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Synthesis of Diethyl 2,5-Diaminothiophene-3,4-dicarboxylate
Derivatives and Antitumor Activity Study
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Abstract Based on the sulfur heterocyclic compound thiophene, thirty diethyl 2,5-diaminothiophene-3,4-dicarboxylate de-
rivatives were designed and synthesized. The structures of all compounds were confirmed by 'H NMR, '3C NMR and HRMS,
and antiproliferative activities of the target compounds against four human cancer cell lines (HeLa, HT-29, A549 and HepG2)
were evaluated by methyl thiazolyl tetrazolium (MTT) in vitro. The results showed that some compounds exhibited good anti-
cancer activity. Especially, diethyl 2-(4-(trifluoromethoxy)benzamido-5-(5-nitrothiophen-2-yl)methylene-aminothiophene-
3,4-dicarboxylate (C25) possessed the best activity, whose ICso values were (0.3530.07) and (0.66+0.09) umol/L against
HT-29 and AS549, respectively; diethyl 2-(3-(trifluoromethyl)benzamido-5-(5nitrothiophen-2-yl)methyleneaminothiophene-
3,4-dicarboxylate (C29) also possessed the best activity, whose ICso values were (0.4720.03) and (0.4140.04) pmol/L
against HT-29 and HepG2, respectively, better than positive control drug doxorubicin (DOX) (ICso values were (1.15+0.03),
(0.861+0.07) and (0.86 +0.02) umol/L against HT-29, A549, and HepG2, respectively).

Keywords diethyl 2,5-diaminothiophene-3,4-dicarboxylate; anticancer activity; structure-activity relationships
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Figure 1 Marketed drugs containing thiophene nucleus
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Figure 2 Design of target compounds
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C1: R = CgHs; €C2: R = Thien-2-yl; C3: R = Naphthyl-2; C4: R = CH,CgH5; C5: R =
C,H4CgHs; C6: R = C(CH,)CgHs; C7: R = Pyran-4-yl; C8: R = (CH,)g; C9: R = (CHy)s;
C10: R = (CH2)4, C11:R= (CH2)3, C12:R = CsH7; C13: R = C4H9; C14:R = CGH13;
C15: R = C;H5;, C16: R = 4-MeCgHy,; C17: R = 4-MeOCgHy; C18: R = 4-FCgHy; C19:
R = 4-CICgH,4; C20: R = 3-CICgH4; C21: R = 2-CICgH,4; C22: R = 4-BrCgHy; C23: R =

\ / 3-BrCgHy4; C24: R = 2-BrCgH,; C25: R = 4-CF30CgH,; C26: R = 3-CF3;0CgH,; C27:

C1~C30

R = 2-CF30CgH,; C28: R = 4-CF3CgHy; C29: R = 3-CF3CgHy; C30: R = 2-CF3CqH,

Reagents and conditions: (a) DMF, TEA, r.t., 6 d; (b) ethanol, TsOH, reflux, 3 h; (c) RCOCI, DCM, TEA, DMAP, r.t., 6 h
B 1 B &M E R

Scheme 1 Synthesis of the target compounds
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Figure 3 Crystal structure of compound C11 (CCDC:2191954)
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K1 EY C1~C30 I LIRS R
Table 1 Antitumor data of compounds C1~C30 in vitro
Compd. R ICs0%/(umol/L)
HeLa HT-29 A549 HepG2 L02
C1 CsHs 19.04+1.00 1.11£0.24 1.44£0.20 5.85+0.21 —
C2 Thien-2-yl — — 10.9410.39 8.831+0.44 —
C3 Naphthyl-2 7.30+1.27 — 3.96+1.05 8.971+0.41 —
C4 CH2C¢Hs 6.3611.63 0.63£0.03 5.08£0.60 1.27£0.07 —
Cs C2H4C6Hs 1.4610.44 0.8610.01 2.04£0.37 — —
Coé C(CH2)C¢Hs 26.671£2.92 2.72+1.65 9.58+3.12 36.51£2.18 —
Cc7 Pyran-4-yl — — 14.1110.42 6.510.32 —
C8 (CHa2)6 0.40+0.06 — 1.14£0.07 6.80+0.36 9.17+0.89
c9 (CHz)s 1.77£0.01 1.1510.21 1.94£0.60 2.70%+0.19 —
C10 (CH2)4 — — — — —
C11 (CH2)s — — — — —
C12 CsHy — 15.8410.57 — 27.03+0.97 —
C13 CsHo 1.8910.51 1.11x0.16 2.671£1.32 0.38%0.03 —
C14 CeHi3 8.291+0.42 0.83£0.03 6.6910.21 — 35.48+3.11
C15 C7His - - - - -
C16 4-CH3CeHa4 — 9.53+0.48 23.28+1.03 11.42+0.51 —
C17 4-CH30CsH4 — — — 1.47£0.08 —
C18 4-FC¢Ha 26.21£0.95 — 3.34£0.09 — —
C19 4-CICeHa 28.73£1.38 2.92+0.22 8.52+0.24 3.48+0.19 —
C20 3-CIC¢H4 - - - - -
C21 2-CICH4 - - - - -
C22 4-BrCsH4 0.83+0.04 2.78+0.06 — 7.521+0.66 —
C23 3-BrCeHa — 3226+ 1.64 30.01+1.51 — —
C24 2-BrCeHa 2.491£0.13 27.67x1.11 15.68%0.51 — —
C25 4-CF30C¢H4 — 0.35+0.07 0.66£0.09 0.96£0.06 2.6810.21
C26 3-CF30C¢H4 8.11+0.49 — — 10.9£0.51 —
C27 2-CF30C¢H4 - - - - -
C28 4-CF3CosH4 9.62+2.93 1.59£0.07 7.5411.74 10.09£0.78 —
C29 3-CF3CeHa 6.8010.25 0.47£0.03 2.03£0.09 0.41£0.04 —
C30 2-CF3CeHa 0.921+0.02 — 2.51£0.07 9.03£0.38 —
DOX 0.55+0.05 1.1510.03 0.8610.07 0.8610.02 —
@ “—” indicates the compound ICsp>>50 pmol/L.
C29 X P67 4 R o486 B v P R B vt s 1 2R ABA R 4 EMZHENME
B S50 REIN, BRI T IR I 5N T DL 2 i
£av
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21T i B P 08 325 117, SFL S e TR 4 0 o it 1 R R A
G G B S N A= MR AU i D REES My N =1 3 D K A
AR (A 5 0T 200 PR 155 P 0 - 408 A7 R ) o7 AR

BeAL, 5527 LA Yrst IE & 40T 410 f2.(L02)
AR, SR, BRibE4 C8.C14 Fil C25 1,
KB oA o5t N 4 H (L02) 3% A 2 25 [ 40 P 23 0%
PE.

g LRTIR, K BARMEA YIIITEAR FRIRERE 4]
DO F e 40 g K, HLX I A 3 A S 3 ) A e B 9
PE, WO 7T 45 S ME Gy SR R 259 T R A —
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PIAAEPEE AT T ERIRAE. F MTT VRN 7 ix
AR SN R IS PRI SE R R, KER
HARb S35 58 0] HeLay HT-29. A549. HepG2
R A K. WA H, A 18 MEA YN HeLa 41
AHHEE, Hd C8 &M &, 1Cs 9(0.40 £0.06)
umol/L; 16 MEL& W% HT-29 & & TE, Hrb C4, C5,
C14, C25, C29 [FiEMEIML T BHPEXT B2 DOX [ICso=
(1.1540.03) umol/L]; 20 MEEWIXT AS49 4H A Hii]
W, P C25 BiE BT, ICs0 24(0.66£0.09) pmol/L;
19 MEE % HepG2 40 A &P, R C13 ) 1Cso
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9(0.38 £0.03) pmol/L; €29 ] ICso N (0.41 % 0.04)
umol/L, ¥R T FH XS # 2] DOX [ICso=(0.86 £0.02)
pmol/L].

MR E S ST DU Y, T ey 4
B BB A A PR I B R R A MR v 1, 7R
it EAE b, Ak et o, ot — B R Y
2,5- R FEMEW -3 4- T RIR . A ERAT AR DU 25
TR AR

3 SWES

31 X5

W hEFEHRAXCA Varian 23 &) INOVA 400M 7 5% Bruker
AM-500 M ;¥ i i Buchi B-540 4% sS AR, &
51 9 ABSCIEX QSTAR Elite PUZRAT KAT B HEAY;
7 2 (1% (TLC)i% Fil Merk Salica Gel 60 F254 plates B¢
BV GF254 TEIRIR, T8AMT UL, MR
200~300 H.

ASCH A B A B TR A ), B
i e, BREEUCI AL, REA P E R,

3.2 ZWHE
32.1 b A 89E &

e A MERSIESCER[18], fEERAMH T, m
BRBR(S g, 156 mmol)FIFIE LR 4HR(31.5 mL, 311.9
mmol) MR AP I NN-—H 3 BEZ (25 mL)FI =
L (4.9 mL, 39 mmol), = 6 d, KRS
A2 LAKA, Btk 3h Gk sE, T, FERA E AR
FEEMTEE Ve, PERAN VCRHEE) @ (IR CER)=
501, 193] 2,5- " HAEMEY-3.4- " HRIR . LFRWA), PR
57%. FOER, mp. 154~155 “C; 'H NMR (400 MHz,
CDCls) 8: 5.25 (s, 4H), 4.26~4.21 (m, 4H), 1.30 (t, J=7.1
Hz, 6H); *C NMR (100 MHz, CDCls) §: 165.0, 148.3,
104.0, 59.9, 14.2, HRMS (ESI) caled for CioHsN2O4S
[M+H]" 259.0747, found 259.0742.

322 fbhdh B agA R

WEY) B HIE RS ST, B4 T, Hig
HBE A A (2.56 g, 9.9 mmol)F S-FHIEMEY) FHES(1.71 g,
10.9 mmol)#& T Jo/K ZEE (10 mL), HIHE Ak & RS FE R
T#E2(0.69 g, 4 mmol), JN#AMEIA 3 h. # 2 AHE(TLC)MA
M visete, A& B mLX3)EE, & I3FA 0,
TP WRAR. R IE MR AR ARG FE BRI, Be A
VORI @ TR CER)=2 1, 193] 2-5 FE-5-(5-fiF 2k
IE WY -2-38) W F S JE Ry -3, 4- —FRIR — L BR(B), 77 %
87%. B4 E R, mp. 186~188 ‘C; 'H NMR (400
MHz, CDCly) 6: 7.93 (s, 1H), 7.85 (d, J=4.3 Hz, 1H),
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7.20 (d, J=4.3 Hz, 1H), 6.51 (s, 2H), 4.44 (q, J=7.1 Hz,
2H), 4.26 (t, J=7.1 Hz, 2H), 1.46 (t, J=7.1 Hz, 3H), 1.32
(t, J=7.1 Hz, 3H); *C NMR (100 MHz, CDCl3) J: 164.8,
1643, 161.0, 148.9, 142.8, 133.6, 132.1, 129.0, 128.2,
103.9, 62.0, 60.8, 18.6, 14.6, 14.3; HRMS (ESI) calcd for
C1sH16N306S; [M+H]" 398.0475, found 398.0466.

3.23 A4 C1~C30 494 %

HEFIHILEY B (0.25 mmol)iAfEAETL /K & H
Ferb, IR = Z.82(0.37 mmol ) FIHEAL 7 4- —F 4
FEEIE(DMAP) (0.06 mmol), 0 °C N 22183 in A [F] B
FIMEE(0.3 mmol), I HE: 6 h. TLC Ml fe 56k,
KB £ EREEE, & 55 mLX3)ZH, &7
BUAH, T8, W48, RAIE FRE AT E TR B Se e, ok
W VCR M) @ M(GRAED=5 1 1, 23R EY
C1~C30.

2- I FE g e 5 - 5-(5- i 22 T 1y -2- 5 ) S Y s o Ak e
Wy-3,4- R — LBE(C1): =% 80%. ZLfafE A, m.p.
255~256 ‘C; 'H NMR (400 MHz, CDCl3) d: 12.30 (s,
1H), 8.43 (s, 1H), 8.02 (d, J=7.3 Hz, 2H), 7.89 (d, J=3.8
Hz, 1H), 7.64 (d, J=7.1 Hz, 1H), 7.57 (t, J=7.6 Hz, 2H),
732 (d, J=4.3 Hz, 1H), 4.47 (q, J=7.2 Hz, 2H), 4.39 (q,
J=17.1 Hz, 2H), 1.48 (t, J=7.1 Hz, 3H), 1.39 (t, J=17.1
Hz, 3H); B3C NMR (100 MHz, CDCl;) d: 164.8, 164.8,
163.6, 153.9, 148.2, 147.1, 146.8, 140.2, 133.3, 131.3,
130.2, 129.4, 129.2, 128.7, 127.6, 109.7, 62.0, 61.8, 14.9,
13.9; HRMS (ESI) caled for CxHN3;0,S; [M+H]"
502.0737, found 502.0730.

2- (M -2- P e 25 )-5-(5- g JE E Iy -2- 28 WV HFY B 4
FENgEWY -3, 4- " FRIR — L FR(C2): TP 67%. LI E 1A,
m.p. 265~267 C; '"H NMR (400 MHz, CDCl;) 0: 12.10
(s, 1H), 8.37 (s, 1H), 7.86 (d, J=4.3 Hz, 1H), 7.77 (d, J=
3.3 Hz, 1H), 7.66 (d, J=4.9 Hz, 1H), 7.30 (d, J=4.3 Hz,
1H), 7.20~7.17 (m, 1H), 4.44 (q, J=7.1 Hz, 2H), 4.36
(dd, J=7.1, 3.5 Hz, 2H), 1.45 (t, J=7.1 Hz, 3H), 1.35 (d,
J=7.1 Hz, 3H); 3C NMR (100 MHz, CDCl3) J: 165.9,
164.7, 158.8, 153.5, 148.2, 146.7, 146.7, 140.2, 136.3,
133.2, 132.2, 130.3, 129.5, 128.7, 128.4, 109.9, 62.0, 61.8,
14.4, 13.9; HRMS (ESI) calcd for C2oHsN30,S; [M+H]"
508.0301, found 508.0294.

225 FH G IV Jig - 5- (5 - S M 1y -2 356 ) WP Y 6 A i e
Wy-3,4- “FRIR — LBR(C3): 7= T1%. 4l mp.
233~234 ‘C; 'H NMR (400 MHz, CDCl3) d: 12.42 (s,
1H), 8.54 (s, 1H), 8.42 (s, 1H), 8.01 (dd, J=14.2, 5.8 Hz,
3H), 7.89 (dd, J=13.8, 6.1 Hz, 2H), 7.61 (dt, J=15.0, 6.7
Hz, 2H), 7.30 (d, J=4.3 Hz, 1H), 4.55~4.43 (m, 2H),
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4.42~434 (m, 2H), 1.47 (t, J=7.1 Hz, 3H), 1.39 (t, J=
7.1 Hz, 3H); *C NMR (100 MHz, CDCly) ¢: 164.84,
164.82, 164.16, 153.79, 148.24, 147.12, 146.75, 140.24,
135.49, 132.56, 130.26, 129.47, 129.41, 129.18, 129.15,
128.73, 128.71, 128.44, 127.86, 127.22, 123.05, 110.14,
62.00, 61.77, 14.47, 13.99; HRMS (ESI) caled for
CasH2N307S; [M+H]" 552.0894, found 552.0884.

2-TK T Jig 55 -5-(5- T 25 B 1y -2- 35 ) W P 5 4 56 g
Wr-3,4- R — LFE(CA): T7H 73%. 44K, mp.
218~220 ‘C; '"H NMR (400 MHz, CDCl3) 6: 11.16 (s,
1H), 8.36 (s, 1H), 7.87 (d, J=4.3 Hz, 1H), 7.44~7.40 (m,
2H), 7.36 (td, J=7.2, 6.7, 1.8 Hz, 3H), 7.29 (d, J=4.3 Hz,
1H), 4.42 (t, J=7.1 Hz, 2H), 4.23 (t, J=7.1 Hz, 2H), 3.86
(s, 2H), 1.43 (t, J=7.1 Hz, 3H), 1.28 (d, J=7.2 Hz, 3H);
13C NMR (100 MHz, CDCl3) d: 169.9, 164.8, 164.3, 153.8,
148.2, 146.7, 146.2, 139.9, 139.6, 129.9, 129.4, 128.7,
1282, 126.6, 109.6, 61.9, 61.6, 38.4, 30.9 14.4, 13.9;
HRMS (ESI) caled for Co3HN307S; [M+H]" 516.0892,
found 516.0888.

2- 2K A T Jig 25 -5-(5- T 255 B Wy -2- 35 ) I P 5 4 56 W
Wy-3,4- " FRIR — LLBE(C5): 773 70%. s A4, m.p.
158~160 ‘C; '"H NMR (400 MHz, CDCl3) o: 11.23 (s,
1H), 8.37 (s, 1H), 7.88 (d, J=4.3 Hz, 1H), 7.29 (dd, J=
5.9, 1.4 Hz, 3H), 7.24~7.21 (m, 3H), 4.44 (q, J=7.1 Hz,
2H), 4.30 (t, J=7.2 Hz, 2H), 3.09 (t, J=7.7 Hz, 2H), 2.85
(dd, J=8.3, 7.0 Hz, 2H), 1.45 (d, J=7.1 Hz, 3H), 1.34 (t,
J=7.2 Hz, 3H); 3C NMR (100 MHz, CDCls) d: 170.04,
164.94, 164.43, 153.96, 148.32, 146.90, 146.37, 140.14,
139.77, 129.56, 128.85, 128.83, 128.67, 128.39, 126.72,
109.74, 62.13, 61.75, 38.58, 31.06, 14.61, 14.07; HRMS
(ESI) caled for CasHaN305S, [M+H]" 530.1050, found
530.1042.

2- PR e T g 5 - 5-(5- T 25 W Wy -2- ) IV P e A ik i
Wy-3,4- RR . LBE(C6): T7H 68%. P GEA, m.p.
215~216 ‘C; '"H NMR (400 MHz, CDCl3) d: 11.48 (s,
1H), 8.41 (s, 1H), 7.88 (d, J=4.3 Hz, 1H), 7.82 (d, J=
15.6 Hz, 1H), 7.59 (dd, J=6.6, 2.9 Hz, 2H), 7.45~7.41
(m, 3H), 7.31 (d, J=4.3 Hz, 1H), 6.64 (d, J=15.6 Hz,
1H), 4.46 (q, J=7.1 Hz, 2H), 4.36 (q, J=7.1 Hz, 2H), 1.47
(t, J=7.1 Hz, 3H), 1.38 (t, J=7.1 Hz, 3H); *C NMR (100
MHz, CDCl;) 6: 164.8, 164.5, 163.1, 153.7, 148.2, 146.8,
146.7, 1453, 140.4, 134.6, 130.9, 130.2, 129.4, 129.0,
128.7, 128.3, 118.8, 109.8, 61.9, 61.6, 14.5, 13.9; HRMS
(ESI) caled for CasHN305S, [M+H]" 528.0894, found
528.0887.
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2-(VU 5 -2 H- P g -4 - FHY IS e 3% )- 5-(5- il 2 g gy -2- 5 )
T SE R SE e -3, 4- R R — ATR(CT): FRE 67%. 4
44, m.p. 223~224 °C; 'H NMR (500 MHz, CDCl;)
0: 11.46 (s, 1H), 8.36 (s, 1H), 7.87 (d, J=4.3 Hz, 1H), 7.29
(d, J=4.3 Hz, 1H), 4.45 (t, J=7.1 Hz, 2H), 4.34 (t, J=7.1
Hz, 2H), 4.10~4.05 (m, 2H), 3.51~3.46 (m, 2H), 2.72~
2.66 (m, 1H), 1.93 (s, 2H), 1.91 (d, J=4.3 Hz, 1H), 1.89~
1.85 (m, 1H), 1.46 (d, J=7.1 Hz, 3H), 1.37 (d, J=7.1 Hz,
3H); '3C NMR (125 MHz, CDCl;) 0: 172.2, 164.9, 164.8,
154.0, 148.3, 146.9, 146.6, 140.2, 130.1, 129.6, 128.9,
109.9, 67.1, 62.2, 61.9 42.2, 28.8, 14.6, 14.1; HRMS (ESI)
caled for CyHzN30sS; [M + H] " 510.0999, found
510.0989.

2-3F Tt ok Ml B - 5-(5- i R WaE Wy -2- 55 ) W7 PR R S
WEWY -3 4- " FRIE — Z.BE(C8): 7% 73%. WLk,
m.p. 232~234 C; '"H NMR (400 MHz, CDCl3) §: 11.37
(s, 1H), 8.36 (s, 1H), 7.87 (d, J=4.3 Hz, 1H), 7.29 (d, J=
4.3 Hz, 1H), 4.44 (q, J=7.1 Hz, 2H), 4.33 (t, J=7.1 Hz,
2H), 2.48~2.40 (m, 1H), 2.04 (d, J=11.6 Hz, 2H), 1.86
(d, J=13.0 Hz, 2H), 1.74 (s, 1H), 1.53 (d, J=11.8 Hz,
3H), 1.46 (t, J=7.1 Hz, 3H), 1.37 (d, J=7.1 Hz, 3H), 1.33
(d, J=11.9 Hz, 2H); 3C NMR (100 MHz, CDCl;) o:
173.83, 164.90, 164.52, 153.71, 148.27, 146.79, 146.52,
139.83, 130.03, 129.35, 128.74, 109.46, 61.97, 61.59,
53.43, 45.16, 29.16, 25.43, 14.46, 13.95; HRMS (ESI)
caled for C»HxN3OsS; [M + H] " 508.1207, found
508.1196.

2-3 St B Ik Ml B - 5-(S- i R WaE Wy -2- 55 ) W7 PR R S
WEW-3,4- FRIR — LFR(CY): 723 70%. 2B fE4A, m.p.
215~216 ‘C; '"H NMR (400 MHz, CDCl3) d: 11.31 (s,
1H), 8.35 (s, 1H), 7.87 (d, J=4.3 Hz, 1H), 7.28 (d, J=4.3
Hz, 1H), 4.44 (q, J=7.1 Hz, 2H), 4.32 (t, J=7.1 Hz, 2H),
2.89 (p, J=8.2 Hz, 1H), 2.06~1.99 (m, 2H), 1.94~1.87
(m, 2H), 1.81 (dd, J=9.6, 5.6 Hz, 2H), 1.68 (dd, J=7.2,
4.6 Hz, 2H), 1.45 (d, J=7.1 Hz, 3H), 1.35 (d, J=7.2 Hz,
3H); *C NMR (100 MHz, CDCl3) §: 174.2, 164.9, 164.4,
153.8, 148.3, 146.8, 146.5, 139.8, 130.1, 129.3, 128.7,
109.4,61.9, 61.5,46.1, 30.2, 25.8, 14.4, 13.9; HRMS (ESI)
caled for CyH2N30;S; [M + H] © 494.1050, found
494.1032.

2-IRT ot P Bk M - 5-(5- i ke Wy -2 ) W FH R
WEWY-3,4- — F R — ZBE(C10): 773 71%. 15 (o[ 14,
m.p. 233~234 ‘C; 'H NMR (400 MHz, CDCl;) d: 11.17
(s, 1H), 8.35 (s, 1H), 7.85 (d, J=4.3 Hz, 1H), 7.82 (d, J=
4.3 Hz, 1H), 4.44 (q, J=17.1 Hz, 2H), 4.31 (q, J=7.1 Hz,
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2H), 3.31 (p, J=8.5 Hz, 1H), 2.43~2.37 (m, 2H), 2.36~
2.30 (m, 2H), 2.11~1.95 (m, 2H), 1.45 (t, J=7.1 Hz, 3H),
1.35 (t, J=7.1 Hz, 3H); 3C NMR (100 MHz, CDCl;) ¢:
173.3, 164.8, 163.8, 153.7, 148.2, 146.7, 146.6, 139.9,
130.0, 129.4, 128.7, 109.5, 61.9, 61.5, 40.0, 25.3, 18.2,
14.4, 13.2; HRMS (ESI) calcd for Ca0H2,N30S, [M+H]"
480.0894, found 480.0873.

2- I P Jot PR BB 356 - 5- (5 -l ZE M Yy -2- 355 7 FR R A 2
BEWY-3,4- “RIR — LBR(CI1): F=F 76%. 2 {0 [EH 14k,
m.p. 237~238 C; 'H NMR (400 MHz, CDCLy) J: 11.43
(s, 1H), 8.33 (s, 1H), 7.86 (d, J=4.3 Hz, 1H), 7.27 (s, 1H),
4.44 (q, J=7.1 Hz, 2H), 4.33 (q, J=7.1 Hz, 2H), 1.74~
1.70 (m, 1H), 1.46 (t, J=7.1 Hz, 3H), 1.36 (t, J=7.1 Hz,
3H), 1.21~1.18 (m, 2H), 1.03 (dd, J=7.7, 3.3 Hz, 2H);
13C NMR (100 MHz, CDCLy) 6: 171.3, 164.9, 164.4, 153.8,
148.2, 146.8, 145.9, 139.1, 130.0, 129.3, 128.7, 109.1,
61.9, 61.6, 15.6, 14.4, 13.9, 9.6; HRMS (ESI) calcd for
C19H20N30,S; [M+H]" 466.0737, found 466.0730.

2- T T i i - 5-(S-Firf S WA Wy -2 5k ) IV R S A Wy -
3.4-RIR . LFR(C12): P23 73%, FELLEAE R, mop.
209~210 ‘C; '"H NMR (400 MHz, CDCl3) &: 11.24 (s,
1H), 8.34 (s, 1H), 7.84 (d, J=4.3 Hz, 1H), 7.26 (d, J=4.3
Hz, 1H), 4.45~4.39 (m, 2H), 4.30 (q, J=7.1 Hz, 2H),
2.49 (t, J=7.5 Hz, 2H), 1.78 (q, J=7.4 Hz, 2H), 1.43 (t,
J=7.1 Hz, 3H), 1.33 (t, J=7.1 Hz, 3H), 1.01 (t, J=7.4
Hz, 3H); 3C NMR (101 MHz, CDCls) §: 170.8, 164.8,
164.4, 153.8, 148.2, 146.6, 146.5, 139.9, 129.9, 129.4,
128.7, 109.5, 61.9, 61.6, 38.6, 18.6, 14.4, 139, 13.5;
HRMS (ESI) calcd for CioH»N30;S; [M+H]" 468.0894,
found 468.0886.

2- T i e - 5-(S-Firf 2 WA Wy - 2- 5k ) IV R A vy -
34- R LER(C13): 77F 68%. FEBAE A, mup.
195~196 ‘C; '"H NMR (400 MHz, CDCl3) d: 11.26 (s,
1H), 8.37 (s, 1H), 7.87 (d, J=4.3 Hz, 1H), 7.29 (d, J=4.3
Hz, 1H), 4.44 (q, J=7.1 Hz, 2H), 4.33 (q, J=7.1 Hz, 2H),
2.53 (t, J=17.6 Hz, 2H), 1.75 (p, J=17.6 Hz, 2H), 1.47 (d,
J=7.1 Hz, 3H), 1.42 (dd, J=8.3, 6.5 Hz, 2H), 1.36 (t, J=
7.1 Hz, 3H), 0.96 (t, J=7.3 Hz, 3H); '*C NMR (100 MHz,
CDCl;) d: 171.0, 164.9, 164.4, 153.8, 148.2, 146.6, 146.5,
139.9, 129.9, 129.4, 128.8, 109.4, 61.9, 61.6, 36.5, 27.1,
22.2, 14.5, 13.9, 13.7; HRMS (ESI) calcd for CaoHasNs-
0,S; [M+H]" 482.1050, found 482.1034.

2- [ T i i - 5-(5-Firf 2 WA Wy - 2- 5k ) IV Y S A vy -
34- TR — LBR(C14): FRER 73%. FEE A, mp.
160~162 ‘C; '"H NMR (500 MHz, CDCl3) d: 11.25 (s,
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1H), 8.36 (s, 1H), 7.87 (d, J=4.3 Hz, 1H), 7.28 (d, J=4.3
Hz, 1H), 4.44 (q, J=7.1 Hz, 2H), 4.33 (q, J=7.1 Hz, 2H),
2.52 (t, J=17.6 Hz, 2H), 1.74 (q, J=7.6 Hz, 2H), 1.45 (t,
J=17.1 Hz, 3H), 1.38 (d, J=8.3 Hz, 2H), 1.35 (d, J=17.1
Hz, 3H), 1.34~1.30 (m, 4H), 0.89 (t, J=6.9 Hz, 3H); 1*C
NMR (125 MHz, CDCl;) 6: 171.2, 165.0, 164.5, 153.9,
148.4, 146.8, 146.7, 140.0, 130.1, 129.5, 128.9, 109.6,
62.1, 61.7, 36.9, 31.5, 28.9, 25.2, 22.6, 14.6, 14.2, 14.1;
HRMS (ESI) caled for CHasN307S, [M+H]" 510.1363,
found 510.1354.

23 P fi - 5-(5- i 2 M Wy -2 56 ) I FY 6 S R M 1 -
34- R — LBE(C15): FRE 72%. FOE A, mp.
224~225 ‘C; 'H NMR (500 MHz, CDCl3) d: 11.25 (s,
1H), 8.36 (s, 1H), 7.86 (d, J=4.3 Hz, 1H), 7.28 (d, J=4.3
Hz, 1H), 4.44 (q, J=7.1 Hz, 2H), 4.32 (q, J=7.2 Hz, 2H),
2.52 (t, J=17.6 Hz, 2H), 1.75 (p, J=7.6 Hz, 2H), 1.45 (t,
J=17.1 Hz, 3H), 1.35 (t, J=7.2 Hz, 6H), 1.29 (p, J=4.1,
3.6 Hz, 5H), 0.88 (t, J=6.8 Hz, 3H); '*C NMR (125 MHz,
CDCL) d: 171.2, 165.0, 164.5, 153.9, 148.4, 146.8, 146.7,
140.0, 130.1, 129.5, 128.9, 109.6, 62.1, 61.7, 36.9, 31.7,
29.2,29.0,25.2,22.7, 14.6, 14.2, 14.1; HRMS (ESI) calcd
for C23H30N30,S, [M+H]" 524.1520, found 524.1512.

2-(4- FF 35 2R HH g e 3 )-5-(5- il JE WE Wy -2- 358 ) 3 FHY 2
FIEMEYY-3,4- FRIR — LBR(C16): F=F T1%. FEBth[E
&, m.p. 266~267 C; 'H NMR (500 MHz, CDCl3) o:
12.23 (s, 1H), 8.41 (s, 1H), 7.91 (s, 1H), 7.89~7.87 (m,
2H), 7.34 (d, J=8.1 Hz, 2H), 7.31 (d, J=4.3 Hz, 1H), 4.46
(d, J=7.1 Hz, 2H), 4.38 (d, J=7.1 Hz, 2H), 2.45 (s, 3H),
1.46 (d, J=7.1 Hz, 3H), 1.38 (d, J=7.1 Hz, 3H); 3C
NMR (125 MHz, CDCl;) 6: 165.0, 164.9, 164.2, 153.9,
148.4, 147.4, 146.8, 144.4, 140.2, 130.4, 130.0, 129.6,
128.9, 128.6, 127.8, 110.1, 62.2, 61.9, 21.8, 14.6, 14.2;
HRMS (ESI) caled for CosH,N307S, [M+H]"™ 516.0894,
found 516.0887.

2-(4- FF B 35 2K g i 2 )-5-(5- i 2 e gy -2- 256 7 Y
FLEFEWENY-3,4- IR . LER(C17): F2H T1%. B
[l 44, m.p. 243~245 “C; '"H NMR (400 MHz, CDCl;) ¢:
12.19 (s, 1H), 8.39 (s, 1H), 7.96 (d, J=8.9 Hz, 2H), 7.87
(d, J=4.3 Hz, 1H), 7.29 (d, J=4.3 Hz, 1H), 7.02 (d, J=
8.9 Hz, 2H), 4.45 (q, J=7.1 Hz, 2H), 4.36 (q, J=7.2 Hz,
2H), 3.88 (s, 3H), 1.45 (t, J=7.1 Hz, 3H), 1.37 (t, J=7.1
Hz, 3H); 3C NMR (100 MHz, CDCls) &: 164.9, 163.7,
163.6, 153.8, 148.3, 147.5, 146.5, 140.0, 132.4, 130.2,
129.7, 129.3, 128.7, 123.5, 114.4, 109.7, 61.9, 61.7, 55.6,
14.5, 13.9; HRMS (ESI) calcd for C23H2:N305S; [M+H]"
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532.0843, found 532.0839.

2-(4- 52 F I Jrg 36 ) - 5-(5- i 2 e 9y -2- 356 ) W A AL 4
FEWEWY-3,4- R — LFE(C18): P2 72%. P&
&, m.p. 276~278 ‘C; 'H NMR (400 MHz, CDCls) o:
12.29 (s, 1H), 8.42 (s, 1H), 8.04 (dd, J=8.8, 5.1 Hz, 2H),
7.89 (d, J=4.3 Hz, 1H), 7.32 (d, J=4.3 Hz, 1H), 7.24 (s,
2H), 4.46 (t, J=7.1 Hz, 2H), 4.38 (q, J=7.1 Hz, 2H), 1.47
(t, J=7.1 Hz, 3H), 1.39 (t, J=7.1 Hz, 3H); *C NMR (100
MHz, CDCls) 6: 167.06, 164.90, 164.72, 164.52, 162.94,
148.10, 146.94, 146.85, 140.27, 130.20, 130.11, 129.46,
128.69, 127.59, 127.56, 116.50, 116.28, 110.14, 62.01,
61.81, 14.45, 13.94; HRMS (ESI) calcd for CyH 9FNs-
0-S; [M+H]" 520.0643, found 520.0635.

2-(4- 502K H I i 3 ) - 5-(5- i 2 e 9y -2- 35 ) W1 HA AL 4
FEBEWy -3 4- R R . OFR(C19): P2 70%. 15 [
&, m.p. 249~251 ‘C; 'H NMR (500 MHz, CDCls) o:
12.29 (s, 1H), 8.41 (s, 1H), 7.95~7.93 (m, 2H), 7.88 (d,
J=4.3 Hz, 1H), 7.53 (dd, J=8.9, 2.1 Hz, 2H), 7.32 (d, J=
4.3 Hz, 1H), 4.46 (q, J=7.1 Hz, 2H), 4.38 (q, J=7.1 Hz,
2H), 1.47 (t, J=7.1 Hz, 3H), 1.38 (t, J=7.1 Hz, 3H); 13C
NMR (125 MHz, CDCL) J: 164.9, 164.8, 163.0, 153.9,
148.1, 147.0, 146.8, 140.4, 139.9, 130.2, 129.7, 129.6,
129.5, 129.0, 128.8, 110.3, 62.1, 61.9, 14.5, 14.0; HRMS
(ESI) caled for CyHoCIN3O;S, [M+H]' 536.0347,
found 536.0338.

2-(3- 5 FP ok i 5 )-5-((5- g R M oy -2 355 W7 R R
FEEWY -3 4- " RTR — ZFR(C20): 77 67%. Ok,
m.p. 231~232 ‘C; '"H NMR (500 MHz, CDCl;) d: 12.29
(s, 1H), 8.43 (s, 1H), 8.01 (t, J=1.8 Hz, 1H), 7.89 (d, J=
4.3 Hz, 1H), 7.87~7.84 (m, 1H), 7.61 (ddd, J=8.0, 2.0,
0.9 Hz, 1H), 7.50 (t, J=7.9 Hz, 1H), 7.33 (d, J=4.3 Hz,
1H), 4.47 (q, J=7.1 Hz, 2H), 4.40 (t, J=7.1 Hz, 2H), 1.48
(d, J=7.1 Hz, 3H), 1.39 (t, J=7.1 Hz, 3H); *C NMR (125
MHz, CDCl3) 0: 165.0, 164.9, 162.9, 154.1, 148.2, 147.2,
146.7, 140.6, 135.7, 133.5, 133.3, 130.6, 130.3, 129.8,
128.9, 128.4, 125.4, 110.6, 62.2, 62.1, 14.6, 14.2; HRMS
(ESI) caled for CxnHioCIN;O;S; [M+H] " 536.0347,
found 536.0335.

2-(2- 5K T i 35 ) - 5-(5- i ik e 9y -2- J5 ) WF A R 4
FLWEWY-3.4- "R — LTR(C21): PR 71%. 2Lk,
m.p. 257~259 ‘C; 'H NMR (400 MHz, CDCls) &: 12.04
(s, 1H), 8.44 (s, 1H), 7.89 (d, J=4.1 Hz, 1H), 7.84 (d, J=
7.3 Hz, 1H), 7.50 (d, J=5.6 Hz, 2H), 7.43 (t, J=7.1 Hz,
1H), 7.32 (d, J=4.2 Hz, 1H), 4.46 (q, J=7.1 Hz, 2H), 4.34
(q, J=7.0 Hz, 2H), 1.47 (t, J=7.1 Hz, 3H), 1.35 (t, J=7.1
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Hz, 3H); 3C NMR (100 MHz, CDCl;) 6: 164.8, 164.1,
163.6, 153.9, 148.1, 147.0, 145.7, 140.4, 1329, 131.9,
131.6, 131.1, 131.0, 130.2, 129.5, 128.7, 127.4, 110.8,
62.0, 61.7, 14.4, 13.9; HRMS (ESI) calcd for CyH;oCl-
N;07S; [M+H]" 536.0347, found 536.0341.

2-(4- YR F IR i 55 ) - 5-(5- R FE ME Wy -2- 355 W F R 4
FEWEWY -3 4- HRIR T LWR(C22): FER T1%. G4t
&, m.p. 254~255 ‘C; '"H NMR (400 MHz, CDCl3) ¢:
12.31 (s, 1H), 8.42 (s, 1H), 7.89 (d, J=4.1 Hz, 2H), 7.87
(d, J=2.0 Hz, 1H), 7.72~7.68 (m, 2H), 7.32 (d, J=4.3
Hz, 1H), 4.47 (q, J=7.2 Hz, 2H), 439 (t, J=7.1 Hz, 2H),
1.47 (t, J=7.1 Hz, 3H), 1.39 (t, J=7.1 Hz, 3H); *C NMR
(100 MHz, CDCls) §: 164.9, 164.7, 163.2, 148.1, 146.9,
146.7, 140.4, 132.5, 130.2, 130.1, 129.5, 129.1, 128.7,
128.4, 110.3, 62.0, 61.8, 14.4, 13.9; HRMS (ESI) calcd for
CH1oBrN;05S; [M+H]" 579.9842, found 579.9833.

2-(3- YR R R fr 528 )-5-(5- i 2 M 7y -2- ) W Y S 4
FEWEWY-3,4- RIR — LFR(C23): TRER 72%. 1k,
m.p. 236~237 ‘C; 'H NMR (400 MHz, CDCl;) &: 12.25
(s, 1H), 8.40 (s, 1H), 8.14 (t, J=1.9 Hz, 1H), 7.91~7.86
(m, 2H), 7.74 (dt, J=7.9, 1.6 Hz, 1H), 7.41 (t, J=7.9 Hz,
1H), 7.31 (d, J=4.3 Hz, 1H), 4.45 (q, J=7.1 Hz, 2H), 4.37
(q, J=7.1 Hz, 2H), 1.45 (t, J=7.1 Hz, 3H), 1.37 (t, J=7.1
Hz, 3H); 3C NMR (100 MHz, CDCl;) d: 164.8, 164.7,
162.6, 153.9, 148.1, 147.0, 146.5, 140.5, 136.2, 133.3,
131.1, 130.6, 130.1, 129.6, 128.7, 125.7, 123.4, 110.5,
62.5, 59.1, 14.5, 13.9; HRMS (ESI) calcd for CyH;oBr-
N;0,S; [M+H]" 579.9842, found579.9838.

2-(2- R A R R fi 525 )-5-(5- i 2 M 7y -2- ) W Y S 4
FEWEWY-3,4- RIR — LER(C24): T7FR 73%. Ll k,
m.p. 247~248 ‘C; 'H NMR (400 MHz, CDCl;) ¢6: 11.78
(s, 1H), 8.42 (s, 1H), 7.86 (d, J=4.3 Hz, 1H), 7.68 (ddd,
J=174, 45, 1.3 Hz, 2H), 7.44 (td, J=7.5, 1.1 Hz, 1H),
7.38 (td, J=7.7, 1.7 Hz, 1H), 7.30 (d, J=4.3 Hz, 1H), 4.44
(q, J=7.1 Hz, 2H), 4.34~4.29 (m, 2H), 1.45 (t, J=7.1
Hz, 3H), 1.33 (t, J=7.1 Hz, 3H); 3C NMR (100 MHz,
CDCLy) d: 164.7, 164.6, 164.2, 153.9, 148.1, 147.1, 145.7,
140.5, 134.7, 134.3, 132.8, 130.2, 130.2, 129.6, 128.7,
127.9, 120.0, 110.8, 62.0, 61.7, 14.4, 13.5; HRMS (ESI)
caled for Cy.H;oBrN;O;S, [M+H]" 579.9842, found
579.9833.

2-(4-( =90 R A3 ) 2 P O fl s - 5-(5- i 2k W oy -2- 35 )
P S SR -3,4- R IR — L FR(C25): FRHR T6%. B
40 [H 4K, m.p. 203~205 ‘C; 'H NMR (400 MHz,
CDClLy) 6: 12.33 (s, 1H), 8.42 (s, 1H), 8.08~8.05 (m, 2H),

Chin. J. Org. Chem. 2023, 43,2543~2552



Chinese Journal of Organic Chemistry

7.89 (d, J=4.3 Hz, 1H), 7.40~7.38 (m, 2H), 7.32 (d, J=
4.3 Hz, 1H), 4.47 (d, J=7.1 Hz, 2H), 4.38 (d, J=7.2 Hz,
2H), 1.46 (d, J=7.1 Hz, 3H), 1.39 (t, J=7.1 Hz, 3H); 13C
NMR (100 MHz, CDCl;) d: 164.9, 164.7, 162.7, 153.9,
152.8, 148.0, 147.0, 146.7, 140.4, 132.2, 130.1, 129.7,
129.6, 128.7, 120.9, 120.3, 110.3, 62.0, 61.9, 14.4, 13.9;
HRMS (ESI) caled for CaxHioFsN3;OsS; [M + H] ©
586.0560, found 586.0547.

2-(3-( =9 AU ) 2R P B g i )-5-(5- i ik 1 Wy -2-
B B G A IE Wy -3,4- R — LU TR(C26): PR3 64%.
R4 E 4k, mp. 187~188 C; 'H NMR (400 MHz,
CDCls) 6: 12.33 (s, 1H), 8.42 (s, 1H), 7.91~7.86 (m, 3H),
7.60 (t, J=8.2 Hz, 1H), 7.49 (d, J=8.4 Hz, 1H), 7.33 (d,
J=43 Hz, 1H), 447 (q, J=7.1 Hz, 2H), 4.39 (q, J=17.1
Hz, 2H), 1.47 (t, J=7.1 Hz, 3H), 1.39 (t, J=7.1 Hz, 3H);
3C NMR (100 MHz, CDCl;) 6: 164.78, 164.63, 162.51,
153.94, 149.82, 149.81, 148.02, 147.08, 146.43, 140.51,
133.47, 130.69, 130.10, 129.61, 128.68, 125.43, 125.15,
120.66, 110.52, 62.03, 61.89, 14.45, 13.93; HRMS (ESI)
caled for C23H19F3N30832 [M‘}—H]+ 586.0560, found
586.0551.

2-(2-( = B FR 43R ) 2% Yk o 355 )-5-(5- i 22k 1 Wy -2-
F) My F L LRy -3,4- TR — L R(C27): TR 64%.
WO E A, mp. 236~237 C; '"H NMR (500 MHz,
CDCl3) 6: 12.29 (s, 1H), 8.44 (s, 1H), 8.10 (dd, J=7.8, 1.7
Hz, 1H), 7.89 (d, J=4.3 Hz, 1H), 7.66~7.62 (m, 1H),
7.51~7.47 (m, 1H), 7.41 (d, J=8.3 Hz, 1H), 7.32 (d, J=
4.3 Hz, 1H), 4.47 (t, J=7.1 Hz, 2H), 4.35 (t, J=7.1 Hz,
2H), 1.47 (t, J=7.1 Hz, 3H), 1.36 (t, J=7.1 Hz, 3H); 13C
NMR (125 MHz, CDCl;) d: 165.0, 164.0, 161.9, 154.1,
148.3, 147.2, 146.6, 145.8, 140.6, 134.2, 132.4, 130.4,
129.7, 128.9, 127.8, 125.6, 121.8, 119.3, 111.1, 62.2, 61.9,
14.63, 14.1; HRMS (ESI) calcd for Co3HoF3N305S, [M+
H]" 586.0560, found 586.0552.

2-(4- 5 R R FY T i R )-5-(5- i R MR 1y -2- 56 ) I
AR (L MEy -3,4- —IRIR — LR(C28): T 73%. 15
& 44, m.p. 248~249 °C; 'TH NMR (400 MHz, CDCl;)
5: 12.41 (s, 1H), 8.44 (s, 1H), 8.13 (d, J=8.1 Hz, 2H), 7.89
(d, J=4.3 Hz, 1H), 7.83 (d, J=8.2 Hz, 2H), 7.34 (d, J=
4.3 Hz, 1H), 4.46 (t, J=7.1 Hz, 2H), 4.39 (q, J=7.1 Hz,
2H), 1.48 (t, J=7.1 Hz, 3H), 1.39 (t, J=7.1 Hz, 3H); 13C
NMR (100 MHz, CDCl;) d: 164.9, 164.6, 162.8, 153.9,
147.9, 147.2, 146.4, 140.6, 134.6, 132.4, 130.1, 129.6,
128.7, 128.1, 126.2, 126.2, 110.6, 62.1, 61.9, 14.4, 13.9;
HRMS (ESI) caled for CaxHioFsN3;07S; [M + H] ©
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570.0611, found 570.0603.

2-(3-( =5 HH 25 ) o P Bk g % )-5-(5- FiF ik e iy -2- %)
P F S SR -3, 4- R TR — L FR(C29): FRE T0%. 41
B E K, m.p. 218~219 °C; 'H NMR (500 MHz, CDCls)
8:12.33 (s, 1H), 8.39 (s, 1H), 8.27 (s, 1H), 8.11 (d, J=7.8
Hz, 1H), 7.86 (dd, J=9.5, 6.2 Hz, 2H), 7.68 (t, J=7.8 Hz,
1H), 7.31 (d, J=4.3 Hz, 1H), 4.45 (q, J=7.1 Hz, 2H), 4.37
(q, J=7.1 Hz, 2H), 1.46 (t, J=7.1 Hz, 3H), 1.38 (t, J=7.1
Hz, 3H); 3C NMR (125 MHz, CDCl;) 6: 164.8, 162.6,
154.0, 148.2, 147.3, 146.5, 140.7, 132.3, 132.1, 131.8,
130.3, 130.2, 129.9, 129.9, 128.8, 125.2, 125.2, 122.5,
110.7, 62.2, 62.0, 14.6, 14.1; HRMS (ESI) calcd for
Ca3H19F3N305S; [M+H]" 570.0611, found 570.0600.

2-(2-( =5 H 25 ) 2R P B g R )-5-(5- FiF ik g iy -2- %)
P F S SR -3, 4- R TR — L FR(C30): 77 65%. B
B H 4K, m.p. 248~249 °C; 'H NMR (500 MHz, CDCl;)
5: 11.64 (s, 1H), 8.44 (s, 1H), 7.88 (d, J=4.3 Hz, 1H), 7.82
(d, J=7.1 Hz, 1H), 7.70 (q, J=3.9, 3.5 Hz, 3H), 7.32 (d,
J=4.3 Hz, 1H), 446 (d, J=7.1 Hz, 2H), 4.31 (d, J=17.1
Hz, 2H), 1.46 (t, J=7.1 Hz, 3H), 1.34 (t, J=7.1 Hz, 3H);
13C NMR (125 MHz, CDCLy) d: 164.8, 164.5, 154.2, 148.1,
147.4, 1459, 140.8, 133.0, 132.5, 131.6, 130.2, 129.9,
128.9, 128.7, 127.3, 127.2, 124.4, 122.3, 110.9, 62.2, 61.9,
14.6, 14.0; HRMS (ESI) calced for C23H19F3N3O7SZ [M+
H]" 570.0611,found 570.0604.

3.3 HYEMELE

MTT A I 40 A7 35 2 H AR D7 e Hod K
Y R 2 aE R R, BERR SRR T WL (PBS) BE— Ik, RN
WAL, B FREELZOL, BT, tHE, DUAH M )4 i
BFERERIAE 96 LA (100 pL/AL), &I, itk &4
(20 pL/AL). F—EWRIRERE, B—IRER 3 &
fL. 7£ COL M 37 CHEIFFFMNIEFE 48 h, WFFIHREFE
FE, M MTT 100 L, Fgkgis%2 h. 37 CHi¥FE 2 h
J&i, {5 MB BEFR GG E 570 nm AL 6T R {E(OD). 41
HLHRH 2 (%) =1 — 4% F1%=[1— (L 5% OD— =
OD)/(XF 41 OD— =¥ 4 OD)] X 100%, H Graphpad
Prism 8.0 &/~ # & 15 ICso.

YHHIFR: HeLa. HT-29. A549. HepG2 1 L02 4 it
A S I R Ea SRyl bt ol i | R 5 0 & 0
(DMSO). BEMLH (MTT). DMEM 159531 5 55 [H Sigma
A ] % 2 (DOX) ik H 35 [ Thermo 2 w]. X #5:
SpectraMax M5 B§bR1X(3EE Molecular Devices A #));
Lal20S M H 7RV ({8 [F Sartorius A #]); 37 CHFFH
(¥ Heraeus ‘A ).
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