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Abstract: Microsporidia is a group of intracellular parasitic eukaryotic microorganisms that pose threats to
livestock fish production and human health, but there is no special chemo-therapeutic drug available for the
treatment of microsporidia currently. In this study, sulfonamide derivatives of spectinomycin were designed by
taking into consideration the low toxicity of spectinomycin and the favorable pharmaceutical properties of
sulfonamides. Through the exploration of reaction conditions, a total of 21 target molecules were synthesized with
a yield of 52%-74% and their chemical structures were confirmed by 'H NMR, "C NMR, and high resolution mass
spectrometry (HR MS). By screening in vitro, the host cell cytotoxicity and biological activity of target molecules
to Encephalitozoon hellem, a representative of vertebrates infecting microsporidia, were studied. It was found that
four target molecules each could inhibit or promote the proliferation of E. hellem. In this study, the synthesis
method of sulfonamide derivatives of spectinomycin was established, and new compounds effective against
E. hellem were discovered, which provided a new idea for the further derivatization of spectinomycin and the
development of therapeutic drugs targeting microsporidia.
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Scheme 2 Synthetic strategies (A, B) of spectinomycin derivative TM1
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Table 1 Synthetic results of sulfonylated derivatives of spectinomycin (Spe) in DMF solvent

Entry Spe/mg ArSO,ClI ArSO,Cl/mg Time/h Temp./°C Weight/mg Yield/%
[e]
TM1a 101 Faco@%—cl 156 4 16-20 116 743
[e]
O\\S/Cl
TM1b 100 @\‘o 156 4 16-20 102 65.8
OCF;
q
TMIc 99 @ﬁ—cn 13 5 15-21 82 64.1
]
o
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i
TM1e 99 S-a 128 4 15-21 70 524
(o]
]
TMIf 99 s-cl 133 4 15-21 81 58.1
[e]
i
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Table 2 Impact of target compounds on host cells assayed by cell
counting kit-8 (CCK-8)

Cell viability /%

Entry

50 pg-mL”" 20 pg-mL’ 1 ug-mL"
TMla 34.89 82.62 89.02
TM1b 82.46 83.22 88.06
TMlc¢ 82.26 81.42 87.60
TM1d 84.92 83.59 84.83
TMle 75.71 86.20 89.41
TM1f 58.40 56.36 70.51
TMlg 21.68 52.26 76.28
TM1h 83.31 87.23 85.71
TM1i 86.13 86.97 84.71
TM1j 82.68 85.13 84.53
TM1k 57.97 75.61 77.28
TM11 40.22 80.68 80.26
TM1m 74.03 77.93 78.61
TMI1n 2591 61.64 77.41
TMlo 24.29 80.56 81.05
TM1p 70.78 83.93 90.07
TM1q 18.09 66.59 82.91
TMl1r 82.73 93.27 96.15
TM1s 81.39 80.57 78.55
TMI1t 83.98 86.47 87.34
TM1u 78.78 92.04 86.93
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Figure 4 Inhibitory effect of target compounds on E. hellem proliferation. A-E: The in vitro evaluation of inhibitory effect of spectinomycin
(A), TM1a (B), TM1e (C), TM11 (D), and TM1o (E). In all experiments, after drug treatment for 6 - 8 h, E. hellem was added for infection,

and the number of parasitophorous vacuoles was counted by fluorescent brightener 28 staining on the 3rd and 6th days for statistics. n = 3,

¥+s5. 'P<0.05"P<0.01, " P<0.001
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Figure 5 Promotion effect of target compounds on E. hellem proliferation. A-D: The in vitro evaluation of promotion effect of TM1c (A),

TM1d (B), TM1h (C), and TM1j (D). In all experiments, after drug treatment for 6-8 h, E. hellem was added for infection, and the number

of parasitophorous vacuoles was counted by fluorescent brightener 28 staining on the 3rd and 6th days after infection for statistics. n = 3,
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Table 3 Effect of target compound TM1 on the proliferation of E. hellem

Entry Assay (c)/ug-mL” Result Entry Assay (c)/ug-mL" Result
TMla 20 Inhibition T™M11 20 Inhibition
TM1b 50 No influence TM1m High toxicity
TMlc 50 Proliferation TMiln High toxicity
TM1d 50 Proliferation TMlo 20 Inhibition
TMle 20 Inhibition TMl1p 20 No influence
TMI1f High toxicity TMlq 1 No influence
TMlg High toxicity TMlr 50 No influence
TM1h 50 Proliferation TM1s 50 No influence
TM1i 50 No influence TM1t 50 No influence
TM1j 50 Proliferation TM1u 20 No influence
TM1k High toxicity
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Total energy: 878.7128 kcal-mol!
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Figure 6 CLogP and total energy of TM1a, TM1e, TM1o and TM11
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Figure 7 CLogP and total energy of TM1c, TM1d, TM1h and TM1j
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Table 4 Inhibitory activity of the synthesized molecules against human pathogenic bacteria

Inhibitory activity (MIC)/ug-mL"'

Compd. E. coli S. enteritidis A. baumannii P. aeruginosa M. luteus S. aureus
ATCC25922 ATCC13076 ATCC19606 ATCC27853 ATCC25129  ATCC14125

TMla 256 256 256 >256 >256 >256 >256
TM1b >256 256 256 >256 >256 >256 >256
TMlc >256 >256 >256 >256 256 >256 >256
TM1d >256 256 256 >256 256 >256 >256
TMle >256 256 256 >256 256 >256 >256
TMI1f >256 256 256 >256 256 >256 >256
TM1g >256 >256 256 >256 >256 >256 >256
TM1h >256 >256 256 >256 >256 >256 >256
TM1i >256 >256 256 >256 >256 >256 >256
TM1j >256 >256 256 >256 >256 >256 >256
TM1k >256 >256 >256 >256 >256 >256 >256
T™11 >256 >256 >256 >256 >256 >256 >256
TM1m >256 256 >256 >256 >256 >256 >256
TMi1n >256 >256 >256 256 >256 >256 >256
TMlo >256 256 256 >256 >256 >256 >256
TMl1p >256 256 256 >256 >256 >256 >256
TMl1q >256 >256 256 >256 >256 >256 >256
TMi1r >256 >256 >256 >256 >256 >256 >256
TM1s >256 256 >256 >256 >256 >256 >256
TM1t >256 256 >256 >256 >256 >256 >256
TM1u >256 >256 >256 >256 >256 >256 >256
Spe >256 >256 256 >256 16 64 256
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S0 2,4,6- = H I Z Gt Ik S4BT 3k 2 e 1k L 4- 9
TR T S 2- S A TR TR S 2,6- SRS T R L 4- SR
T S 3-SR B Bt 50 2- SR s T S 4- R R i 9 5 3-
TR R 9 S 2- VR R T I A 4- — P R R I L K
TR T S, 4~ 35 Tt T S 2- T 35 2 Tt T 4 2Py itk gk
A (R E TR AENEHE AR A A, AR); H AR
R A S AL M AR i, R A LA

¥ 15 L 3% 1% (Bruker, ADVANCE III™ 600 MHz,
TMS AW #x, Switzerland); &= 7 #% 5 it 4% (QTOF-MS,
Bruker Impact I, Germany); H 30 Jig Y64 (WZZ-2S, I
ARG B2 AR PR | ); 48 m A (X-6, Jb5THE
JUXEEH R 2 A
1 HEYHER

G BT 15 DMF AR IR R M3 . 75 100 mL 5] i e
SR N JER LK E5FR KM 2 (0.2 mmol).DMF
(0.5 mL).DIPEA (0.144 mL, 0.8 mmol), #£+ 10 min J5,
VKV, IO S (0.6 mmol), VK R iRE. TLC W
M BEgERR . R BLEE WS, I H R7K 4 mL, #H E
EZURYIEL A ok R o N RN B 4 7K 5 9 6 mL,
VA pH 8~9, = N4 HE 30 min, FlJE, JEVHK KT H
FesK (1 mLx3) 47 ik (PE,1 mLx3) E¥. JEGFHE
F TR0 E R B, N DCM 1 mL, ¥ f# 5 i\
2 mol-L" HCLH 5 pH 1~2, & F it +F 15 min, 73,
5 ATLAR Hp 2 22 NV RN B R B VA R, YT pH 78,
W, T4, 39 °CHeBR A, IIA DCM 1 mL, ¥ fi& 5 b
N ZB¥ 1 mL A7 % 8 mL, #7 H 3 (0 &4, Hhg, T4,
L8 g (EA) M PERA A ENT (PECEA=5:1~
1i1) fal i, SEER g WL 1.

TM1 R B AR AR a0

TMl1a: A £ [ /&, mp 210.9~212.7 °C, [a]}
+30.2° (¢ 0.2, DMSO). 'H NMR (600 MHz, DMSO-d,)
67.95 (d, J= 8.5 Hz, 2H), 7.87 (d, J = 8.5 Hz, 2H), 7.54
(d, J = 8.3 Hz, 2H), 7.43 (d, J = 8.2 Hz, 2H), 6.86 (s,
1H), 6.07 (d, J = 6.2 Hz, 1H), 5.09 (d, J = 4.9 Hz, 1H),
4.52 (s, 1H), 4.12 (t, J=10.5 Hz, 1H), 4.02 (s, 1H), 3.86
(t, J = 9.3 Hz, 1H), 3.77 (d, J = 11.7 Hz, 1H), 3.73 (d,
J=10.9 Hz, 2H), 3.68~3.61 (m, 1H), 2.89 (d, /= 9.8 Hz,
6H,), 2.13 (s, 2H), 1.25 (d, J = 5.7 Hz, 3H); *C NMR
(151 MHz, DMSO-d,) 6 201.09, 151.24, 138.95, 138.50,
130.37, 130.08, 121.29, 121.03, 96.21, 91.30, 77.67, 73.29,
67.10, 64.97, 64.40, 60.75, 57.44, 45.36, 31.71, 21.53;
HR MS caled for C,;H, F,N,0,,S,, [M+H]": 781.116 6,
found: 781.116 9.

TM1b: (& [E £, mp 159.8~161.2 °C, [a]?
+35.3° (¢ 0.2, DMSO). 'H NMR (600 MHz, DMSO-d,)

0 8.00 (d, J=17.8 Hz, 1H), 7.96~7.92 (m, 1H), 7.73 (dd,
J=13.9, 6.4 Hz, 2H), 7.52 (dd, J = 13.3, 5.9 Hz, 2H),
7.48 (d, J = 7.6 Hz, 1H), 7.41 (d, J = 8.1 Hz, 1H), 6.93
(s, 1H), 6.11 (d, J = 6.4 Hz, 1H), 5.22 (d, J = 4.6 Hz, 1H),
4.53 (s, 1H), 4.18 (d, J = 10.8 Hz, 1H), 4.14 (dd, J = 7.6,
4.3 Hz, 1H), 3.73~3.67 (m, 2H), 3.63 (t, J = 9.3 Hz,
1H), 3.55 (dd, J = 11.6, 2.0 Hz, 1H), 3.46 (dd, J = 10.6,
1.7 Hz, 1H), 3.02 (s, 3H), 2.95 (s, 3H), 2.16 (d, J =
13.0 Hz, 1H), 1.89 (t, J = 12.9 Hz, 1H), 1.18 (d, J =
6.0 Hz, 3H); *C NMR (151 MHz, DMSO-d,) ¢ 201.07,
145.75, 145.40, 135.13, 134.93, 132.74, 132.46, 131.50,
131.29, 127.58, 127.52, 121.46, 121.23, 96.08, 91.43,
77.00, 73.46, 67.00, 64.78, 64.09, 60.36, 57.42, 45.48,
32.07, 32.02, 21.54; HR MS calcd for C,.H,,F.N,O,.S,,
[M+H]": 781.116 6, found: 781.116 7.

TMle: HE[E K, mp 235.9~236.7 °C, [a]y +33.6°
(c 0.2, DMSO). 'H NMR (600 MHz, DMSO-d,) J 7.70
(d, J= 8.1 Hz, 2H), 7.59 (d, J = 8.1 Hz, 2H), 7.35 (d, J =
8.0 Hz, 2H), 7.25 (d, J = 8.0 Hz, 2H), 6.78 (s, 1H), 5.95
(d, J = 6.4 Hz, 1H), 5.02 (d, J = 4.4 Hz, 1H), 4.50 (s,
1H), 4.14~4.09 (m, 1H), 4.02 (d, J = 6.3 Hz, 1H), 3.80
(t, J = 9.0 Hz, 1H), 3.70 (d, J = 10.4 Hz, 1H), 3.67 (d,
J=1.8 Hz, 2H), 3.61 (dd, J = 11.6, 2.0 Hz, 1H), 2.85 (d,
J =42 Hz, 6H), 2.37 (d, J = 11.4 Hz, 6H), 2.16 (d, J =
12.7 Hz, 1H), 2.08~2.01 (m, 1H), 1.25 (d, J = 6.0 Hz,
3H); "C NMR (151 MHz, DMSO-d,) 6 201.13, 142.89,
142.77, 137.45, 136.90, 129.70, 129.63,127.78, 127.44,
96.19, 91.32, 77.54, 73.54, 67.11, 64.95, 64.36, 60.67,
57.43, 4527, 31.83, 31.42, 21.58, 21.44; HR MS calcd
for C,iH,\N,O,,S,, [M+H]": 641.183 3, found: 641.183 2,

TM1d: A @& 44, mp 170.9~172.1 °C, [a]3 +32.4°
(c 0.2, DMSO). 'H NMR (600 MHz, DMSO-d,) 6 7.99
(d, J=8.1 Hz, 1H), 7.85 (d, /= 7.8 Hz, 1H), 7.49 (d, J =
8.0 Hz, 2H), 7.38 (d, J = 7.9 Hz, 2H), 7.30 (d, J = 7.6 Hz,
1H), 7.26 (t, J = 7.7 Hz, 1H), 7.06 (s, 1H), 6.08 (d, J =
6.3 Hz, 1H), 5.42 (d, J = 5.3 Hz, 1H), 4.62 (s, 1H), 4.28
(d, J = 9.4 Hz, 2H), 3.84~3.76 (m, 3H), 3.51 (d, J =
10.7 Hz, 1H), 3.42 (d, J = 11.4 Hz, 1H), 2.97 (s, 3H),
2.93 (s, 3H), 2.60~2.56 (m, 6H), 2.26 (d, J = 13.0 Hz,
1H), 2.11~2.05 (m, 1H), 1.19 (d, J = 6.1 Hz, 3H);
C NMR (151 MHz, DMSO-d,) 9 201.57, 138.96, 138.79,
137.55, 137.42, 132.96, 132.77, 129.49, 129.41, 126.44,
126.18, 96.11, 91.45, 76.90, 73.73, 67.08, 64.95, 64.07,
60.15, 57.19, 45.53, 31.90, 31.65, 21.56, 20.67, 20.59;
HR MS caled for C,,;H,\N,0, S,, [M+Na]": 663.165 3,
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found: 663.164 8.

TMle: [ [E K, mp 172.3~173.7 °C, [a]3 +39.2°
(c 0.2, DMSO). 'H NMR (600 MHz, DMSO-d,) § 7.87
(s, 1H), 7.60 (s, 1H), 7.30 (d, J = 7.8 Hz, 1H), 7.26 (d,
J =174 Hz, 2H), 7.17 (d, J = 7.6 Hz, 1H), 6.99 (s, 1H),
6.02 (d, J = 6.6 Hz, 1H), 5.46 (d, J = 5.3 Hz, 1H), 4.60
(s, 1H), 429 (d, J = 11.2 Hz, 1H), 4.25 (d, J = 7.0 Hz,
1H), 3.84 (dd, J = 15.4, 10.0 Hz, 1H), 3.75 (dd, J = 17.2,
7.8 Hz, 2H), 3.52 (d, J = 10.6 Hz, 1H), 3.42 (d, J =
11.6 Hz, 1H), 2.94 (d, J = 2.9 Hz, 6H), 2.53 (s, 3H), 2.41
(s, 3H), 2.34 (s, 3H), 2.30 (s, 3H), 2.21 (d, J = 13.9 Hz,
1H, H-21), 2.07~2.01 (m, 1H, H-22), 120 (d, J =
5.8 Hz, 3H, H-23); "C NMR (151 MHz, DMSO-d,) ¢
201.48, 138.81, 138.43, 135.82, 135.72, 134.28, 134.24,
133.37, 133.24, 132.91, 132.87, 129.94, 129.59, 96.13,
91.57, 76.91, 73.77, 67.09, 65.12, 63.99, 60.21, 57.06,
45.62, 31.85, 31.67, 21.62, 20.84, 20.78, 20.29, 20.17;
HR MS caled for C,;H,N,0,,S,, [M+Na] " : 691.196 6,
found: 691.195 8.

TMIf: [ 6 &, mp 186.7~187.9 °C, [a]3 +30.6°
(c 0.2, DMSO). 'H NMR (600 MHz, DMSO-d,) § 7.76
(s, 1H), 7.64 (s, 1H), 7.57 (d, J = 3.5 Hz, 1H), 7.46 (s,
1H), 6.83 (s, 1H), 6.01 (d, J = 5.6 Hz, 1H), 5.11 (s, 1H),
4.53 (s, 1H), 4.14 (t,J = 10.4 Hz, 1H), 4.05 (d, J= 6.6 Hz,
1H), 3.88 (t, J = 9.2 Hz, 1H), 3.73 (s, 1H), 3.72 (s, 1H),
3.70 (d, J= 5.6 Hz, 1H), 3.68~3.63 (m, 1H), 2.85 (d, J =
14.3 Hz, 6H), 2.26~2.20 (m, 1H), 2.16 (d, J = 12.8 Hz,
1H), 1.31 (d, J = 3.7 Hz, 18H), 1.28 (d, J = 6.0 Hz, 3H);
“CNMR (151 MHz, DMSO-d,) § 201.57, 142.32, 142.19,
140.21, 140.14, 133.87, 133.64, 132.13, 132.06, 96.00,
91.37, 75.34, 74.12, 66.98, 64.68, 63.26, 59.84, 56.64,
4535, 31.08, 30.74, 23.09, 23.06, 22.99, 22.94, 21.60,
20.90, 20.77; HR MS calcd for C,,H,,N,0,,S,, [M+H]":
697.245 9, found: 697.246 1.,

TM1g: [ & E{E, mp 204.5~206.7 °C, [a]3 +40.2°
(c0.2,DMSO). 'HNMR (600 MHz, DMSO-d,) 6 7.75~
7.74 (d, J = 8.4 Hz, 2H), 7.64 (d, J = 8.4 Hz, 2H), 7.56
(dd, J = 8.4, 3.5 Hz, 2H), 7.45 (d, J = 8.4 Hz, 2H), 6.83
(s, 1H), 6.01 (d, J = 5.6 Hz, 1H), 5.11 (s, 1H), 4.53 (s,
1H), 4.14 (t, J = 10.4 Hz, 1H), 4.05 (d, J = 6.6 Hz, 1H),
3.88 (t,J=9.2 Hz, 1H), 3.73 (s, 1H), 3.72 (s, 1H), 3.71~
3.63 (m, 2H), 2.85 (d, J = 14.3 Hz, 6H), 2.26~2.20 (m,
1H), 2.16 (d, J= 12.8 Hz, 1H), 1.31 (d, J= 3.7 Hz, 18H),
1.28 (d, J= 6.0 Hz, 3H); "C NMR (151 MHz, DMSO-d,)
5200.99, 155.50, 155.45, 137.55, 136.96, 127.69, 127.48,

126.02, 125.87, 96.23, 91.40, 77.92, 73.56, 67.16, 64.93,
64.38, 60.74, 57.63, 45.85, 35.25, 35.17, 31.66, 31.42,
31.32, 21.62; HR MS caled for C,,H,N,0O,,S,, [M+Na]":
747.259 2, found: 747.258 6.

TM1h: H[E 4R, mp 237.5~236.4 °C, [a]?) +44.3°
(c 0.2, DMSO). 'H NMR (600 MHz, DMSO-d,) 6 7.88
(d, J = 7.8 Hz, 2H), 7.81~7.77 (m, 2H), 7.37 (d, J =
8.6 Hz, 2H), 7.28 (t, J = 8.7 Hz, 2H), 6.83 (s, 1H), 6.01
(d, J = 6.2 Hz, 1H), 5.06 (d, J = 4.7 Hz, 1H), 4.52 (s,
1H), 4.14~4.08 (m, 1H), 4.00 (d, J = 6.1 Hz, 1H), 3.83
(t, J = 9.2 Hz, 1H), 3.70 (d, J = 11.9 Hz, 3H), 3.67~
3.61 (m, 1H), 2.87 (d, J = 7.5 Hz, 6H), 2.16 (dd, J =
22.5, 12.1 Hz, 2H), 1.26 (d, J = 5.8 Hz, 3H); "C NMR
(151 MHz, DMSO-d,) 6 201.16, 165.45, 163.77, 136.46
(s),136.01,130.77,130.71,130.42,130.35,116.34,116.19,
96.23, 91.29, 77.57, 73.37, 67.11, 64.95, 64.45, 60.67,
57.35, 45.43, 31.79, 31.54, 21.59; HR MS caled for
C,H,,F,N,0,,8,, [M+Na]": 671.115 1, found: 671.114 5.

TM1i: H ffE 4K, mp 170.2~171.5 °C, [a]} +47.6°
(c 0.2, DMSO). 'H NMR (600 MHz, DMSO-d,) §
7.85 (dd, J = 13.0, 6.9 Hz, 2H), 7.65 (s, 2H), 7.37 (dd,
J =163, 7.7 Hz, 2H), 7.32 (dd, J = 15.9, 7.8 Hz, 2H),
6.95 (s, 1H), 6.12 (d, J = 5.5 Hz, 1H), 5.17 (s, 1H), 4.51
(s, 1H), 4.16 (t, J = 10.5 Hz, 1H), 4.11 (d, J = 6.0 Hz,
1H), 3.69 (dd, J = 14.7, 9.4 Hz, 2H), 3.63 (t, J = 9.3 Hz,
1H), 3.52~3.49 (m, 1H), 3.47 (d, J= 10.6 Hz, 1H), 2.99
(d, J=17.0 Hz, 6H), 2.11 (d, J = 13.4 Hz, 1H), 1.83 (t,
J =12.9 Hz, 1H), 1.18 (d, J = 5.9 Hz, 3H); "C NMR
(151 MHz, DMSO-d,) 6 201.05, 159.62, 157.93, 135.55,
135.35, 130.94, 130.79, 127.97, 127.63, 124.85, 117.57,
117.42, 96.13, 91.40, 77.08, 73.47, 67.04, 64.79, 64.13,
60.49, 57.47, 45.58, 31.85, 21.61; HR MS calcd for
C,H,,F.N,0,,S,, [M+H]": 649.133 2, found: 649.133 4.

TM1j: (44, mp 187.2~188.5 °C, [a]} +44.9°
(c0.2,DMSO). 'HNMR (600 MHz, DMSO-d,) § 7.70~
7.64 (m, 2H), 7.24 (t,J=9.2 Hz, 2H), 7.19 (t,J = 9.2 Hz,
2H), 7.00 (s, 1H), 6.22 (d, J = 5.6 Hz, 1H), 5.23 (d, J =
3.7 Hz, 1H), 4.53 (s, 1H), 4.19 (t, J = 10.5 Hz, 1H), 4.09
(d, J=3.1 Hz, 1H), 3.70 (dt, J = 15.5, 8.6 Hz, 2H), 3.61
(t, J = 9.3 Hz, 1H), 3.55 (d, J = 11.7 Hz, 1H), 3.49 (d,
J = 10.5 Hz, 1H), 3.03 (s, 3H), 2.99 (s, 3H), 2.14 (d,
J = 14.0 Hz, 1H), 1.91 (t, J = 13.0 Hz, 1H), 1.22 (d,
J =59 Hz, 3H); "C NMR (151 MHz, DMSO-d,) ¢
201.05, 149.95, 149.84, 145.30, 144.65, 129.37, 129.02,
124.47, 124.44, 96.21, 91.05, 77.56, 73.10, 66.96, 64.87,



KA R BT AL & R U E s Y AT 5 © 1323 -

64.53, 60.80, 57.38, 45.37, 31.92, 31.84, 21.52; HR MS
caled for C,H,,F,N,0,S,, [M+H]": 685.114 3, found:
685.113 7.

TM1k: A & 44, mp 243.5~244.9 °C, [a]3 +42.3°
(c 0.2, DMSO). 'H NMR (600 MHz, DMSO-d,) 6 7.82
(d, J = 8.3 Hz, 2H), 7.73 (d, J = 8.3 Hz, 2H), 7.61 (d, J =
8.4 Hz, 2H), 7.51 (d, J = 8.2 Hz, 2H), 6.80 (s, 1H), 6.00
(d, J = 6.1 Hz, 1H), 5.04 (d, J = 4.5 Hz, 1H), 4.51 (s,
1H), 4.15~4.08 (m, 1H), 4.01 (s, 1H), 3.83 (t, J = 9.2
Hz, 1H), 3.71 (s, 1H), 3.69 (s, 1H), 3.65 (dd, J = 11.0,
4.9 Hz, 2H), 2.88 (d, J = 2.3 Hz, 6H), 2.19 (d, J =
13.8 Hz, 1H), 2.08 (t, J = 12.8 Hz, 1H), 1.26 (d, J =
5.8 Hz, 3H); "C NMR (151 MHz, DMSO-d,) 6 201.14,
138.88, 138.40, 137.81, 137.56, 129.71, 129.32, 96.20,
91.26, 77.49, 73.30, 67.09, 64.96, 64.39, 60.69, 57.33,
45.29,31.88, 31.58, 21.60; HR MS calcd for C,;H,,CLN,
0,,S,, [M+H]": 681.074 1, found: 681.074 5.

TMI11: A i &, mp 170.8~172.1 °C, [a]} +44.9°
(c 0.2, DMSO). 'H NMR (600 MHz, DMSO-d,) J 7.86
(s, 2H), 7.78 (t, J = 8.6 Hz, 2H), 7.70 (dd, J = 13.1,
8.6 Hz, 2H), 7.58 (td, J = 7.9, 2.0 Hz, 2H), 6.71 (s, 1H),
6.14 (d, J = 6.5 Hz, 1H), 5.13 (d, J = 5.8 Hz, 1H), 5.09
(t, J = 10.7 Hz, 1H), 4.98 (s, 1H), 4.20 (d, J = 10.9 Hz,
1H), 4.08~4.00 (m, 3H), 3.84 (dd, J = 10.6, 1.8 Hz,
1H), 3.78 (t, J = 10.0 Hz, 1H), 2.92 (s, 3H), 2.88 (s, 3H),
2.03 (dd, J = 13.2, 8.6 Hz, 2H), 1.18 (d, J = 6.0 Hz, 3H);
“C NMR (151 MHz, DMSO-d,) & 170.06, 141.88,
141.16, 134.29, 133.91, 133.05, 132.66, 131.34, 131.13,
127.42, 127.26, 126.43, 126.28, 103.91, 87.14, 78.66,
77.00, 73.41, 70.60, 61.77, 60.60, 57.67, 44.18, 31.72,
20.52; HR MS caled for C,H,,CLN,OS,, [M+Na] " :
703.056 0, found: 703.055 7.

TM1m: (&G4, mp 179.8~181.1 °C, [o]3 +41.8°
(c 0.2, DMSO). 'H NMR (600 MHz, DMSO-d,) J 8.12
(d, J=17.9 Hz, 1H), 7.99 (d, /= 7.9 Hz, 1H), 7.64 (d, J =
7.1 Hz, 2H), 7.58 (d, J= 7.4 Hz, 1H), 7.54 (d, J = 7.8 Hz,
1H), 7.49 (d, J = 7.7 Hz, 1H), 7.41 (t, J = 7.5 Hz, 1H),
7.00 (s, 1H), 6.10 (d, J= 6.5 Hz, 1H), 5.36 (d, /= 5.2 Hz,
1H), 4.58 (s, 1H), 4.28 (d, J = 5.6 Hz, 1H), 4.25 (d, J =
11.1 Hz, 1H), 3.79 (dd, J = 10.1, 5.5 Hz, 1H), 3.74 (t,
J = 9.2 Hz, 2H), 3.56 (dd, J = 17.1, 5.6 Hz, 2H), 3.04
(s, 3H), 3.02 (s, 3H), 2.21 (d, J = 13.0 Hz, 1H), 2.10~
2.04 (m, 1H), 1.19 (d, J = 6.0 Hz, 3H, H-21); "C NMR
(151 MHz, DMSO-d,) § 201.31, 138.37, 137.89, 134.18,
134.10, 132.41, 131.56, 131.40, 131.35, 131.32, 127.82,

127.55, 96.16, 91.52, 76.76, 73.48, 67.12, 64.86, 64.09,
60.33, 57.46, 45.52, 32.49, 32.29, 21.60; HR MS calcd
for C,H,CLN,0,S,, [M+Na] “: 703.056 0, found:
703.055 9.

TM1n: [5G [E 4, mp 255.9~257.0 °C, [a] +40.5°
(c 0.2, DMSO). 'H NMR (600 MHz, DMSO-d,) J 7.76
(d, J = 3.7 Hz, 4H), 7.66 (s, 4H), 6.86 (s, 1H), 6.04 (d,
J = 6.2 Hz, 1H), 5.07 (d, J = 4.7 Hz, 1H), 4.51 (s, 1H),
4.11 (t, J = 10.5 Hz, 1H), 4.00 (d, J = 5.8 Hz, 1H), 3.82
(t, J = 9.3 Hz, 1H), 3.70 (d, J = 13.2 Hz, 2H), 3.68~
3.60 (m, 2H), 2.89 (s, 6H), 2.21 (d, J = 13.8 Hz, 1H),
2.08 (t, J = 12.9 Hz, 1H), 1.27 (d, J = 5.8 Hz, 3H);
“CNMR (151 MHz, DMSO-d,) § 201.12, 139.29, 138.82,
132.25, 129.82, 129.45, 126.80, 126.52, 96.19, 91.28,
77.48, 73.29, 67.10, 64.97, 64.38, 60.70, 57.33, 45.34,
31.90, 31.58, 21.61; HR MS calcd for C,H,,Br,N,0,,S,,
[M+Na]": 790.955 0, found: 790.955 2.

TM1o: H & E A, mp 167.5~169.1 °C, [a]d +47.6°
(c 0.2, DMSO). 'H NMR (600 MHz, DMSO-d,) 6 7.99
(s, 1H), 7.92 (s, 1H), 7.85 (d, J = 7.8 Hz, 2H), 7.80 (d,
J =179 Hz, 1H), 7.71 (d, J = 7.8 Hz, 1H), 7.53 (t, J =
7.9 Hz, 1H), 7.42 (t, J = 7.9 Hz, 1H), 6.86 (s, 1H), 6.05
(d, J = 6.4 Hz, 1H), 5.11 (d, J = 5.5 Hz, 1H), 4.51 (s,
1H), 4.15~4.10 (m, 1H), 4.04~4.01 (m, 1H), 3.91 (t,
J=9.3 Hz, 1H), 3.81 (dd, J = 10.8, 2.3 Hz, 1H), 3.79~
3.77 (m, 1H), 3.71 (dd, J = 11.7, 6.0 Hz, 1H), 3.66 (dd,
J=10.0, 5.8 Hz, 1H), 2.91 (d, J = 4.2 Hz, 6H), 2.13 (d,
J=13.0 Hz, 1H), 2.05 (t, J = 9.7 Hz, 1H), 1.28 (d, J =
6.0 Hz, 3H); °C NMR (151 MHz, DMSO-d,) 6 201.11,
142.14, 141.64, 135.60, 135.53, 131.45, 130.03, 129.76,
126.95, 126.41, 122.33, 122.14, 96.20, 91.49, 77.62,
73.10, 67.11, 65.15, 64.42, 60.65, 57.23, 45.76, 31.96,
31.66, 21.66; HR MS caled for C,H,Br,N,0,,S,, [M+
Na]': 790.955 0, found: 790.954 6.

TM1p: A @[E 44, mp 180.5~181.7 °C, [a]3 +41.7°
(c 0.2, DMSO). 'H NMR (600 MHz, DMSO-d,) 6 8.19
(d, J=17.6 Hz, 1H), 8.00 (d, /= 7.6 Hz, 1H), 7.84 (d, J =
7.5 Hz, 1H), 7.76 (d, J = 7.8 Hz, 1H), 7.56~7.48 (m,
3H), 7.43 (t, J = 7.5 Hz, 1H), 7.03 (s, 1H), 6.12 (d, J =
6.6 Hz, 1H), 5.45 (d, J = 4.4 Hz, 1H), 4.62 (s, 1H), 4.31
(dd, J = 23.6, 8.6 Hz, 2H), 3.82 (dd, J = 16.5, 7.5 Hz,
2H), 3.78 (dd, J = 8.9, 6.1 Hz, 1H), 3.68 (d, J = 11.5 Hz,
1H), 3.60 (d, J = 9.1 Hz, 1H), 3.05 (s, 3H), 3.03 (s, 3H),
2.28~2.18 (m, 2H), 1.22 (d, J = 5.9 Hz, 3H); "C NMR
(151 MHz, DMSO-d,)  201.44, 140.23, 139.74, 136.00,
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135.97, 134.10, 134.03, 131.43, 131.21, 128.37, 128.03,
119.73, 119.67, 96.17, 91.55, 76.84, 73.47, 67.16, 64.96,
64.21, 60.40, 57.51, 45.54, 32.61, 32.40, 21.59; HR MS
caled for C,,H, Br,N,O,,S,, [M+Na]": 790.955 0, found:
790.954 3.,

TM1q: A& [E 4K, mp 178.5~180.1 °C, [a]2 +42.8°
(c 0.2, DMSO). 'H NMR (600 MHz, DMSO-d,) 6 8.04
(d, J=8.2 Hz, 2H), 7.95 (t, J= 9.3 Hz, 4H), 7.84 (d, J =
8.2 Hz, 2H), 6.84 (s, 1H), 6.10 (d, J = 6.6 Hz, 1H), 5.07
(d, J = 5.4 Hz, 1H), 4.50 (s, 1H), 4.14~4.09 (m, 1H),
4.06~4.03 (m, 1H), 3.85 (t, J= 9.3 Hz, 1H), 3.80~3.75
(m, 2H), 3.69 (dd, J = 10.7, 5.4 Hz, 1H), 3.66~3.61 (m,
1H), 2.93 (d, J = 8.7 Hz, 6H), 2.05 (d, J = 13.1 Hz, 1H),
2.01~1.96 (m, 1H), 1.24 (d, J = 6.0 Hz, 3H); °C NMR
(151 MHz, DMSO-d,) J 200.88, 143.76, 143.27, 128.74,
128.47, 126.35, 96.17, 91.27, 77.60, 73.17, 67.02, 64.95,
64.41, 60.78, 57.39, 45.51, 31.92, 31.69, 21.52; HR MS
caled for C,,H,,FN,0,S,, [M+H]": 749.126 8, found:
749.127 0,

TMIr: (@44, mp 255.5~256.7 °C, [a]f +43.5°
(c 0.2, DMSO). 'H NMR (600 MHz, DMSO-d,) J 7.83
(d, J=17.5Hz, 2H), 7.73 (d, J = 7.6 Hz, 2H), 7.65~7.59
(m, 2H), 7.56 (t, J = 7.6 Hz, 2H), 7.47 (t, J = 7.7 Hz,
2H), 6.83 (s, 1H), 6.01 (d, J = 6.3 Hz, 1H), 5.07 (d, J =
4.3 Hz, 1H), 4.52 (s, 1H), 4.15 (t, J = 10.5 Hz, 1H),
4.07~4.03 (m, 1H), 3.84 (t, J = 9.2 Hz, 1H), 3.71 (t, J =
11.7 Hz, 4H), 2.89 (s, 6H), 2.15 (d, J = 12.7 Hz, 1H),
2.13~2.06 (m, 1H), 1.26 (d, J = 5.9 Hz, 3H); "C NMR
(151 MHz, DMSO-d,) 6 201.14, 140.21, 139.79, 132.71,
132.67, 129.23, 129.16, 127.71, 127.39, 96.21, 91.43,
77.59, 73.50, 67.15, 64.96, 64.38, 60.71, 57.49, 45.65,
31.83, 31.49, 21.62; HR MS caled for C,H,,N,0,S,,
[M+H]": 613.152 0, found: 613.152 1.

TM1s: [ @A, mp 213.5~215.7 °C, [a]? +42.3°
(c 0.2, DMSO). 'H NMR (600 MHz, DMSO-d,) 6 8.38
(d, J = 8.8 Hz, 2H), 8.30 (d, J = 8.8 Hz, 2H), 8.08 (d, J =
8.8 Hz, 2H), 8.00 (d, J = 8.8 Hz, 2H), 6.82 (s, 1H), 6.14
(d, J = 6.5 Hz, 1H), 5.07 (d, J = 5.4 Hz, 1H), 4.50 (s,
1H), 4.08 (dd, J = 11.1, 9.9 Hz, 1H), 4.05~4.02 (m,
1H), 3.85 (d, J = 9.3 Hz, 1H), 3.83~3.81 (m, 1H), 3.74
(dd, J = 10.8, 2.3 Hz, 1H), 3.68 (dd, J = 10.0, 7.2 Hz,
1H), 3.63 (dd, J = 9.5, 4.7 Hz, 1H), 2.96 (s, 3H), 2.92 (s,
3H), 2.07 (d, J = 11.4 Hz, 1H), 2.04~2.00 (m, 1H), 1.25
(d, J = 6.1 Hz, 3H); "C NMR (151 MHz, DMSO-d,) §
200.88, 160.42, 160.10, 158.72, 158.40, 135.74, 135.43,

113.74, 113.58, 96.12, 91.44, 76.80, 73.66, 67.06, 64.70,
64.06, 60.84, 57.58, 45.63, 31.81, 31.73, 21.64; HR MS
caled for C,H,N,O..S,, [M+H] " : 703.122 2, found:
703.122 7,

TMI1t: [ 4A, mp 179.6~181.5 °C, [a]y +37.7°
(c 0.2, DMSO). 'HNMR (600 MHz, DMSO-d,) § 8.21~
8.18 (m, 1H), 8.00 (d, J = 8.0 Hz, 1H), 7.93~7.90 (m,
2H), 7.83 (d, J = 7.9 Hz, 2H), 7.82~7.78 (m, 2H), 7.05
(s, 1H), 6.21 (d, J= 6.6 Hz, 1H), 5.47 (d, J=4.6 Hz, 1H),
4.61 (s, 1H), 4.27~4.23 (m, 1H), 4.10 (d, J= 6.4 Hz, 1H),
3.97 (t,J = 8.9 Hz, 1H), 3.85 (dd, J = 11.4, 2.3 Hz, 1H),
3.80~3.75 (m, 3H), 3.01 (s, 3H), 3.00 (s, 3H), 2.18 (d,
J=12.5 Hz, 1H), 2.10 (t, J = 10.0 Hz, 1H), 1.25 (d, J =
6.0 Hz, 3H); "C NMR (151 MHz, DMSO-d,) 6 201.32,
148.48, 148.25, 134.51, 134.38, 132.41, 132.31, 132.07,
131.76, 130.65, 130.37, 124.26, 124.18, 96.17, 91.49,
77.10, 73.23, 67.15, 65.06, 64.22, 60.86, 57.42, 45.52,
32.23, 32.07, 21.62; HR MS caled for C,;H,N,O,S,,
[M+H]": 703.122 2, found: 703.122 1,

TM1u: [ [E 4, mp 179.7~181.0 °C, [a]f +38.9°
(c 0.2, DMSO). 'H NMR (600 MHz, DMSO-d,) 6 7.91
(d, J=4.8 Hz, 1H), 7.87 (d, J = 4.8 Hz, 1H), 7.67 (d, J =
3.2 Hz, 1H), 7.59 (d, J = 2.6 Hz, 1H), 7.19~7.16 (m,
1H), 7.10 (t, J = 3.9 Hz, 1H), 6.88 (s, 1H), 6.04 (d, J =
6.2 Hz, 1H), 5.16 (s, 1H), 4.54 (s, 1H), 4.15 (t, J =
10.5 Hz, 1H), 4.02 (d, J=5.0 Hz, 1H), 3.84 (t, /= 8.6 Hz,
1H), 3.73 (d, J = 9.2 Hz, 1H), 3.67 (t, J = 9.4 Hz, 3H),
2.94 (s, 3H), 2.90 (s, 3H), 2.29~2.18 (m, 2H), 1.27 (d,
J = 5.8 Hz, 3H); "C NMR (151 MHz, DMSO-d,) ¢
201.19, 132.62, 132.32, 127.96, 127.85, 96.20, 91.47,
77.08, 73.45, 67.20, 64.93, 64.38, 60.97, 57.74, 45.68,
31.84, 31.62, 21.66; HR MS calcd for C,H,N,O,,S,,
[M+Na]": 647.046 8, found: 647.046 2.
2 LEYIREYEMENR
2.1 HUBHRRMAFRIGEEMS W TR h
PR 22 R B MR AR R GRS P P e B S
SEk. AL E W4 RE A HY CCK-8 171 & (B IR AR
TEDEARF IR A 7)) BEAT 04, AHREER K2, 5
DMSO *f fEAL LB, 4L A7 35 23 0 100% B B8 TC 25
P, 20 A7 35 FEAE 80% LA b I A AR B 1, e HUAH R
W VR AR Tk A IR LA Dy 2 4R 5 AR ) 4k
K.
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