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Abstract: Cephalosporins are widely used in the treatment of infectious diseases. The structural differences
in cephalosporin drugs mainly lie in the C-7 amino side chain and the C-3 substituent. In this study, twenty-five
haloacylated cephalosporins of five series were designed by using a strategy of introducing simple substituents at
the C-7 amino group in four cephalosporin parent nucleus with different C-3 substituents and efficiently synthesized
under optimized conditions. Their activities against human pathogenic bacteria, Pichia pastoris, citrus canker and
citrus pathogenic fungi were evaluated. The results showed that most of the molecules had activity against human
pathogenic bacteria, of which seven compounds including TM1f had stronger or equivalent inhibitory activities
against eight human pathogens than the marketed drugs cefalotin, cefoxitin sodium and ceftizoxime sodium. The
inhibitory activity of TM1s against Alternaria alternate Al. 6 was stronger than that of cephalosporins and comparable
to that of the positive control prochloraz. TM1f and TM{1s are worthy of further study.

Key words: cephalosporin; halogenated acid chloride; activity against human pathogenic bacteria; activity

against pichia pastoris; anti-citrus canker activity; activity against citrus pathogenic fungi

Wk H 3H: 2021-03-09; &[5 H 3H: 2021-03-24.
FE G H R RR A 5 B R B I E (estc2019jsex-msxmX0123); P T ALES XN T & R E (2018-5).
*JBIAEH Tel: 86-13640566978, E-mail: hxydc@swu.edu.cn;
Tel: 86-13983086553, E-mail: 709882528@qq.com
DOI: 10.16438/7.0513-4870.2021-0337



-+ 1966 -+ 2% %4 Acta Pharmaceutica Sinica 2021, 56(7): 1965 —1975

SRR FR R AETE A AR VE I 5 1 3 A AR
FH 9 5 BOAS R FE (5 BB AL I F2 o RS TR b A
18, th NIt R 2 0w Fl s 3, 2 S8 Bl
fif R R G R YT T, EERAAEIRYT . WEIRTT
IR E L PR R A E R A Bt
HERAY ALY TR R AN E . XL
W, T PR 2 Rl B, B AR R e M IR A
&, AR N

LA, PUBE ST B, 7RG 1 2
TTZHIRN A B TSk fAE IR IR oK E 8 AR BA
SLAHLE AR SRR ARER M — RSk
WF A 2% BE M TR A R AR, R 22 B B AR S Bk
FERR = Sk Al v S A B O ARER B8 Ak 25
TELRARF X A5 22 BH 4 TV FH S P Al b, S8R 1
IF A AT 470 B 5 DA Sk At L Sk A A | Sk f IR B
AR 55 = AR AL 254 DA S LA Sk FRI ALk I Sk FRL P g
ST B g A 10 55 DY AR Sk A8 28 0] 5 22 T 1R T L
=2 PR T DA IR SR 3R T P B 1, HLEE DY AR
S A2 P AR 22 PH M B 5 T AR = AR E I B
P 58 AR F 254 045 S v R TR L Sk B % A Sk 1
WL, PUBE ) G R A Sk R B gy
Wy T IS5 R BN, Sk L2555 - h Sk BEA% L C-7 ff
I L AL C-3 AL HUAREE =80 7 4 R Sk A BE %,
HILEIA 7-ACA.7-ACCA.7-ANCA . 7-MAC 1 7-MCA
(7-MAC Bt i 2K 338 (450 WL 1); kA3 C-7 &
BB B (A1, W DL A7 B FK HE Wy £ T R L L- O T St
FE PR U I R AR O LR | (SR M £ T
&, WR] DL AR 5% 10 45 0 v B 2-WR I ik -(2)-2- H 4R
FE Vi J TR S  2- (43 2 ) WE W - (2)-2- H 4 2k T fi
LRI . C-3 MBI AL ], 0% I £ T 40 2k
SURT S DY R 3L . AR ZG 4 i i
FE R C-7 A a FMIFE LA S C-3 fr B A A]

XF kAR THIWETT, BRI 454 B50E BB
(g0, {5 H AT 2 A AR BT BT T O
P Sk SR 2 W R AR E P, B L2 0 C-7 A N
B 2R A C-3 A BRI BEAT BOE™ . AW E K HIT
e S Vi D 265 ) AT PR RN, A I g v A R B A
GIN T 3 [, A4 SRS, T DASRAS B BHZ S 4
OEAINC RN IR RhIR ok N T = W C:8: LD
S f BERZ HEAT T BB, A5 BB A BB kS 4 L B
RIS M RE AT B Sk A 25 P 1 AT B B R R
B REI B O T e = £ a1l P i - S WA E R 7
¥ (E2).

R, W] DL ) B [, thom] AR R af M. AR 9l
FOP R ) 22, AR 3 2 B 4 Sk ot BERZ AT 22 B o 401
S, Wik 7SR 25 A E bRy £ E BR 2y
TRENEUR W R PR TE 2, JT R B AR 140
AR A 5% T TR B iR L TR (R PR 7 . AR S B
LT s PR T B 2, OB T SR A R A O A
HEDT o

FERE5L
1 EXW

29T I ME 5, BRS04
T IR RYE RS E Ve . AT S T-MAC.7-ACA
7-ACCA % 7-ANCA ()5 3 & G ¥k N 7-AXCA) k1 B}
%, T-MAC NR R TE B BF %, T-AXCA NIRRT REZ,
EATTIIVE R 2 AR K, AR - AR B A T
1.1 7-MAC {T£ % TM1a~TMle W& K 7-MCA
B Sk AU SR M | SKL K S 25D I RER, ORI 24540 P
A RN, 7-MAC V15, (8 TV E £, H
728 Bt b %4 W AU R, 8 A R A B (AL BELOK, 38
HABMHE LR T 5340 3 BERZ . A ARSI = 450,
HRIERE T-MACHHT RS T E K. ST p-WEEI

MeQ H MeQ H

HH HH HH
HzNj;y/WJ\/ HzNj;i/S HZN-jr—r\g HZNj;V/ | H2N /
N~ OAc N~ N~ N~ S _N, N~ S._N.
o o cl o o TN O OON

COOH COOH COOH
7-ANCA

7-ACA 7-ACCA

Figure 1 Structures of some cephalosporin parent nucleus
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Figure 2 Model and their general structures of target molecules
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Scheme 1 Synthetic routes of 7-MAC derivatives
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Scheme 2 Synthesis of 7-MAC derivatives
Table 1  Synthetic results of TM1a-TM1e
7-MAC Y(CH,)nCOCl P
Entry Compd. (CHyn Y Temp.,°C  Time/h Weight/g Yield/%
g/mmol g/mmol g/mmol

1 TMl1a 2.63/5 2-CICH,COCl1 0.61/7.5 =25 1.5 2.55 85
0.847/7.5

2 TM1b 2.64/5 3-Cl(CH,),COCl 0.63/7.5 -25 1.5 2.88 93
0.952/7.5

3 TMlc 2.64/5 4-CIl(CH,),COCl1 0.59/7.5 =25 1.5 3.017 97
1.057/7.5

4 TM1d 2.63/5 3-Br(CH,),COCl1 0.66/7.5 -25 1.5 3.090 94
1.286/7.5

5 TMle 2.64/5 4-Br(CH,),COCI 0.62/7.5 =25 1.5 2.125 91
1.391/7.5

6 TMl1a 5.24/10 2-CICH,COCl1 1.18/15 =25 1.5 5.349 89
1.694/15

7 TMla 10.04/20 2-CICH,COCl1 2.34/30 -25 2.0 10.934 91

3.40/30
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Entry Compd. Y n DCM/mL TFA/mL Temp./°C Weight/g Yield/%

g/mmol

8 T™MI1f Cl 1 TMla 1.0 1.0 4—15 0.78 89
1.202/2.0

9 TM1g Cl 2 TM1b 1.0 1.0 4—19 0.85 94
1.230/2.0

10 TM1h Cl 3 TMilc 1.0 1.0 4—16 0.80 89
1.258/2.0

11 TM1i Br 2 T™M1d 1.0 1.0 4—14 0.88 89
1.319/2.0

12 TM1j Br 3 TMle 1.0 1.0 4—16 0.91 90
1.35/2.0

13 T™MI1f Cl 1 TMla 2.0 2.0 4—8 3.66 84

6.01/10.0
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Table 3  Synthetic results of TM1k-TM1y
Entry Compd. Y T-AXCA Y(CHy,coc NaHCO, Temp./°C  Time/h Weight/g  Yield/%

g/mmol g/mmol g/mmol

14 TM1k Cl 1 7-ACA 2-CICH,COCl 1.34/15 4—17 35 1.60 85
1.35/5.0 0.847/1.5

15 T™1I Cl 2 7-ACA 3-CI(CH,),COCl 1.32/15 4—17 35 1.62 88
1.38/5.0 0.952/7.5

16 TM1m Cl 3 7-ACA 4-CI(CH,),COCl 1.31/15 4—17 35 1.72 91
1.33/5.0 1.057/1.5

17 TM1n Br 2 7-ACA 3-Br(CH,),COCl 1.29/15 4—17 4.0 1.58 79
1.34/5.0 1.286/7.5

18 TM1lo Br 3 7-ACA 4-Br(CH,),COCl 1.34/15 4—17 4.0 1.91 89
1.36/5.0 1.390/7.5

19 TM1p Cl 1 7-ACCA 2-CICH,COC1 1.35/15 4—19 4.0 1.00 67
1.17/5.0 0.847/1.5

20 TM1q Cl 2 7-ACCA 3-CI(CH,),COCl 1.36/15 4—19 4.0 1.42 87
1.21/5.0 0.952/7.5

21 TM1r Cl 3 7-ACCA 4-CI(CH,),COCl 1.29/15 4—19 4.0 1.47 86
1.24/5.0 1.057/7.5

22 TM1s Br 2 7-ACCA 3-Br(CH,),COCl 1.32/15 4—19 4.0 1.41 76
1.16/5.0 1.286/7.5

23 TM1t Br 3 7-ACCA 4-Br(CH,),COCI 1.28/15 4—19 4.0 1.52 80
1.22/5.0 1.390/7.5

24 TM1u Cl 1 7-ANCA 2-CICH,COCI 1.26/15 4—17 4.0 0.90 65
1.01/5.0 0.847/1.5

25 TM1v Cl 2 7-ANCA 3-CI(CH,),COCl 1.35/15 4—17 4.0 1.25 86
1.00/5.0 0.952/7.5

26 TM1w Cl 3 7-ANCA 4-CI(CH,),COCl 1.34/15 4—17 4.0 1.12 73
0.99/5.0 1.057/7.5

27 TM1x Br 2 7-ANCA 3-Br(CH,),COC1 1.27/15 4—17 4.0 1.05 63
0.97/5.0 1.286/7.5

28 TM1y Br 3 7-ANCA 4-Br(CH,),COCl 1.33/15 4—17 4.0 1.12 64
1.04/5.0 1.390/7.5
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Table 4 Inhibitory activity of target molecule TM1 against human pathogenic bacteria

Inhibitory activity (MIC/ug-mL")

Compd. Escherichia Salmonella Acinetobacter ~ Pseudomonas Micrococcus Staphyloccocus aureus Bacillus
coli Enteritidis baumannii aeruginosa luteus ATCC25129  ATCCl14125 subtilis
TMla 4 >256 >256 16 2 64 32 16
TM1b 32 >256 >256 >256 4 >256 >256 >256
TMlc 32 >256 >256 >256 2 >256 >256 >256
TM1d 32 >256 >256 >256 2 256 256 256
TMle 64 >256 >256 256 8 >256 >256 >256
TM1f 2 256 256 4 2 8 8 8
TM1g 2 >256 256 64 2 16 32 16
TM1h 8 >256 256 64 2 32 64 32
TM1i 8 >256 256 32 2 16 32 32
TM1j 16 >256 256 64 2 128 128 128
TM1k 16 32 128 16 2 16 16 8
TM11 16 128 256 128 2 128 128 128
TM1m 4 128 256 128 2 64 128 128
TMln 8 64 256 64 2 128 128 128
TMl1o 32 >256 256 128 2 256 >256 256
TMl1p >256 >256 256 256 8 >256 >256 >256
TMl1q 256 >256 256 >256 8 256 >256 >256
TMI1r 256 >256 256 >256 4 >256 >256 >256
TM1s 128 256 256 256 2 128 256 256
TM1t 256 >256 >256 >256 8 >256 >256 256
TM1u 64 128 256 256 2 256 256 256
TM1v 128 256 >256 >256 8 >256 >256 >256
TM1w 128 >256 >256 >256 2 >256 >256 256
TM1x 16 >256 >256 >256 4 256 >256 256
TM1y >256 >256 >256 >256 64 >256 >256 >256
7-MAC >256 >256 >256 >256 128 >256 >256 >256
7-ACA >256 >256 >256 >256 128 >256 >256 >256
7-ACCA >256 >256 >256 >256 128 >256 >256 >256
7-ANCA >256 >256 >256 >256 256 >256 >256 >256
Cefalotin 16 64 128 32 2 32 32 64
Cefoxitin sodium 2 >256 >256 16 2 16 16 16
Ceftizoxime sodium 2 256 128 64 2 64 128 128
Blank control >256 >256 >256 >256 >256 >256 >256 >256
Table 5 Inhibitory activity (MIC) of target molecule TM1 ARV, A E LR S B R, 2 5t A A

against Pichia pastoris

MIC/pg-mL"! MIC/pg-mL"!

Compd. —  h 4sh Compd. 24h 48h
TMla 32 32 TMI1r 256 256
TM1b >512 >512 TM1s 256 256
TMlc >512 >512 TM1t 256 256
T™M1d >512 >512 TM1u 256 256
TMle >512 >512 TM1v 256 256
TM1f 64 64 TMl1w 256 256
TMlg 256 256 TM1x 256 256
TM1h 256 256 TM1y >512 >512
TM1i 256 256 7-MAC >512 >512
TM1j 256 256 7-ACA >512 >512
TM1k 256 256 7-ACCA >512 >512
T™M11 256 256 7-ANCA >512 >512
TM1m 256 256 Cefalotin 256 256
TMl1n 128 128 Fluconazole 4 4
TMlo 128 128 Blank control ~ >512 >512
TM1q 256 256
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Table 6 Inhibitory activity of target molecule TM1 (ug-mL™") against Citrus-Canker and Citrus- pathogenic fungi (inhibition %)
Inhibitory activity/%
Compd. Xanthomonas campestris pv. Citri, RL strain Colletotrichum gloeosporioides, Co.3 Alternaria alternate, Al.6

2 1 0.5 0.2 4 2 4 2
TMla 42 32 32 12 0 0 0 0
TM1b 43 28 1 -3 0 0 0 0
TMlc 70 44 43 1 0 0 0 0
TM1d 52 45 35 -29 0 0 0 0
TMle 17 -7 24 -43 0 0 0 0
TM1f 71 70 27 -9 0 0 0 0
TMlg 68 66 7 -14 0 0 0 0
TM1h 68 67 27 15 0 0 0 0
TM1i 69 65 19 -14 0 0 0 0
TM1j 66 54 2 -58 0 0 0 0
TM1k 19 -10 -25 -73 0 0 0 0
TMI1I 14 13 -6 -19 20 20 0 0
TMI1m 32 21 16 2 0 0 0 0
TM1n 15 1 -4 -10 0 0 30 20
TMlo 13 10 -21 -43 0 0 0 0
TM1p 19 19 -5 -32 0 0 0
TMlq 29 -8 -10 -29 0 0 0
TM1r -6 -13 -32 -98 20 20 0 0
TM1s -3 -6 -25 -68 0 0 90 30
TM1t 45 22 -10 -25 0 0 0 0
TM1u -1 -4 -19 -18 0 0 0 0
TM1v 12 7 -11 -59 0 0 0 0
TM1w 7 21 —61 -107 0 0 0 0
TM1x 4 4 -14 -22 0 0 0 0
TM1y 16 4 4 -36 0 0 0 0
7-MAC 22 10 -19 -25 0 0 0 0
7-ACA 25 11 -9 -29 0 0 0 0
7-ACCA 18 5 -1 -45 0 0 0 0
7-ANCA -10 -8 -81 -85 0 0 0 0
Cefalotin 12 7 -1 22 0 0 60 50
Blank control 0 0 0 0
Prochloraz 90 80 90 50

Table 7 Second screening results of target molecule TM1 against Alternaria alternate, Al.6

Compd. Regression equation KD,,/mg-L"' r Standard error Chi-square value 95% confidence limit
TM1s Y=45816+0.6194 xX 4.736 3 0.8359 1.8232 0.170 6 0.001 3-17 738.318 4
BR AR FEREZ N2 pgrmL! R, 7-MCA 1% 1 Fif 3 7~ 3 g

P TMIE~TM 1 30 B 375 P 5 - (30 2823 501 N 66% ~
71%- 54%~70%), 5 T~ [F) S5 BE R 19 7-MAC <X Bt
72 ) TM1a~TMle (17%~70%- ~7%~45%), t
IE 50 T Sk FOWE WY (12% 7%); B0 AR BE 356 7= 4 5 7 Sk
i BEAZ ()35 P 58 55005 N 7-MCA > 7-MAC > 7-ACA =~
7-ACCA > 7-ANCA . AT AR IE, 328k il BEZ
PR 77 A 4 A 00 A R A 5 927 9 1 12

Xof A A 9 R LB, R IR N 2.4 pg-mL B, 41K
2 80 H B 53 1 R R R A 5 JE TR Co. 3 B M A 46 B i
B AL G TCANHNEYE, 15 4 pg-mL K B () TM1s % 48 B
I3 TR AL 6 PRI 1) 38 151K 90%, 155 BH 1 Xof [ Ik £t i A 24,
T E SR Sk, EAR . HETAR W
SCHR B Sk 7 gl A R JEE 7= %ot R A 9 iR 1 LA B
)

P S A 2 W AR M 0 it . — A2 X SRR A% 1
C-7 or ) A 2L A0 C-3 A7 AR 2L 347 oot . AR AL
B C-3 A HUAS 3L A [ 1) 4 Sk 3l BEAZ 34T C-7 A2
BAsM, TERAL I RS T, A S R m IR A R T
FHRE B AR, B3 254 i AR BRI AT AE M 1) 4 T 4544
3% 'H NMR K& HR-MS [ #iiE. KZH5 T EAH
B B S, R 7 AN A Y5 AR N B0
PRI M B BOR 2 b 2 Sk ey | Sk A T
oM, TMIE R T feoldae) A0 B G 14 ek,
TM s X F A7 48 BT 975 14 A7 6 45 il BBURK, 1008 375 1 55 PH 1k
ot HE K i A 2, HL T R 2R 25 Sk fa ey o AR 5L
JEILT A Sk A BEAZ T P B AT | B T I A M R 1 Sk
253 M B A B B RGBT B T . H
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SCIGER Y
1 BirtUEMHERK

7-MAC.7-ACA.7-ACCA % 7-ANCA (FE K K #h
2V A R FAT A | %, AR); SR BEE 3-A A A
- TBEAM 4R T A (LTS THRA
F], AR); B R BN e (R TR HT AL TH R A A,
AR); H AR5 4 T B b 2 2l sl oy W 4l 7= i, R 4l
BB .

T 3 3 AR IR 1E IR 7K A (PSL-1810, b 52 BAAX
A PR E); S E A (X-6, Jb BRI A R A
A]); HEIEEA (WZZ-2S, kG % Bl 22 A2 A IR A
7)), W IERIL(AV-600, Bruker, USA; TMS A M #5).

TMl1a~TMle & &3 {E R 51

100 mL [ Ji& 5 )i+ i A 7-MAC 5 mmol . DCM
4mL, BiHE, W EAE, B TRER NS, 2R
(=25 °C) #ii ¥k, ¥ fR 21 5 I NIEBE 7.5 mmol, $i
20 min, 3 AL S 7.5 mmol i1 DCM 1 mL J& W, T4 i
FELNEERD 4 . e, 25 °C N FREEd Pk O, TLC
WIS SRR . ONZE TR, INAVKA [ AT £ 7K 20 mL
ADCM 20 mL, PR Fi F, 0.5 mol-L 5 I ¥ Wi 15
pH=2~3. 2K}, 70, DCM 2L (20 mLx1)
IKAR, & HA P, A& /K P (20 mLx2), 4
AHLAH, To7K Na,SO, T #, e 25, H.23 118, 13 2 H A5
7y ¥ TM1a~TMle.

TM1f~TM1j & R A B

100 mL [& i B i\ TM1a~TMle 2.0 mmol.
DCM 1.0 mL, % £ ¥ f#, i\ 2K H i 2.0 mmol, VK,
P FE, W TFA 1.0 mL. e, B 2 = EA A, TLC I
WM BEERE . RBEZE IR, 1800 Z Bk 5 mL A7 ik 20 mL,
PEFE, WOk, A B AR S, R, B, 15 0 AR
K, B2, 153 H b7 TM1f~TM1j.

TMI1k~TM1y & i HIEAE R

T 100 mL S B A K M 7-AXCA (5 mmol).
VI 5 mLAA7K 1 mL, SEERBEFE, MABRER S8 (1.26 g,
1.5 mmol), K%, MBS (1.0 mmol), i+, TLC i
M BEEFR . N 5EA R, IMANIKA 2 mol- L™ 512 1
W5 pH = 7, JiE Bk v 750 B, A T H R A N UK A
2 mol-L" HCLf 15 pH = 3, K& [l A&Hr . #ug, +
f, £3 [E4& TM1k~TMT1y.

TM1 R 5 AP R AR

TM1a: ¥ # {6 [ &, mp 96~97 °C, [a]? +228 (¢
1, CH,CL). 'H NMR (600 MHz, DMSO-d,) d,, 9.68 (s,
1H), 7.54 (d, J = 7.5 Hz, 2H), 7.46 (d, J = 7.5 Hz, 2H),
7.36 (t,J="7.5 Hz, 2H), 7.33 (t, J = 7.5 Hz, 2H), 7.29 (dd,
J=13.5,7.3 Hz, 2H), 6.89 (s, 1H), 5.22 (s, 1H), 4.39 (d,

J=13.3 Hz, 1H), 4.22 (d, J = 3.8 Hz, 2H), 4.18 (d, J =
13.4 Hz, 1H), 3.88 (s, 3H), 3.76 (d, /= 17.9 Hz, 1H), 3.57
(d, J = 17.8 Hz, 1H), 3.44 (s, 3H). HR-MS calcd. for
C,H,;CIN,O,S,, [M+H]": 601.108 9, found: 601.108 7;
[M+Na]": 623.090 8, found: 623.090 6.

TM1b: ¥ # & [E 4K, mp 96~97 °C, [a]® +150 (c
1, CH,ClL,). 'H NMR (600 MHz, DMSO-d,) J,; 9.42 (s,
1H), 7.54 (d, J = 7.5 Hz, 2H), 7.46 (d, J = 7.6 Hz, 2H),
7.36 (t,J="1.5Hz, 2H), 7.33 (t,J = 7.5 Hz, 2H), 7.29 (dd,
J=14.1,7.2Hz,2H), 6.88 (s, IH), 5.18 (s, 1H),4.37 (d,J =
13.3 Hz, 1H), 4.16 (d, J=13.3 Hz, 1H), 3.87 (s, 3H), 3.79
(t,J=6.2 Hz, 2H), 3.75 (d, J = 18.1 Hz, 1H), 3.55 (d,J=
17.9 Hz, 1H), 3.42 (s, 3H), 2.76 (tt,J=12.3, 8.0 Hz, 2H).
HR-MS calcd. for C,,H,,CIN,O,S,, [M+H]": 615.124 6,
found: 615.124 5; [M+Na]": 637.106 5, found: 637.106 4.

TMlec: % IR 2, [a]Z +196 (¢ 1, CH,CL).
'H NMR (600 MHz, DMSO-d,) 6, 9.33 (s, 1H), 7.54 (d,
J=7.4Hz,2H),7.45(d,J=7.5Hz,2H),7.36 (t,/=7.6 Hz,
2H), 7.32 (t, J = 7.5 Hz, 2H), 7.29 (dd, J = 14.2, 7.3 Hz,
2H), 6.87 (s, 1H), 5.16 (s, 1H), 4.37 (d, J=13.3 Hz, 1H),
4.16(d,J=13.3Hz, 1H),3.88 (s,3H),3.74 (d,/=17.9 Hz,
1H), 3.65 (t, J = 6.5 Hz, 2H), 3.55 (d, J = 17.9 Hz, 1H),
3.41 (s, 3H), 2.44~2.40 (m, 2H), 1.98~1.93 (m, 2H).
HR-MS caled. for C,,H,,CIN,O.,S,, [M+H]": 629.140 2,
found: 629.140 2; [M+Na]": 651.122 1, found: 651.122 0

TM1d: 3 O RP, [a]3 +104 (¢ 1, CH,CL).
'H NMR (600 MHz, DMSO-d,) 6, 9.41 (s, 1H), 7.54 (d,
J=17.5Hz,2H), 7.46 (d,J="7.6 Hz, 2H), 7.36 (t,J = 7.5 Hz,
2H),7.33(t,/J=7.5Hz,2H),7.29 (dd,J=14.1,7.2 Hz, 2H),
6.88 (s, 1H),5.17 (s, 1H),4.37 (d,J=13.3 Hz, 1H), 4.16(d,
J=13.3 Hz, 1H), 3.87 (s, 3H), 3.75 (d, /= 18.0 Hz, 1H),
3.64 (t, J = 6.3 Hz, 2H), 3.55 (d, J = 17.9 Hz, 1H), 3.43
(d,J=5.0Hz,3H),2.96~2.85 (m, 2H). HR-MS calcd. for
C,,H,,BrNO.S,, [M+Na]": 681.056 0, found: 681.055 6.

TMle: ¥ R P, [a]l +169 (¢ 1, CH,CL).
'H NMR (600 MHz, DMSO-d,) 6, 9.35 (s, 1H), 7.55 (d,
J=7.4Hz,2H),7.47(d,J=7.6 Hz,2H), 7.37 (t,/=7.5 Hz,
2H), 7.33 (t, J = 7.5 Hz, 2H), 7.31~7.27 (m, 2H), 6.89
(s, 1H), 5.17 (s, 1H), 4.39 (d, J = 13.3 Hz, 1H), 4.17 (d,
J=13.4 Hz, 1H), 3.87 (d, J = 14.8 Hz, 4H), 3.76 (d, J =
17.9 Hz, 1H), 3.56 (dd, J = 12.3, 5.3 Hz, 2H), 3.46 (s,
3H), 2.45~2.40 (m, 2H), 2.05 (td, /= 13.5, 6.9 Hz, 2H).
HR-MS caled. for C,gH,,BrN,O,S,, [M+Na]": 695.071 6,
found: 695.071 0.

TMIf: % % 6 [ 44, mp 131~132 °C, [a]3 +180
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(¢ 1, CH,CL). 'H NMR (600 MHz, DMSO-d,) d,, 9.61
(s, 1H), 5.14 (s, 1H), 4.36 (d, J = 13.4 Hz, 1H), 4.23 (d,
J = 8.8 Hz, 1H), 4.19 (t, J = 10.7 Hz, 2H), 3.94 (s, 3H),
3.73 (d, J = 17.5 Hz, 1H), 3.49 (d, J = 17.9 Hz, 1H),
3.40 (s, 3H). HR-MS calcd. for C,;H,.CIN,O,S,, [M+H]':
435.030 7, found: 435.030 4; [M+Na]": 457.012 6, found:
457.012 4.

TMlg: ¥% ¥ 5 [& /4, mp 100~101 °C, [a]3 +213
(¢ 1, CH,CL). 'H NMR (600 MHz, DMSO-d,) d,, 9.36
(s, 1H), 5.10 (s, 1H), 4.35 (d, J = 13.4 Hz, 1H), 4.20 (d,
J = 13.4 Hz, 1H), 3.94 (s, 3H), 3.78 (t, J = 6.2 Hz, 2H),
3.73 (d, J = 18.2 Hz, 2H), 3.48 (d, J = 17.9 Hz, 1H),
3.39 (s, 3H), 2.82~2.70 (m, 2H). HR-MS calcd. for
C,,H,,CIN,O,S,, [M+H]": 449.046 3, found: 449.046 1;
[M+Na]": 471.028 2, found: 471.028 1.

TM1h: % & 4 [ 44, mp 100~102 °C, [a]? +125
(¢ 1, CH,CL). 'H NMR (600 MHz, DMSO-d,) d,, 9.28
(s, 1H), 5.09 (s, 1H), 4.36 (d, J = 13.4 Hz, 1H), 4.19 (d,
J=13.4 Hz, 1H), 3.94 (s, 3H), 3.72 (d, J = 17.8 Hz, 1H),
3.65 (t, J = 6.0 Hz, 2H), 3.48 (d, J = 17.9 Hz, 1H), 3.37
(s, 3H), 2.39 (dd, J = 16.0, 8.8 Hz, 2H), 1.95 (dt, J = 13.6,
6.7Hz,2H). HR-MS calcd. for C,;H,,CIN,O,S,, [M+H]":
463.062 0, found: 463.061 8; [M+Na]": 485.043 9, found:
485.043 7.

TM1i: ¥ O A, mp 110~ 114 °C, [a]® +248 (¢
1, CH,CL,). 'H NMR (600 MHz, DMSO-d,) d,, 9.36 (s,
1H), 5.10 (s, 1H), 4.35 (d, J = 13.5 Hz, 1H), 4.20 (d, J =
13.4 Hz, 1H), 3.94 (s, 3H), 3.75~3.69 (m, 2H), 3.63 (t,
J=6.2 Hz, 2H), 3.48 (d, J = 17.9 Hz, 2H), 3.39 (s, 3H),
2.95~2.84 (m, 2H), HR-MS calcd. for C,,H,,BrN,O,S,,
[M+Na]": 514.977 7, found: 514.977 4.

TM1j: 7% % & [ 48, mp 106~109 °C, [a]3 +108
(¢ 1, CH,CL). "H NMR (600 MHz, DMSO-d,) d,, 9.29
(s, 1H), 5.09 (s, 1H), 4.36 (d, J = 13.4 Hz, 1H), 4.19 (d,
J=13.4 Hz, 1H), 3.94 (s, 3H), 3.73 (dd, J= 14.5, 7.5 Hz,
1H), 3.54 (t, J = 6.1 Hz, 2H), 3.48 (d, J = 17.9 Hz, 1H),
3.37 (s, 3H), 2.41 (dd, J = 16.6, 7.4 Hz, 2H), 2.04 (td, J =
13.6, 6.9 Hz, 2H). HR-MS calcd. for C,;H,,BrN,O.S,,
[M+Na]': 528.993 4, found: 528.993 0.

TMI1k: H & [E 44, mp 182~185 °C, [a]% +227 (c
1, CH,CL,). 'H NMR (600 MHz, DMSO-d,) d,, 8.93 (d,
J=8.0Hz, 1H), 5.68 (dd, J=8.0, 5.0 Hz, 1H), 5.10 (d, J =
5.0 Hz, 1H),5.00 (d,J=12.8 Hz, 1H), 4.69 (d,J=12.8 Hz,
2H), 4.17 (s, 2H), 3.55~3.47 (m, 2H), 2.03 (s, 3H).
HR-MS calcd. for C,,H,,CIN,O,S, [M+Na]": 371.007 5,

found: 371.007 5,

TMIL: @ [E4E, mp 164~165 °C, [a]? +144 (c 1,
CH,CL). 'H NMR (600 MHz, DMSO-d,) d,, 13.53 (s,
1H), 9.01 (d, J = 8.2 Hz, 1H), 5.77~5.71 (m, 1H), 5.11
(d, J = 4.4 Hz, 1H), 5.01 (d, J = 12.8 Hz, 1H), 4.69 (d,
J =128 Hz, 1H), 3.79 (t, J = 6.0 Hz, 2H), 3.63 (d, J =
18.1 Hz, 1H), 3.49 (d, J = 18.1 Hz, 1H), 2.70 (s, 2H),
2.03 (s,3H). HR-MS calcd. for C,;H,;CIN,O,S, [M+Na]":
385.023 1, found: 385.023 2.

TM1m: [ & &, mp 189~192 °C, [a]? +248 (c
1, CH,CL). "H NMR (600 MHz, DMSO-d,) J,, 8.93 (d,
J=28.0 Hz, 1H), 5.69~5.66 (m, 1H), 5.09 (d, J = 4.7 Hz,
1H), 5.00 (d, J = 12.6 Hz, 1H), 4.69 (d, J = 12.6 Hz, 1H),
3.64 (s, 2H), 3.62 (d, J= 8.6 Hz, 1H), 3.49 (d, /= 18.2 Hz,
1H), 2.35 (t, J = 7.3 Hz, 2H), 2.03 (s, 3H), 1.95 (dd, J =
8.3, 5.2 Hz, 2H)s HR-MS caled. for C, H,,CIN,O,S,
[M+Na]*: 399.038 8, found: 399.038 6.

TM1n: [ E4E, mp 153~156 °C, [a]% +235 (¢ 1,
CH,CL,). "HNMR (600 MHz, DMSO-d,) §, 13.56 (s, 1H),
9.00 (d, J = 8.3 Hz, 1H), 5.73 (dd, J = 8.2, 4.8 Hz, 1H),
5.11 (d, J = 4.8 Hz, 1H), 5.01 (d, J = 12.8 Hz, 1H), 4.69
(d, J=12.8 Hz, 1H), 3.65 (dd, J = 8.4, 3.6 Hz, 2H), 3.62
(d, J=10.3 Hz, 1H), 3.49 (d, J = 18.1 Hz, 1H), 2.84 (dd,
J=12.8, 6.4 Hz, 2H), 2.03 (s, 3H). HR-MS calcd. for
C,;H,;BrN,O,S, [M+Na]': 428.972 6, found: 428.972 4.

TMlo: [ {4 [EH 1A, mp 176~178 °C, [a]? +232 (c
1, CH,CL). "H NMR (600 MHz, DMSO-d,) J,, 8.93 (d,
J=18.0 Hz, 1H), 5.68 (dd, J = 8.0, 4.8 Hz, 1H), 5.10 (d,
J = 4.8 Hz, 1H), 5.00 (d, J = 12.8 Hz, 1H), 4.69 (d, J =
12.8 Hz, 1H), 3.66~3.61 (m, 2H), 3.55~3.47 (m, 2H),
2.36 (t, J = 7.0 Hz, 2H), 2.25~2.13 (m, 1H), 2.04 (d,
J=17.3 Hz, 3H), 1.98~1.91 (m, 1H). HR-MS calcd. for
C,,H,,BrN,O,S, [M+Na]': 442.988 3, found: 442.988 0.

TMl1p: ¥ % 4 [ &, mp 235~238 °C, [a]? +164
(c 1, CH,CL). '"HNMR (600 MHz, DMSO-d,) §,, 13.95
(s, 1H), 9.10 (s, 1H), 5.75 (dd, J = 8.1, 4.8 Hz, 1H), 5.19
(d, J = 4.8 Hz, 1H), 4.17 (s, 2H), 3.97 (d, J = 18.0 Hz,
1H), 3.63 (d, J = 18.0 Hz, 1H). HR-MS calcd. for
C,H,CLN,0,S, [M+Na]": 332.947 4, found: 332.945 2.

TMlq: 7% % 8 [H5 £, mp 236~237 °C, [a]3 +250
(c 1, CH,CL). "H NMR (600 MHz, DMSO-d,) J,, 8.95
(d, J = 8.3 Hz, 1H), 5.72 (dd, J = 8.3, 4.9 Hz, 1H), 5.19
(d, J=4.9 Hz, 1H), 3.97 (d, J = 18.0 Hz, 1H), 3.82 (ddd,
J =575, 16.8, 6.0 Hz, 2H), 3.68 (d, J = 18.0 Hz, 1H),
2.72 (t, J = 6.0 Hz, 2H). HR-MS calcd. for C,,H,,CL,N,
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0,S, [M+Na]": 346.963 0, found: 346.962 9.

TM1r: % 3% (0 [E &, mp 237~241 °C, [«]3 +121
(c 1, CH,CL). '"H NMR (600 MHz, DMSO-d,) J,, 8.90
(d, J= 8.0 Hz, 1H), 5.68 (dd, J = 8.0, 4.9 Hz, 1H), 5.18
(d, J=4.9 Hz, 1H), 3.99~3.95 (m, 1H), 3.69~ 3.64 (m,
1H), 3.09~3.05 (m, 2H), 2.63 (t, J= 7.2 Hz, 7H), 1.67~
1.61 (m, 2H). HR-MS calcd. for C,,H,,CLLN,O,S, [M+
Na]": 360.978 7, found: 360.979 2.

TM1s: % 5 4[5 14, mp 144~ 148 °C, [a]? +266
(c1,CH,CL). 'HNMR (600 MHz, DMSO-d,) 6, 9.15 (d,
J=28.2Hz, 1H), 6.35 (dd, J=17.1, 8.2 Hz, 1H), 5.79 (dd,
J=82,49Hz 1H), 5.23 (d, J=4.8 Hz, 1H), 5.20 (d, J =
4.8 Hz, 1H), 4.00 (d, J = 9.3 Hz, 1H), 3.72~3.70 (m,
1H), 2.84 (dt, J = 13.0, 6.6 Hz, 2H). HR-MS calcd. for
C,,H,,BrCIN,0,S, [M+H]": 368.930 6, found: 368.930 5.

TM1t: & 5 (4[5 K, mp 172~176 °C, [a]} +227
(c 1, CH,CL). '"HNMR (600 MHz, DMSO-d,) J,, 13.45
(s, 1H), 8.82 (d, J=8.2 Hz, 1H), 5.68 (dd, J= 8.2, 4.8 Hz,
1H), 5.09 (d, J = 4.8 Hz, 1H), 3.62 (d, J = 18.1 Hz, 1H),
3.46 (d, J = 18.1 Hz, 1H), 3.08 (dd, J = 13.2, 7.0 Hz,
2H), 2.63 (t, J = 7.0 Hz, 3H), 1.65 (dt, J = 13.7, 7.0 Hz,
2H). HR-MS caled. for C,H,,BrCIN,O,S, [M+Na] *:
404.928 2, found: 404.927 6.

TM1u: H & &, mp 170~173 °C, [a]® +273 (c
1, CH,CL). "HNMR (600 MHz, DMSO-d,) 6, 13.17 (s,
1H), 9.24 (d, J = 8.2 Hz, 1H), 6.50 (dd, J = 6.3, 2.3 Hz,
1H), 5.74 (dd, J = 8.2, 5.0 Hz, 1H), 5.08 (d, J = 5.0 Hz,
1H), 4.17 (s, 2H), 3.65 (dd, J=19.0, 2.3 Hz, 1H), 3.56 (dd,
J=19.0, 6.4 Hz, 1H). HR-MS calcd. for C,;H,CIN,O,S,
[M+Na]": 298.986 4, found: 298.986 4.

TM1v: A @ [E A, mp 170~173 °C, [a]% +145 (c
1, CH,CL). "HNMR (600 MHz, DMSO-d,) 6, 13.19 (s,
1H), 9.00 (d, J = 8.2 Hz, 1H), 6.49 (dd, J = 6.2, 2.1 Hz,
1H), 5.75 (dd, J = 8.2, 5.0 Hz, 1H), 5.05 (d, J = 5.0 Hz,
1H),3.79 (t,J=5.5Hz, 2H), 3.63 (dd,J=19.0, 2.1 Hz, I H),
3.54 (dd, J = 19.0, 6.2 Hz, 1H), 2.71 (td, J = 6.0, 3.0 Hz,
2H). HR-MS caled. for C,H, CIN,0,S, [M+Na] " :
313.002 0, found: 313.002 0.

TM1w: [ E 44, mp 149~153 °C, [a]? +215 (c
1, CH,CL). '"H NMR (600 MHz, DMSO-d,) J,, 8.89 (d,
J =82 Hz, 1H), 6.35 (dd, J= 6.1, 2.0 Hz, 1H), 5.66 (dd,
J = 8.2, 49 Hz, 1H), 5.00 (d, J = 4.9 Hz, 1H), 3.65~
3.62 (m, 2H), 3.59 (dd, J = 18.8, 2.2 Hz, 1H), 3.49 (dd,
J =188, 6.3 Hz, 1H), 2.36 (dd, J = 10.8, 3.9 Hz, 2H),
1.97~1.92 (m, 2H), HR-MS calcd. for C,;H,;CIN,O,S,

[M+Na]": 327.017 7, found: 327.017 7.

TMIx: HEEK, mp 151~152 °C, [a]® +213 (¢ 1,
CH,CL,)» "HNMR (600 MHz, DMSO-d,) d, 13.04 (s, 1 H),
8.98 (d, J = 8.2 Hz, 1H), 6.49 (dd, J = 6.3, 2.3 Hz, 1H),
5.75(dd,J=8.2,5.0 Hz, 1H), 5.05 (d,/=5.0 Hz, 1H), 3.65
(dd, J = 6.0, 2.2 Hz, 2H), 3.62 (dd, J = 12.6, 2.5 Hz, 1H),
3.54 (dd, J = 19.0, 6.3 Hz, 1H), 2.89~2.78 (m, 2H).
HR-MS calcd. for C,,H,,BrN,0,S, [M+H]": 334.969 6,
found: 334.9695; [M+Na]": 356.9515, found: 356.951 3.

TM1y: [ @R, mp 152~154 °C, [a]2 +216 (¢ 1,
CH,CL,). 'HNMR (600 MHz, DMSO-d,) d, 12.84 (s, 1H),
8.81(d,J=8.2Hz, 1H), 6.48 (dd,J=6.2,2.2 Hz, 1H),5.71
(dd,J=8.2,4.9 Hz, 1H), 5.04 (d,J=4.9 Hz, 1H), 3.62 (dd,
J=18.9,2.1 Hz, 1H),3.52(dd,J=19.0, 6.4Hz, 1H),3.09~
3.05 (m, 2H), 2.64~2.62 (m, 2H), 1.68~1.61 (m, 2H).
HR-MS calcd. for C,,H,;BrN,0,S, [M+H]": 348.985 2,
found: 348.985 0; [M+Na]": 370.967 1, found: 370.967 2.
2 EPRYEEMNR
21 MAHREIEMNE ILHE i PR Sk B =
PR ZE T2 25 (NCCLS) #E# [l & W B v, R A AR
SEH BN vERT W sE T B AR N
ATCC 25129 J ATCC 14125 B B ER B b 5 2E F AT
KB B ATCC 2592281 2 A Z) T 5 ATCC 19606
WITH ATCC 13076 Hil 2R 5 iU i ATCC 27853 I MIC,
FHREE RN K 4.

22 MEFRBENEIEM K NCCLS #ER KM E N
DWREE, 2 AR S8 = 8 A7 00 e T
H b5 73 7 TM1a~TM1y # il 58 757 B £} 5 1) MIC 13,
FHREE R IE S,

23 MHBRABREMNKREEREREE XHALR
A IETERLME T HAR5rF TM1a~TM1y
X AH A 15 922 95 B RL T R A A s 98 5% 9F B Co. 3 T 1
MG B T 416 B AR A0S, FHOREs R 6
SEUD

TR R AR R D IR, 2 WA B KL

B8 7 g KA 2 2 B R 2 A B AR AR B R L A S
g1 2R 5 W R 2 B BRI A NS00 T R AR IR RE B
PRI A R 3 1R K D0 35 By, B PR R b 24 I G 1% 3kl BEAZ B
i, AN B S AR R AR A P R R R S 3 .

fEE BTk 2008 TR S B B R0 & S 0 A
PEMNR, W SCHIRE B SORR T JEHT B F A S 51 5T
DA B, SCARME B AR R R BR L R A TEAT
T 993 B AE s PR, SCAMB B0 MR s ST R R, 485
SEIS BT LA A R, X AMNBER, SR RIS S AT

FlgE s LA PR
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