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Hybrid molecules of dihydroartemisinin with fluoroquinolones linked
by L-homoserine have anti-tuberculosis and lipid-lowering effects
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Abstract: Eighteen dihydroartemisinin-fluoroquinolone molecules conjugated with Z-homoserine were designed
and synthesized using fragmented drug splicing approaches. The in vitro activities of the synthesized conjugates
against Mycobacterium tuberculosis (MTB) and the lipid-lowering target PCSK9 were evaluated. The bioassay test
results showed that most of the synthesized molecules had anti-tuberculosis (anti-TB) activity. Five compounds
showed greater than 80% inhibitory activity against MTB in the replication state and three compounds exhibited
more than 50% inhibitory activity against H;,Rv in the non-replication state. A structure-activity relationship analysis
demonstrated that TM2 series compounds (Boc protection) have better anti-TB activity than TM1 series compounds
(Cbz protection). There were 13 compounds with strong inhibitory activity toward PCSK9 (>73%) and TM1-3
compounds reached 92%. The determination of physical parameters showed that all the molecules are largely
nontoxic. The structure-toxicity relationship analysis showed that the safety of TM2 is higher than that of TM1 in
all parameters, perhaps related to the protecting group of the amino acid in the target molecule, and provides

new ideas for the design and structural modification of subsequent molecules. This study sets a precedent for L-
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homoserine as a linking structural unit in multi-target drug molecules.

Key words: dihydroartemisinin; fluoroquinolone; antituberculosis activity; PCSK9 inhibitory activity; L-

homoserine
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Table 1 Experimental results of TM1/TM2. "Yield (%) refers to
the yield of step iii
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Table 2 Anti-TB activity and parameters of target molecules TM1/TM2. "/": Not calculated or determined
hTHP-1 w/M. tuberculosis growth hTHP-1 Cytot. H;,Rv
™ clogP TPSA Fsp?
% Inhib. 5 pmol-L"! IC,,/pmol-L! IC,/mg-L"! %Inhib. 20 pmol-L"!
1-1 6.48 174.43 0.59 74.46 1.70 1.39 45.7
1-2 5.98 165.64 0.59 45.69 1.40 1.17 243
1-3 5.85 178.53 0.60 72.42 1.30 4.27 27.2
1-4 5.87 165.64 0.58 72.91 1.50 5.90 20.7
1-5 7.37 165.64 0.49 82.51 0.31 0.58 20.7
1-6 6.24 174.87 0.61 87.39 0.40 1.93 479
1-7 6.43 165.64 0.59 72.96 0.28 1.36 32.7
1-8 6.40 174.87 0.63 66.63 0.35 1.26 24.0
1-9 6.46 174.87 0.62 -105.0 / / 59.8
2-1 5.81 174.43 0.71 77.69 0.29 242 58.3
2-2 531 165.64 0.71 68.20 1.40 0.46 10.6
2-3 5.18 178.53 0.72 68.59 0.83 4.96 62.7
2-4 5.20 165.64 0.70 64.02 1.10 6.22 15.4
2-5 6.70 165.64 0.59 92.95 0.72 1.36 28.2
2-6 5.57 174.87 0.72 83.13 0.30 2.11 41.3
2-7 5.76 165.64 0.71 81.07 0.40 1.56 40.1
2-8 5.73 174.87 0.73 67.39 0.49 1.99 35.1
2-9 5.79 174.87 0.73 64.39 1.10 1.03 26.6
DHA / / / 7.7 / / 33.9

7 = i 8 o L/ Nl 1 P VA e A I O XS G R R e
() 2R A AT DL SE i 4 5 2R 1 o ke i b 1K) O A BA AR e
WERUEHW, NS 2R E A EIF e &. WNK2FE
W, A B9 Fsp? E K, JLx Hy R, B H0 1S M AT K (o
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PCSK9) #& 2003 FF K ILH — Mg AR AT & E . K
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fIK PCSKO /KBRS T332 0] A 35087 e BH [ BE IE, &
i v L [ 2 LSRR AF 7 P 8 s U517, b PCSKO [ 2E
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5 1 4L K 1 25 2> 7 OIDD V- & 4 J8 0 R i A2 1 AT I
W B e AT R FEE IR, K A AlphaLisa 75 V& M iR AL
W%t I 40 i Huh7 43 % PCSKO I H 4 3l %, I
K F CellTiter-Glo i 771l 158 A4 & 427 %5F JH- e 48 e Huh7
TG BRI (4T B ), DA O s ) o ik
17 2R FEMNK; 28 )5 04T S 0%, K FH ELISA ¥4l 24 h
A3 5 Huh7 410 ApoA-1 25 [ Rk 4 .
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Table 3 PCSKDY inhibitory activity of TM1/TM2

™ Huh7 SP Huh?7 viability cell titer-Glo SP
% Inhib@40 pmol-L"! % Inhib@40 pmol-L"!
1-1 46.43 30.89
1-2 75.28 45.18
1-3 92.30 72.11
1-4 45.40 31.82
1-5 52.73 29.19
1-6 76.50 49.20
1-7 89.53 68.96
1-8 73.65 53.33
1-9 77.53 39.18
2-1 72.73 38.50
2-2 32.84 32.58
2-3 79.59 46.22
2-4 54.73 31.98
2-5 83.40 55.55
2-6 74.31 65.48
2-7 79.08 51.71
2-8 87.92 63.36
2-9 88.64 59.09

IR 8- B AR R I 2, 05 R BR 1 H
XS B IR I L- 1o 22 5 T T e T DU T G 3 — e T
Fir (K B A PCSKO G M o B2, TG PR 4T
B - of T8 4 Houh'7 ) 28 i 35 1k T e e K

23 BERUEYMRNSHETNE AFREEHE-FE
Y s MR TR T T, R SR E
Simulations Plus 2 & Jf & ] ADMET-Predictor 7.0 %X
T TM1 A1 TM2 R 51 B bRl & Y0 10 55 1%, 645 O
JIE 2 1% (TOX hERG). $Ji & % (TOX BRM Rat and
BRM Mouse). #2745 14 (TOX MUT Risk) A4 & 5 1%
(TOX Risk), %5 Hi 2 P XU Z Ok, 32 1 40 7 43 7%
itk
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%A BUEYE . TOX-BRM-Mouse /2 T A4, &4 1)
FomtE, HhW A/, E TDs, > 25 mg-kg!-d" N %
2fH, WNE 7 (CF) WTRLE H, BT A 7 13 R 8UE

B8 7T LLE i, H ks 4 T [0 I 2 % (TOX
hERG) < 4.51, T 0o I 2 14 (190 {8 /T 6.0, TG
ORE#EME . TOX-MUT-Risk /& P AL & 9026 AS &) ) 70
FTEE & P SR T R 2R AP . BRI R 2502
W19y T3 £ TOX MUT Risk < 2 (98 R, il A 55 1
f) TOX MUT Risk 3015 7 1, R A1 LR,
TOX-Risk %f T FF ML £5 5 41 70 N 4 < 3.0, %K &
BOtR oK, RoR b AP EE M AN B AR . 8 R,
TM2 R4 53 1B R AU AR T TM1.

gk ERTiR, TM2 2505 T 102 2 LT # e T
TMI1, 7] §8 51X L8 53 7 o (1) G FE R LR 37 A O, R
oy T2 A v mT DLl S5 B 1 T R, XN R S T
(I BE AN SR FR B T 7 1)

3 &g

AHF TR RS VE P R, K DHA 5 9 Mg i
WA 254 oy i I v 22 SRR B, WU IR A LT 18 AN
oy, R 24%~85%. H R4 451453 2] 'H NMR.
13C NMR.HR-MS I HfiE. IR 7 A H st & Y5t
MTB B A0 PRI A 25 7, 30 H AR & Rt R
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Figure 7 Prediction results of carcinogenic toxicity of TM1/TM2 (the left and right animal models are rats and mice, respectively)
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Figure 8 The line chart of TOX hERG, TOX risk and TOX MUT risk of the TM1/TM2, and the ordinate represents the predicted value
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(4 FR) 3 1 22 AR K o AT 98 8 IOK B, DHA 5 FQs
BB PCSKO BA MdEE . AR R, JLT
FT B AR5 T a3 SO B AR GO IE R . X
SBRfF 7T 45 B, N S SR AT B e T Ak .

LIS ER Sy
1 BREINEK

SEARVD B VR B RN TR R AR A TR
AT, >95%); EERI R AR R GEED R N
BTV R (R Z R R 5 A R A ], AR); iKiE T
ALVEED R CEFREER (Cbz-Cl) (i ik 3 5 411k
TAHRAA, AR); AT &R (E PRI Uk 1L i 25
IR A, AR); 46.5% — Fi AL 2 B 1% W (BF,-Et,0)
(A S 45745 BR A 7, AR); L-71 22 %R (L-HoSer)-
N-"FE A T R % (Z-OSu) B — BT I
(Boc,O) (JARHLZE B H A F IR TTFE A A, AR); H AR
FUB T A 2R A B o BT 4l P i, KRG A BB A o

B F3 4 FEAR I B R /K s (PSL-1810, b5 BRI 2%
AR F]); 5 I E AL (X-6, Jb AR LR A PR A F]);
HZhE e (WZZ-2S, B %R TR A F)); #%
T 3R X (600 MHz, Bruker, Hti =, TMS AW 3); &5
PR AL (HR-MS) (Varian7.0T, Varian, USA).
1.1 FEMRIMI-VIM2-1 B9E& K T 100 mL & N
o\ L-HoSer (1 mmol) . ¥ I [#) 11 F1 Na,CO, V& ¥
3 mL, UK 3 FE 5 f# 5 N Cbz-Cl/Boc,O (1.5 mmol)
(1 TR R R 2 mL; 2 A e SN, 06 2B AR T Na,CO;
TR T pH>9; TLC-48 41 5% o't I i = i i €292: i )
SRR . N ZE R R, UK 15 mL, 76 pH>9 I A 2,
i (10 mLx2) ZHL, Y 427K 4, 1.5 mol L £ 2 1 %5 pH
F3~4, LR LT (10 mLx3) H, & 3G HUMH, K
Na,SO, T4, TLC-Bfi — i it (kA 2 4l 5, R 75T,
BT, 49 () 4R IM1-1/IM2-1, Y05 53 1 N 94% .
92%, i PRAF o
1.2 FEMRIMI-2IM2-2 &K T 100 mL < Nk
H AR YOI IM1-1/IM2-1 (1.0 mmol) & Et,0 3 mL, &
TR RE VAR, 235NN BF,-Et,0 0.2 mL, #t#£ 0.5 h, I
DHA (1.5 mmol), 4k 2L % il i #F: [ ., TLC-45 4k %l
FE IR 2 (A MR S L E R o OS5 RIS, I Et,O
15 mL, 18 A1 NaHCO, ¥ (10 mLx3) 2 HL, & /KA,
F1 1 mol-L-' #: B2 5 pH % 3~4, EtOAc (10 mLx3) %
B, & JEA WA, MR NaClE W (10 mLx3) e, K
Na,SO, T #, 18 78 143 2001 A i aifb, ek
IR, VB Z5 T, TLC-58 Ah 98 6 A £H R 2 (v i 1
g FE, AT, 15 P AR IMI1-2/IM2-2, Y80 43 51 N
55%+59%, IR R A7

1.3 BREUEYTMUTM2 RFIEER T 100 mL
SN HAR VI TM1-2/IM2-2 (1.2 mmol) F1 5
Ft (DCM) 3 mL, -3 °CHi # % f#, NN NN 5
P 2 [ (DIPEA) (1.5 mmol) A5 R LS (1.5 mmol),
=3 °CHFE SN 0.5 hy, 43 AN FQ (e bk vb & L sl ib
B HRHYE WRWE Y E GKEDE B
B ORETD R B B VD B ) (1 mmol), 4k 8 7E -3 °CHit HE
SRE, TLC W I s kAR o N 45 RS, I il g, i
P DCM (2 mLx3) ¥k, & I 5 & I8, In DCM
20 mL, 4 7% A #L A1 NaHCO, ¥ 7 (15 mLx2). 5% f715
FR7KVE (15 mLx2) B NaCHAFR (10 mLx2) ¥k, &
7K Na,SO, ¥, V8 Ik 28 15 2 5, #E i 44k [PE:
EA=1:1 (R FLL)], WCER VR, R 28T, LBk E 45
fin, TLC-28 41 58 6 Al 41 IR 2 v i Al 5, 32 1
1, 15 H LA TM1/TM2.

TM1/TM2 Z 54k & W) IR AEE R an T

TM1-1: 7% & (4 [ 4&, mp 159~161 °C, [a], = +69.7
(¢ 1 mg'mL", CH,Cl,). 'H NMR (600 MHz, CDCL,) §
14.26 (1H, s), 8.92 (1H, s), 8.06 (1H, t), 7.36~7.31 (5H,
m), 5.73 (1H, d, J= 8.4 Hz), 5.44 (1H, s), 5.14~5.07 (2H,
dd, J = 12.0, 25.2 Hz), 4.86~4.84 (1H, m), 4.37~4.35
(1H, m), 3.95~3.78 (4H, m), 3.56~3.52 (1H, td, J = 3.6,
10.2, 19.8 Hz), 3.38~3.34 (3H, m), 2.67~2.66 (1H, m),
2.40~2.35 (1H, td, J = 3.6, 14.4, 28.2 Hz), 2.07~2.00
(3H, m), 1.90~1.46 (8H, m), 1.43 (3H, s), 1.40 (1H, s),
1.34~1.21 (5H, m), 0.98~0.94 (6H, m), 0.86 (1H, d,
J = 6.6 Hz); *C NMR (151 MHz, CDCL) 6 177.0,
171.0, 166.0, 157.4, 156.3, 155.7, 152.4, 138.0, 136.5,
128.7, 128.1, 124.7, 120.6, 112.3, 109.1, 104.3, 102.6,
91.4, 88.1, 81.1, 80.5, 67.1, 64.9, 52.7, 51.3, 48.3, 46.3,
45.5,44.5, 429, 41.4, 37.6, 36.6, 34.9, 34.2, 32.7, 31.1,
26.3, 24.9, 22.3, 20.5, 13.2, 12.7, 11.6. HR-MS: m/z
C,,H5,CIFN,O,, [M+Na]" it 518 N 889.320 28, Sl {E
4 889.317 27

TM1-2: % & (5 [f 74, mp 162~164 °C, [a], = +53.4
(¢ 1 mg'mL", CH,Cl,). 'H NMR (600 MHz, CDCl,) §
14.68 (1H, s), 8.78 (1H, s), 8.16 (1H, d, J = 7.2 Hz), 7.98
(1H, s), 7.35~7.34 (5H, m), 5.90 (1H, d, J = 9.0 Hz),
5.44(1H,s),5.12~5.07 (2H, dd, J=13.2, 18.6 Hz), 4.93~
491 (1H, m), 4.85 (1H, s), 3.99~3.73 (5H, m), 3.60 (1H,
s), 3.54~3.52 (1H, td, J = 3.0, 9.6, 19.2 Hz), 3.18~3.08
(4H, m), 2.67~2.65 (1H, m), 2.38~2.33 (1H, td, J = 3.0,
14.4,27.6 Hz), 2.06~2.00 (2H, m), 1.89~1.60 (5H, m),
1.53~1.38 (7H, m), 1.27~1.22 (4H, m), 1.00 (3H, d,
J =172 Hz), 0.95 3H, d, J = 6.6 Hz), 0.87 (1H, d, J =
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6.6 Hz); *C NMR (151 MHz, CDCL) ¢ 177.7, 170.9,
166.6, 156.3, 147.9, 137.5, 136.4, 128.6, 125.6, 119.7,
117.0, 108.8, 104.2, 102.6, 100.4, 91.3, 88.0, 81.1, 80.4,
67.0, 65.2, 64.8, 52.7, 51.4, 48.1, 45.6, 44.5, 42.3, 37.5,
36.5, 35.5, 34.8, 34.1, 32.6, 31.0, 27.2,26.2, 24.8,22.2,
20.4, 14.3, 13.1, 12.6, 8.3. HR-MS: m/z C,H,FN,0,,
[M+K]" 1548 9 871.333 19, SEiliff 9 871.323 02,

TM1-3: 3% & (5 [F 44, mp 191~193 °C, [a], = +44.2
(¢ 1 mg'mL", CH,CL). 'H NMR (600 MHz, CDCl,) ¢
14.85 (1H, s), 8.70 (1H, d, J = 4.2 Hz), 8.16~8.12 (1H, t,
J=12.6 Hz), 7.36~7.30 (5H, m), 5.67 (1H, d, J= 8.4 Hz),
5.43 (1H, s), 5.13~5.06 (2H, q), 4.87 (1H, d, /= 30.0 Hz),
4.42~4.41 (3H, m), 3.93~3.91 (3H, m), 3.87~3.85
(5H, m), 3.73~3.71 (1H, m), 3.57~3.53 (1H, td, J = 3.0,
9.6, 19.8 Hz), 2.68~2.67 (1H, m), 2.40~2.35 (1H, td,
J=3.6, 14.4, 28.2 Hz), 2.04~1.98 (2H, m), 1.90~1.88
(1H, m), 1.83~1.76 (2H, m), 1.61~1.58 (1H, m), 1.52~
1.47 (5H, m), 1.43 (2H, s), 1.34 (4H, s), 1.28~1.23 (1H,
m), 0.99 (3H, d, J = 7.2 Hz), 0.96 (3H, d, J = 6.0 Hz);
3C NMR (151 MHz, CDCl,) § 177.3, 176.9, 171.1, 166.8,
156.4, 148.4, 146.8, 145.1, 136.5, 128.7, 128.3, 128.1,
121.0,120.9, 120.7, 109.8, 104.4, 102.7, 88.2, 81.1, 67.2,
65.0, 52.7, 48.3, 47.9, 47.3, 45.3, 45.0, 44.5, 41.9, 39.0,
37.7, 36.6, 34.9, 33.9, 31.0, 28.6, 26.3, 24.8, 20.5, 15.2,
13.2, 12.7. HR-MS: m/z C,,H;,FN,O,, [M+Na] i} 5 {#
7 844.354 51, SLIN{E 9 844.351 50.

TM1-4: ¥ & (5[4, mp 132~134 °C, [a]5 = +47.3
(c 1 mg-mL", CH,CL). 'H NMR (600 MHz, CDCl,) §
14.97 (1H,s),8.67 (1H, s),8.03 (1H, d,J=12.6 Hz), 7.35~
7.29 (5H, m), 6.85 (1H, d, J= 6.0 Hz), 5.79~5.75 (1H, 1),
5.44 (1H, s), 5.13~5.06 (2H, dd, J = 12.0, 28.8 Hz),
4.85~4.83 (1H, m), 4.34 (2H, q), 4.05~3.64 (6H, m),
3.56~3.52 (1H, td, J = 3.0, 9.6, 19.2 Hz), 3.4~3.24
(4H, m), 2.68~2.66 (1H, m), 2.40~2.34 (1H, td, J =
3.6, 14.4, 28.2 Hz), 2.06~1.99 (2H, m), 1.90~1.87 (1H,
m), 1.82~1.74 (3H, m), 1.59 (3H, t, J = 7.2 Hz), 1.53~
1.46 (2H, m), 1.36 (3H, s), 1.33~1.22 (3H, m), 0.99
(3H, d, J= 7.2 Hz), 0.96 (3H, d, J = 6.6 Hz), 0.86 (1H, d,
J= 6.6 Hz); 3C NMR (151 MHz, CDCl,) ¢ 177.0, 170.9,
167.0, 156.3, 154.4, 152.7, 147.4, 145.6, 137.2, 136.5,
128.6, 121.2, 113.0, 108.6, 104.3, 102.7, 100.6, 91.3,
88.1, 81.1, 80.5, 67.1, 64.9, 52.7, 51.8, 49.8, 48.3, 45.5,
44.5,41.9, 37.6, 36.6, 34.8, 33.8, 32.8, 31.0, 26.3, 24.8,
22.2,20.5, 14.6, 13.1, 12.6. HR-MS: m/z C,;H,,FN,O,
[M+Na]* it 518 N 843.359 26, SZM{E A 843.355 35,

TM1-5: 1% 3% (4K, mp 158~160 °C, [a];, =+233.0
(¢ 1 mg'mL", CH,CL,). 'H NMR (600 MHz, CDCL,) &
14.75 (1H, s), 8.61 (1H, s), 8.03~7.99 (1H, m), 7.51~
7.49 (2H, m), 7.38 (2H, t, J = 7.2 Hz), 7.32~7.28 (5H,
m), 6.33 (2H, d, J = 5.4 Hz), 5.90~5.85 (1H, m), 5.44~
5.34 (1H, m), 5.10~5.03 (2H, dd, J = 13.2, 18.6 Hz),
4.83~4.79 (2H, m), 3.99~3.79 (3H, m), 3.67~3.55
(2H, m), 3.51~3.48 (1H, td, J = 3.0, 9.6, 19.2 Hz), 3.21~
2.96 (4H, m), 2.64~2.60 (1H, m), 2.38~2.33 (1H, td,
J=13.0, 14.4, 27.6 Hz), 2.03~1.94 (2H, m), 1.88~1.87
(1H, m), 1.76~1.72 (3H, m), 1.58~1.54 (1H, m), 1.47~
1.45 (1H, m), 1.41 (3H, s), 1.34~1.32 (1H, m), 1.26~1.20
(2H, m), 0.98~0.91 (6H, m), 0.82 (1H, d, J = 7.2 Hz);
13C NMR (151 MHz, CDCL,) § 177.2, 170.8, 166.5, 164.2,
162.5, 156.2, 154.3, 152.7, 147.9, 145.2, 139.2, 136.0,
129.1, 128.5, 118.0, 112.3, 108.6, 106.1, 104.2, 102.5,
91.1, 88.0, 81.0, 80.3, 66.9, 64.8, 52.6, 51.7, 49.0, 48.1,
452,443, 41.7, 37.5, 36.4, 34.7, 34.3, 33.5, 32.6, 30.9,
26.1, 24.7, 22.1, 20.3, 14.2, 13.0, 12.5. HR-MS: m/z
C,Hy,F,N,O,, [M+Na] 1+ 51E 4 909.349 83, 5L E K
909.344 92,

TM1-6: % & 5[ 44, mp 152~154 °C, [a]5 = +38.3
(¢ 1 mg'mL", CH,Cl,). 'H NMR (600 MHz, CDCl,) &
14.63 (1H,s),8.83 (1H, s),7.92 (1H,d,J=10.2 Hz), 7.35~
7.32 (5H, m), 5.74~5.65 (1H, m), 5.44 (1H, d,J=8.4 Hz),
5.14~5.05 (2H, m), 4.96~4.84 (2H, m), 4.56~4.41
(1H, m), 4.02~3.65 (6H, m), 3.58~3.19 (6H, m), 2.68~
1.66 (1H, m), 2.40~2.35 (1H, m), 2.11~1.68 (7H, m),
1.62~1.50 (4H, m), 1.44~1.41 (3H, m), 1.36~1.20 (7H,
m), 1.02~0.94 (6H, m), 0.87~0.86 (1H, m); 3C NMR
(151 MHz, CDCLy) 6 177.2, 171.1, 166.7, 150.3, 146.0,
136.5,134.3,128.7,128.1,108.4, 104.3,102.7,91.4, 88.1,
81.1, 80.5, 67.1, 66.0, 64.9, 63.7, 55.7, 52.7, 51.9, 51.2,
45.6, 44.5, 40.6, 37.7, 37.6, 36.6, 34.9, 34.5, 31.1, 26.3,
26.2,24.9,22.3,20.5,17.0,15.4,13.2,12.7,9.7. HR-MS:
m/z C,sHy;FN,O,, [M+Na]* it 5 {4 4 899.385 47, szl
109 899.382 63

TM1-7: % & 5 [F 44, mp 160~162 °C, [a], = +37.8
(¢ 1 mg'mL", CH,Cl,). 'H NMR (600 MHz, CDCl,) &
14.53 (1H, s), 8.63 (1H, s), 8.01 (1H, d, J = 10.2 Hz),
7.37~7.31 (5H, m), 5.73~5.66 (1H, m), 5.44 (1H, d,
J =15.6 Hz), 5.14~5.05 (2H, m), 4.93~4.83 (2H, m),
4.56~4.48 (3H, m), 3.94~3.86 (1H, m), 3.67~3.60
(1H, m), 3.56~3.51 (1H, m), 3.45~3.22 (4H, m), 2.71~
2.64 (1H, m), 2.40~2.35 (1H, td, J = 3.6, 13.8, 27.6 Hz),
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2.08~1.72 (6H, m), 1.71~1.47 (7H, m), 1.42 (3H, 1),
1.38~1.33 (3H, m), 1.27~1.23 (1H, m), 1.01~0.94 (6H,
m), 0.86 (1H, d, J= 7.2 Hz); *CNMR (151 MHz, CDCL,)
5176.4, 171.1, 166.5, 156.4, 154.6, 150.5, 136.5, 128.7,
127.3, 122.7, 108.6, 104.3, 102.7, 98.5, 91.4, 88.1, 81.1,
80.5, 67.5, 67.1, 66.0, 55.8, 54.7, 52.7, 51.9, 51.2, 49.5,
48.3, 45.6, 44.5, 37.6, 36.6, 34.9, 34.5, 33.8, 31.1, 26.3,
24.9, 22.3, 20.5, 16.5, 15.4, 13.2, 12.7. HR-MS: m/z
CHs,F,N,O,, [M+Na] it 515 M 875.365 48, SLill{E A
875.363 11.

TM1-8: 7% # (4 [F K, mp 164~166 °C, [a];, =+118.1
(¢ 1 mg'mL", CH,Cl,). 'H NMR (600 MHz, CDCl,)
5 14.92 (1H, s), 8.78 (1H, s), 7.81 (1H, d, J = 10.2 Hz),
7.35~7.28 (5H, m), 5.78~5.61 (1H, m), 5.40 (1H, d, J =
18.6 Hz), 5.32~5.25 (1H, m), 5.14~4.82 (4H, m), 4.55~
4.52 (1H, m), 4.07~3.87 (4H, m), 3.59 (3H, s), 3.50~
3.46 (3H, m), 3.25~3.16 (1H, m), 2.67~2.60 (1H, m),
2.40~2.30 (2H, m), 2.07~1.69 (8H, m), 1.61~1.42
(8H, m), 1.34~1.24 (4H, m), 1.13~1.08 (2H, m), 1.00
(1H, d, J = 6.6 Hz), 0.96~0.85 (3H, m), 0.84~0.82
(3H, m); 3C NMR (151 MHz, CDCly) 6 177.0, 167.0,
156.4, 149.9, 141.8, 136.6, 134.6, 128.7, 128.3, 123.6,
108.1, 104.3, 102.8, 91.4, 88.1, 81.1, 67.1, 66.0, 65.0,
61.5, 56.7, 54.5, 52.7, 50.8, 48.8, 48.2, 44.5, 41.5, 40.6,
38.0, 37.7, 36.6, 35.7, 34.9, 34.6, 33.6, 31.1, 26.3, 25.4,
24.9, 23.9, 22.3, 20.5, 15.4, 13.1, 10.6, 8.7. HR-MS:
m/z CgHyFN,O,, [M+Na]* i1 B {H K 925.401 12, SZ il
55925398 14.

TM1-9: % 8 (4[4, mp 165~167 °C, [a]5 =+33.7
(¢ 1 mg'mL", CH,CL). 'H NMR (600 MHz, CDCl,) &
14.78 (1H, s), 8.87 (1H, t), 7.87 (1H, d, J = 10.2 Hz),
7.35~7.27 (5H, m), 5.84~5.76 (1H, m), 5.37~5.30 (1H,
m), 5.13~5.01 (1H, m), 4.83~4.67 (2H, m), 4.44~4.35
(1H, m), 4.06~3.80 (5H, m), 3.63~3.41 (3H, m), 3.26~
2.86 (5H, m), 2.37~2.23 (2H, m), 2.07~1.89 (7H, m),
1.74~1.63 (3H, m), 1.40 (2H, d, J = 15.6 Hz), 1.26~
1.17 (9H, m), 0.95~0.85 (8H, m); *C NMR (151 MHz,
CDCl,) 6 177.3, 166.9, 150.7, 150.0, 139.6, 136.6, 133.9,
128.7, 128.2, 108.5, 108.0, 104.4, 102.6, 100.7, 100.2,
91.4, 88.1, 81.1, 80.5, 67.1, 64.9, 62.5, 54.3, 52.7, 51.7,
49.7, 48.9, 45.6, 44.5, 40.8, 37.6, 36.5, 34.8, 34.4, 32.6,
27.3, 26.7, 26.1, 249, 22.3, 20.4, 154, 12.7, 9.8
HR-MS: m/z C,;H,,FN,O,, [M+Na]* 548 4 913.401 12,
SEIE N 913.398 05

TM2-1: ¥ 8 & 844, mp 132~135 °C, [a]5 = +70.5

(¢ 1 mg-mL", CH,Cl,). 'H NMR (600 MHz, CDCl,)
5 14.27 (1H, s), 8.92 (1H, s), 8.07 (1H, d, J = 11.4 Hz),
5.46 (1H, s), 5.38 (1H, d, J = 9.0 Hz), 4.85~4.84 (2H,
m), 4.36~4.34 (1H, m), 3.94~3.91 (1H, m), 3.80~
3.77 (2H, m), 3.55~3.51 (1H, td, J = 3.0, 10.2, 19.8 Hz),
3.39~3.34 (4H, m), 2.68~2.63 (1H, m), 2.40~2.35 (1H,
td, J = 3.6, 14.4, 28.2 Hz), 2.09~1.97 (3H, m), 1.91~
1.88 (1H, m), 1.81~1.74 (3H, m), 1.61~1.58 (1H, m),
1.54~1.38 (16H, m), 1.32~1.31 (2H, m), 1.28~1.23 (3H,
m), 0.99 (3H, d, J = 7.8 Hz), 0.96 (3H, d, J = 6.0 Hz),
0.90 (1H, t, J = 7.8 Hz); '*C NMR (151 MHz, CDCl,) §
177.0, 171.5, 166.0, 155.7, 152.4, 144.0, 138.1, 128.5,
128.0, 125.8, 124.7, 120.6, 112.2, 109.1, 104.3, 102.7,
88.2, 81.2, 79.9, 65.0, 52.8, 51.3, 47.6, 46.3, 45.2, 44.6,
42.9, 41.4, 37.6, 36.6, 35.0, 34.2, 31.1, 29.0, 28.5, 26.4,
24.9,21.5,20.5,13.2,11.6. HR-MS: m/z C,H,,CIFN,O,,
[M+Na]"tH 518 N 855.335 93, SZilifE N 855.332 12.

TM2-2: % 8 814, mp 141~144 °C, [a]5 = +43.3
(¢ 1 mg'mL", CH,CL,). 'H NMR (600 MHz, CDCL,) §
14.68 (1H, s), 8.81 (1H, s), 8.15 (1H, s), 8.03 (1H, d, J =
6.0 Hz), 5.47 (1H, s), 5.42 (1H, d, J = 9.0 Hz), 4.86~
4.85 (2H, m), 3.95~3.91 (1H, m), 3.85~3.77 (4H, m),
3.59 (1H, m), 3.54~3.51 (1H, m), 3.22~3.17 (3H, m),
3.09~3.08 (1H, m), 2.67~2.63 (1H, m), 2.40~2.34
(1H, td, J = 3.0, 13.8, 27.6 Hz ), 2.05~1.96 (2H, m),
1.90~1.88 (1H, m), 1.81~1.73 (3H, m), 1.63~1.61
(1H, m), 1.53~1.44 (17H, m), 1.27~1.20 (4H, m), 1.00
(3H, d, J = 7.2 Hz), 0.96 (3H, d, J = 6.0 Hz); *C NMR
(151 MHz, CDCL,) 6 177.8, 171.3, 166.7, 155.7, 154.8,
147.9, 147.6, 137.5, 136.5, 128.5, 128.0, 125.8, 119.7,
117.2, 109.0, 104.3, 102.7, 88.2, 81.2, 79.8, 65.0, 52.8,
51.5, 47.6, 45.6, 45.2, 44.6, 42.3, 37.6, 36.6, 35.5, 34.9,
343, 31.1, 28.5, 26.3, 24.9, 20.5, 13.2, 12.6, 8.4. HR-
MS: m/z C, HssFN,O,, [M+K] 11 5{H A 837.348 84, 5K
WAy 837.342 58,

TM2-3: W B [ 4K, mp 135~137 °C, [al;, = +64.3
(¢ 1 mg-mL", CH,CL). 'H NMR (600 MHz, CDCl,)
5 14.88 (1H, s), 8.70 (1H, s), 8.13 (1H, d, J = 13.2 Hz),
5.46 (1H, s), 5.41 (1H, d, J = 9.0 Hz), 4.84~4.83 (2H,
m), 4.42 (2H, s), 3.94~3.82 (7H, m), 3.74~3.73 (2H,
m), 3.56~3.52 (1H, td, J = 3.6, 10.2, 19.8 Hz), 2.68~
2.66 (1H, m), 2.41~2.35 (1H, td, J = 3.6, 14.4, 28.2 Hz),
2.05~1.96 (2H, m), 1.91~1.88 (1H, m), 1.79~1.77
(3H, m), 1.63~1.61 (1H, m), 1.52~1.37 (19H, m),
1.29~1.24 (1H, m), 0.99 (3H, d, J = 7.2 Hz), 0.97 (3H,
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d, J = 6.0 Hz); *C NMR (151 MHz, CDCl,) é 177.2,
171.6, 166.8, 155.7, 150.6, 148.4, 146.8, 145.1, 120.9,
114.6, 109.7, 104.3, 102.7, 88.2, 81.1, 80.0, 65.0, 52.7,
47.9,47.3,46.9, 45.2, 44.5, 41.9, 37.6, 36.6, 34.9, 33.8,
31.1, 28.5, 27.3, 26.3, 24.9, 20.5, 15.1, 13.2. HR-MS:
m/z C3,Hs,FNO,, [M+Na]* 1 5 AE 4 810.370 16, =<l
5°4810.367 39.

TM2-4: & (4[4, mp 155~157 °C, [a]5 =+79.4
(¢ 1 mg-mL", CH,Cl,). 'H NMR (600 MHz, CDCl,)
5 14.99 (1H, s), 8.68 (1H, s), 8.04 (1H, d, J = 12.6 Hz),
6.86 (1H, s), 5.47 (1H, s), 5.43 (1H, d, J = 8.4 Hz), 4.85~
4.83 (2H, m), 4.36~4.34 (2H, m), 4.03~4.02 (1H, m),
3.92 (2H, s), 3.78~3.74 (2H, m), 3.54 (1H, m), 3.36~
3.26 (4H, m), 2.67~2.65 (1H, m), 2.40~2.35 (1H, td,
J=3.6,14.4,282 Hz), 2.02~1.99 (1H, m), 1.90~1.88
(1H, m), 1.80~1.78 (3H, m), 1.61~1.59 (4H, m), 1.48~
1.34 (17H, m), 1.27~1.25 (1H, m), 0.99 (3H, d, J =
7.2 Hz), 0.97 (3H, d, J = 6.0 Hz); *C NMR (151 MHz,
CDCL) § 177.1, 173.9, 171.3, 167.1, 155.7, 154.4,
152.8, 147.5, 145.7, 137.2, 121.2, 113.2, 108.7, 104.3,
102.8, 88.2, 81.1, 79.9, 65.1, 55.8, 52.7, 50.5, 49.9, 47.6,
45.4,44.5, 419, 37.6, 36.6, 36.1, 34.9, 33.8, 31.1, 28.5,
26.3, 24.9, 20.4, 14.6, 13.2. HR-MS: m/z C,;H,FN,O,,
[M+Na]* it 51E A 809.374 91, S 4 809.371 67

TM2-5: 7% & (4 [ 74, mp 180~182 °C, [a]5 = +65.9
(¢ 1 mg'mL", CH,CL,). 'H NMR (600 MHz, CDCL,)
5 14.76 (1H, s), 8.65 (1H, s), 8.09 (1H, d, J = 12.6 Hz),
7.45 (2H, s), 7.37 (2H, d, J = 6.6 Hz), 6.33 (1H, d, J =
6.6 Hz), 5.43 (1H, s), 5.31 (1H, d, J = 9.0 Hz), 4.80~
4.75 (2H, m), 3.95~3.82 (3H, m), 3.68~3.55 (2H, m),
3.51~3.47 (1H, td, J = 2.4, 9.6, 19.2 Hz), 3.17~3.12
(3H, m), 2.96~2.93 (1H, m), 2.66~2.64 (1H, m), 2.40~
2.35 (1H, td, J = 3.6, 14.4, 28.2 Hz), 2.07~2.02 (1H, m),
1.95~1.88 (2H, m), 1.75~1.68 (3H, m), 1.60~1.58
(1H, m), 1.49~1.45 (2H, m), 1.41(12H, s), 1.36~1.33
(1H, m), 1.28~1.23 (2H, m), 0.97 (3H, d, J = 7.2 Hz),
0.95 (3H, d, J = 6.0 Hz); *C NMR (151 MHz, CDCL,) §
177.5, 171.1, 166.7, 164.4, 162.7, 155.6, 154.5, 152.9,
148.1, 145.5, 139.3, 136.2, 129.3, 120.5, 118.2, 112.9,
109.0, 106.2, 104.3, 102.8, 88.2, 81.1, 80.0, 65.1, 52.7,
50.2, 49.3, 47.6, 45.3, 44.5, 41.7, 37.6, 36.6, 34.9, 33.8,
31.1, 28.5, 28.5, 26.3, 24.9, 20.5, 13.2. HR-MS: m/z
C,H.,F,N,O,, [M+Na]" i 518 4 875.365 48, SZillE A
875.366 06.

TM2-6: % & 5 814, mp 140~142 °C, [a]5 = +33.5

(¢ 1 mg'mL"', CH,Cl,). 'HNMR (600 MHz, CDCl,) ¢
14.66 (1H, s), 8.82 (1H, s), 7.90~7.87 (1H, dd, J = 3.0,
11.4 Hz), 5.50~5.40 (2H, m), 4.90~4.81 (3H, m), 4.04
(1H, m), 3.95~3.88 (2H, m), 3.79~3.69 (4H, m), 3.59~
3.48 (3H, m), 3.37~3.34 (1H, m), 3.28~3.20 (1H, m),
2.68~2.66 (1H, m), 2.40~2.35 (1H, m), 2.09~2.03 (2H,
m), 1.98~1.89 (2H, m), 1.79 (3H, m), 1.62~1.60 (1H, m),
1.53~1.34 (20H, m), 1.28~1.24 (3H, m), 1.00~0.98
(3H, m), 0.96~0.95 (3H, m); *C NMR (151 MHz, CDCl,)
5 177.1, 171.3, 166.6, 157.1, 155.7, 150.3, 146.0, 139.8,
134.2, 108.2, 104.3, 102.7, 100.2, 88.1, 81.1, 79.8, 64.9,
63.6, 55.6, 55.2, 52.7, 51.1, 45.6, 45.2, 44.5, 41.4, 40.5,
37.6, 36.6, 34.9, 33.4, 31.1, 28.5, 27.2, 263, 24.8,
20.5, 17.0, 15.6, 13.2, 9.8, HR-MS: m/z C;H,,FN,0,,
[M+Na]" it 518 N 865.401 12, S2illE Ay 865.397 98.

TM2-7: % ¥ {4 [ {4, mp 148 ~150 °C, [a]y
+53.7 (¢ 1 mg-mL", CH,CL,). 'H NMR (600 MHz,
CDCl,) d 14.58 (1H, s), 8.64 (1H, s), 7.99~7.97 (1H, m),
5.48~5.40 (2H, m), 4.86~4.83 (2H, m), 4.51~4.49
(2H, m), 3.96~3.86 (2H, m), 3.73~3.36 (5H, m), 3.31~
3.20 (2H, m), 2.68~2.66 (1H, m), 2.40~2.35 (1H, td,
J=3.0, 14.4, 28.2 Hz), 2.05~2.03 (1H, m), 1.97~1.88
(2H, m), 1.79~1.77 (3H, m), 1.59~1.57 (4H, m), 1.52~
1.47 (4H, m), 1.43 (12H, s), 1.38 (3H, t), 1.28~1.23 (1H,
m), 1.01~0.98 (3H, m), 0.97~0.95 (3H, m); *C NMR
(151 MHz, CDCLy) 6§ 176.3, 174.2, 171.9, 171.6, 171.0,
166.5, 156.3, 155.6, 154.6, 150.4, 134.3, 127.2, 122.5,
108.4, 104.3, 102.7, 88.1, 81.1, 79.8, 64.9, 55.6, 54.8,
52.7, 51.1, 49.4, 47.6, 45.4, 44.5, 41.3, 37.6, 36.6, 34.9,
33.3, 31.1, 28.5, 26.3, 24.8, 20.6, 20.5, 16.5, 15.4, 15.2,
13.2. HR-MS: m/z C, Hy(F,N,0,, [M+Na]*it & A
841.381 13, SZill{E A 841.381 47,

TM2-8: % ¥ {4 [# {4, mp 173~175 °C, [a]y =
+91.3 (¢ 1 mg-mL", CH,Cl,). 'H NMR (600 MHz,
CDCl,) § 14.96 (1H, s), 8.80~8.78 (1H, m), 7.81 (1H, t,
J = 14.4 Hz), 5.45~5.38 (2H, m), 5.29~5.28 (1H, m),
4.88~4.81 (2H, m), 4.57~4.53 (1H, m), 4.29~3.88 (5H,
m), 3.60 (3H, s), 3.50~3.42 (2H, m), 3.27~3.16 (1H,
m), 2.86~2.80 (1H, m), 2.67~2.60 (1H, m), 2.40~
2.32 (2H, m), 2.10~2.04 (2H, m), 1.92~1.90 (3H, m),
1.81~1.80 (3H, m), 1.66~1.56 (4H, m), 1.50~1.43
(10H, m), 1.39~1.36 (4H, m), 1.33~1.25 (2H, m), 1.15~
1.09 (2H, m), 0.99~0.84 (7H, m); *C NMR (151 MHz,
CDCl,) d 176.9, 172.5, 167.1, 155.7, 153.3, 149.9, 137.2,
134.5, 119.3, 107.9, 104.3, 102.8, 88.1, 81.1, 79.7, 74.9,



- 2168 - 2% %4 Acta Pharmaceutica Sinica 2020, 55(9): 2157 -2169

65.0, 64.7, 61.5, 56.7, 54.4, 52.7, 50.8, 49.8, 48.2, 44.6,
41.4, 40.6, 37.6, 36.6, 35.7, 34.9, 33.5, 31.1, 28.5, 26.3,
25.7, 25.4, 24.9, 23.9, 20.5, 13.1, 10.6, 8.7. HR-MS:
m/z CysHg FN,O,, [M+Na]* 1+ 58 4 891.416 77, 52
{E v 891.413 67,

TM2-9: 7% % £ [ &, mp 126~ 128 °C, [a]; =
+45.5 (¢ 1 mgmL"', CH,CL). 'HNMR (600 MHz, CDCl,)
§ 14.77 (1H, s), 8.82 (1H, d, J = 5.4 Hz), 7.87~7.84
(1H, dd, J = 5.4, 12 Hz), 5.50~5.39 (2H, m), 4.82~
4.76 (2H, m), 4.70~4.66 (1H, m), 4.06~4.04 (1H, m),
3.86 (3H, d, J = 10.2 Hz), 3.52~3.48 (2H, m), 3.40~
3.38 (1H, m), 3.27~3.23 (1H, m), 3.10~3.05 (4H, m),
2.95 (1H, s), 2.66~2.60 (1H, m), 2.39~2.34 (1H, td,
J=3.6,14.4, 28.2 Hz), 2.05~2.02 (1H, m), 1.94~1.89
(4H, m), 1.81~1.73 (3H, m), 1.69~1.60 (2H, m), 1.51~
1.41 (13H, m), 1.32 3H, s), 1.27~1.21 (4H, m), 1.06~
1.02 (1H, m), 0.99 (3H, d, J = 7.2 Hz), 0.96 (3H, d, J =
6.0 Hz), 0.89 (1H, d, J = 7.2 Hz); *C NMR (151 MHz,
CDCl,) 6 177.2, 174.8,173.0, 166.9, 157.7, 156.0, 150.1,
146.3, 139.6, 133.9, 122.5, 108.4, 107.9, 104.3, 102.8,
88.1, 81.1, 79.7, 65.0, 62.4, 54.2, 53.3, 52.7, 51.7, 48.3,
45.2, 44.6, 40.8, 37.6, 36.6, 34.9, 33.7, 31.1, 30.5, 28.9,
28.5, 28.4, 27.4, 26.3, 25.7, 24.9, 20.5, 13.1, 9.5. HR-
MS: m/z C,,Hy FN,O,, [M+Na]*it 5 14}y 879.416 77,
SEIAE N 879.414 04,
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