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VEGR . BEE SRR, FUAESE . MEMEMERG . R T IS . AR AT
SN, SRR AR R T A Mot HREE AT R R SR 2 E
T 2555 4% 0% (multidrug resistant tuberculosis, MDR-TB) 1] V2 it 252580 (ex
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Study of DMF as carbon source to synthesize
benzothiadiazine 1,1-dioxide derivatives and the design,
synthesis and anti-tuberculosis activity of DprE1 inhibitors

Abstract

The first part is the study of DMF as carbon sources to synthesize
benzothiadiazine 1,1-dioxide derivatives. As an important class of heterocyclic
compounds, benzothiadiazine 1,1-dioxide derivatives have a wide range of
applications in the field of medicine, and have a series of biological activities such as
antihypertensive, antibacterial, and antiviral. Based on this, we explored the synthesis
of benzothiadiazine 1,1-dioxide derivatives using 2-aminobenzenesulfonamide and its
analogues as substrates, imidazolium chloride as catalyst, DMF and its analogues as
both solvent and carbon source. The method has economical and green carbon sources,
safe and wide substrates, rapid and efficient reaction, and the product yield is between
70% and 98%.

The second part is the design, synthesis and anti-tuberculosis activity of DprE1l
inhibitors. Tuberculosis(TB) is an infectious disease caused by Mycobacterium
tuberculosis (Mtb). With the widespread use of first- and second-line anti-tuberculosis
drugs such as isoniazid, rifampicin, pyrazinamide, ethambutol, the occurrence of TB
has been effectively controlled. However, with the emergence of multidrug-resistant
tuberculosis (MDR-TB) and extensively drug-resistant tuberculosis (XDR-TB) caused
by the mutation of Mtb, traditional first-line and second-line anti-TB drugs have been
difficult to achieve satisfactory results, so it is urgent to develop new anti-TB drugs.
Decenyl phosphoryl-B-D-ribose oxidase (DprEl) is a flavin protein encoded by the
gene Rv3790, which has flavinadeninedinucleotide (FAD) prosthetic group. DprEl
cooperates with downstream decaprenyl phosphoryl-keto-B-D-erythro-pentose
2'reductase (DprE2) to participate in the biosynthesis of Decaprenyl-phospho-
arabinose (DPA). DPA is the only precursor for the synthesis of Arabinogalactan, an
important component of the cell wall of Mtb. Therefore, DprE1 has become a very
promising target in the research of new anti-tuberculosis drugs.

PBTZ-169 with benzothiazinone bone value is currently covalent DprEl

inhibitor with the best antibacterial, Its MIC value against Mtb H37Rv is 0.0003
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pg/mkL, it is currently undergoing clinical phase II research. However, due to its poor
water solubility (less than 0.01 pg/mL), the single oral dose of PBTZ169 in the Phase
II clinical evaluation is 1280 mg/d, which is obviously inconsistent with its extremely
low MIC value. In order to improve the water solubility of PBTZ169, the 6-position
trifluoromethyl group was replaced with a more hydrophilic methanesulfonyl group to
obtain the compound MsPBTZ169, the results showed that the water solubility of
MsPBTZ169 was significantly improved (0.74 pg/mL). The MIC value of
MsPBTZ169 against the Mtb H37Rv is 0.007 pg/mL, but the metabolic half-life (T1.)
of human liver microsomal enzymes is less than 30 min. In order to improve the
metabolic stability of the compound, we opened the piperazine ring of the compound
MsPBTZ169 and introduced the side chains of thiazole, oxazole and thiadiazole, and
synthesized 22 target compounds into three categories: A, B, and C. In subsequent in
vitro antibacterial experiments on Mtb H37Rv, compound A4 (MIC: 0.010 pg/mL),
B1 (MIC: 0.007 pg/mL), C4 (MIC: 0.002 pg/mL), C5 (MIC: 0.008 pg/mL), C6 (MIC:
0.009 pg/mL) and C7 (MIC: 0.006 pg/mL) all showed similar antibacterial activity to
MsPBTZ169 (MIC: 0.007 pg/mL). Among them, the antibacterial activity of
compound C4 is slightly better than that of MsPBTZ169, which is 25 times that of
Isoniazid. The ClogP value of compound C4 is 2.17, and it also exhibits good
bioavailability.

Currently, we are testing the water solubility and stability of the compound, and
we look forward to obtaining satisfactory results.

Key words: benzothiadiazine 1,1-dioxide derivatives; Tuberculosis;

Mycobacterium tuberculosis; DprE1 inhibitor
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T pH J5 13 BN [F U BE 1R 40 S L R A R L IR o B J5 A0 U R B I e T A2 )
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H H

NH N (0] NH EtOH N
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d% ™

Vield: 88%~95%
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PF, BRI ' R 1) A S PP I B L B 1 2% 11 T - RO O IE I 1,1- SR

WAV T (B 1-3). ART7 R 76%. ZINERBLFEG, & BobREE.

KRR B 5, RPN .

NH, N
It], Cs,CO
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R 2+ o o |
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H.Mostafavi. 55 NPHRGE T —Fh DLABIK i S R R, FE7SHIHE
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TR RIS SR . SR RA R AR, HMDS HERCK.

0
0 Tk 1 HMDS NN
R+ + < T > Ry >
' H™ N 120°C A
NH, | N
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Zongjie Gan. 55 NHRIE | — i LSRR — i K LSRN R, (ERKmE SRR
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AT (BT PR R 62%—90%. ZNJRYT 2515, EALFIE
HAYE, THRBMAKER, WIHRRmMESESE, fFamsaly.
o NH2 O E/\NH.HCI N
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B S H AU A IR AT SRAR IR TT,  JAAFAS 2UAR R B ARA G774

115 REBLAR

ARy TG A A LA 2-F SR IR i B RN )R, DMF K& 2844
NI, AE T0%IKERIR . HMDS S DKMk 2518 25 2% A R 4R 5T 2 75 nl LAA3 21 5 A5 F0
B SR AR EE P N =AM — R SRR, DATCHURIY 2- 2 B o
Pt i Al DMF 1E ) N RL,  f 06 S S B BFIAD 7R bRl &t
TE N 1 SROBL S AT B e s ARAK HH R SR ML 26 s o AR At PR B A S i 2%
FEAT R, LG 2- G B AR R I i S R ) LA & DMF J H 2R B, 4%
FAEA AR A T RN 521 = R AT e OS5, BRFAEOR
RIS BB N AT VYRR SO0 S R A 45 RRHE T G BRI S SE LR
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DU B LCHET 126 FE, SRS RINEE 1-1 for.
R 1-1 2-FAREIMEBNE 5 DMF AT e BRI AL BEAT (1) Js ML 2% A1 i e

NH, o Catalyst H
NH,
3a
Entry Catalyst Solvent Temp Time Yield?

1 - T0%H IR 100°C 14h NR¢
2e HMDS(2.0 eq) DMF 120°C 18h 62%
3 IR e £R R £5.(0.1 eq) DMF 140°C 14h 87%
4 WK ER IR £R(0.1 eq) DMF Reflux 5h 91%
5 - DMF Reflux 36h 78%
6 BRMEEEIRER(0.05 eq) DMF Reflux 20h 85%
7 IR e 25 2 £5.(0.2 eq) DMF Reflux 5h 91%
8 WK 5 18 £5.(0.3 eq) DMF Reflux  4.5h 92%
o BRMEERERER(0.1 eq) Toluene  Reflux 22h NR¢
100 BKMEERERE5(0.1 eq) Xylene Reflux 20h 58%
1 BRMEERRR £5(0.1 eq) DMSO 153°C 10h 76%

o — RS At s 2-E L ZEREEERE (100 mg, 0.58 mmol, 1.0 %4%), DMF (3.0 mL); °2-8 %
ZMERE%Z (100 mg, 0.58 mmol, 1.0 %45 ), DMF (0.3 ml, 436 mmol, 7.5 %4&), 70%iKhiR
(3mL); 2-FIEFEMmE (100 mg, 0.58 mmol, 1.0 24D, HMDS (187 mg, 1.16 mmol,
2.0 %4%), DMF (1.7mL); “FEH™%,; cAxMN; /DMF (0.3 mL, 436 mmol, 7.5 %)
FEFR] (3 mL).

1.2.2 JRYI¥0 R

W B2 1-1 AR 25 H 4 ik th i S N 26, Bl R BATFE Mt e I
RLEAT N HEAT TR, DA E A R BUREE S5 N IR 2 . B 5B 3RAT
Xt 2- G AR B IR R 3 34T TR, WA 1-9 B

R R

NH Né\NHHCI N
o) .
o o L)
_NH H N —~ _N
s 2 | Reflux, 4~16h S

7\ AN
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K 1-9 X358 40 34T B4 @
B2 ORIRATINT DMF Big s 703647 17 ¥ k8, W 1-10 Frows

NH 0 NANH HCI H R
AN 2 . 2 2
NS (PN WPy g
Z > g? R;” N Reflux, 6~10h e
| | 77\
NH, 0
3m—~3o0
N
g | N
S/N S’N _N
O// \\O 7\ Cl /,S\\
3m 85% 3n 83% 3081%
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P 1-10 X By 4 3047 B 40 f

1.23 R 5178

FESEIG SRR T il A ey, FRATT i Sl 4% HR T 28 B SCHR Y SR 50 7 vk EAT 2
ERBATIZIEE 1-1, %H 1 2B SCRUEAT SEI IR IT, 45 RIF A T4
PEE R, BER AT 1-1, 2% H 2 i H I ORI T SRR IR T, )
2 R IR B BARIN G771, ARV AN 62% o BEAE i — 2 A B SCHR
AT T A B4R Dy e A 7] 1R K e 26 1R 6 AE & Bl 1-50- 2K I [ K MEATT AE A DI DL R
1,2,4- =M FE[3 4-al ML E AT A0S pir R B AR, T R AT 42 IR ST A i
Hh DL I R IR R 1 Dy (e A 0 1 S 36 2 R EAT 24K, i BRATIR IR 1-1, % H 3
525 1 SCRRU AT SRER R 7T, SRR 14 /M R IR 5E A RN, 138 H bR
BT, TRER 87%. BERIFRAISLIE 1-1, & H 4 iS5 1 SOk AT 5
BRI . ELWERER, HARREG YR R2E 28RS (91%) H5E4 R P



BB RARRL (Sh)o % T SOk S8 26 A T A [ B BEANIR], - Fr AFRATTIA
AT I R SR BT TR BT BORE R, FREATER 1-1, %H 498
S22 SRR IR S SR P 5 A ot e S MRS

S TATT SO WK 20 198 6 1 B EAT T 4 A4k, TE 38 Inmk ke 36 82 28 11
FIE G, RIS 26 DL R 58 4% IR NI TR) 5 2 /i A bG 5 TG BH 284k, (H B o ke h
2 i FH B PRk DA 28 T AN I N IR P 6 10 0 0 2 5 350 s 7 7 26 (1 B S5 BRI A %
IS A ORI B, FRU R ATIHf 8 T ke b R b i i R FH B 0.1 M M.
JE FRATAE S50V R A B REAT T AL, HF DMF 1 B 24 & N 2
IR R, DLHZR (Toluene), —HIK (Xylene) A HIIEWH (DMSO) 1
MR IEFIREAT RIAR T o 45 R WR A FENEFI AT BRI G =417~ R 1
BEAIG, orb DR RIS NI T AR M A (£ 1-1, %6H 9.
B A TRATTR A 1 fo A I I 2 2 g SIZ 56 Sz I 3 52 24 DMIF (9 [ 7l B8, 1ok e 26 g
HAJHIE 0.1 25, DMF BEE N RN SIS (R 1-1, 25H 4).

BT R SR RS A, BERE IRATEAT TR R, DLW R L
PREEGFAF T RIRIN 21 o B SETE 2- B0 B R BRIE I 1) 2 2 1) AR RO 51 N 45 HL 7
FH (3b-3e, K 1-9) L FRE (3£-3j, K 1-9), HRKRE =7 R
90% LA I o (HEFEMARXIAL ] NI L FHE ], HARF=PI R = 2R T 90%. 4
WA TEEARMAEY 3b. 3. 3d. 3e, HZRA 90%~98% [H, TEAK
JSLE E] Ay 3~4 /NI o T A R E 2 [ B A S T 7 SR S L 8 A R R
ARG A, 1 3f. 3g. 3h. 3i, HZHAE 70%~82% (8], T4 N [A] K
8~16 /Mo JLIAR 3, HEIEA LS NN FIEE P25, B
B2k 16 /M, HPRBEME, RA 73%. WAMEERMVE 1 —PNEg R E,
3,4,5- = HAIFRRIE RGN 3k, 31, B 1-9) WEFR LIS E] B ARG,
F= 205000 89%. T7%, 5848 NI 1A] 7331l 9 4 /NS AT 10 /N

FA K S AL BRI ) DMF #efit NN-—F 5 2k i (DMAc) Fl N,N-—- F &
KWL, AR FA R AP NIRRT T2 B T 32 1% (3m-30, ] 1.2.3),
25 R ROR AT R4S 2] H AR G e, B R AN S . W 3m. 30 BA
DMAc {EABIR, H7P7 R 5108 81% 85%, 5845 RSN E] 23514 6 /NI 10
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