M i, TBI-223 £
Z Phsh Py Y v 2R I B A I e A, AR B AR R AR
WH 14 RZRGHFEHELR P REmEEFELRT
150 mg-kg "-day™'s 7E R AKN 1 14 REFHERF 5L
AU %2 3 M AH AR A0 FD B BE 4, METE K BRI B K o7
P 2 8 751 B (NOAEL) 24 200 mg-kg ™ -day™, M 14 K i
I NOAEL & 75 mg-kg '-day ™" (FI| %3 M 1% i) NOAEL A4
20 mg-kg -day ™). [FMF, TBI-223 X I L5040 (1 s = 2
IR BRI MPS ¥~ H VR FE (IC,,) > 74 pmol-L™
(FIZE W% IC,, = 8 pmol-L™).

1.2 TBAJ-876 TBAJ-876 (tbk &4, K2) J&T Uik
WEE IR P SR ABA ), VE PR AL S5 DS e A 7], 3= 8 i 417
il ATP & 1% B 1M 3k 2 5t B 25ORY . b & iiE T
2019 4, Sutherland 2" & FL7E H 3,5 = H 48 -4- L g
WHUR T DA v mk 22 20 5, AME AT DL 35 o0 DUIA
WA bk S N GO T S 7 0 T8 2R [ hERG #1#1 (hERG
IC,,= 1.6 pmol-L™") T EU 1.0 A 25 1, [F] A 7] LA A I
o N5 1 400 i G > 2 1, ()BT SR I o B SR R e A A R 1
ZRAUE G H 1T AL )+ TBAJ-876 [H37Rv
/NN E (minimum inhibitory concentration, MIC) =
0.004 pg-mL™', hERG IC,, > 30 pmol-L™'] Fl TBAJ-587
(Hb & 5, H37Rv MIC = 0.006 pg-mL™', hERG IC,, =
13 pmol-L™"), ¥J4b-T THAIG RATF 72 B BX -

Figure 2 The structures of bedaquiline (3), TBAJ-876 (4), and
TBAI-587 (5)

TBAJ-876 14 %} e ik 43 B #F B M. abscessus TEAR 4N
TR0 R 2 ) A P AR B 38 B OR B i PR A A,
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e AR T A0 o) 1 R, AE SR AL B IR T A %
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W) D2k R ) A DR AL 1) T e AN A L 4 A PR
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Figure 3 The structure of GSK-286 (6)

1.4 BVL-GSK098 BVL-GSK098 (tk & %19, K 4)
2 H BioVersys 5 & = & %2 5L GSK & 1F 3L [7] FF & 1
BEIEUR e AL G4, ZRAA G T Re B /E T Al
SRS IR T R, T R R AR LS Y LR R
M % (ethionamide, ETH)/A it 5% M % (protionamide,
PTH) M 257 & (ETH M PTH B T ~ &P 4%
vy, R 25500 8K, S 808 Wil A A EE A
BRI Z). ZRBA AP IRGE T 2009 4, #F 703
KR B BDM31343 1 il EthR ( £ B 5 0 Ji 30 g
EthA ##l [K 7 2 —), °J & 3% 32 = ETH il 24 45 &% AF 16
X ETH MUY 2017 SE0F 50 45 R I, B B4 82 3R
FAk AP SMARt-420 [F] FE 1] DA &1 25 - 4F B X ETH
() U AE, SR R Ak I F X T EthR 85 (A 1 B 440
HVE P, 1ZI R AT RS N B AR IR L A K oAt
1) E FH A ™, BioVersy 5 GSK I #F 7t 45 3 &R,
BVL-GSKO098 5 ETH Bt i 7F A N #1353 fig Pist % 1, #E
P BVL-GSK098 7] %Il 3 ETH 3 i 4= W iso& i 42, M
P ETH 97 2%, [FIA 52 iR ETH FITR 251 . iR 45504
A N 24 2 8, Tt BVL-GSKO098 A] fe¥ 11 ARG T J7
Z I ETH B RGH & B AS 2 R 1 1/3, 36 7T fg
3 DD TR RO AN RO, B e AR R A .
BVL-GSK098 - 2020 £F 12 A 78 P L7 3#E N T 1l R A
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Figure 4 The structures of BDM31343 (7), SMARt-420 (8), and
BVL-GSKO098 (9)
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I PRAE 7T, TEF 2021 4F 11 A 6 56 B TG R 75
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Figure 5 The structures of epetraborole (10) and GSK-052 (11)

2 FRIBRKRRIENZE

2.1 45FE N7 (telacebec, Q203) 4575 Ul 7% (Q203,
6) #& Hi Qurient 2 ] FF & (1) — Bk M I it g 25 2547,
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B R AR I OB G Ay, IR R A Yk
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Figure 6 The structure of telacebec (12)
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FIAT A J5 3R A5 1% 20 U2, BT 90 45 3L 7R Q203 Xt 4
% 73 BT H37Rv MIC,, 4 2.7 nmol- L™, H7E &M
I3 H 6 MDR F1XDR 25 4% 23 B0 FF B [FREGRFF T 1%
SR KU TR TG o [RVEF, 7 /0N B 45 A% 20 B AT B R g A Y
A EWLES 2 AR T 1 mg-kg™ I B R 5
ST AN, Q203 7 10 pmol- L™ ¥ R I oKk W 22 5|
X HepG2 41l il \ HEK 293 41 it Al SH-SY 5 4 g (1 410 il
TER . TE/NR 14 KRB IRG L S E R MR, /N RAE
1000 mg-kg ' FIEAEN T, THEAMA RN . £KR
R 20 K2 IR 258 S50 (4524 10 mgkg ' -day ™),
KR FEA A R PR B AR 2 RO

H A0, 45 75 UU5e 11T R 560 B 1E R S VP 1% 2
WILE 3 MAS [F) 77 & (100,200 F1300 mg) VAT Bl

SERZ I A B RO AR ) T . I IR R e
i WoR, Fr i DTSR B 17 14 R WIR R 3% 2% (TTP) 1)
FE AR, I B Z WA R 1)) & AT # R I
TR 2 A AT RO R 2 P

2.2 BTZ-043 BTZ-043 (K7) 4 [E 50 -F ) 7K
K AR FE W) i A BT (Hans-Knoell-Institute for Natural
Products Research) fff /<, 1 F #E s 4 DprE1 (decaprenyl-
phosphoryl-ribose 2'-epimerase), 1 fill 1% # 25 7] BH W7 45
A% 53 BN TR 40 i B 0 S 2 8 43 BT B A SR8 B ) 5 e
H A 1248 [ A7 VIO G R R ES, T8 97 It 4544
ZA A PR TE T 2009 4F, Stewart B A" 5T kB
R I 18 A e SIS A G D A X 43 BSORT TR ) 00 ) 3 A A
M P T7 T I RS (7 7). BTZ-043 X 85 4% 70
& H37Rv FHE3E 73 BT B A MIC 235129 1 ng-mL™
(2.3 nmol-L™") A14 ng-mL™" (9.2 nmol-L™"), X M Ilf5 K 43
25 1) MDR F1 XDR 45 % 43 15 AT B B A O 355 oo 4100 1) 0
P, IR T I Z Y R A i T BE . AEA8 P/
B S5 A% 0 AT B R e A A b S BTZ-043 697 4
S, Bt R R P 4 T = R AR 0 R T AR 2 N
B TEIE AL (colony forming unit). 1E A 52 & L
ANER AT SRR SRS (5 gk AT 30 KA R
P S256 (25 #1250 mg-kg™'-day™") W 78 45 R 0, BIA#
1 B e 0 & B, — AN F G R 82 B AR5 22 AT
N EMARIR .
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Figure 7 The structure of BTZ-043 (13)

TEW 78 BTZ-043 5 2 Rl bi 45 % 25 4 54 1% 259
(FIARF S B 0% T B2 DLk i % 4T 5 J8 L B
WE EYEF.SQ109) ML G4 2yt 2 4, BTZ-043
S5 WA P FAEH, 5SHERAGMEBCH R K
B U [ 1 F SRS e AU 20 ng-mL™ DLk e i 5
20 ng'mL™" BTZ-043 k& H 244k 714710 BTZ-043 & AY
SER% 3 BOFF 1 2R AL T 80 ng-mL' LA W WK FH 24 2%
B, BRI TE BTZ-043 Tiif 25 7 45 4% 70 KA B L JF R W%
B e B [F A
2.3 L ES5EE (macozinone, PBTZ-169) I 25 5% i
(B 8) 43 T 2014 4F, /& f i SIS 1% Bt 55 Near-
medic Plus 2 7] 3 [7] FF & 1 — P 248 I W3 162 ] S8 1 465 %
iU, %A A DprEL B AL 401 7], T 2018 4F
2 A # 1k Ta WG K56, L5 % A w537 ik 44
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Figure 8 The structure of macozinone (14)
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Makarov 55V 7 i I A 25 5% 5 W e ] 248 47 45 i
¥ BTZ-043 B A 3 8 A4 AP0 B 3 14 MIC, 1 FE7E
/N B A% 9 A5 2R ) 24 280 S 448 SRAIG T T, 0wy
AE 2 B T A i s g K T BT S B0k P 25 30 B
FEIR NI T R R 38 I 45 1 SR AGAE 1 B 45 84 v 51 NIR
W 5 [ mT DL 25 s 24480 ) M R, FH PBTZ-169
R Rk 1% 25 08 N R 9E o A2 070 T 0 M 0 it 45 2R
R, PBTZ-169 % 25 1% 7 5 4 B ik 5 23 B 4 5 A
Wi A DR T B S5 % A o TR MR AR T BTZ-043. 7R/ RUAA
P P il 35 A B oh ) PBTZ-169 7 [7] 25 71 & R VA 7 2L
RO AT BTZ-043. 7E 347 B4 V545 0 PBTZ-169
5 HARPUEE A - 2515 50 K BE, PBTZ-169 5
ULIA WA 55 2 i[RI/ T, 0.125 ng-mL™"' PBTZ-169
5525 ng-mL™ DUk MR IR A A 24 A B 58 1) 7% B 80k
(P P 2010 AH LR B B FH G R B ) . 7R/
B 18 P 25 R0 B TR v ) PBTZ-169 . UL 3k s Wbk M1 Lk 195 gk
i 28 F PR B VR T T 56 B R B — SR AR IR T 5 R (R
JHE ) 4 P R L R B i) B &% . DprE1-PBTZ-169 &
AU MG RER T Z A EE AL NS
Cys387 L LM 45 &, ik — D MR T (AN ] 3 2R 0%
2.4 TBA-7371 TBA-7371 (P& 9) J2&Buf #f A e A1 4= Bk
S5 A% 995 24 W Ik B SR IR A 1) — IR BL A X 2 -
TBA-7371 52 DprE1 [ HESL A #0171, 146 & V)0t 2
R BT WA 8. 2400, PR &Ik IA - 55 R R 2
W FE HUAE 1E E JT i€ TBA-7371 36 7 Fili &5 2% 1) 11 3 1fs PR
R

R A WA IE T 2013 4, Shirude 25138 it %o}
IK P I L e B 48 (3F DprE1 #8525 B 45 4% B 48) A5 e ok
W R BT — OB I 1,4- 20 2% W3] Wk 3 35 44 DprE1 40 1
A, Herh iE AR S (&P 15, B 9) X451 53
B FF B H37Rv ) MIC 24 0.39 pumol-L™", X} DprE1 ]
1C,,”40.003 pmol-L™". #RTfi, 7E )5 B0 7 K %Ak
BEAEENAFT R R &R — X B B 6
(PDE6) 7B /EHIH, ) g 3 3R 80 — R i T7E/D
B FHF HE DR A ) R el A 3 B AR P 2 e B AR, Sl i
PR BT DL b R 1) R, S i — P i 2

ARGS9 2] 7 TBA-7371, %5 T8 T L4
TR O &5 1% 2 B AT B H37Rv 1 MIC 5 0.28 pg-mL™,
%f DprEl [ 1C,, 5 0.019 pmol-L™"). 53 4}, TBA-7371
HA R0 OIR AR B, B 22 i (TR IR
% 100 wmol-L™" B X THP1 41 fig 32 A il FH, 7RIk FE
33 pmol-L™" I % hERG i 38 A= A4, 52 1, ,
2 h,

N= N=
) 4\%
P X
P/ F 4 OoH
N S~ N s~
N N
d H o
15 16

Figure 9 The structures of compound 15 and TBA-7371 (16)

2.5 OPC-167832 OPC-167832 (K& 10) & H A KF
ifil| #j (Otsuka Pharmaceutical Co., Ltd., Japan) 7 & 1 —
Tl 3,4 A METERANT A R AYNY, 1E B AR
DprEl. 1E20164F, KEH| 255 kT 58 47 Jm tH 5 e

231 JF OPC-167832 #H o< {5 &, 3 X i A4 fn
MDR %% 2 F 55 1% 73 H 3 i MIC 24 0.24~2.0 ng'mL™,
] B OPC-167832 %if A&+ 74 1 i Py #F B8 45 4 5 53k ()
REEH . TEAB ML/ R A, OPC-167832 7E
0.625 mg-kg™ I R I H A R A B s, LT H ATiE IR
{ER P 259 (7 BBk R 48 S 55). OPC-167832
55 H A S 1% 25V PR AP B R A BEIE RIS P 25 4%/ IR
A o Py R R FEBUME o TR R 40 R 3 SRR 1R 2
ROTTHE I, LAE R JE AT OPC-167832 NZ L1 £ 2
WAVRIT TR T —LbslERIT 7R . HEl, OPC-
167832 IE1E HEAT Ib/Ia I R A5G, 32 2P Al 3L X6 Ml
SR I A YERVE JUPE, 5/ FDA T 2016 - 04
HEHEZAL A YD B B

F. cl
o) Ho,,, N]Q/
HN oA F
OH
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Figure 10 The structure of OPC-167832 (17)

2.6 GSK3036656 GSK3036656 (/& 11) /&% 2%
S A B R — PR B S A KA S A, 1 AR
MU LeuRS, HFTALT IHHIG K5 . GSK3036656 i@
I ] LeuRS #2177 52 W4 2 B & . LeuRS J& T
ZABE-tRNA & BB (aaRS), 1] aaR S #2& T4 41 il 7 25 (1
Jo G T 06 5 Bl SR 0



KFEE P AYE TR - 897 -

HO.
OH o oH ~ "o oH
B B B
/@:/‘o o o * Hcl
o5 o o
Br  “NH, Cl SNH,
18 19 20
Figure 11 The structures of AN2690 (18), compound 19, and
GSK3036656 (20)

% S 45 R (AN2690) R I8 T 2007 FEM, 0 5

tRNA [V AR 5 A% 1 1 Ade76 T RSt 5264, M 4|
EAF A . 20164 Palencia £ 18 7 37 B4 i 1 24
R3S BE FILATAEY) (B 19, B 1) BAA Bt
SERZ O B BE Ve o TE /DN RS P 25 10 SR e s 1Y o
FUIRZAL G4 J5 R I R AT I AR FH B RN 45 49T
4, E 2 BTz [ R 0 i) 0 L 30 0 4 i 1
LeuRS Mg, M7= A5 56t 16 3 40 M FF) s 0 B 0k o o gk
— P EERRACFNR RO RIR R, SRAT T L B T 4T 1
i e L & ) GSK30366562Y, 1% 4k & W1 2% Bl A 230
il LeuRS (IC,, = 0.20 pmol-L™") R4 4471 45 #% 1) 7% M
(Mtb H37Rv MIC = 0.02 pg-mL™"). B4k, X 45 % AT
LeuRS FL A & Bk F 1% (N ZORLAA LeuRS (1 1C,, N
300 pmol-L™', AZHAR LeuRS HJ1C,, >4 132 pmol-L™).
TE /N R G5 G R | GSK3036656 7 H K 4T Y
25BN I F PR A N 252850 THAIG RS 25 R B,
GSK3036656 F1 {1 2 IR 45 245 5 T 52 1t R 4F, Jo™ &
A RFARE,
2.7 P45 F|{E (sutezolid, PNU-100480) &7 4 M
I (B 12) A& b0 I R 1) — il U e o 2K 11 iR
PLAE % 20, FoAE TR A0 45 0% o0 SR 1A A% A4
508 V.2 /) 23S rRNA . 7E 2017 F AR 450 H, 4
Bk 45 A% 25 W0 R R B0k BRI N 312 245 0 14 I R B O
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Figure 12 The structure of sutezolid (21)
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Figure 13  The structure of delpazolid (22)
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Figure 14 The structures of SPR719 (23) and SPR720 (24)
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Figure 15 The structures of TBI-166 (25) and clofazimine (26)
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Figure 16 The structure of AMG-634 (27)
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Figure 17 The structure of SQ109 (28)
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Figure 18 The structure of delamanid (29)
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Figure 19 The structure of pretomanid (30)
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