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Abstract: Synephrine is a natural small-molecule alkaloid found in Aurantii fructus immaturus with versatile
biological activities, but its derivatives have been rarely studied so far. Based on the multi-target drug design
strategy, the phenolic hydroxyl and secondary amino group of synephrine were modified structurally by the
molecular splicing method in this study and thus five intermediates and fifteen target molecules were designed and
synthesized. These compounds were evaluated with certain human pathogenic bacteria and fungi, and found that
the inhibitory activities of IM4 and IM5 against E.coli are comparable to those of eight fluoroquinolones; TM1n
showed stronger inhibitory activity against drug-resistant C. trobicans and drug-resistant C. albicans than the
positive control drug fluconazole. TM1d and TM1f against C. albicans ATCC90023, TM1o and TM1f against
drug-resistant C. albicans, and TM1f against C. parapsilosis ATCC22019 are all comparable to fluconazole, all of
which have the potential for in-depth research. In this study, synephrine derivatives with strong inhibitory activities
against human pathogenic fungi were discovered for the first time, which provided a new idea for the further study
of synephrine.
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Figure 1 Design of synephrine derivatives TM1
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Figure 2 Synthetic routes of target molecule TM1
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5h; (IV) mCPBA, DCM, 30 °C, 4 h; (V) HCI-EA, ice bath, 4.5 h; (VI) RSO,CI, K,CO,, DMF, ice bath

Figure 3 Synthesis of target molecule TM1
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Table 1  Synthetic results of TM1a-TMlo
Compd. IM5/mmol/g RSO,Cl/mmol/g K,CO,/mmol/lg DMF/mL  Temp./°C Time/h Weight/g Yield/%
TMla 1/0.409 Oas 2/0.029 15 0-5 2 0.278 53.0
oSy 1.2/0.249
NO;
TM1b 1/0.410 9, 2/0.028 1.5 0-5 2 0.321 58.1
0% 1.2/0.276
2
TM1c 1/0.412 °=?@ 2/0.027 15 0-5 2 0.229 413
SN 1.2/0.258
2
H
g
TM1d 1/0.408 ) o 0.2/0.030 15 0-5 2 0.297 52.4
C|’Sv. 1. 2/0280
o
TM1le 1/0.408 s 2/0.027 1.5 0-5 2 0.342 67.2
a% T 1200212
F
TM1f 1/0.409 = 2/0.028 1.5 0-5 2 0.323 61.2
o, 1.2/0.233
Clx.ép
TM1g 1/0.411 o 2/0.027 15 0-5 2 0.263 49.8
£ 1.2/0.235
CI\_SP
TM1h 1/0.408 ¢ © 2/0.029 15 0-5 3 0.271 51.5
1 1.2/0.235
‘:I\.sr,0
TM1i 1/0.412 o 2/0.030 1.5 0-5 3 0.319 53.9
£ 1.2/0.314
3
cleP
TM1j 1/0.408 o 2/0.027 15 0-5 3 0.380 65.8
or. 1.2/0.299
3
CI\.Sﬁ0 B
TM1k 1/0.409 d J 2/0.030 15 0-5 25 0.299 58.8
1.2/0.310
ol ¥
TM1I 1/0.410 Ons 2/0.028 15 0-5 3 0.295 50.2
1.2/0.308
CI\.SP
TM1m 1/0.412 d 2/0.030 1.5 0-5 3 0.356 66.3
1.2/0.249
TM1n 1/0.409 ovs:u?/ 2/0.027 15 0-5 25 0.304 55.2
oy 1.2/0.263
ol
TM1lo 1/0.408 2/0.030 1.5 0-5 3 0.260 50.9

Offs =N
Q 1.2/0.215
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(C. neoformans) Z¢Hl. 2= P BL 1 IR 4 51 2B, (s
R (C. albicans). #ii i 22 1% BE 5 (C. tropical) iz ~F
T8 &R (C. parapsilosis) & T &R & . A ik
T 5 N EUR B A TS TM1a~TMLo 401 fig
71, MR R WK 3.

Xof T 2 By R 22 R BE A, 460 7 TML T MIC
B /N T BE 4% 22 3h 4K, IM4 A1 IM5 [ MIC 18 43 51 N
0.136 1 0.158 pumol-mL™, 75 B i 14 IM4 > IM5, 3 B
TN B e 52 =y BEAZ AR WS 1 BB Ak, TM1n MICHE
24 0.063 pmol-mL™, & 1 KX T 1 A & IM4 . IM5 FT BH 4

Table 2  Inhibitory activity of the synthesized molecules against human pathogenic bacteria. CLX: Clinafloxacin; NOR: Norfloxacin; CIP:
Ciprofloxacin; SAR: Sarafloxacin; ENO: Enrofloxacin; BAL: Balofloxacin; LOM: Lomeflolacin; GAT: Gatifloxacin

Inhibitory activity (MIC, ug-mL*/umol-mL™)

Compd. i . i o S. aureus
E. coli A. baumannii P. aeruginosa M. luteus S. enteritidis
ATCC25129 ATCC14125
TMla 256 128/0.244 256 >256 >256 >256 >256
TM1b 256 128/0.231 256 >256 >256 >256 >256
TMlc 256 128/0.231 256 >256 >256 >256 >256
T™M1d 256 128/0.226 256 >256 >256 >256 >256
TM1le 256 128/0.251 256 >256 >256 >256 >256
TM1f 256 128/0.243 >256 >256 >256 >256 >256
TM1g 256 128/0.243 >256 256 >256 >256 256
TM1h 128 128/0.243 >256 >256 128 >256 256
TM1i 256 128/0.216 >256 256 >256 >256 256
TM1j 256 128/0.222 >256 256 >256 >256 256
TM1k 256 128/0.217 >256 256 256 >256 256
T™M1I 256 128/0.217 >256 256 256 >256 256
TM1m 256 128/0.238 >256 256 256 >256 256
TM1n 256 128/0.232 >256 >256 256 >256 256
TM1lo 128 128/0.251 >256 >256 128 >256 256
Synephrine >256 >256/>1.53 >256 >256 >256 >256 >256
LPTM3-12 128 128/0.337 >256 >256 128 >256 256
LPTM3-12a 128 128/0.311 >256 >256 128 >256 256
IM1 128 128/0.479 >256 >256 128 >256 256
IM2 128 128/0.318 >256 256 256 >256 256
IM3 2 128/0.292 >256 256 256 >256 256
IM4 2 128/0.272 >256 256 256 >256 256
IM5 4 128/0.315 256 256 256 >256 256
Blank control >256 >256 >256 >256 >256 >256 >256
CLX 2 16/0.043 7 2 2 2 >256 4
NOR 2 128/0.401 2 16 2 2 4
CIP 2 32/0.096 6 >256 2 2 2 4
SAR 2 64/0.166 2 16 2 2 4
ENO 2 128/0.400 2 32 2 2 4
BAL 2 64/0.164 2 2 2 2 4
LOM 2 128/0.364 2 16 2 2 4
GAT 2 128/0.341 2 2 2 2 2
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Table 3 Inhibitory activity of the synthesized molecules against fungi
Compd. Inhibitory activity (MIC, ug-mL*/umol-mL™)
C. tropical A. fumigatus C. parapsilosis 22019 C. albicans C. albicans 90023
TMla 256 256 8/0.015 >256 >256
TM1b >256 256 >256/>0.462 >256 256
TM1c 256 256 8/0.014 >256 256
TM1d 256 256 32/0.056 16/0.028 4/0.007
TMle >256 >256 32/0.063 32/0.063 >256
TM1f 256 >256 4/0.008 8/0.014 4/0.008
TM1g 128 256 64/0.121 256 64
TM1h 256 256 128/0.243 >256 32
TMIi 128 256 64/0.108 >256 256
TMI1j 256 >256 8/0.014 32/0.056 16/0.028
TM1k 256 >256 64/0.109 64 >256
TM1I 256 >256 64/0.109 32/0.054 8/0.013
TM1m 256 >256 128/0.238 32/0.059 >256
TM1n 32/0.063 256 128/0.232 4/0.007 256
TMlo 128 256 256/0.501 8/0.014 128
LPTM3-12 128 256 16/0.042 16/0.042 64/0.168
Synephrine >256 256 256/1.53 256 >256
IM1 256 256 128/0.479 256 256
M2 >256 256 128/0.318 >256 >256
IM3 >256 256 64/0.146 128 256/0.584
IM4 64/0.136 256 64/0.136 32/0.068 128/0.272
IM5 64/0.158 256 256/0.631 128 64/0.158
Fluconazole 32/0.104 128 2/0.007 4/0.013 2/0.007
Blank control >256 >256 256 >256 >256

Xt HE 25 4 & FE M (MIC = 0.104 pmol-mL™), 5 B 3%
R fre 5 5 N T T A T e 4 i JF X i 24 0 A1 22 T
BE B 0 A FH

XTI F 18 & Bk B ATCC22019, TM1 A o []
& 1] MIC 18 (0.631~0.008 pmol-mL™) /] T 3 # 4k
(1.531 umol-mL™*), &7 HE AR T F s Ak . IM3 AN
IM4 ) MIC 115 43 % 5 0.146 #110.136 pmol-mL™, i B
RS 2 R 36 M 5 T 0 ek Y 23, X X H AR T
Wit HE E. 15 AR 19 F 10 M1 MICH <
0.136 umol-mL", 3T IM3, 3% W 2 B AL 7= 70 3%
PE 5% T Boc PR W IS . TM1a/1c/1f/1j X 4 443
T MIC {E A% F 0.015 pmol-mL™*, 35 1 /& LP TM3-12
) 3 £ ; TMLF 35 4% &% & (MIC = 0.008 pmol-mL™), Fl
IoF 2 %5F 24 4 9B I (MIC = 0.007 pmol-mL™) #H24 .
)T RE BOG FR ORI, TR i BA b BUAR R 5 i M 2 )
AAEWR R R W > fitd 73, Bt %,
VB T P BRI TR — AN AR KR, XA > Q04 > ()
.

X T 25 B ER R, 94N H AR T & W A ) 4
IM3~IM5 ] MIC i #B /N T~ 37 3 Ak, Ut B XS 32 35 AR 1)
Ji s R BT AR AR AT DA B & R 4 TMLF I TM 1o
54 BEME Y MIC 1 (0.014 pmol-mL™) 1%, TM1n [
MIC {8 (0.007 umol-mL™) J& 505 M I 1/2, i — 25 1 B
o> FEE R R AR I, X o 3R AR A EAE  TT
RERD A ERE S T

X A S ER# ATCC90023, 84 H AR 4> T 1) MIC
BN T3 3R AK, RIGE TR0 T BE A% . A A4 TS 1 IM5 <
IM4 < IM3 (MIC 43 54 0.158.0.272 £110.584 pmol-mL?),
i FH 7 ok B AL A0 AR EL B 451 Boc B R A% 33 s 4] 11
R I RE 77 TMLd A1 TMLF 5 P4 R 40 A 24
(MIC 43 51 ¥ 0.007.0.008 1 0.007 umol-mL™), B4 it
— BT /1.

3 g
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8 Tl g VA T 25 AR 2 . B TREE PER , TMS
X ¥ & Bk ATCC22019. 1iif 245 [ (& Bk i Al [
R B ATCC0023 il i 1 A1 R MEAH 24, TM1n X}
P (P 2 T I T R 247 1 20 28 R 400 o 3t A 0 5 T 9C
R, IR I T A5 B A% 0 M S8 4 R AN B0 BB B A
iy 0 ) A R LA BT T, O S IR AT AR Pt
FARML TR K
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i P 0.5 h, Hh g, T4, FRE, 45 O AR R IML (20 5),
5% 99.2% ~99.6%, mp 88.5~90.1 °C.
1.2 HEMRIM2E AL 17 100 mL 5 i B8 H Ak
ANJFEEHML.DMFF4H ) K,CO 83 K, 45 °Clig i 41 -
0.5 h &, W hn1,4- Z ¥ T k%, 45 °CIIB PR i #, TLC
(DCM-MeOH = 10:1) Ml e M2 . etk )E, %
T4 FE, I ML AT Na,CO, ¥ ¥ f DCM, i 4 0.5 h, 43
T, SR HLAR, WRT NaCI ¥ ¥ (10 mLx3) Peisk, FoK
Na,SO, T- &, Welria 7, 19 2R B (i ik . IMAE =
PE, tRIEH #2246 O G AT, g, U B AlE
s, PE YRV R £ T0 1,4- R T Fe %k, T4, FRE, 15
F . R 2 B PE-EA = 10:1~5:1 (W), B E
[ 4 IM2, T4, FREL . U3 66.5%~69.9%, mp 92.8~
94.2 °C,
1.3 hEdkIM34& R 100 mL FJE BN 1-H
He-5-%5 Fe-1H- VY & M (5-MMT)DMF, it £, i )5 n
A T7K K,CO,, 45 °C /K ¥ tRE i £ 0.5 h, A IM2,
TLC (PE-EA =5:1, DCM-MeOH = 10:1) ¥l Jz 7 3k
o RMEEH G, WHIE S, I 10 mL oK 4 i Al
Na,CO,, #ii+£ 10 min, JI A 20 mL DCM, $i#f 10 min, 43
W, 4 DCM A, 7180 NaCl i (10 mLx3) #eik, Y
LA HUAH, TE/K Na,SO, T4, ERR (42.2 °C) ¥ 71, 13 2
A E A, TLC IR A, )8, FrE . % 95.7%~96.9%,
mp 95.5~96.9 °C.
1.4 HERIMAER T 100 mL B JE B AR N
IM3.DCM, it #5008 J5 — X In N mCPBA (5 &
75%), TLC (PE-EA = 5:1, PE-EA = 1:1) I & 2 B
S5, N 0.5 245 Na, SO, ¥y A A1 Al Na,CO, 7 K, 1
5 pH = 9, #it£F 10 min, I DCM, $ii# 0.5 h, 73, 1
AN, To7K Na,SO, T 1, Tie bR, 13 B AR Fh

PR, FE 3 4> B PE-FEA = 10:1~8:1 (Vv), Bt
[ A, TLC 4L, FRE . UR% 61.3%~62.9%, mp 110.2~
112.1°C.
1.5 FhEMKRIMS &R T 50 mL B B A K JOm A
IM4, Ji il HCI-EA, = i PRI B HE, TLC IR ..
NLAEH G, HERR (45 °C) 7, NG 7 EA B0 B,
TR BERR V7, FEINNGE & PE St 500 B, e w7,
T, FREE . W 89.6%~90.4%, mp 133.7~135.1 °C.
1.6 TMla~TMlo&hRK T 100 mL &K+ A
IM5 (1 mmol), DMF % i J, I K,CO,, #K7K it (0~
5 °C) Hr PRI 1 30 min, FEIIN B LS, TLC Wl
Mo SIMEEH, A H,0 FIDCM % 10 mL, #+F 10 min,
O3 W ST 43, W sE DCM A, 1 AT NaCl i i Ve 345,
Jo7K Na,SO, T4, #1735 PE-EA = 8:1~1:3 (V/v),
B TML, T, FRE.

TM1 ZAE VRIS

TM1la: (I afE A, mp 110.0~111.1 °C, [o]¥ = +39.7
(c 2, DMSO). *H NMR (600 MHz, DMSO-d,): 6 7.60
(d, J = 8.1 Hz, 2H), 7.40 (d, J = 8.0 Hz, 2H), 7.22 (d,
J =85 Hz, 2H), 6.87 (d, J = 8.6 Hz, 2H), 5.44 (d, J =
4.2 Hz, 1H), 4.69~4.62 (m, 1H), 4.30 (s, 3H), 3.98 (t,
J = 6.0 Hz, 2H), 3.90~3.84 (m, 2H), 3.03 (dd, J = 13.5,
7.9 Hz, 1H), 2.97 (dd, J = 13.4, 4.9 Hz, 1H), 2.66 (s,
3H), 2.38 (s, 3H), 1.94~1.88 (m, 2H), 1.84 (dd, J =
13.1, 6.1 Hz, 2H); *C NMR (151 MHz, DMSO-d,) §
158.21, 153.17, 143.61, 135.66, 134.88, 130.27, 127.78,
127.54, 114.56, 71.48, 67.04, 57.69, 55.42, 36.95, 36.62,
27.42, 21.42, 19.06. HR-MS: C,,H,,N.0.S, [M+NH,]"
m/z it 5 {4 541.189 8, il & & 541.188 9; [M+Na]* m/z
115718 546.145 1, I 518 546.144 2.

TM1b: ¥ faf# 1&, mp 118.9~119.8 °C, [o]3 = +28.9
(c 2, DMSO). 'H NMR (600 MHz, DMSO-d,): ¢ 7.97
(d, J =79 Hz, 2H), 7.86 (t, J = 7.7 Hz, 1H), 7.81 (t,
J =7.6Hz, 1H), 7.25 (d, J = 8.5 Hz, 2H), 6.88 (d, J =
8.5 Hz, 2H), 5.51 (s, 1H), 4.70 (t, J = 16.7 Hz, 1H), 4.31
(s, 3H), 4.00 (dt, J = 18.8, 5.9 Hz, 2H), 3.94~3.83 (m,
2H), 3.27 (dd, J = 15.0, 4.2 Hz, 2H), 2.88 (s, 3H), 1.95~
1.88 (m, 2H), 1.88~1.81 (m, 2H); *C NMR (151 MHz,
DMSO-d,) § 158.28, 153.18, 148.30, 135.42, 134.76,
132.81, 131.32, 130.25, 127.73, 124.65, 114.61, 71.56,
67.05, 57.55, 55.43, 36.96, 36.49, 27.42, 19.06. HR-
MS: C,,H,(N,O,S, [M+NH,]* m/z i} 5 {f 572.159 2, i
{f 572.158 0; [M+Na]* m/z i %1 577.114 6, I & {H
577.113 4.

TM1c: ¥ tafE A, mp 117.1~118.2 °C, [o]3 = +33.6
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(c 2, DMSO). 'H NMR (600 MHz, DMSO-d,): ¢ 8.38
(d, J = 8.8 Hz, 2H), 8.00 (d, J = 8.8 Hz, 2H), 7.23 (d,
J =85 Hz, 2H), 6.87 (d, J = 8.5 Hz, 2H), 5.49 (d, J =
4.3 Hz, 1H), 4.79~4.61 (m, 1H), 4.30 (s, 3H) 3.97 (t,
J = 6.0 Hz, 2H), 3.91~3.83 (m, 2H), 3.17 (dd, J = 13.6,
8.2 Hz, 1H), 3.10 (dd, J = 13.7, 4.5 Hz, 1H), 2.78 (s,
3H), 1.94~1.87 (m, 2H), 1.85 (dd, J = 12.9, 6.1 Hz,
1H); *C NMR (151 MHz, DMSO-d,) 6 158.23, 153.09,
150.15, 143.64, 135.16, 128.96, 127.83, 124.99, 114.58,
71.10, 67.35, 67.07, 57.71, 57.33, 56.91, 36.87, 36.32,
27.30, 19.02. HR-MS: C,,H,:N.0,S, [M+NH,]* m/z it
B E 572.159 2, ¥l & 18 572.158 2; [M+Na]* m/z it 518
577.114 6, Wl &8 577.113 5.

TM1d: A fafE 14, mp 107.2~108.9 °C, [of3 = +66.7
(c 2, DMS0). '*H NMR (600 MHz, DMSO-d,): ¢ 10.34
(s, 1H), 7.77 (d, J = 8.7 Hz, 2H), 7.66 (d, J = 8.7 Hz,
2H), 7.23 (d, J = 8.5 Hz, 2H), 6.88 (d, J = 8.5 Hz, 2H),
5.44 (d, J = 4.3 Hz, 1H), 4.69~4.63 (m, 1H), 4.30 (s, 3H),
3.98 (t, J = 6.0 Hz, 2H), 3.92~3.83 (m, 2H), 3.03 (dd,
J =135, 7.9 Hz, 1H), 2.97 (dd, J = 13.5, 4.8 Hz, 1H),
2.66 (s, 3H), 2.08 (s, 3H), 1.9~1.87 (m, 2H), 1.87~
1.81 (m, 2H); *C NMR (151 MHz, DMSO-d,) ¢ 170.31,
158.15, 153.01, 143.27, 135.25, 132.08, 131.67, 128.64,
127.87, 119.50, 114.55, 71.26, 67.03, 57.36, 57.04,
55.41, 36.83, 36.47, 27.23, 24.32, 19.04, 19.00. HR-
MS: C,,H,,N,0,S, [M+Na]" m/z i} & {# 589.151 0, il &
14589.149 5.

TMile: 3 R BUE, [o]3 = +40.7 (c 2, DMSO).
'H NMR (600 MHz, DMSO-d,): 6 7.73 (d, J = 7.3 Hz,
2H), 7.68 (t, J = 7.3 Hz, 1H), 7.61 (t, J = 7.5 Hz, 2H),
7.23 (d, J = 8.4 Hz, 1H), 6.88 (d, J = 8.4 Hz, 1H), 5.46
(s ,1 H), 4.68 (s, 1H), 4.30 (s, 3H), 4.01~3.95 (m, 1H),
3.92~3.84 (m, 1H), 3.07 (dd, J = 13.4, 8.0 Hz, 1H),
3.00 (dd, J = 13.5, 4.7 Hz, 1H), 2.69 (s, 3H), 1.90 (d,
J = 6.6 Hz, 1H), 1.85 (d, J = 6.5 Hz, 1H ); *C NMR
(151 MHz, DMSO-d,) ¢ 158.23, 153.18, 137.86, 135.65,
133.25, 129.82, 127.78, 127.48, 114.57, 71.50, 67.05,
57.68, 55.43, 36.95, 36.62, 27.43, 19.12, 19.07. HR-MS:
C,H,,N,O,S, [M+Na]" m/z il 5 i 532.129 5, Il & {8
532.129 2.

TMIF: 35 (R WAk, [@]3 = +38.3 (¢ 2, DMSO).
'"H NMR (600 MHz, DMSO-d,): § 7.81 (dd, J = 8.6,
5.2 Hz, 2H), 7.43 (t, J = 8.7 Hz, 2H), 7.23 (d, J = 8.5 Hz,
2H), 6.88 (d, J = 8.5 Hz, 1H), 5.47 (s, 1H), 4.67 (s, 1H),
4.30 (s, 3H), 3.98 (t, J = 6.0 Hz, 2H), 3.90~3.85 (m,

2H), 3.08 (dd, J = 13.5, 8.0 Hz, 1H), 3.01 (dd, J = 13.6,
4.7 Hz, 1H), 2.70 (s, 3H), 1.95~1.89 (m, 2H), 1.88~
1.80 (m, 1H); **C NMR (151 MHz, DMSO-d,) ¢ 164.00,
158.24, 153.17, 135.59, 131.78, 130.58, 130.52, 127.78,
117.02, 116.87, 114.57, 71.37, 67.04, 57.61, 55.42,
36.96, 36.52, 27.42, 19.06. HR-MS: C,H,.FN.O.S,
[M+Na]" m/z {1514 550.120 1, I &:1% 550.119 6.
TM1g: # @R K, [«]% = +20.2 (c 2, DMSO).
'H NMR (600 MHz, DMSO-d,): 6 7.78 (t, J = 6.8 Hz,
1H), 7.72 (d, J = 4.6 Hz, 1H), 7.48~7.42 (m, 1H), 7.39
(t, 3 =7.6 Hz, 2H), 7.22 (d, J = 8.4 Hz, 2H), 6.87 (d, J =
8.5 Hz, 2H), 5.49 (d, J = 4.3 Hz, 1H), 4.72~4.61 (m,
1H), 4.30 (s, 3H), 3.97 (t, J = 5.9 Hz, 2H), 3.92~3.81
(m, 2H), 3.20 (dd, J = 13.8, 8.1 Hz, 1H), 3.15 (dd, J =
13.9, 4.8 Hz, 1H), 2.78 (s, 3H), 1.94~1.87 (m, 2H), 1.8~
1.79 (m, 2H); *C NMR (151 MHz, DMSO-d,) & 169.48,
158.21, 153.18, 143.58, 135.71, 131.97, 131.33, 129.12,
128.70, 127.79, 119.20, 114.56, 71.48, 67.04, 57.69, 55.43,
36.95, 36.62, 27.42, 19.06. HR-MS: C,H,FN.O,S,
[M+Na]" m/z i 51# 550.120 1, I &:1# 550.119 5.
TM1h: 3% PR AR, @3 = +14.3 (¢ 2, DMSO).
'"H NMR (600 MHz, DMSO-d,) 6 7.66 (dd, J = 14.4,
7.5 Hz, 1H), 7.59 (d, J = 7.8 Hz, 1H), 7.54 (t, = 7.7 Hz,
2H), 7.24 (d, J = 8.5 Hz, 2H), 6.88 (d, J = 8.6 Hz, 2H),
5.46 (d, J = 4.4 Hz, 1H), 4.71~4.64 (m, 1H), 4.30 (s,
3H), 3.98 (t, J = 6.0 Hz, 2H), 3.91~3.82 (m, 2H), 3.13
(dd, J = 13.6, 8.0 Hz, 1H), 3.06 (dd, J = 13.6, 4.8 Hz,
1H), 2.73 (s, 3H), 1.91 (dt, J = 14.5, 5.8 Hz, 2H), 1.85
(dd, J = 13.0, 6.0 Hz, 2H); *C NMR (151 MHz, DMSO-
d) ¢ 163.15, 161.50, 158.23, 153.15, 140.05, 135.51,
135.14, 132.20, 132.15, 131.73, 127.81, 123.78, 121.69,
120.34, 114.54, 114.44, 71.34, 67.01, 57.53, 55.39,
36.96, 36.52, 27.41, 19.06. HR-MS: C,H,.FN.O.S,
[M+Na]* m/z i+ 544 550.120 1, Il {8 550.120 0.
TM1i: A £ [# /&, mp 122.5~123.9 °C, [o]* =
+42.5 (c 2, DMS0). "H NMR (600 MHz, DMSO-d,): ¢
7.94 (d, J = 7.7 Hz,1H), 7.79 (t, J = 7.3 Hz, 1H), 7.57
(dd, J = 14.6, 7.5 Hz, 2H), 7.22 (d, J = 8.4 Hz, 2H),
6.88 (d, J = 8.5 Hz, 2H), 5.51 (d, J = 4.2 Hz, 1H), 4.69
(d, J = 4.8 Hz, 1H), 4.32 (s, 3H), 3.99 (dd, J = 16.0,
10.1 Hz, 2H), 3.93~3.83 (m, 2H), 3.24 (t, J = 10.6 Hz,
2H), 2.82 (s, 3H), 1.98~1.89 (m, 2H), 1.89~1.80 (m,
2H); “C NMR (151 MHz, DMSO-d,) ¢ 158.23, 153.19,
145.42, 135,55, 135.46, 131.61, 131.51, 128.02, 127.64,
121.54, 121.26, 121.15, 119.44, 114.58, 71.73, 67.04,
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57.48, 55.44, 36.94, 36.32, 27.43, 19.07. HR-MS:
C,,H,F.N.O,S, [M+Na]" m/z it 518 616.111 8, Wl & {H
616.111 2.

TM1j: A & i &, mp 115.4~116.2 °C, [o]¥ =
+29.7 (c 2, DMSO). 'H NMR (600 MHz, DMSO-d,): §
8.07 (d, J = 8.3 Hz, 2H), 8.02 (d, J = 8.3 Hz, 1H), 7.32~
7.29 (m, 2H), 6.87 (t, J = 9.9 Hz, 2H), 5.92 (d, J = 14.4 Hz,
1H), 4.30 (s, 3H), 4.23 (t, J = 6.5 Hz, 1H), 3.98 (t, J =
5.9 Hz, 2H), 3.92~3.84 (m, 2H), 3.13 (dd, J = 39.7,
16.2 Hz, 2H), 3.00 (s, 3H), 1.93~1.87 (m, 2H), 1.87~
1.80 (m, 2H); *C NMR (151 MHz, DMSO-d,) J 167.42,
157.90, 141.00, 132.20, 131.97, 129.13, 128.38, 127.28,
125.63, 115.23, 113.06, 67.10, 65.49, 55.41, 36.95,
33.02, 30.48, 27.39, 19.04. HR-MS: C,H,F.N.O.S,
[M+Na]* m/z i1 %1 600.116 9, I &1 600.116 1.

TM1k: [ € [H &, mp 136.4~137.8 °C, [o]¥ =
+38.0 (c 2, DMSO). 'H NMR (600 MHz, DMSO-d,): §
8.01(s,1 H),7.93(d,J=7.1Hz, 1H), 7.86 (d, J = 6.0 Hz,
1H), 7.59 (dd, J = 10.4, 5.4 Hz, 1H), 7.31 (d, J = 6.4 Hz,
2H), 6.86 (d, J = 6.4 Hz, 2H), 5.90 (d, J = 14.4 Hz, 1H),
4.31 (s, 1H), 4.30 (s, 3H), 3.98 (s, 2H), 3.88 (s, 4H),
2.99 (s, 3H), 1.88 (d, J = 21.2 Hz, 2H), 1.82 (dd, J =
245, 4.8 Hz, 2H); ®*C NMR (151 MHz, DMSO-d,) ¢
158.23, 153.19, 138.93, 136.20, 135.65, 134.46, 131.58,
128.63, 127.69, 119.77, 114.61, 72.00, 67.06, 57.97,
55.44, 55.34, 36.95, 36.52, 27.43, 19.11, 19.07. HR-MS:
C,,H,BIN.O.S, [M+Na]" m/z i1 5 {H 610.040 0, Wl & {H
610.039 1.

TM1l: [ 4 [ 4k, mp 136.0~137.1 °C, [o]3 =
+49.3 (c 2, DMSO). *H NMR (600 MHz, DMSO-d,): 6
7.97~7.92 (m, 1H), 7.85 (d, J = 7.5 Hz, 1H), 7.57 (dd,
J =13.3, 5.9 Hz, 1H), 7.54 (dd, J = 10.7, 4.4 Hz, 1H),
7.22(d, J = 8.4 Hz, 2H), 6.87 (d, J = 8.4 Hz, 2H), 5.51 (d,
J = 4.3 Hz, 1H), 4.74~4.65 (m, 1H), 4.31 (s, 3H), 3.98
(t, J = 5.9 Hz, 2H), 3.91~3.83 (m, 2H), 3.34~3.29 (m,
2H), 2.84 (s, 3H), 1.94~1.87 (m, 2H), 1.87~1.80 (m,
2H); *C NMR (151 MHz, DMSO-d,) ¢ 158.23, 153.19,
138.93, 136.20, 134.46, 131.58, 129.12, 128.63, 127.69,
119.77, 114.61, 72.00, 67.06, 57.97, 55.44, 55.34, 36.95,
36.52, 27.43, 19.07. HR-MS: C,,H,,BrN,O,S, [M+Na]"
m/z 548 610.040 0, I 5 1E 610.039 0.

TM1Im: A £ [H &, mpl15.4~116.2 °C, [¢]3 =
+61.4 (c 2, DMSO). 'H NMR (600 MHz, DMSO-d,): 6
7.56 (s, 1H), 7.34 (d, J = 7.5 Hz, 1H), 7.28 (d, J = 7.7 Hz,
1H), 7.19 (d, J = 8.5 Hz, 2H), 6.87 (d, J = 8.5 Hz 2H),

5.48 (d, J = 4.3 Hz, 1H), 4.70~4.61 (m, 1H), 4.31 (s,
3H), 3.98 (t, J = 5.9 Hz, 2H), 3.92~3.84 (m, 2H),
3.28~3.17 (m, 2H), 2.78 (s, 3H), 2.42 (s, 3H), 2.34 (s,
3H), 1.96~1.88 (m, 2H), 1.88~1.81(m, 2H); *C NMR
(151 MHz, DMSO-d,) J 158.22, 153.19, 137.46, 136.23,
135.71, 134.32, 133.64, 133.20, 129.36, 127.66, 114.59,
71.80, 67.06, 57.14, 55.44, 36.95, 36.02, 27.43, 20.82,
19.97, 19.07. HR-MS: C,;H,,N.O,S, [M+Na]" m/z it 5
{#560.160 8, I 1A 560.160 2.

TM1n: 3 G HPIRBR, [@]3 = +55.1 (¢ 2, DMSO).
'H NMR (600 MHz, DMSO-d,): ¢ 7.08 (d, J = 8.5 Hz,
2H), 6.99 (d, J = 17.6 Hz, 2H), 6.80 (d, J = 8.5 Hz, 2H),
5.94 (s, 1H), 5.39 (d, J = 4.3 Hz, 1H), 4.58 (d, J = 5.8
Hz, 1H), 4.30 (s, 3H), 4.22 (t, J = 6.5 Hz, 1H), 3.97 (¢,
J = 6.0 Hz, 2H), 3.91~3.84 (m, 2H), 3.15 (dd, J = 13.9,
7.4 Hz, 1H), 3.11 (dd, J = 14.0, 5.4 Hz, 1H), 2.70 (s,
3H), 2.43 (s, 6H), 2.27 (s, 3H), 1.94~1.87 (m, 2H), 1.87~
1.80 (m, 2H); *C NMR (151 MHz, DMSO-d,) ¢ 158.19,
153.16, 142.61, 139.95, 136.32, 135.78, 132.19, 127.52,
114.51, 79.64, 71.33, 67.03, 55.41, 36.96, 34.67, 27.42,
22.74,20.88,19.08. HR-MS: C,,H,,N.O.S, [M+Na]" m/z
115718 574.176 4, 5 {E 574.175 8.

TM1lo: ¥ BRI A, [€]3 = +51.2 (¢ 2, DMSO).
'H NMR (600 MHz, DMSO-d,): 4 8.92 (d, J = 1.3 Hz,
1H), 8.85 (d, J = 3.6 Hz, 1H), 8.16 (d, J = 8.0 Hz, 1H),
7.64 (dd, J = 7.7, 5.0 Hz, 1H), 7.25 (d, J = 8.5 Hz, 2H),
6.88 (d, J = 8.5 Hz, 2H), 5.49 (d, J = 4.2 Hz, 1H), 4.76~
4.61 (m, 1H), 4.31 (s, 3H), 3.99 (t, J = 5.8 Hz, 2H), 3.92~
3.82 (m, 2H), 3.18 (dd, J = 13.6, 8.2 Hz, 1H), 3.10 (dd,
J =13.6, 4.4 Hz, 1H), 2.76 (d, J = 16.6 Hz, 3H), 1.96~
1.88 (m, 2H), 1.88~1.81 (m, 2H); *C NMR (151 MHz,
DMSO-d,) § 158.26, 153.72, 153.19, 147.79, 135.54,
135.47, 134.77, 127.79, 124.84, 114.59, 71.24, 67.06,
57.46, 55.44, 55.34, 36.95, 36.33, 27.43, 19.07. HR-MS:
CuoHy6NOeS, [M+H] * m/z it & {8 511.142 8, Wl & 1A
511.142 2; [M+Na]* m/z it 5 {d 533.124 7, I & 14
533.124 0.
2 EYBYEEMNK
21 MABREEM %883 E 5K IR L5 = br
HEALZE 2> (NCCLS) HE# M M B, SR A S 56
ol SRR N I S S O = Y s e B ol |
ATCC25129 }7 ATCC14125. j i i BR 1 K o AT
ATCC25922. fifl & A Z) #1 & ATCC19606. V> [ K
ATCC13076- i 43 {5 B4 jf 1 ATCC27853 11 MIC, il it
G 2.
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22 EEIEM  RJUNCCLSHEE M E N 7R
2, SRR 5 IR 7 v, i T e (] Ak
Ko H bR 4y ¥ TM1la~TMdio 1 i) A 0% £ 3 [ MIC
{E, MAEE L% 3.

BOS: PU R R 24 22 P R 2 S B AR % SR I R AE N B
JoU T A S A T 5 ) S R A A B PR SR A K
J33 By, i B 24 Ml A7 PR 24 R 3K S SRR i, AR S
DA O AR A 7 70 0 0 A a3 R PR S

{EZ UMk 2SO ST R 2 EL S & RS B B
NN, W SC MBS A SORR R JEHT 7 55 AR R K S
BT RER S X TE B B2 TR H AR KRG RS ST
DT ER; B35S 5 PR R RN, 2K 5 R AR
R, 45 F LB A B AR, ORISR .

FES: AR
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