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CRREML R T SR R 210037)

(¢ T EAROL R ZE ARl B U5 oon TR B R0 R0 B AT 210037)

WE  USINAT AR N JFRL, G456 RS RN, ARl T 22 A REN i R EME 2R Ak A9, SR TH NMR. °C
NMR. HR-MS 2550 PP s ST RAE, HOFR T e 1IPTE TG, 45 R, AN R EUA 528 110 455 ik i 5 1 P
FA A RIB A R FIPUEA TR, For (2-(2-(4-(4-FUAE IR 25 WE -2 - ) I R 25 )-7,7- — FI B OUER[2.2. 1] B - 1- 55 F T 7%
Q19T 1,1- - FE I 2- = R4 ILHE W (DPPH) H H1FEM) ICso M ATIER] 176 pmol/L, (2-(2-(4-(4-F5 45 55 ) e k-2 JL) ¥ JiF
H8)-7,7- Z FHENOR[2.2.1] 5% - 1-25) A TR (Q3) TH Bk 2,2-BE 58— (3- L k2R e k-6 TR — 4 2i(ABTS) H HH 21 1Cso fH
TA[IEE] 20.6 umol/L, (E)-(7,7-—H 3E-2-(2-(4-(3- F 2R 5 ) e M2 -5 37 JF 38 ) SUFAR[2.2.115F-1-38 ) F R R (Q8) X+ ¥ 3k | ph 3
HIHBRZEAIEE] 66.2%, (2-(2-(4-(4-TR R IE) ML -2- )P A JE)-7,7- — F B0 2.2.1] B8-1-2%) R RS R (Q20) 71 & it 5 B HH
FI) ICso (L vIEF] 20.7 pmol/L, HJiBid BHPEXT IR trolox MIPTEALIGE. (2-(2-(4-(2-F& IR Ik ek 2 3) W ik 3E)-7,7-
TOHEEUIN[2.2. 1158 -1- 25 ) FR B R (Q16) 311 1) i U BRI 1) TC 50 (LT IK 154.9 pmol/L, A BH P o HEL AT St s i e 56
WEME R AL A P T AT T IR %R,
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Abstract A series of camphorsulfonic acid thiazolylhydrazone derivatives were synthesized by using camphorsulfonic acid
derivated from natural camphor as the starting material in three steps, including condensation with aminothiourea and
cyclization with bromoacetophenone. Their structures were characterized by '"H NMR, *C NMR and HR-MS, and their
antioxidant activities were also investigated. The results showed that these compounds had good antioxidant activities com-
pared with the positive control trolox. Among of them, (2-(2-(4-(4-cyanophenyl)thiazol-2-yl)indenyl)-7,7-dimethylbicyclo-
[2.2.1]hept-1-yl)methanesulfonic acid (Q19) exhibited the relatively strong 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical
scavenging activity with 1Csy value of 176 pmol/L, (2-(2-(4-(4-fluorophenyl)thiazol-2-yl)hydrazino)-7,7-dimethylbicyclo-
[2.2.1]hept-1-yl)methanesulfonic acid (Q3) exhibited the relatively strong diammonium 2,2'-azino-bis(3-ethylbenzothiazoline-
6-sulfonate) (ABTS) radical scavenging activity with ICs, value of 20.6 pumol/L, (E)-(7,7-dimethyl-2-(2-(4-(3-methyl)-thiazol-
2-yl)indenyl)bicyclo[2.2.1]hept-1-yl)-sulfonic acid (Q8) exhibited the strong hydroxyl radical scavenging activity with scav-
enge rate 66.2%, (2-(2-(4-(4-biphenyl)thiazol-2-yl)indenyl)-7,7-dimethylbicyclo[2.2.1]hept-1-yl)methane-sulfonic acid (Q20)
exhibited the relatively strong superoxide radical scavenging activity with ICs, value of 20.7 pumol/L. Compared with the posi-
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tive control kojic acid, (2-(2-(4-(2-hydroxyphenyl)thiazol-2-yl)arylene)-7,7-dimethylbicyclo[2.2.1]hept-1-yl)methanesulfonic
acid (Q16) exhibited remarkable tyrosinase inhibitory activity with ICsy value of 154.9 umol/L. It was known from the struc-
ture-activity relationship that the structure of R gave great influence on the activities of thiazolylhydrazone derivatives.
Keywords camphorsulfonic acid; thiazolylhydrazone; antioxidant activity

A e s, AR IE SR — R A
HERE, B R A AE U N A 2222 J7 TR 4G B AR
M. BERREAA PR —FoRE i, BRkE
ATy e it A I 1AL 2 &AL 53— oA Z AL, R
Ak, B RSO DR K 5 ZE BH O T i AR ARG,
) EH A 1 S (R B K A I i B 4, Tﬁﬂ‘]ft
Bz R4 b 2 15 S S A LY, S R B R R
FIBiAT DNA &8 K7r T i s, i SE8vr218 ﬁfﬁ?
e, BIAnsS e BKAEAL . BEIRME . e O U A
2 RGUIRAT T, WP 7K 2K ¥ ERIE (Alzheimer’s dis-
ease, AD)5 I M i S (Vascular dementia, Va D)%%,
AN, B R AL 2 R N AN PRI JE R Bl
S kB Rk, R WL PR LA
FCARF FATT B A S 7 ).

AR, RTHEAFIRIWE AR 2, X R
WS SR 46 BT TR T AT A . Amorati 2P EL
T —Fh AR RS RS W, R TR Y SR R A R 1
KRB g AL, (H T3 G R R, RSBt
SRR FITE R N 2 BRI BR 1. Lin ZUOSR A #uk
PREGEAS B — MR HE, B p-H s 2
FREBECELFR R AT NS . RILME. . KW, Phi
B BN, SKERRHA, A NN A B & B A
A BT ERRBE /1. Didem 25 E 7 — PSS 1L
GV, BRI T REF AR BRBED S, XA RUR
R B UF AN EIE . Ak, 7R RRE DI,
W BRI B B AR e R L SRR g DAHRIE B H 2 S
1) 8 A LR R AE BT ) AR D0 PR TR Ut
WHGE 2,2 -BRER(3- LI I8 FFE ML bk-6-fid 1) — i 58
(ABTS) [ Hi 3L BR A A1, 1.1- - 2- 3 kL (DPPH)
H S BRAE ™, 1 H L bR (Peroxyl Radical
Scavenging Capacity, PSC)5246!" L & Fenton & WM
U] 7B AL 1 38 JER B 77 R AT W e Ji SR Ak 5 W ) B AR
AT, (o P e I ) 400 At 2 SR U ORDR A Ab B  d
A RECSCR B9855, JHEE DL BT 25 S Akt i
R R SR AL .

PR & — ORI s 2R o, FAT R 3K
MR BEIREZFAEYEE, JUMEZDSk—BENH T
R ) DL AL SR e 2, 450 22 ks FLdb AT ek, B
%?U@nﬁ'zﬂﬂi R A2 TN, W BRI

I AR BRI DL TR 45 22 7 T ) AR
ﬂiﬂél:ﬂmﬂﬁj A AR HICAEAAIR, 2% WA
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FREEI A ERR A HE SR (1) 254, MERERAL A TE IS i E
[22]\ Emlgi[%]‘ %{E“[M] *iﬁ/\?u;“[%]‘ ga@y&[ﬂ’]‘
RARAER HIV B8 DI R i AR POV s ¥ 97 7 Th R A%
TEBNER. AR eI, DAMEMEERAE
MRS CL 2 B 2 0 oL G R
BTEATE RIS, AR SC LA R SRR BN AT AR A i it
BN e SAEYD, 45 A2 T B 0 AR SR Ak T,
SHEE MO, BB T 22 ANHT L AR i R
FEEM LAY, KA 'TH NMR. C NMR. HRMS
LTI HAE BT RAE, BT T WEMR RS A BT
AATENE. SRR, (AWML 7RI R 1
s, K& Q19 ks DPPH H HiZEH)
ICso {HPIIA %] 176 pumol/L, L5 Q3 HER ABTS HH
1) 1Cso [E TT3X 20.6 pmol/L, &4 Q8 X Fa%E H %
FITH BRI E] 66.2%, A0 Q20 BRI E H HIEH
ICs {E 7J3A 20.7 pmol/L, 437t trolox FHTEALIE 1.
&% Q16 HIii| EE R EREEN 1Cso (EFIIA 154.9 pmol/L,
AT T B X R R

SO;H zN

3 03H
CHzBr
ethanol reflux NH2 ethanol water, . t.
SO;H
3 ’\,l’\g
N As
H

Q1 ~ Q22

Q1: R = 2-FCgHs, Q2: R = 3-FC¢Hs, Q3: R = 4-FCeH4, Q4: R =
2-CICgH4, @5: R = 3-CICgH,, Q6: R = 4-CICgH4, Q7: R = 2-CH3CgH,
Q8: R = 3-CH3CgH4, Q9: R = 4-CH3C¢H4, Q10: R = 2-CH30CgHs,
Q11: R = 3-CH30C¢H,, Q12: R = 4-CH30CgH4, Q13: R = 2-O;N-
CeHs, Q14: R = 3-O,NCgHs4, Q15: R = 4-O,NCgH,, Q16: R = 2-HO-
CeHs, Q17: R = 3-HOCgH4, Q18: R = 4-HOCgH,4, Q19: R = 4-CN-
CeHs, Q20: R = 4-C¢HsCgH4, Q21: R = 2-C4oH7, Q22: R = CgHs

B 1 R MR SR AT A ) & K

Scheme 1 Synthesis of camphorsulfonic acid thiazolylhydra-
zone derivatives Q1~Q22
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FEHAN PR N4 & Hantzeh R e . A it g
(D) SR EEGRIRGE & 13 a4k 2, Fiak 2 58K
B HEAT IR A e i 254k &9 Q1~Q22. it 'H
NMR, "*C NMR, HRMS £/ H btk &Hr45H. 5l
i Q1 f1 '"H NMR 7 Hr4E %M, 750 7.23~7.96 AW
S BINF 55 5T T A BRI ATOUE, E 5 7.19 Ab R T e
MEER E IR U, Q1 () *C NMR SR 75 iR (I E o
108.86~161.02 4b, H.5116.53, 129.22 A1 161.02 &AEA(E
WREILHEIE, 0 108.70, 164.3 F1 170.60 Abf I 25 B T 188
L3N P i
1.2 mEMNEM

A7 Q1~Q22 HIPTAMIEHENAEIE WK 1. B
T 1EGE TR, LAY 2 168N TR 34 R B B 5
MPLEAIE P, RUIATAEAL 5 IR e e iR 45 R X LB
Q1~Q22 A IE ERE % v MERITEA. Q14, Q1 Al
Q19 =/MLAEYI/ETH R DPPH H 2 5 R I 2 2 1
W, A Q19 HITE AR, FHEFR DPPH H HEM
ICso 1B~ 176.0 pmol/L, R 558 T~ BH X B trolox (1) ICs,
fH 320.2 pumol/L. 7EJHFR ABTS [ H3EJ5H, MEMEREE
B K Z BRI R UF I3 1, R AR T B X R
trolox ] ICso i 65.49 pumol/L, H: Q3 HIiE M fxsd, H

HER ABTS H R ICs fH M 20.61 umol/L, £ ARHM:
YR trolox [1] 3.18 £, TEVHIRIT S E AT, KZHL
BRI T8 s, Horh Q20 R I 1T iR
HINEE, B ICso B9 20.7 pmol/L, i 72 g BA 2 %)
trolox [ 6.76 1. L4 Q16 M % ZUBL 1) ICso {H 7]
ik 154.9 pmol/L, AR BHPEXT B AR, mEme izt &
YIXTEREE HEMERRRE R ILE 1, Q1, Q2, Q4, Q8
A Q13 R BLHAR T FH M XTI trolox HIPLAMIENE. JC
HoE Q8, XFRHE H LT R RIS 66.2%.
1.3 &5 DPPH B HEM K NI

BEME IR XS DPPH  H HH 2 1 BR i 1 5 3 2 e
NH MR AAEA K, %0 BA At EE 7 DAY
¥ DPPH H H13L A 6E /18B8. I 2 Fros, miz 449.1021 K
LAY Q15 Il i 725 7%, m/z 394.0849 4 DPPH H
FH 245 B — ANl J5 0 7 5 0%, m/z 226.0011 1]
fe/& DPPH H B AR 71 g, Hosaalk
Kok W R LAY Q15 5 DPPH A1 EHINANIK) 41
g K] S N i T R ME P i AL A 0% DPPHL | F
[T BR AL O] B8 2 0 75645, R ML Scheme 2
Fis.

£1 LB Q1~Q22 BTG
Tablel Antioxidant activity of compounds Q1~Q22

1Cso/(umoleL ")

Compound R -
DPPH ABTS PSC Tyrosinase
2 — >1000 >100 >200 >1000

Q1 2-FC¢H,4 >1000 29.4+0.1 105.84+0.2 >1000
Q2 3-FC¢H,4 >1000 26.440.1 66.5+0.1 264.5+0.3
Q3 4-FCg¢H,4 >1000 20.640.1 47.140.1 308.0+0.4
Q4 2-CIC¢H, 506.0+0.1 34.7£0.1 145.740.2 >1000
Q5 3-CIC¢H, 526.310.2 28.610.1 64.2+0.1 266.4+0.2
Q6 4-CIC4H, 845.740.5 29.9+0.1 53.440.1 317.440.3
Q7 2-CH;C¢H, 702.61+0.4 33.64+0.1 59.7%0.1 >1000
Q8 3-CH;C4H, >1000 >100 >200 675.19£0.5
Q9 4-CH;C¢H, 353.940.2 33.240.1 66.2+0.1 >1000
Q10 2-CH;0C¢H, 476.5+0.2 29.4+0.1 30.640.1 >1000
Q11 3-CH;0C4H, 749.7+0.2 24.8+0.1 71.2+0.1 >1000
Q12 4-CH;0C¢H, >1000 >100 64.0+0.1 >1000
Q13 2-NO,C4¢H,4 4143+0.1 29.9+0.1 144.440.2 >1000
Q14 3-NO,CeHy 298.240.2 26.940.1 52.6%0.1 455.84+0.3
Q15 4-NO,C¢H, 283.440.1 31.14+0.1 80.9+0.1 >1000
Q16 2-HOC¢H, 458.5+0.1 30.2+0.1 41.7%0.1 154.940.1
Q17 3-HOC¢H, 335.940.1 242+0.1 44.940.1 323.440.2
Q18 4-HOCgH, 822.2+0.4 43.940.1 >200 372.41%0.2
Q19 4-CNC¢H, 176.0%0.1 32.040.1 >200 >1000
Q20 4-C¢HsCeH, >1000 43.84+0.1 20.740.1 >1000
Q21 2-CoH; 437.6%+0.1 43.1£0.1 61.8+0.1 >1000
Q22 C¢Hs 474.84+0.2 28.840.1 111.0£0.1 >1000

Trolox 320.240.1 65.510.1 139.9 —

Kojic acid — — — 218.6+0.1
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Figurel Scavenging activity of compounds Q1~Q22 and
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Figure 2 Mass spectra of the reaction of compound Q15 with
DPPH free radical

1.4 MEMMREENERIIES

AFTESN, 4545 R E RRmAmEnsz—, %
Trolox(ZK ¥ M 4E2E R E)ME NHT AL 5256 1 BH M X6t 8 DL
THE A DT A5 o Tk R 1 s s 2R AL B P R L A AT 1. R
WL E BIE. DPPH Hii3E. ABTS H iR AIE4A

| 471.0847
-

FA 7 A AR F T 17 ARl TR M A % 1 0 A v
Y. RGP I UM E iSRRI R e TR IR, 2k
W AR JE A 5 ) AT AAE AR 259K B R (o Y 35 [ TR
iE e, RGP BT E RS R AT
.

AR B R U A R SR A 5 P ) L SR AL BT RE Z LR T
Sy AU DRSS (1) EAE BRI TR, Al K
ISR ] T MEMEER AL &% DPPH B B2 A BT 1
HERIEM, HEPUARE 1 5 AP & 3 IR,
454 DPPH 1SRRI B 1, wT DASHEIN LA FHLER AT
AE W M JE S W) Jo 3 I o 1 AR ELERR BR A b 2
(2B L 2% B PV BRI kS8 B o 22 T2 Jl o e v o 7
e 1. MRS S AT LS 7 AR FR i T L AT
ERE T F?', Cu®H&EA. B4 w51 KR
JRE AL Fe R 2, AT S 2 A o A A
) A A RLB. A A SR T 4R AN e Hh AT
EAMIR, AR E B EEE BR SR (PSC) S i R B
KA ST LK IR 5L 55 B i 2 SR 0 iR B S,
M it 4 B 2 A P A (SR S B L ()3
WM AR, TR B OB S Es, AR
K, B AR BR sz AN NG, (HR L &
AN AR T ) 2 B, AR e AR SR G LA R
FRZARNE. LAY Q16 R I 1 MR A s BRIl ~F- 10 1
HREE, AR T PR I ) e A

2 i

DARE IR o SR, A T 22 AR i R ik
MR A Y, F H KA 'H NMR, °C NMR 1 HRMS
XA A S AT T SRR, S5 SRE, SRR
8 trolox PAK BHERHALL, fh&WrEIR 2 4RI
RIIPUEMTEE. MEATISEH S5iGEXRE, A
A A AR 2 = AR R PR TG . 25 BT, i3
A PRI 2 25 % 07 TH BB B m I IE K
.

. Q.0 Q0

R
SOgH |. | SO3H
'\/l/\g N NH '\/l/\g
/N\N/ks + OZN\[F/NOZ—’ 02N\©/N02 * /N\NAS D
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Camphorsulfonic acid
thiazolylhydrazone derivatives DPPH radical
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DPPH reduced
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radical hybride
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(stabilized by resonance)
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Scheme 2 Schematic representation of the reaction between DPPH radical and camphorsulfonic acid thiazolylhydrazone derivatives
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3 IS
3.1 X5

Al R (v [ [ 2454 1), e i R & (e
HERAEY TR TN, DPPH(WH Sigma-Aldrich 7
WIS BEE L ZF ()R S AR A ), ABTS(WH gk
Fr T AR H PR A F]); DCFH-DA (2',7'- &%
R . CMMlE, WH Sigma-Aldrich P63 B4 B 25 (i)
RO AMAT); ABAP (2,2-fB% 5 T Bk —#hme&h,
W H R e AR R A A, HAb R T
BB 4.

DF-101S BUEE WL /1 HEas, MR AA]; £H
Agilent 5975¢ Fiit4%; [ Bruker AV 500 #% i ILIRAX
(TMS N W5, CDCly 8 CsDsN N 5); Optimelt
MPA 100 4= FH 1% SAL; UV-2450 40 6 HH(H A&
Shimadzu); £ Agilent 6540 /=43 ¥ i WA
32 (BE)Q-2-2EFHMMELHE)-7,7-Z B EIIF
[2.2.1]5R-1-5) BT (2) B & B

TR AR (1, 50 mmol)FIZEEBR (S5 mmol) A
F| 100 mL Jo/K L, BEess) S o in ik, J+
R 1 he RMSERUE, WEEERR, M 15
mL AiHERE, SEIEERARRILEY 2, 7% 82%.
m.p. 242.1~242.8 C; '"H NMR (400 MHz, Pyridine-ds)
5: 10.68 (s, 1H), 9.26 (d, J=30.0 Hz, 2H), 8.73 (s, 1H),
3.94 (d, J=14.3 Hz, 1H), 3.46 (d, J=14.4 Hz, 1H), 2.81
(t, J=12.5 Hz, 1H), 2.60 (dt, J=17.2, 3.2 Hz, 1H), 2.27
(ddd, J=13.3, 9.8, 3.8 Hz, 1H), 2.02 (d, J=17.3 Hz,
1H), 1.79 (s, 2H), 1.16 (s, 1H), 0.98 (s, 3H), 0.73 (s, 3H);
BC NMR (101 MHz, Pyridine-ds) J: 181.52, 163.07,
55.25, 52.06, 49.85, 44.57, 34.74, 29.42, 27.89, 19.89,
19.54; HRMS calcd for C;;H,0N305S, [M+H]" 306.0951,
found 306.0946.

3.3 &Y Q1~Q22 &R

¥ 3 mmol tb &4 2 BT 25 mL =R, I
10 mL ZBEA 1.5 mL @B2liK, =i N H 7 5%
fift, SRJE AN 3.3 mmol HVRARTR MR, S5 SE0E WAL 1%,
FEMIF TR BRI UGAF BSOS, g, JEDFE Ak sE
B3Ik, M, BBIHPRMEEY Q1~Q22.

(2-(2-(4-(2- R 7 3 ) Ik 0 - ) WP R 3L )-7,7- — HH L X
R[2.2.1758-1-55) IR (Q1): /=3 88%. m. p. 264.7~
265.1 ‘C; '"H NMR (400 MHz, DMSO-d;) 6: 7.96 (t, J=
7.3 Hz, 1H), 7.44~7.35 (m, 1H), 7.34~7.23 (m, 2H), 7.19
(s, 1H), 3.44 (q, J=7.0 Hz, 1H), 3.26 (d, J=14.9 Hz, 1H),
2.72 (d, J=14.9 Hz, 1H), 2.57 (d, J=11.6 Hz, 1H), 2.07
(d, J=18.0 Hz, 1H), 1.91 (t, J=4.0 Hz, 1H), 1.82 (s, 1H),

2620 http://sioc-journal.cn/
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1.49 (s, 1H), 1.27~1.16 (m, 1H), 1.05 (s, 3H), 0.75 (s,
3H); *C NMR (100 MHz, Pyridine-ds) 6: 170.60, 164.33,
161.02 (Jo.r=247.95 Hz), 145.76, 130.55, 130.52, 129.22
(Jor=8.43 Hz), 116.53 (Jo.r=22.4 Hz), 108.86, 108.70,
54.66, 50.55, 49.60, 45.13, 35.62, 28.95, 28.01, 20.78,
20.02; HRMS caled for C;oH,FN;05S, [M + H] ©
424.1163, found 424.1165.
(2-(2-(4-(3-FA A Hk )M e 2 ) NP I 225 )-7,7- — FR R X
FR[2.2.1158-1-3%) R (Q2): 77 94.8%. m.p. 283.3~
283.8 ‘C; '"H NMR (400 MHz, DMSO-dy) 6: 7.67 (t, J=
9.6 Hz, 2H), 7.50~7.42 (m, 1H), 7.40 (s, 1H), 7.16 (t, J=
8.4 Hz, 1H), 3.25 (d, J=14.8 Hz, 1H), 2.72 (d, J=14.8
Hz, 1H), 2.58 (d, J=13.8 Hz, 1H), 2.45 (s, 1H), 2.07 (d,
J=18.0 Hz, 1H), 1.92 (s, 1H), 1.83 (s, 1H), 1.53 (s, 1H),
1.22 (s, 1H), 1.04 (s, 3H), 0.75 (s, 3H); *C NMR (100
MHz, Pyridine-ds) 6: 171.53, 165.12, 164.35, 162.70,
138.83(Jcr=8.05 Hz), 130.92 (Jor=28.25 Hz), 122.34,
114.53 (Jep=21.16 Hz), 113.44 (Jor=22.76 Hz), 105.14,
54.69, 50.57, 49.63, 45.15, 35.64, 28.96, 28.03, 20.80,
20.05; HRMS caled for C;oH,FN;0sS, [M + H] ©
424.1156, found 424.1165.
(2-(2-(4-(4- T 7 35 g e -2 - 35 I % )-7,7- — R 6 X
FR[2.2.115¢-1-3%) F# R (Q3): =% 90.2%. m.p. 288.7~
289.4 ‘C. 'H NMR (400 MHz, Pyridine-ds) o: 10.21 (s,
1H), 9.52 (dd, J=8.6, 5.6 Hz, 2H), 9.06 (s, 1H), 8.57 (s,
1H), 5.83 (d, J=15.0 Hz, 1H), 5.14 (d, J=15.0 Hz, 1H),
4.96 (t, J=10.2 Hz, 1H), 4.24 (d, J=17.0 Hz, 1H), 3.77
(d, J=17.0 Hz, 1H), 3.55~3.41 (m, 2H), 3.39 (s, 1H),
2.94 (s, 3H), 2.79~2.67 (m, 1H), 2.42 (s, 3H); °C NMR
(100 MHz, Pyridine-ds) : 173.20, 165.88, 163.25, 152.53,
130.07 (Jer=7.87 Hz), 134.51 (Jey=3.15 Hz), 117.60
(Jor =21.37 Hz), 105.10, 56.30, 52.20, 51.25, 46.76,
37.26, 30.58, 29.65, 22.43, 21.66; HRMS calcd for CoH,s-
FN;0,S, [M+H]" 424.1157, found 424.1165.
(2-(2-(4-(2- 5 A Fk Ym0 -6 ) S I 3K )-7,7- — HR XU
FR[2.2.1158-1-25) FEEFR (Q4): 723 91.2%. m.p. 252.5~
253.2 °C; '"H NMR (400 MHz, Chloroform-d) J: 7.58 (d,
J=7.1 Hz, 1H), 7.46 (d, J=7.4 Hz, 1H), 7.41~7.28 (m,
2H), 6.81 (s, 1H), 3.71 (q, J=7.0 Hz, 1H), 3.54 (d, J=
14.8 Hz, 1H), 3.02 (d, J=14.7 Hz, 1H), 2.17 (d, J=18.3
Hz, 1H), 1.96 (s, 1H), 1.86 (s, 1H), 1.71 (s, 1H), 1.23 (t,
J=17.0 Hz, 2H), 0.99 (s, 3H), 0.76 (s, 3H); *C NMR (100
MHz, Pyridine-ds) J: 170.46, 164.29, 148.47, 13491,
132.26, 132.16, 131.19, 129.08, 127.57, 109.13, 54.68,
50.59, 49.61, 45.16, 35.65, 28.99, 28.04, 20.79, 20.05;
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HRMS caled for CjoH,3CIN;O;S, [M+H]" 440.0866,
found 440.0869.
(2-(2-(4-(3- G AT ) -2 - FE) WP ifF 55 )-7,7- — FH L XL
A[2.2.1755-1-3) FREER (Q5): 7“3 85%. m.p. 293.8~
294.4 °C; 'H NMR (400 MHz, DMSO-d;) d: 7.90 (s, 1H),
7.79 (d, J=17.3 Hz, 1H), 7.49~7.40 (m, 2H), 7.38 (d, J=
7.9 Hz, 1H), 3.25 (d, J=14.8 Hz, 1H), 2.71 (d, J=14.9
Hz, 1H), 2.59 (d, J=15 Hz, 1H), 2.06 (d, J=17.9 Hz, 1H),
1.91 (s, 1H), 1.83 (s, 1H), 1.50 (s, 1H), 1.21 (s, 1H), 1.05
(s, 3H), 0.75 (s, 3H); *C NMR (100 MHz, Pyridine-ds) o:
171.64, 164.44, 149.74, 138.45, 135.09, 130.84, 127.83,
126.93, 124.84, 105.27, 54.81, 50.68, 49.76, 45.28, 35.76,
29.08, 28.15, 20.93, 20.17; HRMS calcd for CjoHxCl-
N;0sS, [M+H]" 440.0863, found 440.0869.
(2-(2-(4-(4- G AT ) gE -2 - FE) WP ifF 55 )-7,7- — FH L XL
FR[2.2.1155-1-55) FREFR (Q6): 723 90.2%. m.p. 293.9~
294.2 °C; 'H NMR (400 MHz, DMSO-d6) ¢: 7.85 (d, J=
8.3 Hz, 2H), 7.47 (d, J=8.2 Hz, 2H), 7.33 (s, 1H), 3.24 (d,
J=14.8 Hz, 1H), 2.73 (d, J=14.8 Hz, 1H), 2.07 (d, J=
17.6 Hz, 1H), 1.92 (s, 1H), 1.83 (s, 1H), 1.53 (s, 1H), 1.22
(s, 1H), 1.17 (s, 1H), 1.04 (s, 3H), 0.75 (s, 3H); °C NMR
(100 MHz, Pyridine-ds) 8: 173.21, 165.96, 152.37, 136.73,
134.86, 130.93, 129.72, 106.09, 56.31, 52.19, 51.25, 46.77,
37.26, 30.59, 29.65, 22.43, 21.67; HRMS calcd for
C1oH,3CIN;05S, [M+H]" 440.0861, found 440.0869.
(2-(2-(4-(2- FH L 2R 2y g M2 ) W iR 25 )-7,7- — F 2
WIR[2.2.1]5F-1-25) H AR (QT): 7% 86%. m.p. 281.4~
282.0 ‘C; '"H NMR (400 MHz, DMSO-dy) d: 7.43 (d, J=
7.5 Hz, 1H), 7.34 (dd, J=13.4, 6.3 Hz, 2H), 7.28 (q, J=
7.6 Hz, 1H), 6.95 (s, 1H), 3.22 (d, J=14.7 Hz, 1H), 2.72
(d, J=14.7 Hz, 1H), 2.37 (s, 3H), 2.08 (d, J=17.9 Hz,
1H), 1.93 (s, 1H), 1.82 (s, 1H), 1.57 (s, 1H), 1.22 (s, 1H),
1.00 (s, 3H), 0.75 (s, 3H); *C NMR (100 MHz, Pyri-
dine-ds) 0: 171.93, 165.46, 153.53, 137.86, 137.72, 132.84,
131.58, 129.45, 127.74, 107.89, 55.93, 51.87, 50.85, 46.41,
36.91, 30.27, 29.30, 23.13, 22.05, 21.30; HRMS calcd for
C0H6N305S, [M+H]" 420.1409, found 420.1415.
(2-(2-(4-(3-FH AL 2R 2y Mg M2 ) W iR 25 )-7,7- — R 2L
RN [2.2.1] PE-1- 58 ) F i 1R (Q8): 7™ % 80.5%. m.p.
289.7~290.3 ‘C; '"H NMR (400 MHz, Pyridine-ds) o:
7.94 (d, J=6.3 Hz, 2H), 7.34 (t, J=7.9 Hz, 1H), 7.15~
7.08 (m, 2H), 4.38 (d, J=14.9 Hz, 1H), 3.69 (d, J=15.0
Hz, 1H), 3.52 (d, J=12.8 Hz, 1H), 2.78 (dt, J=17.0, 3.9
Hz, 1H), 2.32 (s, 1H), 2.28 (d, J=3.5 Hz, 3H), 2.09~1.94
(m, 2H), 1.93 (d, J=4.2 Hz, 1H), 1.49 (s, 3H), 1.26 (ddd,
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J=12.7, 9.0, 4.0 Hz, 1H), 0.96 (s, 3H); *C NMR (101
MHz, Pyridine-ds) 6: 171.46, 164.14, 15229, 148.68,
138.64, 129.32, 128.90, 127.64, 103.68, 54.78, 50.72,
49.74,45.30, 35.73, 29.11, 28.17, 21.89, 20.95, 20.17; HR-
MS (ESI") caled for CyoHyN305S, [M+H]" 420.1394,
found 420.1415.

(2-(2-(4-(4- FF JE I g e 2 35 3P k36 )-7,7- — H 3
RUIR[2.2.1]5%-1-25) FIEFR(Q9): 773K 87%. m.p. 241.5~
242.0 ‘C; '"H NMR (400 MHz, Pyridine-ds) J: 8.03 (d,
J=8.1 Hz, 2H), 7.59 (s, 1H), 7.20 (s, 1H), 7.10 (s, 1H),
437 (d, J=15.0 Hz, 1H), 3.68 (d, J=15.0 Hz, 1H), 3.49
(td, J=12.7, 12.2, 4.2 Hz, 1H), 2.77 (d, J=16.9 Hz, 1H),
2.30 (d, J=17.0 Hz, 1H), 2.24 (s, 3H), 2.09~1.94 (m,
2H), 1.92 (s, 1H), 1.48 (s, 3H), 1.26 (td, J=10.4, 9.0, 4.0
Hz, 1H), 0.95 (s, 3H); *C NMR (100 MHz, Pyridine-ds) J:
171.40, 164.17, 152.06, 137.62, 133.80, 129.97, 126.69,
102.91, 54.69, 50.62, 49.64, 45.18, 35.64, 29.00, 28.06,
21.46, 20.84, 20.07; HRMS calcd for CooH,eN305S, [M+
H]" 420.1394, found 420.1415.

(2-(2-(4-(2- F AR JE 2R 2 ) g k-2 - 3 ) I J 36 )-7,7- —
FEXIA[2.2.1] PE-1-J8) H B R (Q10): /= % 89%. m.p.
276.6~277.0 ‘C; 'H NMR (400 MHz, DMSO-dg) d: 7.79
(d, J=7.7 Hz, 1H), 7.39 (t, J=7.6 Hz, 1H), 7.27 (s, 1H),
7.14 (d, J=8.3 Hz, 1H), 7.01 (t, J=7.5 Hz, 1H), 3.89 (s,
3H), 3.22 (d, J=14.7 Hz, 1H), 2.72 (d, J=14.7 Hz, 1H),
2.54 (s, 1H), 2.09 (d, J=18.0 Hz, 1H), 1.93 (s, 1H), 1.83
(s, 1H), 1.57 (s, 1H), 1.22 (t, J=10.6 Hz, 1H), 1.02 (s,
3H), 0.76 (s, 3H); *C NMR (100 MHz, Pyridine-ds) o:
171.36, 164.24, 160.03, 151.66, 135.39, 129.29, 128.00,
123.31, 114.79, 101.78, 55.58, 54.67, 50.59, 49.62, 45.14,
35.61, 28.97, 28.03, 20.80, 20.04; HRMS caled for
CaoHpeN304S, [M+H]" 436.1357, found 436.1364.

(2-(2-(4-(3-FH AR 2 ORI e 2 0 WP i 3)-7,7-— HH
B IR [2.2.1] B -1-58) R (Q11): F= 2 91%. mup.
282.3~283.2 ‘C; '"H NMR (400 MHz, DMSO-d;) 0: 7.44
(s, 1H), 7.40 (d, J=7.8 Hz, 1H), 7.35 (d, J=2.4 Hz, 1H),
7.32 (d, J=7.9 Hz, 1H), 6.94 (dd, J=8.1, 1.7 Hz, 1H),
3.82 (s, 3H), 3.25 (d, J=14.7 Hz, 1H), 2.77 (d, J=14.7
Hz, 1H), 2.55 (s, 1H), 2.45 (d, J=11.6 Hz, 1H), 2.10 (d,
J=17.9 Hz, 1H), 1.95 (t, J=4.0 Hz, 1H), 1.90~1.76 (m,
1H), 1.64 (s, 1H), 1.24 (s, 1H), 1.02 (s, 3H), 0.77 (s, 3H);
BC NMR (100 MHz, Pyridine-ds) &: 172.97, 165.74,
162.47, 153.54, 139.51, 131.92, 120.69, 115.64, 113.94,
105.72, 57.12, 56.30, 52.21, 51.24, 46.79, 37.25, 30.61,
29.67, 22.45, 21.67; HRMS calcd for CyHysN30,S, [M+
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H]" 436.1356, found 436.1364.

(2-(2-(4-(4- F A8 FE R 3L e e -2 -6 WP fiff % )-7,7- — R
FEOWIR[2.2.1] PE-1-55) H B R (Q12): =% 93%. m.p.
273.7~274.2 ‘C; '"H NMR (400 MHz, DMSO-d;) J: 7.77
(d, J=8.7 Hz, 2H), 7.14 (s, 1H), 6.98 (d, J=8.8 Hz, 2H),
3.79 (s, 3H), 3.23 (d, J=14.7 Hz, 1H), 2.76 (d, J=14.7
Hz, 1H), 2.55 (s, 1H), 2.47~2.37 (m, 1H), 2.09 (d, J=
18.0 Hz, 1H), 1.94 (s, 1H), 1.83 (s, 1H), 1.64 (s, 1H), 1.23
(s, 1H), 1.01 (s, 3H), 0.76 (s, 3H); >C NMR (100 MHz,
Pyridine-ds) &: 169.68, 164.14, 157.97, 147.85, 130.59,
129.03, 12491, 121.42, 112.16, 108.66, 55.78, 54.76,
50.73, 49.72, 45.29, 35.7017, 29.14, 28.16, 20.97, 20.17;
HRMS calcd for CooH,eN304S, [M+H]" 436.1362, found
436.1364

(2-(2-(4-(2- il FE IR Sk )M e 2 ) WP i 356)-7,7- — HR 3
WU [2.2.1] B -1- 26 ) F 3 R (Q13): 7= % 86%. m.p.
251.6~252.0 C; '"H NMR (400 MHz, DMSO-d;) 0: 7.96
(d, J=8.1 Hz, 1H), 7.79~7.71 (m, 2H), 7.64 (ddd, J=8.7,
5.7, 3.2 Hz, 1H), 7.11 (s, 1H), 3.27 (d, J=14.9 Hz, 1H),
2.71 (d, J=14.9 Hz, 1H), 2.61 (t, J=11.9 Hz, 1H), 2.45 (s,
1H), 2.05 (d, J=18.0 Hz, 1H), 1.89 (t, J=4.0 Hz, 1H),
1.82 (d, J=3.1 Hz, 1H), 1.43 (s, 1H), 1.20 (s, 1H), 1.06 (s,
3H), 0.75 (s, 3H); °C NMR (100 MHz, Pyridine-ds) o:
171.89, 164.43, 148.23, 132.50, 131.35, 130.56, 128.98,
124.58, 124.36, 107.83, 54.75, 50.57, 49.61, 45.14, 35.83,
28.97, 28.04, 20.76, 20.06; HRMS calcd for C,oH,3N,405S,
[M-++H]" 451.1103, found 451.1110.

(2-(2-(4-(3-Til 2 2K 2 Mg M2 - ) I iR 25 )-7,7- — R 2L
MR [2.2.1] PE-1- 55 ) H B 1% (Q14): /= % 87.8%. m.p.
281.1~281.5 C; 'H NMR (400 MHz, DMSO-d;) J: 8.66
(s, 1H), 8.27 (d, J=7.8 Hz, 1H), 8.15 (d, J=8.1 Hz, 1H),
7.69 (t, J=8.0 Hz, 1H), 7.58 (s, 1H), 3.29 (d, J=14.9 Hz,
1H), 2.73 (d, J=14.9 Hz, 1H), 2.64 (t, J=11.7 Hz, 1H),
2.46 (s, 1H), 2.06 (d, J=17.9 Hz, 1H), 1.90 (s, 1H), 1.83
(s, 1H), 1.46 (s, 1H), 1.21 (s, 1H), 1.07 (s, 3H), 0.75 (s,
3H); *C NMR (100 MHz, Pyridine-ds) 6: 171.87, 164.62,
149.61, 149.49, 137.93, 132.17, 130.30, 122.42, 121.51,
106.44, 54.86, 50.68, 49.80, 45.29, 35.87, 29.09, 28.17,
20.94, 20.19; HRMS calcd for C;oH,3N,0sS, [M+H]"
451.1095, found 451.1110

(2-(2-(4-(A-TiRg I 2 S5 Y s 23 ) WP J 3 )-7,7- — FT O
BUFR[2.2.1] PE -1-F5 ) B i % (Q15): 7= % 86.8%. m.p.
291.0~291.9 C; 'H NMR (400 MHz, DMSO-d;) J: 8.26
(d, J=9.0 Hz, 2H), 8.10 (d, J=8.9 Hz, 2H), 7.65 (s, 1H),
3.30 (d, J=14.9 Hz, 1H), 2.75 (d, J=14.9 Hz, 1H), 2.69~
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2.58 (m, 1H), 2.47 (s, 1H), 2.07 (d, J=17.8 Hz, 1H), 1.91
(t, J=4.1 Hz, 1H), 1.83 (dd, J=8.0, 3.9 Hz, 1H), 1.52~
1.41 (m, 1H), 1.23 (dd, J=8.7, 3.6 Hz, 1H), 1.08 (s, 3H),
0.76 (s, 3H); *C NMR (100 MHz, Pyridine-ds) o: 171.79,
164.67, 147.15, 142.11, 126.96, 124.57, 124.32, 108.54,
54.71, 50.51, 49.62, 45.09, 35.69, 28.90, 27.98, 20.75,
20.01; HRMS calcd for C1oH,3N405S, [M+H]" 451.1102,
found 451.1110.
(2-(2-(4-(2-FAFE IR JE e k2 F) P ik 3 )-7,7- — T 3
B [2.2.1] PE-1- 5 ) B 1 R (Q16): 7 & 91%. m.p.
252.1~253.0 ‘C; 'H NMR (400 MHz, Pyridine-ds) o:
9.34 (dd, J=7.9, 1.5 Hz, 1H), 8.93~8.87 (m, 1H), 8.60 (d,
J=1.0 Hz, 1H), 8.59~8.56 (m, 1H), 8.55 (s, 1H), 5.80 (d,
J=15.0 Hz, 1H), 5.12 (d, J=14.9 Hz, 1H), 4.96 (td, J=
12.4, 4.1 Hz, 1H), 4.16 (d, J=17.1 Hz, 1H), 3.69 (d, J=
17.1 Hz, 1H), 3.50 (t, J=4.1 Hz, 1H), 3.40 (d, J=3.3 Hz,
1H), 3.33 (t, J=4.3 Hz, 1H), 2.93 (s, 3H), 2.79 (t, J=7.0
Hz, 1H), 2.42 (s, 3H); *C NMR (100 MHz, Pyridine-ds) J:
172.57, 151.03, 166.79, 158.38, 131.14, 128.54, 121.02,
120.96, 119.42, 104.05, 56.07, 51.75, 50.88, 46.33, 37.09,
30.16, 29.22, 22.04, 21.30; HRMS calcd for C;oH24N304S,
[M+H]" 422.1204, found 422.1208.
(2-(2-(4-(3-FR LA L g ML -2 35 3P k3 )-7,7- — H 3
BFR[2.2.1] PE-1- 5 ) BB R (Q17): 7% & 80%. m.p.
283.9~284.3 ‘C; 'H NMR (400 MHz, Pyridine-ds) o
9.44 (s, 1H), 8.39 (d, J=7.7 Hz, 1H), 8.31 (s, 1H), 8.09 (t,
J=17.9 Hz, 1H), 7.94 (s, 1H), 5.04 (d, J=15.0 Hz, 1H),
435 (d, J=15.0 Hz, 1H), 4.16 (t, J=12.2 Hz, 1H), 3.44
(d, J=16.9 Hz, 1H), 2.96 (d, J=17.0 Hz, 1H), 2.73 (t, J=
11.5 Hz, 1H), 2.61 (s, 2H), 2.15 (s, 3H), 1.94 (s, 1H), 1.63
(s, 3H); “C NMR (100 MHz, Pyridine-ds) o: 171.44,
164.35, 159.78, 152.27, 138.03, 130.59, 117.89, 116.00,
114.62, 103.93, 54.76, 50.68, 49.73, 45.23, 35.70, 29.06,
28.14, 20.89, 20.15; HRMS calcd for C,oH,,N30,S, [M+
H]" 422.1202, found 422.1208.
(2-(2-(4-(4-FR FE AL g 2 36 W7 JHR 3 )-7,7- — H 3
WA [2.2.1] PE-1- 2 ) H B R (Q18): 7 % 88%. mup.
287.0~287.6 ‘C; '"H NMR (400 MHz, Pyridine-ds) o:
8.73 (s, 1H), 8.09 (d, J=8.7 Hz, 2H), 7.60 (s, 1H), 6.98 (s,
1H), 4.35 (d, J=15.0 Hz, 1H), 3.88 (q, J=7.0 Hz, 1H),
3.65 (d, J=15.0 Hz, 1H), 3.46 (s, 1H), 2.75 (d, J=17.0
Hz, 1H), 2.28 (d, J=17.0 Hz, 1H), 1.91 (d, J=4.0 Hz,
2H), 1.45 (s, 3H), 1.34~1.29 (m, 1H), 0.97~0.90 (m,
3H); *C NMR (100 MHz, Pyridine-ds) 6: 172.91, 165.58,
160.72, 153.94, 129.92, 129.65, 118.36, 102.53, 56.26,
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52.23, 51.22, 46.78, 37.21, 30.61, 29.66, 22.44, 21.66;
HRMS calcd for C10H24N30,S, [M+H]" 422.1204, found
422.1208.
(2-(2-(4-(4-FFE ZR I e g 25 ) WP iff 3 )-7,7- — R 3
BUER[2.2.1] PE-1- 55 ) R (Q19): /= % 93.6%. m.p.
269.7~270.2 ‘C; 'H NMR (400 MHz, DMSO-d;) o:
8.11~8.00 (m, 2H), 7.93~7.88 (m, 1H), 7.85 (d, J=8.5
Hz, 1H), 7.57 (s, 1H), 3.26 (d, J=14.9 Hz, 1H), 2.72 (d,
J=14.9 Hz, 1H), 2.49~2.44 (m, 1H), 2.12~2.00 (m, 1H),
1.90 (s, 1H), 1.79 (s, 1H), 1.47 (s, 1H), 1.21 (d, J=3.3 Hz,
1H), 1.17 (s, 1H), 1.05 (s, 3H), 0.74 (s, 3H); °C NMR
(100 MHz, DMSO-dg) 0: 169.69, 146.30, 146.00, 137.34,
132.67, 132.67, 126.19, 126.19, 118.83, 109.94, 107.16,
53.68, 49.20, 48.87, 43.39, 34.66, 27.71, 26.65, 19.56,
19.25; HRMS caled for CH»N,0;S, [M + H] ©
431.1213, found 431.1211
(2-(2-(4-(4- TR A FE ) IgE -2 -6 ) WP JifF 55 )-7,7- — FE L XL
R [2.2.1] BF -1- 52 ) F 0 R (Q20): 7= % 89.6%. mup.
257.4~258.0 ‘C; '"H NMR (400 MHz, Pyridine-ds) o:
9.73 (s, 2H), 9.20 (d, J=8.4 Hz, 2H), 8.71 (s, 1H), 8.60 (s,
2H), 8.47 (t, J=7.6 Hz, 2H), 8.37 (d, J=7.4 Hz, 1H), 5.38
(d, J=15.0 Hz, 1H), 4.68 (d, J/=15.0 Hz, 1H), 4.50 (t, J=
10.1 Hz, 1H), 3.79 (d, J=16.9 Hz, 1H), 3.31 (d, J=17.0
Hz, 1H), 3.04 (s, 1H), 2.92 (s, 2H), 2.48 (s, 3H), 2.32 (s,
1H), 1.96 (s, 3H); °*C NMR (100 MHz, Pyridine-ds) d:
171.63, 164.45, 151.71, 141.43, 140.57, 135.63, 129.76,
129.76, 128.18, 127.94, 127.94, 127.64, 127.64, 127.36,
127.36, 104.20, 54.81, 50.70, 49.76, 45.26, 35.77, 29.09,
28.16, 20.93, 20.18; HRMS calcd for C,sH,sN305S, [M+
H]" 482.1573, found 482.1572.
(2-(2-(4-(2-ZE 2 W w2 -J) P i 3L )-7,7- — FE B OUA
[2.2.115%-1-3%) R (Q21): F=% 91.6%. m.p. 279.6~
280.2 C; 'H NMR (400 MHz, DMSO-d;) 0: 8.48 (s, 1H),
8.11 (q, J=8.8 Hz, 1H), 7.97 (s, 1H), 7.95~7.90 (m, 2H),
7.63~7.50 (m, 2H), 7.47 (s, 1H), 3.27 (d, J=14.6 Hz,
1H), 2.78 (d, J=14.7 Hz, 1H), 2.58 (s, 1H), 2.11 (d, J=
18.1 Hz, 1H), 1.96 (s, 1H), 1.84 (s, 1H), 1.63 (s, 1H), 1.25
(s, 1H), 1.19~1.10 (m, 1H), 1.03 (s, 3H), 0.78 (s, 3H); "°C
NMR (100 MHz, Pyridine-ds) J: 171.60, 164.37, 152.04,
134.74, 134.04, 133.84, 129.08, 128.94, 128.59, 127.17,
126.65, 125.57, 125.25, 104.67, 54.83, 50.72, 49.76, 45.31,
35.75, 29.12, 28.18, 20.97, 20.18; HRMS calcd for
Ca3Hy6N;058, [M+H]" 456.1417, found 456.1415
(2-(2-(4- 2K Jk Y Mg e 2 ) I Jifk 355 )-7,7- — 6 SOUA
[2.2.1]5%-1-3%) R (Q22): 2% 96.8%. m.p. 292.5~
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293.1 ‘C; '"H NMR (400 MHz, DMSO-dy) 6: 7.83 (d, J=
7.2 Hz, 2H), 7.42 (t, J=17.3 Hz, 2H), 7.36 (t, J=7.2 Hz,
1H), 7.29 (s, 1H), 3.23 (d, J=14.7 Hz, 1H), 2.74 (d, J=
14.7 Hz, 1H), 2.54 (s, 1H), 2.44 (s, 1H), 2.09 (d, J=18.1
Hz, 1H), 1.93 (t, J=4.0 Hz, 1H), 1.83 (s, 1H), 1.58 (s, 1H),
1.23 (s, 1H), 1.03 (s, 3H), 0.76 (s, 3H); *C NMR (100
MHz, Pyridine-ds) J: 171.46, 164.25, 151.89, 136.38,
129.26, 128.06, 126.67, 103.78, 54.64, 50.54, 49.58, 45.10,
35.58,28.92, 27.99, 20.75, 20.00; HRMS calcd for CoH,4-
N;05S, [M+H]" 406.1247, found 406.1259.
34 ENFEMENE
3.4.1 DPPH A & A Frk5ER

R TR IRIE", 76 96 FLEEARACH I 200 uL
DPPH (1) ZEEIE (100 pmol/L), RJ5# 50 pL 2573 20Rf
(FIAS TR R P58 11 24 9 A Bt R AL (DA 25 B8 T KR B 247 7
BIIIANEEANFLAF. 1537 CIRH 30 min J5, 1 FHEFARX
1E 490 nm ALl 5E 3 AR G 2 T

OD,.,—OD.,

(V) =[]— ks — T =A 0
iR (%) =1 ODX,JH@—OD%]Xl()O/“

H: OD s AR WIR T2, OD ww A% FEZH
I Z BT, OD w2 A TR 2
342 ABTSM#HTAGRAFRER

MR SCRRIRIE G 772017 ABTS [ BT Bk
96, (EZRMEK AR DUARRLE A 2 1 1 VB4 7 mmol ABTS Al
2.45 mmol MMM, /£ BKEF % L 12~16 h #I15
ABTS IR, AL R G, (8 FH 28K R 15
ABTS ¥#AE 734 nm NI RE4(0.70040.020). 50
L S5 R A [ B 0 24 VRN R 2HL (DL 25 53 17k AR
B2 MIINNE G 200 uL ABTS WA 96 FLIR F5F
ANFLHR, 7E 37 CHRIA 10 min J5, 4 EEFRCAE 734 nm
AN AR )
343 FTAMBTAGRFRER

FRE SCHR[14], PAPUAEALFIST DCFH AL I # i F2
FEAE s bR A B AR PTE LS . 25 DCFH-DA
WRasE, NHELL, T DCFH /£ ABAP FI3A 5 5 ik
Ak, BTUATE RN 2 |, AN VAR E DCFH R AE
;¥ 80 uL ) 2.48 mmol DCFH-DA £ /M FHl 900 uL
f£) 1.0 mmol KOH /Kfi# 3~5 min PARRZ: — ZFREE(DA)
oy, SRIEHIREZE 6 mL. 7E 96 FLEEARAR A 100 pL
Bt & 17 (K] DCFH &7, ¥ 100 pL 2573 sk AN B
A 2430 DA B ok V2L (DA 25 B8 17K AR S B PR G B, oK i
YerEZ B VENPHPEX B 20 B I N BEAS L, 7E 1200
r/min &% 20 s BEEANFLF B RIES], SRS TERENL
N 50 uL AAPH & (40 mmol) 5| & Je b0, £ Rhii]
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IR BESM = A AT X R, ROBIAE 37 CRET,
{81 BB AR AXALE 485 nm UK OGN 538 nm &5 A2
SR EEARAL 40 min.  DAIIIHIF B3 265 S N I [A] 3
J75 M4 1 T AR AR o SR v B R ) ) o R B R AT
3R
344 HAaHELREHN T

B A B S EEEEEYR. BREERERS
e BRI T IR RE J, RIAMLRE . A A B2
) SR i il R MR A i R A S IFE R FE D 4 mmol
(132 H SRR GE
3.4.5 XTES R EREEAH] 0 2

MRAE 2 2% SCHR IR i 5 RS, fil A e 2 B N
JEVIVEAN TALEY Q1~Q22 i Fi% S FR i o 41 1) LR
#4100 pL 1) 100 mmol BEFRZE M (pH A 6.8)F1 20 pL
1) 250 U/mL B&ZEREE NN B 96 FLAR AN FLH, 25
DL 40 L 550 iURE AN R IR B (R 24 VR ) BRAEL (DL B
FKARBGB) 7 MmN FEANFLF, fFE=ER TIRBG 15
min, A FEEASFLHIIN 20 ul 9 3 mmol £ JiE % B2
FEFFUE IS, 5 FHBEARAXAE 475 nm Tl S ROGEL.

# Bh#f Bl (Supporting Information) H [El &4k &4 2 (1]
BHEILIREIE . Bl DA & HRMS 15 B, 4771 Q1~
Q22 ML ILIRETE . Bk &, X LEAPRL AT DL G 2 A
Ti) 3 (http://sioc-journal.cn/) I T %%,
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