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Abstract: Based on the idea of multi-target drug design, taking p-aminosalicylic acid (PAS) as the parent
nucleus, the unreported target molecules TM1 and TM2 were designed with PAS, isonicotinic acid and fluoro-
quinolone as three structural units conjugated by different linkers. Sixteen target molecules were synthesized by
multi-step reaction, and their activities against Mycobacterium tuberculosis and human pathogenic bacteria were
evaluated. The results showed that the anti-tuberculosis activity of TM2a was stronger than those of the assayed
fluoroquinolones, while TM1a was comparable to that of clinafloxacin, the most active compound of the positive
control fluoroquinolones; TM1a showed the strongest inhibitory activity to all almost tested strains, TM1b and
TM2a showed very strong inhibitory activity to most strains, and TM1h/2h had strong inhibitory activity to some
strains; The inhibitory activities of TM1a/1h on Staphylococcus aureus ATCC14125 are much stronger than those
of fluoroquinolones, which eminently deserves further study. The hemolysis test results showed that the highly
active molecules TM1a and TM2a exhibited relative safety below the concentrations of 8 and 32 ug-mL™, respec-
tively. In this study, a new hybrid molecule of three molecular pharmacophores with PAS as the parent nucleus was
synthesized for the first time, and some of which have highly strong antibacterial activity, which provides a new
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idea for the research and development of antibiotics.

Key words: p-aminosalicylic acid; isonicotinic acid; fluoroquinolone; activity against Mycobacterium tuber-

culosis; activity against human pathogenic bacteria
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Modifiable site of PAS PAS ester
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Figure 1 Design of target molecules. PAS: p-Aminosalicylic acid; FQs: Fluoquinolones
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Figure 2 General structure of target molecule
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Scheme 2 Synthetic route 2 of TM1/2. INA: Isonicotinic acid
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Scheme 4 Synthetic route 4 of TM1/2
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L e % 56 4 H 4% R B R 8 2 H 5 R %8 60 °C, [N
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5:F DMF A 71 K,CO, B « i J& 60 °C . IM3:
IM4:K,CO, kI #E 1:1.2: L5 Mtk 261, seBl T H
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Table 1 Conditional optimization of synthesis TM1/2. Note: Entry10 added catalytic amount Nal

IM3 IM4 B
Entry 2 2 Base ase Solvent Temp./°C  Time/h TLC result
g/mmol g/mmol g/mmol
1 0.166/0.5 0.284/0.6 K,CO, 0.138/1 CH,CN 60 12 Incomplete reaction
2 0.166/0.5 0.283/0.6 K,CO, 0.139/1 DMF 60 12 Complete reaction, new impurities
3 0.167/0.5 0.284/0.6 K,CO, 0.138/1 NMP 60 12 Same as Entry2
4 0.168/0.5 0.282/0.6 K,CO, 0.138/1 DMSO 60 12 Same as Entryl
5 0.165/0.5 0.283/0.6 Et,N 0.1011 DMF 60 12,5  Incomplete reaction
6 0.166/0.5 0.283/0.6 Na,CO, 0.106/1 DMF 60 125 Same as Entryl
7 0.165/0.5 0.283/0.6 DMAP 0.122/1 DMF 60 12.5 Same as Entryl
8 0.167/0.5 0.283/0.6 K,CO, 0.138/1 DMF 80 2 Complete reaction, two new impurities
9 0.166/0.5 0.285/0.6 K,CO, 0.139/1 DMF 100 2 Same as Entry8
10 0.166/0.5 0.284/0.6 K,CO, 0.137/1 DMF 60 16 Same as Entry2
Table 2  Synthetic results of TM1/2
IM3 IM4
Compd. Y z X Time/h Weight/g Yield/%
g/mmol g/mmol
TMla § IM3a IM4a 75 0.354 47.2
o c-cl ~< 0.331/1 0.549/1.2
TM1b . IM3 IM4b 8 0.234 333
Oy C-H Et a
h 0.332/1 0.492/1.2
TM1c - IM3a IM4c 12 0.308 43.1
Y C-H -
i < 0.330/1 0.529/1.2
TM1d e = IM3a IM4d 11 0.603 67.2
\ C-H W
o s 0.332/1 0.587/1.2
TMle . IM3a IM4e 105 0.383 54.4
Y N Et
0.331/1 0.497/1.2
TM1f 1l C-OCH < IM3a IM4f 11 0.461 59.6
it Il 0.333/1 0.569/1.2
TM1g N IM3a IM4g 10 0.364 49.5
L C-F Et
f 0.332/1 0.528/1.2
TM1h - IM3a IM4h 10.5 0.532 70.1
" C-OCH -
f 8 < 0.331/1 0.562/1.2
TM2a f IM3b IM4a 10 0.316 41.4
0 c-cl - 0.344/1 0.548/1.2
TM2b e C-H Et IM3b IM4b 11.5 0.261 34.2
e 0.345/1 0.494/1.2
TM2c - IM3b IM4c 12 0.428 58.7
I C-H -
oo < 0.343/1 0.531/1.2
TM2d e C-H I IM3b IM4d 12 0.248 31.7
’ s 0.346/1 0.589/1.2
TM2e N N Et IM3b IM4e 12.5 0.322 44.8
. 0.344/1 0.496/1.2
TM2f N C-OCH 4 IM3b IM4f 11 0.396 50.3
i s 0.347/1 0.572/1.2
TM2g - IM3b IM4g 11 0.323 43.1
L C-F Et
f 0.345/1 0.527/1.2
TM2h N IM3b IM4h 11 0.482 62.4
L C-OCH =
f 3 < 0.344/1 0.566/1.2
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P IETER P 3-in-1 B b+ RA A K
B AR H bR 2> T TM2 5 3L 35 20 B FF 3 (Myco-
bacterium smegmatis, MS) [0l 7% 14, 45 % W% 3.

Table 3
smegmatis (MIC value, pg-mL™ and pmol-mL™). *The values of
tPSA, LogP, and CLogP are calculated by ChemDraw soft. CLX:
Clinafloxacin; NOR: Norfloxacin; CIP: Ciprofloxacin; SAR: Sara-
floxacin; ENX: Enoxacin; BAL: Balofloxacin; LOM: Lomeflola-
cin; GAT: Gatifloxacin

Inhibitory activity of TM1/2 against Mycobacterium

Compd. —pg-mL'lMlimol-mL'l tPSA* LogP* CLogP*
CLX 0.39 0.0011 86.87 1.45 -0.42
NOR 1.95 0.006 1 72.88 1.37 -0.78
CIP 7.81 0.024 72.88 1.32 -0.73
SAR 1.95 0.0051 72.88 2.6 0.009 5
ENX 1.95 0.006 1 85.24 1.46 -1.60
BAL 0.48 0.0012 82.11 1.74 -0.36
LOM 0.97 0.002 8 72.88 1.84 -0.11
GAT 0.78 0.0021 82.11 151 -0.27
TM1la 0.97 0.0013 193.24 1.97 3.48
TM1b >100 >0.14 184.45 1.6 3.10
TM1c 15.62 0.022 184.45 1.56 3.15
T™M1d >100 >0.13 184.45 2.84 3.89
TMle 31.25 0.044 196.81 1.7 2.28
TMIf 391 0.005 1 193.68 1.97 3.77
TM1g 31.25 0.043 184.45 2.08 3.76
TM1h 3.91 0.005 2 193.68 1.75 3.61
TM2a 0.48 0.00063  193.24 2.31 4.01
TM2b 3.06 0.004 3 184.45 1.94 3.63
TM2¢c 3.91 0.005 4 184.45 1.9 3.68
T™M2d >100 >0.13 184.45 3.18 4.41
TM2e >100 >0.14 196.81 2.04 2.81
TM2f >100 >0.13 193.68 231 4.30
TM2g >100 >0.13 184.45 2.42 4.29
TM2h 3.91 0.005 1 193.68 2.09 4.14

& 3 o, XA ET A2 B MS, 8Ff FQs 241
MIC 4 0.001 1~0.024 umol-mL™, 16 > TM1/2 /45 7/
3 FHIMIC <0.005 4 umol-mL™*, SorRoRrHIEEE. H
P AP TMLFTM1h/TM2h (MIC = 0.005 1 pmol-mL™;
JE TS RS MICAE) FIFHYEX FRZ5NOR.SAR.
ENX JMIC (0.005 1~0.006 1 pmol-mL™) #14; TM2b ff]
FHI 35 1 (0.004 3 umol-mL™) & CIP (0.024 pmol-mL™)
f) 5.6 fi; TM1a (0.001 3 pmol-mL™) F 30 i 3 ¥ 55
98 vb B CLX (0.001 1 pmol-mL™) #H 24, /& SAR
(0.005 1 pmol-mL™) [f] 4 fi, J& CIP (0.023 6 umol-mL™)
i) 18 f%; TM2a (0.000 63 pmol-mL™) &7~ 1 50 ik 2,
f& CLX I 1.7 1%, /&£ NOR.SAR.ENX [ 8.1~9.7 {5, /&
CIPHI37f%. 455K, PAS.INA S FQs 24 &, HI LIS
FF MS HA b s A S8, 00E T R AR .

P 2% 5% 2 90 B & BIL, PAS AT INA 3 4% CLX (AT
AWy (TM1a/2a), H 40 45 &% 0% VBB BT 45 FQs, 7R
I 9 1) BT MS 3 1t £ BRAGAIT A2 4 TM2 (0.000 63~
0.14 pmol-mL™) fry 4 il 3if 1 58 T H B8 AL AT £ 9 TML
(0.001 3~0.14 pmol-mL™); SR I&, X NI A A7
BE YRR . MWW EE 2 $tPSA . LogP . CLogP K &,
VLA &Y, FLtPSA K 2 UAE 193 £ 47 . LogP 7
1.9~2.31.CLogP £ 3.48~4.14, $& k&9 1 1 45 ¥
TR AT RE A EE SO O
22 MABIRBEUEM V52 400 MG R YR
7, A TR B LR Bu A IR YT A eI BR A [ 1) 4H 1 J
geo MbAL, KM BLA 2=, 4056 0T Re 7= AR I 24 1, 3t
M5 2K B s = g, B2 83Ul s T k™. H
YR TT 4H B R e LR IS 2R 97 15

NTHEZEHRF IR, B0 T TM1/2
% K W #F B (Escherichia coli ATCC25922) . ¥b [ K i
(Salmonella enteritidis ATCC13076). #fl & A 5 AT
(Acinetobacter baumannii ATCC19606) . 4l 4 1E ¥ iy
(Pseudomonas aeruginosa ATCC27853). i #f fit Bk
(Micrococcus luteus). 4z #ij B (Staphyloccocus aureus
ATCC25129, ATCC14125) [rAMHINEE, A4S B W& 4.

KALIAEREN, BiaEY TMU2 (135 1
SR DR T BEAZ PAS 1 (] /& IM3a/3b; PAS H i [ 417
il 75 1 KT PAS 4.1

XK B FF B, TML/2 400 1 35 7 B 4K 55 T FQs 1H
7T PAS; 11> TM1/2 ) MIC & 8~64 pg-mL*, M
3L G W MIC 1 4 16 pg-mL*, TMila # £ 1L &
8 ng-mL™*; SARINH]GEE TML > TM2.

XPVD T IREE, AR 40 6V M TML > TM2; 6 4
TM1/2 ff) MIC 1 < 32 pg-mL™, 58 T BH # xF IR 25 4
NOR (64 pg-mL™) Al PAS; JtH & TM1a/lb, H MIC1H
43514 0.002 67 2 0.002 84 pmol-mL™*, 58 F Fr 3R (1
FQs (0.005 14~0.200 pmol-mL™).

Xof 2 AN B A B, 8 AN BH 14 259 FQs, 54N MIC
i ¥ 256 pg-mL*. 2 4 A 128 pug-mL™*; 16 4> TM1/2,
13 /M MIC {8 4 256 pg-mL™.3 />4 128 pg-mL™*.
PRI 5, FQs M TML/2 F 4041 35 ML R AR 2

Xif 4 2k BCHOBE B, FQs 9 MIC {4 0.005 2~
0.100 pmol-mL™; 5 TML/2 ¥4 7% ¥4 #8558 T NOR
(0.100 pmol-mL™); TM1c/2¢c/2h ) MIC 15 4 8 pg-mL™,
3 T BAL; TM1h/2a ff] MIC {8 ik % 4 pg-mL™, I
TEPEAE G T B T Bl FQs; TM1a/1b ) MIC B K &
2 pg-mL, s P 5 T AT FQs.

XoF T TR T, 8 A FH M 244 FQs 10 3% 4 22 53l
1R K, MIC & ¥ 0.001 09~0.802 umol-mL™; TM1/2 [f
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Table 4 Inhibitory activity of TM1/2 against human pathogenic bacteria (MIC value, pg-mL™, or ug-mL™*/umol-mL™)
E. coli S. enteritidis A. baumannii P. aeruginosa S. aureus
Compd. M. luteus

ATCC25922 ATCC13076 ATCC19606 ATCC27853 ATCC25129 ATCC14125
CLX 0.2 2/0.005 5 16 2/0.005 5 0.4/0.001 09 0.2 4/0.011 0
NOR 0.8 64/0.200 256 32/0.100 256/0.802 32/0.100 4/0.012 5
CIP 0.2 8/0.024 1 256 2/0.006 04 16/0.048 3 3.2 4/0.012 0
SAR 0.2 2/0.005 2 128 2/0.005 2 8/0.020 8 0.1 4/0.010 4
ENX 0.2 16/0.049 9 256 4/0.012 5 64/0.200 0 1.6 4/0.012 5
BAL 0.2 2/0.005 14 256 8/0.020 5 0.8/0.002 05 0.2 4/0.010 3
LOM 0.2 8/0.022 8 256 2/0.005 70 16/0.045 5 0.8 4/0.011 4
GAT 2 2/0.005 36 128 2/0.005 36 2/0.005 36 2/0.005 36 2/0.005 36
TM1la 8 2/0.002 67 128 2/0.002 67 2/0.002 67 2/0.002 67 0.125/0.000 167
TM1b 32 2/0.002 84 256 2/0.002 84 16 32 2/0.002 84
TM1c 16 128 256 8 16 16 4
TM1d 64 128 256 16 32 32 8
TMle 64 128 256 16 32 32 32
TM1f 64 128 256 16 16 16 2/0.002 58
TM1g 256 128 256 32 64/0.087 0 64 32
TM1h 32 16 256 4 4 4 0.25/0.000 329
TM2a 32 8 128 4 2/0.002 62 4 2/0.002 62
TM2b 64 256 128 16 32 16 16
TM2c 16 256 256 16 32 32 32
T™2d 128 32 256 8 16 4 8
TM2e 128 128 256 16 32 32 16
TM2f 128 128 256 16 16 16 4
TM2g 128 128 256 16 32 16 16
TM2h 32 32 256 8 16 2/0.002 58 2/0.002 58
IM3a 256 >256 256 256 256 256 128
IM3b 256 >256 256 256 16 >256 >256
Blank Control >256 >256 >256 >256 >256 >256 >256
PAS 256 >256 128 >256 256 256 >256

MIC {5 0.002 62~0.087 0 pmol-mL"*, i i 4 2 5
FHXTEZ /N, 5 A CLX 458 HL T 1 TM1a/2a, MIC{E 43 7
%% 7 0.002 67 #10.002 62 pmol-mL*, i = NOR
(0.802 pmol-mL™) f#] 300 1% . /& GAT (0.005 36 umol-mL™)
¥y 2 1%

XT 4 B ATCC25129, H b 7 T B 4% 1 55 T
FQs; it A TM1/2 i) MIC i 5 2~64 pg-mL™, H g
124 TM1/2 () MIC 1l < 16 pg-mL*. 1557 E 12,
TM1a/2h () MIC {E1i %2 0.002 67 /2 0.002 58 umol-mL™,
0081 3% 1 f& NOR (0.100 pmol-mL™?) f#) 38 1% . /& GAT
(0.005 36 umol-mL™) [) 2 f% . Xf 4 i B ATCC14125,
8> FQs [l MIC iy 2~4 pg-mL™, iff TM1/2 () MIC 1
90.125~32 pg-mL*; AR TML > TM2. 64
TM1/2 ) MIC {4 7£ 0.000 167~0.002 84 pmol-mL™, 5%
T i FQs; 5 51, TM1a A1 TM1h f) MIC {# 73 MK
%50.000 167 110.000 329 pmol-mL™?, izt izt 58 T Fr 4
BH 14 % 8 245 %) FQs (0.005 36~0.012 5 pmol-mL™Y), {4
19 )5 BEIRNHF T
23 FIMMEMR VMR IR L4 (RBC) il 2RV fif
DA, 1R 2 AL R 3 A T LA S| SV If, WIS i Bl
BRE 38 4R % SR AR IR A VR (20 °C~25 °C) 358k
AR I R B B, DL RRIRG Tk L B, iR 2R

N T FEEEMLG ) H AR E Y TM1al2a 1) %2 4
P, FH A RN AR 66 098 2 0 PR N £ 48 o A
W I e, T o TR ot SR FH A R UK, R X e
1% F1 0.1% Triton X-100 4= ¥ 57K, 37 °CWEH 4 h, FXF
ANFVRE R [ TM1a/2a 317 P4, 45 5 0L E 3.

P 3K B, TMLa/2a i I 5 B 5 10 & 0k B2 1 7
M. #E 1~64 pg-mL R R, TM1lafl TM2a
)95 1ML 2543 I 7E 1.32% ~14.40% & 0.001 5%~ 8.20%.
TM1a/2a IR FE 539 4 8 J 32 pg-mL* B, ¥ I
K (hemolysis) 43 %l A 3.73% A1 3.19%, YK T 5%. %
HRE Brbr i, TMLa/2a 7655 ik 5 FLA A 2 4 .
FEAH R JE R, TM2a ) LA T TM1a, 75l PAS
ZEAT AW R L AR T PAS R AT A4, IX W] g 5
PAS F2 B T A4 P Jor B R K I VA PR O K
3 N

K B IR B, AT 70K PASLINA 5 FQs 8
I Linker JHERURE — 20, WTHFE LT 1645810 F, UK
H3L.7%~70.1%. HrltIa 7 BT EETE R, TM1a Al
TM2a ) MIC 18 73 %I % 0.001 3 /% 0.000 63 pmol-mL™,
AH 24 B0 T B R FQs; X b 17 PR R R 2 Al 5 i
B, TM1a/1b 35 P 58 T Bl i (1 FQs; X T 4 7 i
ATCC14125, TM1a/1h ] MIC 18 43 5 % 0.000 167 F1l
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Figure 3 Hemolysis ratio of TM1a/2a

Concentration

0.000 329 pg-mL™, 58 T BTk i) FQs. i 7 7
TM1a/2a ¥ L 14 S 56 45 SR & W, TM1a/2a 47 7] ££ 8
F132 pg-mLt < E LR I B A A 22 . AR
W7 =01 2 RBP4 1, WO 251
PRI 2 B AT PRI AP 7 L % o

SCIGER 4y

% 1 3 35 A% (Bruker, ADVANCE 1II™ 600 MHz,
TMS A A FR); w7 Hs A (QTOF-MS, Bruker Impact
11, Germany); ¥ 55l 52 4 (X-6, b 5T 48 B A 28 A bR
AF])s

PAS (L ZRIH R 2~ 7], 98%); INAKAR R « FH
B CWE RIR SN IR R A (B R NN AR A PR A H]);
GAT.CLX.CIP.BAL.SAR.ENX (M 70 /R =&AL E
B MR AT, > 95%); NOR.LOM (L i ik i k5 4i 4k T
HIRAT, AR); F LB 3-F A B & (FRECHT i T
AR AT, A 35 o 8 4 2% Al 54 B 40 7= i,
KA E L
1 BHHRUEUNER
1.1 IM1a/IM1b & R A4 /RG] T 100 mL & i A%
I N PAS 1.53 g (10 mmol). H %/ Z. % 10 mL, ‘=
I8+, 18 R O S 4% 12 R 0 B R 1.06 mL
(20 mmol), % B, IS IR0 S B, TLC Ml B 48 I B &5
Wo VKRV, TN Bk B BN VBV 1 pH = 8~9, BT HH
KEFEE, HE, WA NaClUAE MR vE S, TH, SR At
P ] R IM2a/IM b, Y3 23 5l A 74.1% . 82.5%,
mp 435 A4 100.3~104.0 °C.113.2~113.9 °C,
1.2 IM2a/IM2b & R HIRAERG T 100 mL % S
Hin IM1a/IM1b (10 mmol). — 5 H %t (DCM) 10 mL,
IR, FEARE#SS, I\ NaHCO, (30 mmol, 2.522 g),
VKA H, TN ABEE (12 mmol, 1 mL). JHE, k4t
VKIBBEFE SN, TLC W B % 45 3R . Jig B DCM,
JnzK 20 mL, g€, 99 R NaClE R (15 mLx3).

g

Hemolysis ratio / %

. TM2a
204

.0

(%)
o
I

e B
- =
A
- o

16XMIC
IZXMIC

g
=
5
£

A 2XMIC

oncentration

K (15 mLx3) ¥ ¥k, B2 T 1, 19 5t [ 4R v e R
IM2a. IM2b, 15 2 43 5l v 99.3%- 98.8%, mp 43 %] A
180.7~181.5 °C.189.9~190.7 °C.

1.3 IM3a/IM3b &R HIHRAERBI T 100 mL J S
s IM2a/IM2b (5 mmol).5 mL DMSO, = ii& 4t £,
PRI IA AR, TN ELN (7.5 mmol), 4k£E4 8 0.5 h J5 i
INA (7.5 mmol, 0.931 g), 60 °C il & it £ /e v, TLC ¥
UNERESY S S T s RN 792 AR O
NaCl ¥ (15 mLx3). /K (5 mLx3) Wik, H2 T, 15
. M (PE:EA=5:1~1:1, viv) /51 A& IM3a/
IM3b, U 2 43 5 N 72.7%. 85.2%, mp 43 %] N 207.3~
208.0 °C.186.5~187.3 °C.

1.4  IMda~IM4h & R BV IER1ERG T 100 mL 5 i€
B AR N v & (10 mmol).DCM 20 mL, $i £ 15 4
Jei N BE 41 1) NaHCO, (40 mmol), =251 #
20 °CyKEh ¥, I 3- 5 A 1 50 (25 mmol) [¥] DCM
(2.5 mL) W . IMTEEE, 4k B UK HE OB, TLC A
W N 584 I, N R NaCl ¥ 7 20 mL, 2 mol-L*
HCIA™T pH = 2~3, i & 7 )=, 70, AU KA
FTNaCH 4 B U /K AR TG 206 A, BB HLAR, T8,
WE R 70, 43 [ R . i\ EA 15 mL 45 £ 30 min,
BN PE 40 mL R AT 408k, # &, flJE, TLC W I [ 44,
WURIAFAE AR 0T, B 2 IRIEAT 708, BT, IR,
2 5Ok B W B A& v B e, A3 WO s
DCM 20 mL = 45 &, A7 28 (0 [l 44, Jl, 4940 5, 1
ZRIE 85.6%~92.7%.

1.5 TMI1R2 &RBIERAERAG T 100 mL SR A m
A IM3a/IM3b (1 mmol). DMF 2 mL, = & #if # 15 %
TS S, I K,CO, (1.5 mmol, 0.207 g), #it#
0.5 h J& il IM4a~1M4h (1.2 mmol). Nal (0.01 mmol),
kLA FE0.5 h 5, B4\ 60 CHIA 1t FE [ N, TLC Wi il
HAERMNE R . VKA AT NaCl ¥, 2 mol-L™*
HCIE AT pH = 3~4, B i [l 44, A i g, uEUF
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FH 770 NaCl 7K (10 mLx1). 7KK (15 mLx2) P, JE
DFE A TR A . AR (DCMICH,OH = 150: 1~
20:1, vIv), #r G VIR 4 3 (41 (DCM:CH,0H =
50:1, viv), 15 Bis & TM1/2.

TML/2 RINE VI RAEE G R

TM1ia: [ [E 44, mp: 228.3~229.2 °C. 'H NMR
(600 MHz, DMSO-d,) 6 14.51 (s, 1H), 10.61 (s, 1H), 10.55
(s, 1H), 8.88~8.81 (m, 2H), 7.94 (d, J = 11.7 Hz, 1H),
7.91 (d, J = 5.6 Hz, 2H), 7.75 (d, J = 8.7 Hz, 1H), 7.35
(d, 3 = 1.1 Hz, 1H), 7.09 (d, J = 7.4 Hz, 1H), 5.73 (dd,
J =10.5, 1.8 Hz, 2H), 5.01 (s, 2H), 4.41 (d, J = 3.3 Hz,
1H), 4.02 (dt, J = 20.6, 10.4 Hz, 1H), 3.87 (s, 3H), 3.76
(s, 3H), 3.35 (s, 4H), 2.08 (d, J = 7.4 Hz, 1H), 1.20 (dd,
J=13.1, 6.9 Hz, 3H), 1.01 (s, 2H); *C NMR (150 MHz,
DMSO-d,) § 176.59, 172.45, 169.15, 166.09, 165.56,
165.14, 164.89, 161.81, 156.91, 155.24, 153.12, 151.28,
145.14, 143.85, 143.76, 138.31, 136.80, 128.60, 127.98,
123.13, 120.30, 110.98, 108.41, 108.17, 106.85, 64.14,
61.59, 60.21, 55.27, 46.40, 41.99, 30.47, 21.44, 19.10,
14.45,11.29. HR-MS [M+H]" m/z C,;H,,CIFN,O,, it %
{8 750.197 3, M| & {H 750.197 2.

TM1b: ([ &, mp: 216.2~217.0 °C. *H NMR
(600 MHz, DMSO-d,) ¢ 11.13 (s, 1H, H), 10.64 (s, 1H),
10.57 (s, 1H), 9.97 (s, 1H), 8.86 (d, J = 3.8 Hz, 2H), 7.92
(d, J=4.2 Hz, 2H), 7.76 (d, J = 8.7 Hz, 1H), 7.72 (d, J =
8.1 Hz, 1H), 7.37 (s, 1H), 7.11 (d, J = 8.6 Hz, 1H), 5.68
(s, 2H), 5.00 (d, J = 28.9 Hz, 2H), 4.23 (t, J = 6.4 Hz,
2H), 4.03 (d, J = 5.7 Hz, 1H), 3.88 (s, 3H), 3.37 (s, 9H),
1.65 (t, J = 7.3 Hz, 3H); **C NMR (150 MHz, DMSO-d,)
9176.58, 172.15, 169.39, 166.06, 165.50, 165.08, 163.69,
161.63, 153.15, 148.88, 146.24, 145.44, 145.16, 143.86,
143.04, 138.33, 131.34, 128.66, 127.93, 120.32, 111.12,
111.02, 108.38, 108.19, 106.89, 64.21, 62.49, 52.67,
51.10, 46.38, 42.00, 35.77, 30.49, 19.11, 11.31. HR-MS
[M+Na]* m/z C,;H,,FN,O,, 1T 5 {# 726.218 2, Il & {4
726.216 4.

TMilc: A fE /4, mp: 234.2~235.1 °C. 'H NMR
(600 MHz, DMSO-d,) ¢ 15.19 (s, 1H, H-23), 10.62 (s,
3H, H-5), 10.57 (s, 2H, H-19), 8.85 (d, J = 4.9 Hz, 2H,
H-9 and H-10), 8.66 (s, 1H), 7.91 (d, J = 5.4 Hz, 2H),
7.75 (d, J = 8.7 Hz, 1H), 7.57 (d, J = 6.9 Hz, 1H), 7.35
(s, 1H), 7.09 (d, J = 8.6 Hz, 1H), 5.01 (s, 2H), 4.23 (s,
4H), 3.87 (s, 3H), 3.81 (t, J = 16.1 Hz, 2H), 3.42 (s, 4H),
3.36 (s, 3H), 1.33 (d, J = 6.4 Hz, 1H), 1.21 (d, J = 30.7 Hz,
2H), 0.88~0.79 (m, 1H); “*C NMR (150 MHz, DMSO-d)

9176.57,172.14, 169.14, 168.53, 166.04, 165.49, 165.08,
163.68, 161.81, 155.24, 153.13, 148.87, 146.24, 145.44,
145.16, 143.03, 138.31, 131.24, 130.94, 128.64, 127.93,
110.98, 108.38, 108.18, 106.85, 65.47, 64.19, 62.48,
61.57, 61.52, 55.32, 41.99, 35.77, 30.49, 14.46, 11.31.
HR-MS [M+H]" m/z C,H,,FN,O,, it 51 716.236 2, ]
&1} 716.235 9; [M+Na]* m/z it & 1 738.218 2, | &
738.217 9.

TM1d: [ & [E 4K, mp: 207.3~208.0 °C. 'H NMR
(600 MHz, DMSO-d,) ¢ 15.11 (s, 1H), 10.63 (s, 1H),
10.57 (s, 1H), 8.85 (d, J = 5.3 Hz, 2H), 8.64 (s, 1H), 7.99
(d, J = 13.0 Hz, 2H), 7.91 (d, J = 5.4 Hz, 2H), 7.83~
7.70 (m, 2H), 7.53 (t, J = 8.4 Hz, 1H), 7.35 (s, 1H), 7.09
(d, J = 8.6 Hz, 2H), 5.74 (s, 2H), 5.01 (s, 2H), 3.87 (s,
3H), 3.74~3.54 (m, 2H), 3.41 (d, J = 24.9 Hz, 8H);
*C NMR (150 MHz, DMSO-d,) § 176.61, 172.49, 169.15,
166.11, 165.60, 165.16, 164.90, 161.79, 156.90, 155.23,
153.13, 151.27, 145.13, 143.85, 143.76, 138.31, 136.80,
131.92, 131.27, 129.09, 128.95, 128.57, 128.04, 123.51,
123.14, 120.29, 111.11, 110.98, 108.42, 108.14, 106.85,
64.13, 61.60, 55.26, 41.99, 30.46, 21.44, 19.09, 14.45.
HR-MS [M+H]" m/z C,,H,,F,N.O,, -5 770.226 8, il
w=1H: 770.226 9.

TMle: A [E 44, mp: 213.6~214.5°C. 'H NMR
(600 MHz, DMSO-d,) d 15.30 (s, 1H), 10.62 (s, 1H),
10.57 (s, 1H), 8.96 (s, 1H), 8.85 (d, J = 4.4 Hz, 2H),
8.07 (d, J = 13.3 Hz, 1H), 7.91 (d, J = 4.4 Hz, 2H), 7.74
(d, J=8.7 Hz, 1H), 7.35 (s, 1H), 5.01 (s, 2H), 4.56~4.42
(m, 2H), 3.87 (s, 3H), 3.77 (d, J = 35.3 Hz, 3H), 3.43
(s, 10H), 1.40 (t, J = 6.8 Hz, 3H); *C NMR (150 MHz,
DMSO-d,) § 176.60, 172.16, 169.14, 166.06, 165.54,
165.10, 163.69, 161.80, 155.24, 153.15, 148.88, 146.24,
145.44, 145.15, 143.01, 131.26, 129.10, 128.62, 127.98,
111.26, 110.99, 108.40, 108.17, 106.86, 65.48, 64.19,
62.46, 61.58, 42.00, 35.76, 30.47, 19.10, 14.46, 11.30.
HR-MS [M+H]" m/z C,,H,,FN,O,, it 5 {8 705.231 4, il
{8 705.231 5.

TMLf: 3% €4 [E 44, mp: 297.9~298.8 °C. 'H NMR
(600 MHz, DMSO-d,) 6 14.94 (s, 1H), 10.62 (s, 1H), 8.86
(d, J=4.5Hz, 1H), 8.69 (s, 2H), 7.91 (d, J = 4.5 Hz, 2H),
7.74 (d, J = 11.9 Hz, 4H), 4.56 (s, 2H), 4.17 (s, 3H), 4.03
(dd, J = 14.3, 7.2 Hz, 2H), 3.87 (s, 3H), 3.79 (s, 4H), 3.14
(dd, J = 28.2, 10.4 Hz, 3H), 3.00 (s, 3H), 2.92 (d, J =
14.52 Hz, 2H), 2.82 (m, 2H), 1.90 (Hz, 2H), 1.22~1.14
(m, 2H); “C NMR (150 MHz, DMSO-d,) ¢ 176.74,
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169.71, 169.39, 166.05, 162.76, 161.63, 155.35, 151.32,
150.76, 146.43, 145.17, 139.74, 139.66, 136.81, 134.49,
131.35, 131.04, 129.69, 127.62, 123.12, 121.41, 121.35,
111.00, 107.03, 106.86, 64.16, 63.23, 63.19, 60.20,
52.67, 51.00, 41.28, 36.61, 30.45, 27.29, 25.79, 14.53,
9.49, 9.27. HR-MS [M+Na]* m/z C,H,FN.O,, it 5 {&
796.260 1, Il & {H 796.260 8.

TM1g: % # (A& {4, mp: 209.5~210.3°C. 'H NMR
(600 MHz, DMSO-d,)  15.08 (s, 1H), 10.61 (s, 1H), 9.95
(s, 1H), 8.93 (d, J = 8.6 Hz, 2H), 8.64 (s, 1H), 7.72 (d,
J=8.7 Hz, 1H), 7.87 (d, J = 8.7, 2H), 7.79 (s, 1H), 7.53
(dd, J = 8.6, 1.7 Hz, 1H), 5.72 (d, J = 10.7 Hz, 2H), 4.59
(d, J = 3.2 Hz, 8H), 3.87 (s, 3H), 3.51 (d, J = 9.7 Hz,
2H), 3.36 (d, J = 9.6 Hz, 3H), 1.45 (t, J = 6.7 Hz,
6H); *C NMR (150 MHz, DMSO-d,) ¢ 176.61, 172.18,
169.39, 166.08, 165.56, 163.69, 161.62, 153.16, 148.88,
146.24, 145.44, 145.14, 143.01, 138.33, 131.36, 128.62,
128.00, 111.29, 111.12, 111.03, 110.97, 108.40, 108.16,
106.99, 106.90, 65.49, 64.20, 62.45, 52.68, 42.00, 41.05,
35.75, 30.47, 19.10, 13.95, 11.30. HR-MS [M+H]"* m/z
C,HF,N.O, 151 736.242 5, Il £ {H 736.243 7.

TM1h: 3 & [FH A, mp: 225.6~226.3 °C. 'H NMR
(600 MHz, DMSO-d,) ¢ 14.93 (s, 1H), 10.63 (s, 1H),
10.57 (s, 1H), 8.85 (d, J = 4.3 Hz, 2H), 8.72 (s, 1H),
7.91 (d, J = 4.3 Hz, 2H), 7.76 (d, J = 6.2 Hz, 1H), 7.35
(s, 1H), 7.09 (d, J = 8.5 Hz, 1H), 5.73 (d, J = 13.6 Hz,
4H), 5.01 (s, 2H), 4.21 (dd, J = 24.5, 17.9 Hz, 1H), 3.87
(s, 3H), 3.72 (s, 2H), 3.46 (s, 4H), 3.36 (s, 3H), 3.20 (d,
J=17.6 Hz, 1H), 1.28 (d, J = 45.5 Hz, 3H), 1.13 (s, 1H),
1.03 (s, 1H), 0.95~0.89 (m, 1H), 0.87~0.80 (m, 1H);
*C NMR (150 MHz, DMSO-d,) § 176.74, 169.42, 166.09,
166.07, 161.64, 156.83, 155.17, 151.28, 150.95, 148.86,
146.23, 145.42, 145.15, 140.01, 139.94, 136.79, 134.56,
131.33, 127.88, 123.12, 111.03, 108.37, 107.18, 107.14,
106.90, 65.48, 64.18, 64.14, 64.07, 62.44, 55.27, 52.66,
50.95, 41.08, 30.47,19.10, 13.93, 9.45. HR-MS [M+Na]"
M/z C,H,,FN,O,, 1T 51 782.244 4, W &1 782.242 7.

TM2a: # {4 & {&, mp: 236.3~237.1 °C. 'H NMR
(600 MHz, DMSO-d,) 6 14.48 (s, 1H), 10.69 (s, 1H),
10.54 (s, 1H), 8.84 (d, J = 3.1 Hz, 2H), 8.82 (s, 1H), 7.90
(d, J=2.5Hz, 2H), 7.73 (d, J = 8.6 Hz, 1H), 7.33 (s, 1H),
7.08 (d, J = 8.3 Hz, 1H), 5.01 (s, 2H), 4.34 (q, J = 6.9 Hz,
2H), 3.74 (s, 2H), 3.42 (s, 8H), 3.32 (s, 3H), 1.32 (t, J =
6.9 Hz, 3H), 1.20 (d, J = 5.7 Hz, 2H), 1.00 (s, 1H), 0.87
(dd, J = 44.5, 6.3 Hz, 1H); *C NMR (150 MHz, DMSO-

d) 0 176.59, 169.15, 166.08, 165.54, 164.89, 161.81,
156.91, 155.25, 153.11, 151.28, 145.14, 143.85, 143.76,
138.31, 136.80, 131.25, 128.61, 127.96, 123.12, 120.31,
111.11, 110.98, 108.41, 108.18, 106.86, 65.48, 64.14,
61.58, 55.27, 51.63, 51.08, 46.36, 41.98, 31.38, 30.47,
14.45, 11.29, HR-MS [M+Na]* m/z C,,H,.CIFN,O,, il
HE 786.194 9, | & 1K 786.193 6.

TM2b: # 5 [ 44, mp: 201.6~201.3 °C. ‘H NMR
(600 MHz, DMSO-d,) d§ 15.25 (s, 1H), 10.70 (s, 1H),
10.56 (s, 1H), 8.95 (s, 1H), 8.86 (d, J = 5.3 Hz, 2H), 7.91
(d, J=5.7 Hz, 2H), 7.76 (d, J = 8.7 Hz, 1H), 7.35 (s, 1H),
7.19 (d, J = 6.2 Hz, 1H), 7.09 (d, J = 8.6 Hz, 1H), 5.02
(s, 2H), 4.59 (dd, J=13.7,6.7 Hz, 1H), 4.34 (9, = 7.0 Hz,
2H), 3.89~3.64 (m, 4H), 3.35 (s, 8H), 2.92 (dd, J = 14.6,
8.2 Hz, 1H), 1.42 (t, J = 7.0 Hz, 3H), 1.33 (t, J = 7.0 Hz,
3H); *C NMR (150 MHz, DMSO-d,) ¢ 176.74, 169.39,
166.07, 164.88, 162.78, 161.62, 156.98, 155.33, 151.31,
150.76, 146.41, 145.45, 145.17, 139.75, 139.67, 136.80,
134.48, 131.35, 131.04, 123.13, 121.38, 121.32, 111.00,
108.36, 107.01, 64.15, 63.22, 52.68, 51.00, 41.28, 36.59,
36.24, 31.24, 30.45, 25.78, 14.52. HR-MS [M+Na] m/z
CyeHaFNO,, 715 {E 740.233 8, Il & {H 740.233 1.

TM2c: [t [ 44, mp: 235.8~236.6 °C. 'H NMR
(600 MHz, DMSO-d,) 5 15.18 (s, 1H), 10.70 (s, 1H), 10.56
(s, 1H), 8.86 (d, J = 4.4 Hz, 2H), 8.66 (s, 1H), 7.91 (d,
J =54 Hz, 2H), 7.75 (d, J = 8.7 Hz, 1H), 7.57 (d, J =
7.1 Hz, 1H), 7.35 (s, 1H), 7.09 (d, J = 8.4 Hz, 1H), 5.01
(s, 2H), 4.34 (g, J = 6.9 Hz, 2H), 3.80 (d, J = 20.1 Hz,
4H), 3.37 (s, 13H), 1.33 (t, J = 6.9 Hz, 3H); *C NMR
(150 MHz, DMSO-d,) 6 176.74, 169.42, 166.11, 166.07,
164.89, 163.68, 161.63, 155.16, 151.27, 150.94, 148.86,
146.23, 145.42, 145.13, 142.99, 140.01, 136.79, 134.55,
131.33, 127.92, 123.13, 111.02, 108.36, 107.16, 106.98,
106.89, 65.48, 64.17, 64.13, 64.07, 62.43, 55.27, 52.67,
41.09, 30.46, 19.09, 13.93, 9.44. HR-MS, [M+Na]" m/z
Cy HyeFN,O,, T 5 {H 752.233 8, & {H 752.233 3.

TM2d: # ffE 44, mp: 212.1~213.0 °C. ‘H NMR
(600 MHz, DMSO-d,) 6 15.09 (s, 1H), 10.68 (s, 1H), 9.95
(s, 1H), 8.65 (s, 1H), 8.01 (d, J = 13.0 Hz, 2H), 7.79 (t,
J = 6.0 Hz, 2H), 7.54 (t, J = 8.1 Hz, 2H), 7.15 (s, 1H),
6.80 (dd, J = 16.6, 10.5 Hz, 4H), 6.41 (d, J = 7.2 Hz, 1H),
5.69 (d, J = 10.8 Hz, 1H), 4.34 (dd, J = 13.7, 6.7 Hz, 2H),
4.02 (t, J = 6.3 Hz, 2H), 3.78 (t, J = 6.3 Hz, 2H), 3.65
(m, 8H), 1.33 (t, J = 6.9 Hz, 3H); *C NMR (150 MHz,
DMSO-d,) § 176.75, 172.19, 169.78, 169.26, 169.14,
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166.18, 166.12, 164.90, 161.78, 151.28, 150.75, 146.38,
145.38, 145.13, 139.74, 137.66, 136.80, 134.98, 134.46,
131.29, 130.99, 128.50, 123.14, 121.36, 121.30, 111.27,
110.99, 108.43, 108.10, 106.99, 106.85, 64.13, 63.21,
63.17, 61.61, 41.26, 36.57, 30.44, 25.75, 14.45. HR-MS
[M+H]* m/z C,H,F,N;O,, i 5 {8 784.242 5, Wl & {&
784.241 9.

TM2e: A [E 44, mp: 215.7~216.5°C. ‘H NMR
(600 MHz, DMSO-d,) § 15.28 (s, 1H), 10.70 (s, 1H),
10.55 (s, 1H), 8.97 (s, 1H), 8.86 (d, J = 3.6 Hz, 2H), 8.08
(d, J = 13.3 Hz, 1H), 7.91 (d, J = 3.5 Hz, 2H), 7.75 (d,
J = 8.6 Hz, 1H), 7.35 (s, 1H), 5.01 (s, 2H), 4.50 (d, J =
6.6 Hz, 2H), 4.34 (q, J = 6.9 Hz, 2H), 4.23 (t, J = 6.8 Hz,
2H), 4.02 (t, J = 6.8 Hz, 2H), 3.96~3.63 (m, 8H), 1.40
(t, J = 6.6 Hz, 3H), 1.33 (t, J = 6.8 Hz, 3H); *C NMR
(150 MHz, DMSO-d,) 6 176.73, 169.16, 166.12, 166.06,
164.88, 163.67, 161.80, 151.22, 150.89, 148.85, 146.22,
145.41, 145.11, 142.97, 140.00, 139.92, 134.52, 131.22,
127.93, 123.14, 110.98, 108.37, 107.13, 106.85, 65.48,
64.87, 62.40, 61.60, 61.54, 55.24, 41.08, 30.45, 19.08,
14.42,9.43. HR-MS [M+Na]" m/z C,;H,.FN,O,, it 5 fE
741229 1, I H 1 741.229 7.

TM2f: # 4 [ 44, mp: 208.0~208.8 °C. 'H NMR
(600 MHz, DMSO-d) 6 14.95 (s, 1H), 10.70 (s, 1H), 10.56
(s, 1H), 8.86 (d, J = 4.7 Hz, 2H), 8.70 (s, 1H), 7.91 (d,
J = 4.6 Hz, 2H), 7.76 (d, J = 8.5 Hz, 1H), 7.35 (s, 1H),
7.09 (d, J = 8.5 Hz, 1H), 5.01 (s, 2H), 4.34 (dd, J = 14.1,
7.0 Hz, 2H), 4.17 (t, J = 6.8 Hz, 2H), 4.02 (s, 3H), 3.79
(d, J = 6.5 Hz, 3H), 3.39 (s, 3H), 3.26 (s, 2H), 3.20~
3.06 (m, 1H), 3.04~2.69 (m, 2H), 2.16 (dd, J = 29.1,
8.7 Hz, 1H), 1.78~1.91(m, 3H), 1.33 (t, J = 7.0 Hz, 3H),
1.26~0.94 (m, 4H); *C NMR (150 MHz, DMSO-d,) o
176.79, 172.17, 169.13, 166.11, 164.89, 162.65, 161.80,
151.33, 150.80, 146.40, 145.17, 139.75, 136.81, 134.50,
131.31, 130.99, 128.52, 123.13, 121.43, 111.28, 110.99,
108.44,107.88,107.05,106.86, 64.16, 63.23, 63.19, 62.47,
61.58, 51.00, 50.01, 43.18, 41.28, 34.44, 30.45, 30.30,
25.78, 14.48, 9.26, HR-MS [M+H]" m/z C,H,,FN.O,,
518 788.293 8, Wl &= {f 788.295 3.

TM2g: @ fE {4, mp: 223.9~224.8 °C. 'H NMR
(600 MHz, DMSO-d,) ¢ 14.88 (s, 1H), 10.71 (s, 1H),
10.57 (s, 1H), 8.92 (s, 1H), 8.85 (d, J = 4.6 Hz, 2H), 7.91
(d, J = 4.6 Hz, 2H), 7.87 (d, J = 11.6 Hz, 1H), 7.75 (d,
J =8.7 Hz, 1H), 7.34 (s, 1H), 5.74 (t, J = 18.2 Hz, TH),
5.01 (s, 2H, H-7), 4.58 (s, 2H), 4.34 (q, J = 13.9, 6.9 Hz,

2H), 4.02 (t, J = 6.9 Hz, 4H), 1.45 (t, J = 6.6 Hz, 3H),
1.33 (t, J = 7.0 Hz, 6H); *C NMR (150 MHz, DMSO-
d) 0 176.74, 172.20, 169.42, 166.12, 166.08, 164.89,
163.68, 161.63, 155.14, 151.28, 150.95, 148.88, 146.23,
145.43, 145.13, 142.97, 139.94, 136.77, 134.55, 131.34,
123.13, 111.00, 108.34, 107.13, 106.86, 65.49, 64.17,
64.08, 62.42, 55.28, 52.68, 51.00, 41.09, 30.46, 19.10,
13.94, 9.44, HR-MS [M+H]" m/z C,,H,,F,N,O,, it (&
750.258 1, i 5 {f 750.257 8.

TM2h: ¥ & [ {&, mp: 233.2~234.0 °C. 'H NMR
(600 MHz, DMSO-d,) 6 14.92 (s, 1H), 10.71 (s, 1H),
10.57 (s, 1H), 8.85 (d, J = 5.6 Hz, 2H), 8.71 (s, 1H),
7.91 (d, J=5.6 Hz, 2H), 7.75 (d, J = 9.1 Hz, 2H), 7.35 (s,
1H), 5.74 (s, 4H), 5.01 (s, 2H), 4.34 (dd, J = 14.1, 7.0 Hz,
2H), 4.16 (s, 1H), 3.72 (s, 3H), 3.35 (d, J = 12.1 Hz,
7H), 1.33 (t, J = 7.1 Hz, 6H), 1.08 (m, 4H); *C NMR
(150 MHz, DMSO-d,) § 176.72, 172.15, 169.16, 166.08,
166.05, 163.67, 161.82, 156.82, 151.26, 150.91, 148.85,
146.23, 145.42, 145.14, 143.00, 140.00, 139.92, 134.53,
131.23, 127.87, 123.12, 111.24, 110.98, 108.37, 106.85,
65.47, 64.17, 64.05, 62.44, 61.58, 61.53, 55.26, 50.97,
41.08, 30.47, 19.09, 14.43, 13.92, 9.44. HR-MS [M+H]"
M/z C,H,oFN,O,, 11518 774.278 1, I & {E 774.278 0,
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