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Synthesis of New Chiral y-Alkoxy-2(5H)-furanone-piperazine-
sulfonamide Compounds and Preliminary Evaluation of in Vitro
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Abstract The enantiomerically pure 5-(S)-5-alkoxy-3,4-dibromo-2(5H)-furanones were readily prepared from furfural
through a three-step sequence of bromine-promoted oxidation/acetalization of mucobromic acid with chiral (—)-menthol and
(+)-borneol/recrystallization of the resulting y-butenolides. Then the chiral y-butenolides were reacted with piperazine through
a one-pot two-step protocol combining Michael addition and elimination of hydrogen bromide, resulting in the crude
furanone-piperazines, which were further toslated with a range of sulfonyl chlorides. 12 furanone-piperazine-sulfonamide
complexs were efficiently obtained in moderate to excellent yields (45.3%~96.2%). All the new compounds were identified
by 'H NMR, *C NMR, IR and HRMS technology. The in vitro anti-tumor activities of these complexs against cervical cancer
cell lines (Hela) were evaluated by thiazolylblue (MTT) assay method. Among them, 5-(S)-5-borneolyloxy-4-(p-nitrobenzene-
sulfonamide-piperazinyl)-3-bromo-2(5H)-furanone (7k) exhibited the best inhibitory activity with an ICs, of 0.02 pmol/L,
providing a new promising lead for further development of new anti-Hela drugs.
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Figure 1 The structure of target compounds
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1 Scheme 1 fizn, S35 SCHR TP 40, DURERE My
JREL, 2. BMEAZ IR E S BT E] 5-(S)-5-F -
3,4- " IR-2(5H)-RKIRifiF(4). 4a: 77H 78.0%. m.p. 139.1~
139.3 C(CHMME 141~142 C); [aly +41.87 (¢ 1.0,
CH,CL); 4b: 7% 72.1%. m.p. 132.5~133.6 C(CCHRrE
133~134 C); [aly +20.19 (¢ 1.0, CH,Cl,).
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Scheme 1 Synthesis of compounds 4a~4b
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R* = Menthyl, R = CgHs (7a); R* = Bornyl, R = 4-CH3CgH4 (79);
R* = Menthyl, R = 4-CH3CgH,4 (7b); R* = Bornyl, R = 4-CH30CgH,4 (7h);
R* = Menthyl, R = 4-OCH3CgH, (7¢); R* = Bornyl, R = 3-CH3CgH, (7i);
R* = Menthyl, R = 3-CH3CgH, (7d); R* = Bornyl, R = I\ 7y
R*=Menthyl, R= [/ \\ _ (7e);

S R* = Bornyl, R = 4-NO,CgHy (7K);

R® = Bornyl, R = CeHs (7f); R* = Bomnyl, R = 2-NO,CgHj (71)

B2 HIERWEY Ta~T &K

Scheme 2  Synthesis of target compounds 7a~71
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R 1 RFEIREACSY Ta % Hela 40 4] %
Table 1 Growth inhibition rates of Hela cell lines with com-
pound 7a at different concentrations

-1 Inhibition rate/%
c/(pgrml ) 24h 48h 72h
3.125 3.9 54 43
6.250 16.5 30.7 19.5
12.50 14.9 18.5 9.8
25.00 25.8 18.7 13.0
50.00 21.7 25.7 39.2
100.0 24.0 40.4 51.9

2 AREREALEY Te Xt Hela 40 HNHI R
Table 2 Growth inhibition rates of Hela cell lines with com-
pound 7e at different concentrations

1 Inhibition rate/%
c/(pgeml ) 24h 48h 72h
3.125 21.1 14.7 22.1
6.250 19.0 20.4 23.5
12.50 19.9 29.1 343
25.00 27.1 31.2 43.0
50.00 33.7 38.9 45.6
100.0 48.4 44.5 61.5

B2 B 7a ARG Z50E I AR Hela QRIS AR 10 & 23
0 B

Figure 2 Morphological changes of Hela cells induced by 7a in
different intervals of time

(A) Normal Hela cells; (B) Induced by 7a, 24 h; (C) Induced by 7a, 48

h; (D) Induced by 7a, 72 h
A, Qe BTIRYR, ANMUZIB L R W, B AR
To/ME.
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Figure 3 Morphological changes of Hela cells induced by 7e in

different intervals of time
(A) Normal Hela cells; (B) Induced by 7e, 24 h; (C) Induced by 7e, 48 h;
(D) Induced by 7e, 72 h
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Table 3 In vitro anticancer activities against Hale cell lines
with compounds 7

ICso/(umolL ™)

Compound 24h 48h 72h
K HH 0.67 0.58 0.54
7a 0.20 0.18 0.14
Te 0.14 0.11 0.06
i 0.27 0.13 0.08
7g 0.20 0.10 0.06
7h 0.06 0.09 0.04
7i 0.14 0.08 0.07
7j 0.14 0.14 0.06
7k 0.02 0.05 0.05
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MR R, ZR A NESE Hela 40 HA
PSS YE, B/ ICso (N 0.02 pmol/L, HAH
TERI LA, BRI, B 70 K Feg A 547 -5 IR W AR G
fTAEAk, CALEH RZRUA T iz I PUE s R
R B X, AR DR R A,

3 X
3.1 U5

X-24 B B SACRE AR IE), b
A H IR AT, SGW-2 HENRIGAN, FRE %R =2
H IR\ #]; Bruker Avance 400 MHz ¥R 3ARA(TMS Ny
M #%, CDCly ¥ 7); API QSTAR Pulsar K47 [A] 54>
PG (EST); {H57H FTIR-8400S 4T 414, KBr
JE A FEEMT RS 200~300 H, # 22 HEE M
GFasy, T S FEAL T A7, e W38 T & 7 #r
afi, g R AT T VR B

HP400GS % 6 N T CO, Sk K 32 48 B 5 X
(Opsys MR, Dynex Techonlogy, USA); {38 B #E(H A
Olympus A 7] CKX41 ), N3 Hela 40 bk, 2
K2 [ i 2R A W Lk O R R I B (Trypsin, 1:250),
B Z R AL ) B EARGBR A 7], RPMI-1640 55775,
2 [H Gibico BRL A Al; a1y, HiM Pl AEY) TR
MR R AT, KEBL, TN 2H 2524 7], DMSO
HFEE Amresco 2 FBECIE 2, MTT(MEMEE), 3
Sigma A 7]; PBS (pH=7.4 M FRZE /A ).
32 Am
3.2.1  5-(S)-5-4% £ A -4- 9k 2k H 332 -2(5H)- ok v BR
(5)89 & Al ok

A R TEKIRIE(0.26 g, 3.0 mmol)iaT 20
mL P ZE R R, REESERAS T, RKmA
= Z,J%(0.4 mL, 3.0 mmol)Fl{k &4 4 (2.0 mmol), TLC ¥
W S SERUE, P s —, AR A B AR IR
SN A KR, TOKRBREE T, R IRSE S
Fif b &4 5 kL= iR & s sk, HEERT 5
VL.
322 S5 AM-A- (BB Ik E K)-3-18 -2(5H)-"k
BA(Ta~ 7189 & nk il %

FIAMT, ¥ LRSS S B s T 25
mL TR & H G, SRER I = 4 1#(0.4 mL, 3.0
mmol) M 50(2.5 mmol), TLC WMl [ B, J 5 45 o e
I 10 mL & EE, A VUK BARIRE. 1
I SRS, ToKIRBREE T, WUR R4 5,
FE A RERAE BT m alith, 13 HARMLEY) Ta~T1.

5-(8)-5-(1- i % FE )-4-( 2K Tk Tk % — Wik W 5k )-3- IR -
2(5H)-WkMR i (7a): AL 1 h, FEENTVCARES) @ (&
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R olR) =4 11FEHEHMR, =% 83.0%. mp. 174~
1757C; [a]y —8.74 (¢ 1.0, CH,Cl,); "H NMR (400 MHz,
CDCLy) ¢: 0.73 (d, J=6.8 Hz, 3H), 0.78~0.93 (m, 8H),
0.96~1.08 (m, 1H), 1.21~1.34 (m, 2H), 1.61~1.66 (m,
2H), 1.95~1.99 (m, 1H), 2.15 (d, J=12.4 Hz, 1H), 3.09
(t, J=5.0 Hz, 4H), 3.47~3.54 (m, 1H), 3.77 (d, J=2.4
Hz, 4H), 5.73 (s, 1H), 7.55~7.59 (m, 2H), 7.63~7.67 (m,
1H), 7.73~7.75 (m, 2H); *C NMR (100 MHz, CDCl;) §:
15.65, 21.03, 22.07, 22.57, 25.06, 31.51, 33.71, 42.30,
45.62, 46.84, 47.59, 75.61, 80.95, 97.94, 127.60, 129.30,
133.40, 134.79, 157.07, 167.90; IR (KBr) v: 2954~2868,
1756, 1627, 1447, 1340, 1171, 1116, 964, 740, 579 cm ',
HRMS caled for C,4H3:BrN,OsS [M+H]" 541.1372,
found 541.1377.

5-(8)-5-(I- s S HE )-4-(ORT FF 25 23 ik Pk 1 — W 1 i )-3-
IR-2(5H)-MREEA(Tb): [ 1 h, FEENT[VCA ME)
VIR GTE)=4 118 ABKRK, 7% 79.4%. mp.
105~106 C; [a]ly —3.73 (¢ 1.0, CH,Cl); '"H NMR
(400 MHz, CDCl5) 6: 0.74 (d, J=6.8 Hz, 3H), 0.79~0.98
(m, 8H), 1.00~1.10 (m, 1H), 1.19~1.35 (m, 2H), 1.62~
1.68 (m, 2H), 1.96~2.00 (m, 1H), 2.16 (d, J=12.4 Hz,
1H), 2.45 (s, 3H), 3.06~3.09 (m, 4H), 3.45~3.53 (m,
1H), 3.78 (t, J=4.6 Hz, 4H), 5.72 (s, 1H), 7.37 (d, J=8.0
Hz, 2H), 7.63 (d, J=8.0 Hz, 2H); *C NMR (100 MHz,
CDCLy) d: 21.48, 15.63, 21.01, 22.04, 22.58, 25.07, 31.53,
33.72, 42.32, 45.66, 46.84, 47.79, 75.63, 80.93, 97.90,
127.67, 129.91, 131.65, 144.42, 156.99, 167.88; IR (KBr)
v 2954~2869, 1761 ~1751, 1627, 1458, 1340, 1167,
1115, 964, 726, 549 cmfl; HRMS calcd for C,sH;sBr-
N,OsS [M-+H]" 555.1528, found 555.1528.

5-(8)-5-(1- i S B )-4-(OF A R O i I8 i — IR R
5)-3-1R-2(SH)-WL Wl (Te): B 40 min, #ENT[VCA
WER) © SRR CER)=4 D 113 HOHR, 7% 72.0%.
m.p. 96~97 C; [aly —5.64 (¢ 1.0, CH,CL,); '"H NMR
(400 MHz, CDCl5) 6: 0.73 (d, J=6.8 Hz, 3H), 0.76~0.97
(m, 8H), 1.00~1.08 (m, 1H), 1.21~1.36 (m, 2H), 1.62~
1.66 (m, 2H), 1.96~2.00 (m, 1H), 2.15 (d, J=12.8 Hz,
1H), 3.05 (t, J=4.8 Hz, 4H), 3.47~3.52 (m, 1H), 3.75~
3.79 (m, 4H), 3.87 (s, 3H), 5.73 (s, 1H), 7.01 (d, J=8.8
Hz, 2H), 7.66 (d, J=8.8 Hz, 2H); *C NMR (100 MHz,
CDCLy) d: 15.74, 21.14, 22.15, 22.67, 25.15, 31.61, 33.81,
42.40, 45.75, 46.92, 48.05, 55.71, 75.61, 81.02, 98.02,
114.55, 126.17, 129.88, 157.12, 163.54, 168.03; IR (KBr)
v: 2954~2869, 1756, 1626, 1341, 1285, 1257, 1163, 965,
730, 558 cm™'; HRMS calcd for C,sH3sBrN,OgS [M+H]"

Chin. J. Org. Chem. 2015, 35, 439~445
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571.1477, found 571.1481.

5-(8)-5-(1- it 5 F5 )-4-( [1) FFF 22 O ik Tk e — W Vg 2 )-3-
IR-2(SH)-WRWG I (7d): JBL 2 h, #EET[VCA )
NIRRT =6 1 111 AHEKRK, % 96.2%. m.p.
192~194°C; [a]y —5.38 (¢ 1.0, CH,CL,); "H NMR (400
MHz, CDCl;) 0: 0.69 (d, J=6.8 Hz, 3H), 0.74~0.92 (m,
8H), 0.93~0.99 (m, 1H), 1.02~1.30 (m, 2H), 1.58~1.62
(m, 2H), 1.93~1.96 (m, 1H), 2.12 (d, J=12.4 Hz, 1H),
2.40 (s, 3H), 3.05 (t, J=4.8 Hz, 4H), 3.45~3.52 (m, 1H),
3.69~3.77 (m, 4H), 5.73 (s, 1H), 7.40 (d, J=2.4 Hz, 2H),
7.49 (d, J=4.4 Hz, 2H); C NMR (100 MHz, CDCl;) ¢:
15.72, 21.12, 21.42, 22.17, 22.63, 25.06, 31.55, 33.80,
42.35, 45.71, 46.91, 48.01, 75.40, 81.06, 98.08, 124.87,
127.94, 129.21, 134.29, 134.61, 139.69, 157.26, 168.09; IR
(KBr) v: 2955, 2869, 1756, 1627, 1456, 1342, 1254, 1159,
985, 730, 582 cm '; HRMS caled for C,sH;sBrN,OsS
[M+H]" 555.1528, found 555.1531.

5-(8)-5-(I- A HE )-4- (W Wy -2 il Pt e — R Vg 5 )-3- YR -
2(5H)-MRIR(Te): [ 1.5 h, FEEM[VATMER @ (2
RO =4 118 EHRK, % 92.0%. mp. 96~
98 C; [a]y —3.14 (c 1.0, CH,Cl,); '"H NMR (400 MHz,
CDCly) 6: 0.74 (d, J=6.8 Hz, 3H) 0.76~0.97 (m, 8H),
0.98~1.18 (m, 1H), 1.23~1.35 (m, 2H), 1.62~1.67 (m,
2H), 1.98~2.07 (m, 1H), 2.17 (d, J=12.4 Hz, 1H), 3.15
(t, J=4.8 Hz, 4H), 3.49~3.56 (m, 1H), 3.79~3.82 (m,
4H), 5.75 (s, 1H,), 7.17~7.20 (m, 1H), 7.55~7.56 (m,
1H), 7.67~7.69 (m, 1H); *C NMR (100 MHz, CDCl;) ¢:
15.74, 21.15, 22.17, 22.68, 25.20, 31.63, 33.82, 42.42,
45.75, 46.82, 48.07, 75.96, 81.13, 98.06, 128.05, 133.0,
133.05, 135.01, 157.13, 167.98; IR (KBr) v: 3095, 2955~
2869, 1755, 1625, 1456, 1418, 1358, 1254, 1167, 1115,
965, 727, 580 cm '; HRMS caled for C,H;BrN,OsS,
[M+H]" 547.0936, found 547.0933.

5-(S)-5- UK i BA Bk -4-( 2K ik T i - R R A )-3- 3 -
2(SH)-FRIGER(TE): B 1 h, AEEFT[ VA ME) @ WL
CER)=4 T 11FA KA, 7% 81.2%. mp. 188~
189 C; [a]y +18.67 (¢ 1.0, CH,CL); '"H NMR (400
MHz, CDCl;) d: 0.80~0.85 (m, 9H), 1.14~1.25 (m, 3H),
1.60~1.70 (m, 3H), 2.19~2.25 (m, 1H), 3.08~3.16 (m,
4H), 3.75~3.92 (m, 5H), 5.64 (s, 1H), 7.55~7.59 (m,
2H), 7.64~7.68 (m, 1H), 7.74~7.76 (m, 2H); *C NMR
(100 MHz, CDCl3) 0: 14.19, 18.76, 19.59, 26.57, 27.92,
37.20, 44.78, 45.93, 47.03, 47.58, 49.37, 75.17, 87.92,
99.20, 127.67, 129.40, 133.47, 135.02, 156.64, 168.00; IR
(KBr) v: 2953, 1757, 1628, 1449, 1355, 1256, 1172, 1121,
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966, 740, 577 cm_'; HRMS caled for CpHsBrN,OsS
[M+H]" 539.1215, found 539.1216.

5-(S)-5- VK J 48 = -4-ORt Y 5 2R i T fig - R e 2 )-3-
R-2(5SH)-WE g (7g): R 1 h, AHEEHT V(A B
MR CER)=4 1 1113 AR, =% 79.0%. m.p. 97~
98°C; [aly +9.54 (¢ 1.0, CH,ClL,); '"H NMR (400 MHz,
CDCLy) 6: 0.79~0.85 (m, 9H), 1.13~1.25 (m, 3H),
1.62~1.72 (m, 3H), 2.18~2.25 (m, 1H), 2.45 (s, 3H) 3.09
(t, J=4.8 Hz, 4H), 3.76~3.91 (m, 5H), 5.64 (s, 1H), 7.36
(d, J=8.0 Hz, 2H), 7.62 (d, J=8.4 Hz, 2H); “C NMR
(100 MHz, CDCl;) §: 14.20, 18.77, 19.60, 21.60, 26.60,
27.91, 37.22, 44.80, 45.97, 47.05, 47.59, 49.38, 75.41,
87.75, 99.22, 127.75, 130.03, 131.89, 144.48, 156.62,
168.02; IR (KBr) v: 3053, 2953, 1757, 1628, 1452, 1349,
1285, 1167, 966, 819, 549 cm™'; HRMS calcd for CosHis-
BrN,OsS [M+H]" 553.1372, found 553.1375.

5-(8)-5-UK S FHk-4-Onf FF AU 25 DR I e — R P 2 )-3-
IR -2(5H)- Wk R Fifl (Th): R 0.5 h, A AT V(A i
BK) © (CBR CTR) =6 13 HTRR, 7% 73.6%. m.p.
94~96 °C; [a]y +13.33 (¢ 1.0, CH,Cl,); 'H NMR (400
MHz, CDCl;) d: 0.80~0.85 (m, 9H), 1.13~1.24 (m, 3H),
1.63~1.71 (m, 3H), 2.16~2.22 (m, 1H), 3.09 (t, J=8.4
Hz, 4H), 3.76~3.91 (m, 8H), 5.64 (s, 1H), 7.01 (d, J=8.8
Hz, 2H), 7.68 (d, J=8.8 Hz, 2H); *C NMR (100 MHz,
CDCly) d: 14.20, 18.76, 19.59, 26.60, 27.92, 37.22, 44.79,
4598, 47.03, 47.59, 49.38, 55.71, 75.0, 87.74, 99.23,
114.57, 126.33, 129.87, 163.52, 156.64, 168.06; IR (KBr)
v: 2953, 1757, 1624, 1498, 1348, 1258, 1163, 1118, 966,
729, 558 cm™'; HRMS caled for C,sH33BrN,O6S [M+H]"
569.1321, found 569.1324.

5-(S)-5- UK 7 58 ik -4-( A1) HH 25k 2 i 1 e — VIR Vg 2% )-3-
R-2(5H)-WRIR B (7i): B 2 h, AT VA ) :
N LT =6 1113 ABKE, %K 73.5%. mp.
188~190 C; [a]y +17.48 (¢ 1.0, CH,CL); 'H NMR
(400 MHz, CDCl5) 6: 0.75~0.80 (m, 9H), 1.10~1.22 (m,
3H), 1.58~1.66 (m, 3H), 2.14~2.18 (m, 1H), 2.40 (s,
3H), 3.03~3.08 (m, 4H), 3.71~3.89 (m, 5H), 5.67 (s,
1H), 7.40 (d, J=5.2 Hz, 2H), 7.49 (d, J=4.0 Hz, 2H); °C
NMR (100 MHz, CDCly) 0: 14.13, 18.75, 19.58, 21.40,
26.51, 27.91, 37.15, 44.76, 45.95, 47.00, 47.53, 49.33,
74.73, 87.59, 99.22, 124.85, 127.90, 129.22, 134.27,
134.72, 139.66, 156.77, 168.12; IR (KBr) v: 2953, 1756,
1627, 1458, 1349, 1286, 1168, 966, 728, 582 cm™'; HRMS
caled for C,sH3;BrN,OsS [M 4+ H] " 553.1372, found
553.1368.
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5-(8)-5-UK F 8 5 -4-(E Wy -2 - Tl ok e — IR 1 326 )-3- Y1 -
2(SH)-PRIFERR(7)): KB 1.5 h, AEZHT[VCAME) @ (2
ROl =4 11FEH MR, % 87.5%. mp. 106~
108 °C; [a]y +21.03 (¢ 1.0, CH,Cl,); '"H NMR (400
MHz, CDCl;) d: 0.80~0.85 (m, 9H), 1.13~1.25 (m, 3H),
1.63~1.73 (m, 3H), 2.20~2.27 (m, 1H), 3.13~3.22 (m,
4H), 3.78~3.93 (m, 5H), 5.67 (s, 1H), 7.19 (t, J=4.4 Hz,
1H), 7.56 (d, J=4.0 Hz, 1H), 7.68 (d, J=5.2 Hz, 1H); °C
NMR (100 MHz, CDCLy) d: 14.22, 18.76, 19.59, 26.60,
27.95, 37.24, 44.80, 45.97, 46.90, 47.60, 49.40, 75.35,
87.84, 99.24, 128.03, 132.98, 133.02, 135.12, 156.62,
167.98; IR (KBr) v: 3095, 2953, 1756, 1623, 1458, 1358,
1256, 1168, 1122, 966, 725, 580 cm '; HRMS calcd for
CHpoBrN,05S, [M+H]" 545.0780, found 545.0782.

5-(S)-5- VK P 48 J5 -4- (KT i 25 24 il T i — IR 1 % )-3-
TR-2(5H)-FRIGEA (7Tk): B2 4 h, #EZE [ VA )
NIRGTE)=4  11BAGBKK, %% 60.5%. m.p.
233~234 °C; [a]y +8.00 (¢ 1.0, CH,CL,); "H NMR (400
MHz, CDCl;) d: 0.79~0.86 (m, 9H), 1.12~1.27 (m, 3H),
1.55~1.75 (m, 3H), 2.19~2.27 (m, 1H), 3.20 (s, 4H),
3.79~3.92 (m, 5H), 5.65 (s, 1H), 7.95 (d, J=8.8 Hz, 2H),
8.42 (d, J=8.8 Hz, 2H); *C NMR (100 MHz, CDCl;) o:
14.30, 18.76, 19.58, 26.67, 27.91, 37.25, 44.77, 45.87,
47.04, 47.62, 49.40, 75.88, 87.91, 99.22, 124.68, 128.89,
141.24, 150.56, 156.45, 167.76; IR (KBr) v: 2954, 1757,
1628, 1532, 1349, 1256, 1171, 966, 742, 600 cm ™ '; HRMS
caled for ChHiBrN;O,S [M+H] " 584.1066, found
584.1066.

5-(S)-5- VK 48 J5 -4- (418 i 25 24 il T i — IR 1 % )-3-
IR -2(5H)- WE W R (T): B4 h, £ JE AT V(A
k) © (IR CT8)=3 : 1]f3ERR, 7% 45.3%. m.p.
103~105 °C; [a]¥ +6.08 (¢ 1.0, CH,CL,); "H NMR (400
MHz, CDCl;) d: 0.80~0.87 (m, 9H), 1.17~1.27 (m, 3H),
1.63~1.79 (m, 3H), 2.22~2.28 (m, 1H), 3.45 (d, J=14.8
Hz, 4H), 3.75~3.95 (m, 5H), 5.70 (s, 1H), 7.65~7.67 (m,
1H), 7.71~7.79 (m, 2H), 7.98~8.00 (m, 1H); *C NMR
(100 MHz, CDCl3) 8: 14.23, 18.79, 19.60, 26.58, 27.97,
37.25, 44.82, 45.81, 47.40, 47.60, 49.42, 75.39, 87.90,
99.35, 124.38, 130.70, 131.06, 131.89, 134.34, 148.35,
156.75, 168.06; IR (KBr) v: 2954, 1756, 1627, 1546, 1372,
1127, 967, 748, 578 cm '; HRMS caled for C,,HsoBr-
N;0,S [M+H]" 606.0886, found 606.0888.

3.3 &M E I E MR
BOS B KA N B3 Hela 04 0.25%0 5K
FIBE T 10 J5 3 5 W FT R AT i ik, FH RPMI-1640 £5 5%
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K R 0 TR B IR T N 1X10* AN/mL, BAEESL 100
ul M T 96 fLEFFEMRH, 7E 37 C. 5% CO, 1
HP400GS & fig A T. CO, St sifarh 75595 24 h. 54100
WEEAE K RAF 24 h 5, R, SRRl
AN A FE (3.125, 6.250, 12.50, 25.00, 50.00, 100.0
ngemL YVEAEY 7 BIERWS 10 uL. FIRFEE® 5 ANF
TEEIL, FRREA DMSO AR & 2545 9%
B AXELL, T 37 C. 5% CO, I F- 56 N 4k B35
FE. o RIEEIR 24, 48, 72h 5, I LTEWR, BN MTT
(2 mgemL " in PBS) 20 uL, 4k4:555% 4 h )5, WS
e HFEFLINA 150 uL DMSO, F73% 10 min {3 5 48 (045 i
W7 )5, T 490 nm AbF BEFRACI E 25 FLAE A I
JEIEAE (Aago), B 5 FLFIA1H.

4 Bh#4 &l (Supporting Information) FT 5 L & W1
'H NMR Al °C NMR B, X SRR AT B 6 2 AT
I 3t (http://sioc-journal.cn/) I N #K.
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