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Abstract: Based on the idea of modification of sugar drugs, or transforming other active substances with
sugar molecules, sixteen D-glucosamine-fluoroquinolone (FQ) derivatives were designed by combining D-
glucosamine with FQs and synthesized by a multi-step reaction with shared intermediates. The assay results of anti-
human pathogenic bacteria and anti-citrus canker showed that the inhibitory activities of two target molecules
TM2b and TM2d against Staphylococcus aureus ATCC14125 were stronger than those of all tested positive
control drugs, and the inhibitory rates of target molecules TM2m and TM2n against citrus canker were higher than
that of the positive control streptomycin at the concentrations of 0.5 and 0.2 pg-mL™, respectively, which all were
worthy of further study. In this study, a series of novel molecules composed of D-glucosamine and FQs were
synthesized for the first time, and super antibacterial molecules were found, which expanded the types and
biological activities of D-glucosamine derivatives.
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Figuer 1 The target molecular pattern of the initial design
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Figure 2 General structures 1 of target molecules
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Figure 3 General structures 2 of target molecules
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Scheme 1 Synthetic routes of target molecules TM1 and TM2
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Table 1 Synthetic results of IMa

D-GIcN Ac,0  Conc. H,SO, Time Weight Yield
/g/mmol /mL/mmol /mL/mmol /h /g /%
1 2.190/10  9.5/100 0.80/15 24 3.939 88.4
10.783/50  47.0/500 4.06/75 24 19.432 873
3 10.788/50  47.0/500 4.06/75 24 19373 87.0

Entry

31, PRI SO RS P S i o AR A S =
HE?ZBA[”] BT 2 18 N Bt A ) T S B e R S
BLo SEHrRW, DUBRIR S0 9 SRR 7, UK 21, 2218 17
I LIRS, T R A M2, SEIRE IR LR 2.

Table 2 Synthetic results of IM2

IMa/ CICH,COCl K,CO,/ Temp. Time Weight Yield
g/mmol /°C /h /g /%
3.475/25 0-5 5 2495 5809
3.470/25 0-5 5 2597 613
3.477/25 0-5 5 2.674 63.1

Ent
Y g/mmol  mL/mmol

1 4.469/10 2/20
2 4.461/10 2/20
3 4.467/10 2/20

Hh A IM2 ISR AE 60% 2o fq, R A Fidt
JEE, — 2 IM2 A B AR 5040 T 50, A el i a2k
2 € S N ER 57 e S HERE, DR T 4% i SR P AN HERf; — o2
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Table 3  Synthetic results of IM1a - 1h. CLX: Clinafloxacin,
NOR: Norfloxacin, CIP: Ciprofloxacin, SAR: Sarafloxacin, ENO:
Enoxacin, BAL: Balofloxacin, LOM: Lomefloxacin, GAT: Gati-

floxacin

FQs/  CICH,COCl/ NaHCO,/ Temp. Time Weight Yield
g/mmol /°C  /h /g /%

IM1x
g/mmol  mL/mmol

IMla GAT 1.2/12.5 1.702/20  0-5 5 1.952 86.4
1.887/5

IM1b BAL 1.2/12.5 1.693/20 0-5 5 1.861 79.9
1.956/5

IMlec CLX 1.2/12.5 1.698/20 0-5 5 1.939 95.1
1.832/5

IM1d CIP 1.2/12.5 1.734/20  0-5 52,024 99.2
1.665/5

IMle LOM 1.2/12.5 1.698/20 0-5 5 2113 987
1.761/5

IM1f SAR 1.2/12.5 1.687/20  0-5 5 1.866 80.8
2.111/5

IM1g NOR 1.2/12.5 1.691/20 0-5 5 1.468 74.1
1.607/5

IM1h ENO 1.2/12.5 1.693/20 0-5 5 1.716  86.9
1.612/5

8] & IM1a~IM1h ¥ IR R §8 3% 3] 74.1%~

99.2%, - FiUkl, 15 58 TR A LF 170 B2 R SR A
NS4 R LB AR T, #RA SO ) AT REME,
BT 28 i & AR, BFmSEEA A E .
1.4 BiESFTMIETM2HE 8 IEWHTA, Linker
A FERE T W FE2F HAR S T BTHSTFH
TETEAR A, POk E S & & AR S, TR 757 &
CERHEAT T 2. B St IMa 5 IM1a & A TM1a i
1T 7T WA AR R . TLC KW, 24 DMF A7
DIPEA NI [ 87 5 56 4% B i B 2, 4 b i4E 47 TMI
(&, 45 W& 4.

{HALE J5 £ HR-MS 35 Uk H R B, & B 73 1 I A 2
H bR 4> T TMI, 1 /2 IM1x 55 AcO™ JZ B [ 724 TM1!

Table 4 Synthesis results of partial TM1’

TMix’ IM1x/  IMa/ DIPEA/ Temp. Time Weight Yield
X

g/mmol g/mmol pL/mmol /°C /h /g /%
TM1c’ IMlc 0.386/1.1  680/4 40 5 0339 473

0.416/1

TM1d' IM1d 0.394/1.1 680/4 40 5 0431 573
0.452/1

TMle’ IMle 0.384/1.1 680/4 40 5 0.323 438
0.433/1

(A % 25 2), 1% AcO A BEK H T IMa & BB AR Br R
() 2. TR T B3 TMa (1) AcO™ i V% .

o] o]
O Fo~ COOH . o chow
AcO
a N m L]

YSZN = }(O YZON
X o) X
IM1x ™1
Scheme 2 Formation of TM1’
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IM2 5 FQs J i & il TM2, J UL GAT 55 IM2 WA
Pio ZAFHRZR SLI0 R, 1% RN 1 BN B
DMF A ¥ 7], DIPEA E B, % K} JEE /K H A FQs: IM2:
DIPEA = 1:2:1.5. #ZUH MR FAF& B, B3R H br
7y ¥ TM2a~TM2h, 45 5 1% 5.

Table 5 Synthetic results of TM2a-TM2h

FQs/ IM2/  DIPEA/ Temp. Time Weight Yield
g/mmol g/mmol pL/mmol /°C /h /g /%

TM2x

TM2a GAT  0.852/2 248/1.5 40 1.5 0.3% 519
0.382/1

TM2b BAL  0.847/2 248/1.5 40 1.5 0.505 65.1
0.393/1

TM2c¢  CIP 0.849/2  248/1.5 40 1.5 0436 608
0.335/1

TM2d CLX  0.849/2 248/1.5 40 1.5 0474 63.1
0.412/1

TM2e LOM 0.85172 248/1.5 40 1.5 0555 753
0.354/1

TM2f SAR  0.846/2 248/1.5 40 1.5 0504 614
0.428/1

TM2g NOR  0.849/2 248/1.5 40 1.5 0449 o6l1.1
0.323/1

TM2h ENO  0.851/2 248/1.5 40 1.5 0453 642
0.322/1

TM2a~TM2h [} 1E 51.9%~75.3%, B AR UL
S b FUHIRK, £ T FQs BIVE I B 4)
550k R 2 5 DL B iR E KPS
1.5 B#RSF TM2i~TM2p UA R 1% N ok B
TR B R B 0 B, o T M 45 1 1 B Al SR
W I8 1) ORI JUAE TR AN S5 A R e Sk BRIk e 2 B
LA TM2h Jy 8588 53 5, 73 53 2% i T /£ LiOH/CH,OH/
THF/H,0.TEA/CH,0H/H,0 b\ % CH,ONa/CH,0H =}
& ZH 4 B TM2p, A A 7E CH,ONa/CH,OH 14 5 1 2 i
RE A% IR 24T, IF BT & BB b 2§ TM2i~TM2p,
LI LR WK 6.

TM2i~TM2p (RS 61.3%~69.6%, I= %5 [K]
FE T IBL 5 AR 22 T0 B 2 2 5 AR T 7 A & B )
SRR 7K VA P, DRI R S i R R 1) ok 25 R Rl o A 6
WESR ST, A —E ARk, TR AU R A .
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Table 6 Synthetic results of TM2i-TM2p
TM2a-TM2h/ CH,ONa/ CH,OH Temp. Time Weight Yield

Compd. " omol  gmmol /mL £C  h Jg /%

TM2i  TM2a 01683 2 1725 4 0204 688
0.386/0.5

TM2j  TM2b 01633 2 17-25 4 0.195 643
0.397/0.5

TM2k  TM2e 01703 2 17-25 4 0.171 624
0.375/0.5

TM2I  TM2d  0.1683 2 1823 4 0.179 61.6
0.376/0.5

TM2m  TM2e 01693 2 18-23 4 0.184 6438
0.369/0.5

TM2n  TM2f 01633 2 1823 4 0.185 613
0.355/0.5

TM20  TM2g  0.1683 2 17-24 4 0.187 69.6
0.352/0.5

TM2p  TM2h 01663 2 17-24 4 0181 673
0.357/0.5

2 EYEMITEN
2.1 MABBEIEM BAES R LK, SF KA
TU B 25 )R- A0 TR 24400 PR AN TR L A 240 7 ek e P 9
T 19 B G Bz, o R R N A iy i e fl T T
BRI, EREEARSE AT Z AR
FH, A0 TR I 25 PE DR . SR T Fa i 24 B B L, JE )
R MR BT 25
ARUBOERLT 30k G B bR 4 R G R bR, FH T
W R S TM2a~TM2p IR e 71, AH R R AR 7.

SAOR U, PRI T, BE X B 259 FQs > TM2a~
TM2p > IM2, H #54> T TM2a~TM2p % T G 1 (K]l
il i e T G W . LR TM2a~TM2h f1 TM2i~
TM2p 35 - 25 89 5% &, R I /K ¥ 14 3 5 ¥ TM2i~
TM2p 136 P I 9F — 52 98 T 6 ¥ 75 58 1) TM2a~
TM2h, 7 Ik 5 P 0 7K V6 11 R RE I AN 2 He A0 5 0 1
PR M DR 25 B2 8 vl o P S HEL ) 9 4 R B, GAT
BALCLX X} T Bt 7 8% 48 1 1 40 il 35 P4 7E 8 Ff FQs
i # 44 BT SF, TS H 6 R AL A 4 TM2a/TM2b/
TM2d LA J2 TM2i/TM2j/TM2k [ 301 1] 1% 11 JE A e 58
FHAhAL G, B 78 FQs 7] fig A2 4 & D-GleN 5 FQs 1)
Y EINCRERE PSS 1S

Xt F KA (E.coli ATCC25922) Vb 1T KT (S.
enteritidis ATCC13076) Fl4i £%5 5. 0 B (P.aeruginosa
ATCC27853), /bR H br 431 40 i) 35 14 15 it 26 B PE 2
YIAH 4, 8 2 350 H BR oy B A0S M A d BH M T R 24
Y. T2 RS A E (4. baumannii ATCC19606),
TM2a~TM2c¢ [ MIC {f (0.164 8~0.178 1 umol-mL™")
/NTF B CLX (0.043 7 wmol-mL™) &M BT A FH 44 %) i 24
) ; TM2d~TM2o0 (0.331 3~0.475 4 pmol-mL™) {]
MIC {8 /N F B H 24 F B CLX 41 6 B A FH A 6 [ 2654
(0.332 1~0.801 7 umol-mL™"); TM2g~TM2o ] MIC
4 (0.361 8~0.475 4 pmol-mL™") 7~} NOR.CIP.ENO,
BAL LA} LOM (0.657 4~0.801 7 pmol-mL™"). H:

Table 7 Inhibitory activity of the synthesized molecules against human pathogenic bacteria

Inhibitory activity (MIC: pmol-mL")

Compd. E. coli S. enteritidis A. baumannii P. aeruginosa M. luteus S. aureus
ATCC25922 ATCC13076 ATCC19606 ATCC27853 ATCC 25129 ATCC 14125

TM2a 0.042 0 0.3356 0.167 8 0.167 8 0.042 0 0.042 0 0.010 5
TM2b 0.164 8 0.082 4 0.164 8 0.329 6 0.020 6 0.020 6 0.005 1
TM2c 0.089 1 0.356 2 0.178 1 0.178 1 0.178 1 0.089 1 0.089 1
T™M2d 0.085 0 0.170 0 0.3399 0.170 0 0.010 6 0.0212 0.005 3
TM2e 0.173 3 0.346 6 0.346 6 0.346 6 0.086 6 0.086 6 0.043 3
TM2f 0.165 7 0.3313 0.3313 0.165 7 0.082 8 0.041 4 0.041 4
TM2g 0.1811 0.362 3 0.362 3 0.1811 0.090 6 0.1811 0.362 3
TM2h 0.361 8 0.361 8 0.361 8 0.361 8 0.361 8 0.361 8 0.3618
TM2i 0.053 8 0.107 6 0.430 5 0.107 6 0.026 9 0.026 9 0.006 7
TM2j 0.1052 0.052 6 0.420 6 0.420 6 0.026 3 0.0131 0.013 1
TM2k 0.116 2 >0.465 0 0.465 0 0.4650 0.465 0 0.116 2 02325
TM21 0.027 4 0.218 8 0.437 6 0.218 8 0.013 7 0.013 7 0.006 8
TM2m 0.2243 0.448 7 0.448 7 >0.448 7 0.224 3 0.224 3 0.2243
TM2n 0.2117 0.423 4 0.423 4 0.2117 0.2117 0.052 9 0.052 9
TM2o 0.118 8 0.475 4 0.475 4 0.475 4 0.2377 0.2377 0.475 4
TM2p 0.2372 0.2372 >0.474 5 0.2372 0.474 5 0.2372 0.474 5
M2 0.604 1 0.604 1 0.604 1 0.604 1 0.604 1 0.604 1 >0.604 1
CLX 0.005 5 0.005 5 0.043 7 0.005 5 0.005 5 0.005 5 0.0109
NOR 0.006 3 0.200 4 0.801 7 0.100 2 0.801 7 0.100 2 0.012 5
CIP 0.006 0 0.024 1 0.772 6 0.006 0 0.048 3 0.096 6 0.012'1
SAR 0.005 2 0.005 2 0.33211 0.005 2 0.020 8 0.005 2 0.010 4
ENO 0.006 2 0.049 9 0.799 2 0.0125 0.199 8 0.049 9 0.012 5
BAL 0.005 1 0.005 1 0.657 4 0.020 5 0.005 1 0.005 1 0.010 3
LOM 0.0057 0.022 8 0.728 6 0.005 7 0.045 5 0.005 7 0.0114
GAT 0.005 3 0.005 3 0.341 0 0.005 3 0.005 3 0.005 3 0.005 4




+ 3394 - 2552224k Acta Pharmaceutica Sinica 2023, 58(11): 3389-3399

TM2b ] MIC 1 (0.164 8 pmol-mL™") # /)y, H AN #I%
PEZBR CLX AT FH ST R 25901 2.0~ 4.8 fi% .

W FIBERMERTE (M. luteus), TM2d (0.010 6 umol-mL™")
(1) MIC {E 55 /)y, FLAHIE P42 NOR (0.801 7 pmol-mL™)
K] 75.6 1% ENO (0.199 8 pmol-mL™) [{] 18.8 % . CIP
(0.048 3 pumol-mL™") A1 LOM (0.045 5 umol-mL") HJ
4.51% .SAR (0.020 8 umol'mL™") [f] 1.91%. 1t4h, TM2a
(0.042 0 umol-mL™").TM2b (0.020 6 pmol-mL™").TM2i
(0.026 9 pmol-mL™").TM2j (0.026 3 umol-mL"). TM2I
(0.013 7 pmol-mL™") ] MIC {£ /s T NOR.ENO.CIP.
LOM, K HENTREER T UL - EH 2549,

H bR 4> T 5 4 % (S aureus) ATCC25129 [ 411
I 1, S b RS a0 2 SR X R 25, (R —
4 7 1 MIC {8 /8 T 0.052 9 umol-mL", 3L 1 TM2j
(0.013 1 pumol-mL™) [ MIC & f />, I il 3iF £ 2
NOR (0.100 2 pmol-mL™") Al CIP (0.096 6 pmol-mL™")
() 7.4 £ /2 47 \ENO (0.049 9 pmol-mL™") 3.6 f% .

%F T4 B ATCC14125, H b5 T TM2b (0.005 1

pmol-mL™") A1 TM2d (0.005 3 pmol-mL™) ) MIC 18 />
T HT A5 B 6 B 254 (0.005 4~0.012 5 pmol-mL™);
TM2i (0.006 7 pmol-mL") 1 TM2I (0.006 8 pmol-mL")
) MIC fE /) T B GAT 4h 8 BT A7 BH 1 XS B 2454, TM2a
(0.010 5 pmol-mL™") A1 TM2j (0.013 1umol-mL™") [¥]
MIC 18 5 B GAT 4} ¥ BH P X HE 25 P40 2, 3% X 2
T IEAE Y B AT R H i RS ) .
22 IMMWERBHREEN AN R =
KMEVR PSR, X REAR I B R SRSE fa R E, 513K
Bz BE, 3% B TE R A T R, T S BUR S R
I, R R B SR S o 1, 38 Bl™ B ) & 5F R, (H A
A 1 A R IA AT 5028 B ARG 0 e AR T
H 455>+ TM2a~TM2p H AT 50570 B T Be 70, 5K
2 RN 8.

S S5 R, A4 6 R 5 S e B )
RE 77 #16E io BH VX BB 2 W 85 25 & (LMS) 11 50%, I
LG B 2, 1 255 1) 4k A 9 TM2i~TM2p ) 91 ] 2% %
& b TR 2B ) TM2a~TM2h, % W1k &4
ZICVES A o JHG 00 R A 5 e T TS M R s
Wi ££0.5 pg-mL ' KT, 441901 (TM2j. TM21~

Table 8 Inhibitory activity of TM2 against citrus-canker bacteria
Inhibitory activity/% Inhibitory activity/%
Compd. r o+ Compd. a E
0.5 ug'mL™ 0.2 pg-mL 0.5 pg'mL™ 0.2 pg-mL
LMS 58.82 34.87
TM2a 39.12 29.88 TM2i 52.36 23.68
TM2b 41.81 24.40 TM2j 60.31 24.94
TM2c 39.46 29.12 TM2k  55.14 28.09
T™M2d 51.86 41.00 TM21 62.51 18.05
TM2e 44.32 28.56 TM2m  62.95 62.54
T™M2f 55.94 40.52 TM2n  68.12 47.98
TM2g 43.12 29.02 TM20  48.11 20.75
TM2h 47.88 9.04 TM2p  53.27 42.19

TM2n) 40 1) 2 5 1 BH AR X I8 2590 LMS, 54> 70 1
(TM2d/TM2f/TM2i/TM2k/TM2p) () 11 1] % 5 LMS
Y. IR LS 0.2 pgrmL' I, A 5441 (TM2d/
TM2£/TM2m/TM2n/TM2p) [ #0181 % 5 T LMS. 4§
il #b, TM2m PR 1) 35 M AN 058 T~ LMS, T H. 24 ik
EE 0.5 pgmL”' [£ 2 0.2 pg-mL™ B, 31 &1 R ALAL M
62.95% [ 2 62.54%, 7N AE i o 040 B R, A
— BRI E KW J1 . N T 19 B R G 1 3 1 - )
KA, EERHEPEBAT  5r F, BEAT 7 IR FEBA 5 S0, 52
e RN 9,10,

Table 9

canker (inhibition rate/%). SMT: Benziothiazolinone

Inhibitory activity of some TM2 molecule against citrus-

Inhibitory activity/%

Compd. 4 2 1 0.5 025 0.125
pgmL'  pgmL' pgmL' pgmL' pgmL' pgmL’
SMT  98.69 9852  77.84 5852  53.62  44.04
TM2f 6453 5637 4247 3582 1568  -6.85
TM2j 61.67  59.87 5891  54.62 4891
TM2I 6919 6386  59.66 5772 4797  12.85
TM2n 7598  73.80  70.86  66.81  44.63
TM2p 6737 6120 5620 4572 43.63

a3 BT 3 R R BT, AR ) 2 Bk A R A A
T 97 95 BT PR 00 ) 3 2 B A B P R PR T ek 58, B
RUFITE -SRI R WKREHN 1 pgmL' B, (&Y
TM2n [ 40 1] 22 73.80%, 5 BA 1k 4 18 24 14 25
(SMT, 77.84%) #H4; W4 0.5 pg-mL" i), 3 ML &
) (TM2j/TM21/TM2p) 140 il 2 5 B3 14 x5 B8 A7 24,
TM2n [0 24 70.86%, 58 T BHAEXT HE 2 (58.52%);
WP 0.25 F10.125 pg-mL" i, 46 &4 TM2j A1 TM2n

Table 10 Second screening test results of some TM2 molecule against citrus-canker

Compd. Regression equation K, /mgL' K,,/mgL" R Standard error  Chi square value  95% confidence interval
SMT Y=59022+13605x%xX 02172 1.900 5 0.953 2 0.542 2 0.1710 0.018 8-2.509 0
TM2f Y=48047+1.0590xX 1.5292 24.808 5 0.8152 0.588 6 0.0309 0.107 4-21.778 3
TM2j Y=52505+0.2604 x X 0.109 1 9099.214 8 0.9529 3.9855 0.003 9 0.000 0-7 069 808
TM2I Y=5.1780+0.796 1 x X 0.597 6 243312 0.850 6 0.691 2 0.238 5 0.026 4-13.527 1
TM2n Y=55747+0.5348 x X 0.084 2 20.966 8 0.883 2.0254 0.072 4 0.000 0-785.431 3
TM2p Y=52857+0.5358xX 0.292 9 72.221 4 0.986 1.197 4 0.004 7 0.001 3-65.102 6
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) 00 i) 2 0 5 T O 1 6 R 245 149 53.62% . FE H AT PAK
I, il 2 A< P I, PH M oF B 24 190 400 1) 3 A R T B
Z BN 5 T B AT P P R MR R R
0.5 pg-mL™" & DL RIS, TM2j A1 T™M2n 5930 41 3% P58
BHAE X R, ELVE VRS 35 08, e X ey T A
SR T BE 77, AT RE AR IF T R ).

INGE

AR TF I A BT 16 A D=2 3 71 75 0 110 el e
WEEAATAEYD, LL'H NMR. °C NMR #1HR-MS #iilE 7 H
R A PSS i e UK/ WS G R AR R
B, TM2 & 41 H b 4> T3 T G B s i Hse T G
B, L TM2b FiT TM2d X 4 % 1 ATCC 14125 [ 4]
0 5 T BT AT AR 3L i FQs. TM2m Al TM2n X A
A5 3709 B ) 0 ) 238 7 I XA P T T v T BH M) R 24
LMS, Jf H TM2m () 1] 5 B 9 52 PR ARAR 2D, B A7 gk
— BRI E KT,

SMUE G

D-Z & 0 L FHEE 4K ONOR \LOM (L ¥ ik B b
k2 A IR A, AR); ZEREF R LBER (FEK 4R
Btk TAH R A A, AR); GAT.CLX.CIP.BAL.SAR.
ENX (KM oe R AENBHE AR A A, >95%); H AR
T35 R T 5 AN 2 Al 5l oy BT A 7 i, JRORETE 7R 48 0
AEFE, AR L i B A

¥ #3448 A (Bruker, ADVANCE I1I™ 600 MHz,
TMS N W A5); 5 45 % 2 6% {X (QTOF-MS, Bruker
Impact 1, Germany); H 3l e AL (WZZ-2S, Fighs %
BE A PR A F]); 18 A0 e A (X-6, bt AR L 2%
AIRAF).
1 KEYHNERK
1.1 FEFRIMafIER SHESCERP G Ak, L5045 31
1.
1.2 FEMFIM2EIA R KB T, 100 mL [5 JE Bl
RN IMa (1 eq)<Na,CO; (2.5 eq)-DCM (15 mL),
W S E B . 30 min J5, ZRH IS H R LBA
(2 eq) I DCM &, it £, TLC A I e D3 FE o e B
Ee L ImNUKYA R NaCl %5 ¥ 10 mL, $i4F:, A 2 mol-L"
R AT pH = 4~5, 473, KA HLAH, DCM 10 mL
FEOKH, &FA VLA . K Na,SO, T, e & 15 5%
ORI, FHIDCM: 21k = 1:5 (viv) B IR, 153%
FREE A, B2 T4, FRE, 23580 T AR IM2, SE56
giRNR2.
1.3 E{f IM1a~1h B9 A& RX 100 mL [& & K2
WM 2 (1 eq)«NaHCO, (2.5 eq).DCM (15 mL),

P A FE . 30 min J5, B N UKH . 3 0 CICH,COCI
(2 eq) ) DCM V&K, PR FHE, TLC A I e 3 58 B, Jn
ANVKA M NaClL¥E R, F 2 mol-L 2R ER 1A 35 pH = 4~
S, e, I A MR NaCl ¥ M vk ik, B0 25 108, AR,
5 b E] K IM1a~TIM1h, S256 45 5 0% 3.
1.4 B#R9F TM2a~TM2h & A R1ERB 100 mL
[ JEE e AR VX I N IM2 (2 eq)~DMF (2 mL).KI (10%),
R R 30 ming 3 — R BEHAK X FQs (1 eq)-
DMF (2 mL).DIPEA (1.5 eq), =i £E 30 min, 28 J5 %
PV IRIR &, 40 °CoKM A SN . TLC Wi, S B 58
4G, N AT NaCl ¥ 3 20 mL, 2 mol-L™ £k & i 5
pH % 3~4, #hiJE, JEUF K Bk, 25T, A a4l
fb (PE:EA = 1:3-4 EA), FRE, 15 3% (0[5 14 TM2a~
TM2h, LI 45 R LK S,
1.5 B#R9F TM2i~TM2p A g {ExRfB 100 mL
[ JES e i in X TM2a~TM2h (1 eq)~CH,OH (2 mL).
CH,ONa (6 eq), =i it ¥, TLC M5 Je N iEFE o« S BE
5645, F HCI-MeOH MR %5 pH &5 3~4, Jig 7%,
I DCM 2 mL. Z M 10 mL 43 8%, K & B A Hr
S S UE, SRR Z0BF (10 mLx3) Peik, A ik 4tk
(CH,OH), F.75 T, FRH#H, 15 35 4[5 {4 TM2i~TM2p,
IR EE R WK 6.

TM2 R 54 E P R AEEHE G

TM2a: # (A [EH 14, mp 228.1~229.7 °C, [o]X = +49.8
(c 2, DMSO). 'H NMR (600 MHz, DMSO-d,) ¢ 14.92
(s, 1H), 8.71 (s, 1H), 8.24 (d, J = 7.5 Hz, 1H), 7.78 (d,
J=12.0 Hz, 1H), 5.93 (d, J = 3.5 Hz, 1H), 5.47 (d, J =
7.7 Hz, 1H), 5.22~5.16 (m, 1H), 5.04~4.96 (m, 1H),
4.25~4.30 (m, 2H), 4.17 (dd, J = 7.2, 3.9 Hz, 2H), 4.12
(dt, J = 10.3, 3.2 Hz, 1H), 4.04~3.97 (m, 2H), 3.72 (s,
3H), 3.68~3.58 (m, 1H), 3.46 (d, J = 12.3 Hz, 2H), 2.19
(s, 3H),2.02 (d,J=5.2 Hz, 3H), 2.00~1.94 (d, /= 8.2 Hz,
6H), 1.11 (m, 2H), 1.03 (m, 2H), 1.00 (d, J = 6.6 Hz, 3H);
“CNMR (151 MHz, DMSO-d,) § 176.82, 172.78, 170.42,
170.40, 169.64, 166.33, 154.22, 152.57, 148.46, 145.37,
139.63, 119.26, 111.56, 106.97, 90.23, 70.46, 69.61,
61.93, 50.39, 44.87, 41.26, 36.32, 30.54, 28.11, 21.30,
20.92, 20.82, 8.05. HR-MS Calcd. for C,,H,,FN,0,,
[M+H]" 763.283 3, found 763.284 4.

TM2b: s [E K, mp 217.2~218.8 °C, [a]3 =+53.7
(¢ 2, DMSO). 'H NMR (600 MHz, DMSO-d,) 6 14.96
(s, 1H), 8.70 (s, 1H), 7.74 (d, J = 12.3 Hz, 1H), 7.71~
7.58 (m, 1H), 5.99~5.77 (m, 1H), 5.25~5.20 (m, 1H),
5.06 (t, J=9.8 Hz, 1H), 4.28~4.23 (m, 1H), 4.20~4.16
(m, 2H), 4.14~4.11 (m, 1H), 4.07~3.96 (m, 4H), 3.74
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(s, 3H), 3.53 (s, 2H), 3.01~2.93 (m, 1H), 2.25 (s, 3H),
2.17 (s, 3H), 2.03~1.96 (m, 9H), 1.66~1.59 (m, 2H),
1.43~1.35 (m, 2H), 1.11~1.03 (m, 2H), 1.00 (m, 2H);
“CNMR (151 MHz, DMSO-d,) 5 171.95, 171.40, 166.45,
165.79, 164.63, 161.37, 152.53, 150.85, 147.57, 139.03,
133.14, 115.87, 107.21, 103.84, 83.73, 64.71, 63.12,
56.66, 55.61, 50.55, 47.22, 46.29, 46.05, 42.33, 38.10,
36.65, 35.94, 16.16, 15.86, 9.35. HR-MS Calcd. for
C,H,;FN,0,, [M+H]" 777.298 9, found 777.298 5.

TM2c: #E G A, mp 219.2~220.3 °C, [a]3) = +45.6
(c 2, DMSO). 'H NMR (600 MHz, DMSO-d,) 6 14.53
(s, 1H), 8.84 (s, 1H), 8.54 (d, J = 9.0 Hz, 1H), 7.96 (d,
J=11.8 Hz, 1H), 7.85 (d, J= 12.1 Hz, 1H), 6.01 (d, J =
3.1 Hz, 1H), 5.75 (s, 1H), 5.30~5.19 (m, 1H), 5.05 (q,
J = 9.5 Hz, 1H), 4.68 (m, 1H), 4.33~4.26 (m, 2H),
4.16~4.13 (m, 1H), 4.06~3.96 (m, 4H), 3.35 (s, 2H),
2.20 (s, 3H), 2.04~2.00 (d, J = 8.2 Hz, 6H), 1.98 (s,
3H), 1.01~0.97 (m, 2H), 0.94~0.86 (m, 2H); *C NMR
(151 MHz, DMSO-d,) J 176.82, 172.78, 170.42, 169.64,
169.59, 166.33, 154.22, 152.57, 148.46, 145.37, 139.63,
119.26, 111.56, 106.97, 90.23, 70.46, 69.61, 61.93,
50.39, 44.87, 41.26, 36.32, 30.54, 28.11, 21.30, 20.92,
20.82, 8.05. HR-MS Calced. for C,,H,,FN,0,, [M+H]"
719.257 0, found 719.256 6.

TM2d: G [E R, mp 213.1~214.3 °C, [a]3 =+46.3
(c 2, DMSO). 'H NMR (600 MHz, DMSO-d,) § 14.53
(s, 1H), 8.84 (s, 1H), 7.96 (d, J = 11.7 Hz, 1H), 7.87 (d,
J = 12.1 Hz, 1H), 6.01 (d, J = 3.3 Hz, 1H), 5.30~5.23
(m, 1H), 5.06 (t, J=9.8 Hz, 1H), 4.91 (t,J= 9.7 Hz, 1H),
4.33~4.26 (m, 2H), 425~4.11 (m, 5H),3.58 (q, J =
17.0 Hz, 1H), 2.77 (s, 2H), 2.20 (s, 3H), 2.08~1.89 (m,
9H),1.20~1.17 (m, 2H), 1.01~0.97 (m, 2H); "C NMR
(151 MHz, DMSO-d,) 6 171.95, 171.40, 166.45, 165.79,
164.63, 161.37, 152.53, 150.85, 147.57, 139.03, 133.14,
115.87,107.21, 103.84, 83.73, 64.71, 63.12, 56.66, 55.61,
50.55, 47.22, 46.29, 46.05, 42.33, 38.10, 36.65, 35.94,
16.16, 15.86, 9.35. HR-MS Calcd. for C,;H,,CIFN,O,,
[M+H]" 753.218 1, found 753.218 2.

TM2e: 3 4l 44, mp 218.7~220.2 °C, [a]} = +48.4
(c 2, DMSO). 'H NMR (600 MHz, DMSO-d,) § 14.89
(s, 1H), 8.93 (s, 1H), 7.86 (d, J = 11.2 Hz, 2H), 6.00 (t,
J=3.5Hz, 1H), 5.27 (t, J = 10.3 Hz, 1H), 5.07 (td, J =
9.8, 4.4 Hz, 1H), 4.93~4.88 (m, 1H), 4.59 (dd, J = 7.3,
3.5 Hz, 2H), 4.32~4.25 (m, 2H), 4.21~4.17 (m, 2H),
4.04~4.00 (m, 2H), 3.38 (s, 2H), 2.99 (t, J = 14.0 Hz,

2H), 2.20 (s, 3H), 2.00 (dd, J = 19.0, 6.9 Hz, 9H), 1.44
(t, J = 6.9 Hz, 3H), 0.97 (t, J = 6.9 Hz, 3H); "C NMR
(151 MHz, DMSO-d,) 6 171.37, 166.28, 165.64, 164.15,
162.20, 160.79, 152.06, 150.40, 145.55, 140.88, 129.34,
103.31, 102.59, 83.56, 64.51, 64.45, 62.24, 58.67, 56.97,
56.51, 55.44, 50.30, 48.69, 47.03, 45.81, 35.90, 26.58,
15.97,15.68,9.17. HR-MS Calcd. for C,,;H,,F,N,0,, [M+
H]'739.263 3, found 739.262 9.

TM2f: #5644, mp 233.1~234.3 °C, [a]} = +49.3
(c 2, DMSO). 'H NMR (600 MHz, DMSO-d,) d 15.10
(s, 1H), 8.66 (s, 1H), 7.99 (d, J = 13.2 Hz, 1H), 7.84~
7.77 (m, 2H), 7.74 (d, J = 9.3 Hz, 1H), 7.54 (t,J= 8.7 Hz,
2H), 6.37 (t, J = 6.4 Hz, 1H), 6.07 (s, 1H), 5.96 (d, J =
3.5 Hz, 1H), 5.28~5.19 (m, 1H), 5.03 (t, J = 9.8 Hz,
1H), 4.29~4.23 (m, 2H), 4.06~3.96 (m, 4H), 3.41 (s,
2H), 3.06~3.01 (m, 4H), 2.11 (s, 3H), 2.03~1.99 (m,
6H), 1.92 (s, 2H); C NMR (151 MHz, DMSO-d,) §
176.66, 171.40, 170.51, 170.29, 169.65, 165.54, 156.94,
155.27, 153.25, 143.97, 138.44, 123.61, 120.26, 111.17,
111.01, 108.23, 90.30, 70.64, 69.72, 61.77, 54.17, 50.60,
42.01,29.74, 28.17, 22.74, 20.91, 20.83. HR-MS Calcd.
for C,.H,,F,N,O,, [M+H]" 773.247 6, found 773.247 2.

TM2g: B (0fFE 1K, mp 213.8~215.4 °C, [a]2 = +40.3
(c 2, DMSO). 'H NMR (600 MHz, DMSO-d,) ¢ 15.33
(s, 1H,), 8.96 (s, 1H), 7.93 (d, J = 13.2 Hz, 1H), 7.18 (d,
J=17.1 Hz, 1H), 6.10 (s, 1H), 6.00 (d, J = 3.5 Hz, 1H),
5.27~5.21 (m, 1H), 5.05 (t, J= 9.8 Hz, 1H), 4.91 (t,J =
9.7 Hz, 1H), 4.60 (q, J= 7.0 Hz, 2H), 4.33~4.28 (m, 2H),
4.04~4.00 (m, 4H), 3.34 (s, 2H), 2.68~2.54 (m, 4H),
2.20 (s, 3H), 2.03~1.95 (m, 9H), 1.42 (t,J= 7.1 Hz, 3H);
“CNMR (151 MHz, DMSO-d,) § 176.66, 171.40, 170.48,
170.28, 169.63, 165.53, 155.27, 153.28, 143.97, 138.44,
123.61, 120.28, 111.17, 108.23, 90.30, 70.63, 69.72,
61.77, 54.16, 50.59, 46.01, 42.42, 42.02, 29.74, 28.17,
22.75, 20.93, 11.29. HR-MS Calcd. for C,,H,,FN,O,,
[M+H]" 707.257 0, found 707.256 7.

TM2h: B EE R, mp 212.1~213.6 °C, [a]} = +41.4
(c 2, DMSO). 'H NMR (600 MHz, DMSO-d,) d 15.30
(s, 1H), 8.93 (s, 1H), 7.91 (d, J = 13.2 Hz, 1H), 7.17 (d,
J=17.1 Hz, 1H), 6.06 (s, 1H), 5.98 (d, J = 3.5 Hz, 1H),
5.24~5.18 (m, 1H), 5.03 (t, J=9.8 Hz, 1H), 4.88 (t, J =
9.7 Hz, 1H), 4.55 (q, J = 7.0 Hz, 2H), 4.31~4.29 (m,
2H), 4.01~3.97 (m, 4H), 3.31 (s, 2H), 2.66~2.52 (m,
4H), 2.17 (s, 3H), 2.01~1.92 (m, 9H), 1.40 (t,J = 7.1 Hz,
3H); C NMR (151 MHz, DMSO-d,) 6 176.54, 171.28,
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170.36, 170.16, 169.51, 165.41, 155.15, 153.16, 143.85,
138.32, 123.49, 111.05, 108.11, 90.18, 70.51, 69.60,
61.65, 54.04, 50.47, 45.89, 42.30, 41.90, 29.62, 28.05,
22.63, 20.81, 11.17. HR-MS Calcd. for C,H,,FN,O,,
[M+H]" 708.255 3, found 708.256 5.

TM2i: #EE[E A, mp 218.7~220.2 °C, [a]X = +48.9
(c 2, DMSO). 'H NMR (600 MHz, DMSO-d,) 6 14.88
(s, 1H), 8.71 (s, 1H), 7.76 (d, J = 11.9 Hz, 1H), 7.15 (d,
J=4.3Hz, 1H), 5.65 (s, 1H), 5.28~5.23 (m, 2H), 4.47~
4.42 (m, 2H), 4.17 (tt, J = 7.5, 4.1 Hz, 1H), 3.73 (s, 3H),
3.65~3.57 (m, 3H), 3.56~3.44 (m, 4H), 3.33 (s, 4H),
3.19 (t,J = 9.3 Hz, 2H), 2.87~2.82 (m, 1H), 1.34 (d, J =
84.0 Hz, 3H), 1.14~1.11 (m, 2H), 1.05~1.01 (s, 2H);
“C NMR (151 MHz, DMSO-d,) 6 171.54, 166.45, 160.96,
152.23, 150.57, 145.72, 141.05, 135.22, 129.51, 103.48,
102.76, 83.73, 64.68, 64.62, 63.15, 58.84, 57.14, 56.68,
55.61,50.47,48.86,47.20,45.98,16.14,15.85,9.34, HR-
MS Calced. for C,,H,,FN,0,, [M+H]" 595.241 0, found
595.240 1.

TM2j: #5444, mp 218.7~220.2 °C, [a]}) = +51.2
(c 2, DMSO). 'H NMR (600 MHz, DMSO-d,) 6 14.91
(s, 1H), 8.69 (d, J = 3.3 Hz, 1H), 7.73 (d, J = 12.0 Hz,
1H), 7.14 (d, J = 4.3 Hz, 1H), 5.63 (d, J = 5.1 Hz, 1H),
5.24 (dt, J = 7.3, 3.6 Hz, 2H), 4.52~4.44 (m, 2H), 4.17
(dt,J=7.4,3.5 Hz, 1H), 3.79 (s, 3H), 3.65~3.57 (m, 3H),
3.55~3.45 (m, 2H), 3.42~3.37 (m, 2H), 3.31 (s, 2H),
3.29~3.26 (m, 2H), 3.15~3.09 (m, 1H), 2.96 (s, 3H),
1.87~1.81 (m, 2H), 1.82~1.73 (m, 2H), 1.16~1.10 (m,
2H), 1.08~1.00 (m, 2H); *C NMR (151 MHz, DMSO-
d) 6 171.95, 166.45, 161.37, 152.53, 150.85, 147.57,
139.03, 133.14, 115.87, 107.21, 103.84, 83.73, 64.71,
63.12, 56.66, 55.61, 50.55, 47.22, 46.29, 46.05, 42.33,
38.10, 35.94, 9.35. HR-MS Calcd. for C,;H,,FN,0,,
[M+Na] 631.238 6, found 631.239 1.

TM2k: 5 [E{£, mp 218.7~220.2 °C, [a]3 = +48.4
(c 2, DMSO). 'H NMR (600 MHz, DMSO-d,) ¢ 15.15
(s, 1H), 8.66 (s, 1H), 7.91 (s, 1H), 7.58 (d, J = 7.3 Hz,
1H), 7.13 (d, J = 4.3 Hz, 1H), 5.62 (s, 1H), 5.23 (t, J =
4.0 Hz, 2H), 4.46 (s, 2H), 3.83 (dt, /= 7.1, 3.3 Hz, 1H),
3.72~3.69 (m, 3H), 3.64~3.56 (m, 4H), 3.53~3.49 (m,
2H), 3.40 (s, 2H), 3.20~3.15 (t, J = 9.2 Hz, 4H), 1.34~
1.30 (m, 2H), 1.20~1.18 (m, 2H); "C NMR (151 MHz,
DMSO-d,) 6 172.78, 170.42, 166.33, 154.22, 152.57,
148.46, 145.37, 139.63, 119.26, 111.56, 106.97, 90.23,
70.46, 69.61, 61.93, 50.39, 44.87, 41.26, 36.32, 30.54,

28.11, 8.05. HR-MS Calcd. for C,;H,,FN,O, [M+Na]"
573.192 7, found 573.193 7.

TM2I: A, mp 218.7~220.2 °C, [o]X = +47.3
(c 2, DMSO). 'H NMR (600 MHz, DMSO-d,) ¢ 14.48
(s, 1H), 8.85 (s, 1H), 7.97 (d, J = 11.7 Hz, 1H), 7.14 (d,
J =43 Hz, 1H), 5.63 (s, 1H), 5.25~5.21 (m, 2H), 4.46
(s, 2H), 4.43~4.39 (m, 1H), 3.66~3.62 (m, 2H), 3.62~
3.57 (m, 3H), 3.38 (s, 2H), 3.34~3.29 (m, 4H), 2.87~
2.82 (m, 1H), 1.91~1.88 (m, 2H), 1.23~1.18 (m, 2H),
1.02~0.98 (m, 2H); °C NMR (151 MHz, DMSO-d,) 6
171.40, 166.45, 161.37, 152.53, 150.85, 147.57, 139.03,
133.14, 115.87, 107.21, 103.84, 83.73, 64.71, 63.12,
56.66, 55.61, 50.55, 47.22, 46.29, 46.05, 42.33, 38.10,
35.94, 9.35. HR-MS Calcd. for C,;H,,CIFN,0, [M+H]"
585.175 8, found 585.175 9.

TM2m: 3 & [# &, mp 218.7~220.2 °C, [a]? =
+49.1 (¢ 2, DMSO). 'H NMR (600 MHz, DMSO-d,) 6
14.86 (s, 1H), 8.93 (s, 1H), 7.89 (d, J = 11.5 Hz, 1H),
7.13 (d, J = 4.3 Hz, 1H), 5.63 (d, J = 5.2 Hz, 1H), 5.24
(q, J = 3.3 Hz, 2H), 4.59 (qd, J = 7.2, 3.4 Hz, 2H), 4.50
(t, J = 5.9 Hz, 2H), 3.64~3.57 (m, 5H), 3.54~3.49 (m,
2H), 3.34 (s, 2H), 3.19~3.16 (m, 2H), 2.84 (dd, J =
10.4, 3.5 Hz, 2H), 1.45 (t, J = 7.0 Hz, 3H), 1.26 (d, 3H);
"C NMR (151 MHz, DMSO-d,) J§ 171.37, 166.28,
160.79, 152.06, 150.40, 145.55, 140.88, 129.34, 103.31,
102.59, 83.56, 64.51, 64.45, 62.24, 58.67, 56.97, 56.51,
55.44, 50.30, 48.69, 47.03, 45.81, 35.90, 9.17. HR-MS
Caled. for C,H,F,N,O, [M+H] © 571.221 0, found
571.221 0.

TM2n: B E[EA, mp 218.7~220.2 °C, [a]X = +46.8
(c 2, DMSO). 'H NMR (600 MHz, DMSO-d,) 6 15.15
(s, 1H), 8.66 (s, 1H),7.99 (d, J = 13.2 Hz, 1H,), 7.84~
7.77 (m, 2H,H~5), 7.54 (t, J= 8.7 Hz, 2H), 7.13 (d, J =
4.3 Hz, 2H), 5.62 (s, 1H), 5.23 (t, J = 4.0 Hz, 2H),
4.49~4.46 (m, 2H), 3.72~3.69 (m, 3H), 3.64~3.56
(m, 4H), 3.51 (dd, J = 11.4, 5.0 Hz, 2H), 3.40 (s, 2H),
3.18 (t, J = 9.2 Hz, 4H); °C NMR (151 MHz, DMSO-
d) ¢ 171.40, 169.65, 165.54, 156.94, 155.27, 153.25,
143.97, 138.44, 123.61, 120.26, 111.17, 111.01, 108.23,
90.30, 70.64, 69.72, 61.77, 54.17, 50.60, 42.01, 29.74,
28.17. HR-MS Caled. for C,H,F,N,0, [M+Na]
627.187 3, found 627.186 7.

TM2o0: ¥ ta[E 14, mp 218.7~220.2 °C, [a]} = +49.6
(c 2, DMSO). 'H NMR (600 MHz, DMSO-d,) ¢ 15.30
(s, 1H), 8.95 (s, 1H), 7.95 (d, J = 13.1 Hz, 1H), 7.14 (d,
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J = 4.3 Hz, 2H), 5.63 (d, J = 5.2 Hz, 1H), 5.23 (t, J =
3.9 Hz, 2H), 4.60 (q, J = 7.2 Hz, 2H), 4.46 (s, 2H),
3.71~3.68 (m, 2H), 3.64~3.57 (m, 3H), 3.54~3.50 (m,
4H), 3.39 (s, 2H), 3.21~3.16 (m, 4H), 1.42 (t, J=7.1 Hz,
3H); "C NMR (151 MHz, DMSO-d,) J 171.40, 170.48,
165.53, 155.27, 153.28, 143.97, 138.44, 123.61, 120.28,
111.17, 108.23, 90.30, 70.63, 69.72, 61.77, 54.16, 50.59,
46.01, 42.42, 42.02, 29.74, 11.29. HR-MS Calcd. for
C,,H,,FN,0, [M+Na] 561.196 7, found 561.196 3.

TM2p: ¥ G, mp 218.7~220.2 °C, [a]} = +47.7
(c 2, DMSO). 'H NMR (600 MHz, DMSO-d,) J 15.29
(s, 1H), 8.95 (s, 1H), 7.95 (d, J = 13.1 Hz, 1H), 7.13
(d, J=4.3 Hz, 1H), 5.63 (d, J= 5.1 Hz, 1H), 5.24 (t, J =
3.9 Hz, 2H), 4.60 (q, J = 7.2 Hz, 2H), 4.46 (s, 2H),
3.70~3.68 (m, 2H), 3.65~3.56 (m, 3H), 3.54~3.49
(m, 4H), 3.40 (s, 2H), 3.21~3.15 (m, 4H), 1.42 (t, J =
7.1 Hz, 3H); "C NMR (151 MHz, DMSO-d,) 6 171.28,
170.36, 165.41, 155.15, 153.16, 143.85, 138.32, 123.49,
111.05, 108.11, 90.18, 70.51, 69.60, 61.65, 54.04, 50.47,
45.89, 42.30, 41.90, 29.62, 11.17. HR-MS Calcd. for
C,,H, FN.O, [M+Na]" 562.193 0, found 562.192 0.
2 L EYIRYEIE MR
2.1 MABUREEM 1RMESEEERIEKSLE =R
HEALZR 512 (NCCLS) HEF I B Wi 2, K B A S
0 I 77 S g T OE bR 0 4 e
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