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W, HA Vb X 2,2 S -B-(3- 2 FE AR TR I -6- ) 443k H i3 (ABTS™ ). 2,2-(4-$0E3oE - 17
W3 E i3k (DPPHe ) F Galvinoxyl H Hi3E ( Galvinoxyls ) HITEIGRII5H 88.9% . 83.8%F 68.4%, HHEWET
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Synthesis and free radical scavenging properties of
dihydroxypyranone compounds
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Abstract: 2,3-Dihydro-3,5-dihydroxyl-6-methyl-4H-pyran-4-one (Va) and 2,3-dihydro-3,5-dihydroxyl-6-
ethyl-4H-pyran-4-one (Vb), two types of dihydroxypyranones, were synthesized respectively by a four-step
reaction of acetylation, palladium hydrogenation, carbonyl a-acetoxylation and deacetylation using maltol
and ethyl maltol as raw materials. The structure of each product was then characterized by 'HNMR, *CNMR
and HRMS followed by optimization of the synthesis process. Furthermore, the two dihydroxypyranones
exhibited excellent antioxidant activity demonstrated by free radical scavenging assay. The scavenging rates
against diammonium 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonate) free radical (ABTS's), 2,2-di
(4-tert-octylphenyl)-1-picrylhydrazyl free radical (DPPHe) and Galvinoxyl free radical (Galvinoxyle) of Vb
were 88.9%, 83.8% and 68.4% respectively, obviously higher in comparison to vitamin E and
2,6-di-tert-butyl-4-methylphenol. The structure-activity relationship revealed that introduction of hydroxyl
groups into the structure of pyranone or enhancement of electron donating ability of side chain substituents
contributed to the free radical scavenging capability improvement.
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PR B RNz —1 KRS Z A A B, %
R A N S A I T 7 2 T 7 o R ) B A
fitie H, BIHIEA A BUERE LAY,
JEEEZY . BAh . PRSI

ML ER J& — RS T ALY, T
FRIRF=W R A A R U B i i R S Ak A H
AR50, EprE et bt Hi
UGl B B HIVIP AR Dy
AET ZWNH, R EENELS R
A, BRI, WEFER, MEmER R IL & W S5 H 7 B
PLEAL IR ERRARY, R, A3 0 ZE i 25 A B A 5 |
AMNFRIE | 25 H TR SR R A i ekt , &
R S 5 1 T A T R SR i R 2R A . %
WG BT — R 2-95 24K 20 -5 - ¥4 3 -4- ik e
s fe &Y, SRR Ap TGS PEAbT
AALIEE . BRZR POV A B T R 51
AT A4, 2 B HE 40 o ) AR B A R 0 AN A 0 B )
TR PRIk ML R Ak B W B SR A e v AR
T P fEAE, nLAIRAIE T F TR EY,
AR, M misE SR TS RE Y SR,
LI R Ak & e RSNG4 TR B 7 4 1 bt dk
B IR R H 5 DL

ARSCULAZ 2Ry o O BE 22 2F Wy e bR SRR, Sl A
B AR . BRIE o N O EEREAL . BB 2k
a4 B, AT R RUR ML A, TE
AN 4 8 & T &, il ABTS'>. DPPH-HI
Galvinoxyle¥§ FRICHr, 558l & L & H A5 ™= P 2
SRR, BENTEBTRMARNE
WS TF LS

1 LIGES

11 RAFENEE

Wy . CHEFEZFEW A (R 5% ),
SRl HRBEHEARATR; 4ERE (Vi) 2,6-—
AT FHEXTH Y ( BHT ), =R FEBE A LEE ( RhCI(PPhs); ).
HEJe# (Raney Nickel ). flEfbtl . EALE . UL
FREY . CTROTR . WAL, srbral, Ligkrhr T A4k
BHE A BR AT s BN (Ol U5 T 45 R8I 242 BB
B, AR )L 2,2 (- B-(3- £ FEHE T HE MR I - 6-
TR 4k A 3t (ABTS™ ). 2.2-—(4-BE IR
Ho)-1-9 B3 H i 3 ( DPPHe ). Galvinoxyl [ 13
( Galvinoxyle ), Z3#r4li, 3%[H Sigma-Aldrich 23 H];
Novozyme 435 iglJi, 0o, wE4EE A Fl LY
ARARRAT]; HALH I R e, B2 Rk
A BR A

AVANCE I 600 MHz ¥R, FH [
Bruker /Y #); Sciex Triple TOF 6600 543 ¥ i {X

FE AB Aw]; HP6890-HP5973N S AH (135 5T ik 1k
FHAY, & Agilent A ; UVI101 4b-1] WG
i, K3E (hED) BEEA A,
1.2 FHik

&Y 2,3-—&-3,5- - Hk-6-H -4 H-ME IR -4-
Bl ( Va) il 2,3-5(-3,5- " F5-6-2 F-4 H-H IR -4-
il ( Vb) BYEBBEE AT s

0 0 0
fk/'EOH = fk'iom THon” fifom
_ A0 :
0" R o ~r  CBIE 0" R

R=Me, | a; R=Meg, [l a; R=Mg, Ia;
Et, Ib Et, b Et, b
(0] (0]
Pb(OAC): AcO OAc i HO OH
SiF S 0" ™R z 0" R
R=Me, Va; R=Me, Va;
Et, Vb Et, Vb

1.2.1 b4 1 a56

Y222 ( Ta, 10.08 g, 80 mmol ) {2 3L
ZEWy ( Ib, 11.20 g, 80 mmol) & T 15 mL ZFRHEF
Hi, 90 °C/A 6 h &, WA H A 300 mL Z,
TR CBEFR RS, BEFE Rt AR NaHCO; ¥,
B E A A B A AUE R NaCl s i vE i
2K, HAYUZE, FJE/K Na,SO, T4, W&
TR, AR,
1.2.2 eIl a4 %

] 250 mL |8 BEHR AR A 22 2l £ e s
( Ta, 8.40 g, 50 mmol ) B34 27 £ 120 ( b,
9.10 g, 50 mmol ), fK (091 g) ML LB
(120 mL ), AAEH 3 K, S EWH 3K, RETE
AREAFEESN 3 h( TLC Wi, JRITH A V(A
M) : MCROER)=5 1), RIS G, gk
BB AT, SRS T Z& BRI, 5%
YA RERATZAT, WA v CAamik) v (g
FROME) =3 : 1, 5391,
1.2.3 b4V agsm

¥ 2,3- 5 -6- 1 Ke-4 H-NL IR -4-T-5- 2 1215 ( Ma,
5.10 g, 30 mmol )1 2,3- & -6- 2 -4 H-NH M -4 -5-
Z RS b, 5.52 g, 30 mmol )IE T IC/K 4 50 mL ),
i A 10 min B AR N AR R A, RIEIMAM
LR (19.95g, 45mmol ), 100 °CHIFZ Y 12 h,
SR EE AR, BN AT NaCl ki 2 Ik, 43
HAMLZ, ToK NapSO, T4, WUF A1 T 28 BRiE
B B A RERATE 2 AT, VR M(Z & b)) « (&
R ZME)=50 = 1, 337NV,
1.2.4 &V ehem

W 2,3- 5 -6- T H-4 H-NL IR -4--3,5-— 2. TR Tig
(IVa, 6.84 g, 4.5mmol) 5§ 2,3- " A-6-2K&-4H-Nk
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MG-4-Fi-3,5- . ZfREE (IVb, 1.09 g, 4.5 mmol ) #
F 20 mL /K, JilA Novozyme 435 Il (0.05 g ),
37 °CRI 15 h, 1398, JERAH AP RAEI 3 K, &
FEBE WA, ZTK Na,SO, T, WE S F 28 57
., FREYARERAE R, VBRI v CahEE )
V(ZFRZEE) =21, B39V,

1.2.5 =4 GC-MS &5 #r

GC-MS 4. i%H: b £ 4145+ DB-WAX
(60 mx250 umx0.25 um ), A HRE 280 °C; F+
IR . WIIRIRSEE 50 °C, L5 °C/min #ERT} &
200 °C, f#%F30 min, #H< . \4iE<; B THE:
EIVR; HERER: 70 eV; fFHIZIRE: 280 °C; &
FURREE . 230 °C; PUMATFEEE . 150 °C; FHHE
il: 30~550 m/Z; FrifEFTIEE N WILEY . NIST %
J#E ) FH 0 AR — A A R ) S R PR
1.2.6 Aubi kA

1T a(GC 430 98%) : [0 [ 44, 73 25 K% 98%
"HNMR (CDCls, 600 MHz), §: 7.69 (d, J = 5.7 Hz, 1H),
6.40 (d, J = 5.7 Hz, 1H), 2.34 (s, 3H), 2.27 (s, 3H);
BCNMR (CDCls, 150 MHz), d: 172.0, 167.6, 159.1,
154.3, 138.7, 116.8, 20.3, 15.0; HR-ESI-MS, m/Z calcd.
for CgHgO,4 [M+H]" 169.0495, found 169.0494

1 b(GC 4L R 98%) : H L [EA, 73 25 R 96%
'"HNMR (CDCl;, 600 MHz), 6: 7.72 (d, J = 5.7 Hz,
1H), 6.41 (d, J= 5.7 Hz, 1H), 2.60 (q, J = 7.6 Hz, 2H),
2.34 (s, 3H), 1.23 (t, J= 7.6 Hz, 3H); "CNMR (CDCl;,
150 MHz), : 172.2, 167.8, 163.1, 154.4, 137.8, 116.7,
22.2,20.3, 10.8; HR-ESI-MS,m/Z calcd. for CoH;(O4
[M+H]" 183.0652, found 183.0655,

M a(GC 4 A 98%) : [0 [ {4%, 43 B L% 80%
"HNMR (CDCls, 600 MHz), J: 4.50 (t, J = 6.8 Hz, 2H),
2.68 (t, J = 6.8 Hz, 2H), 2.27 (s, 3H), 1.99 (s, 3H);
BCNMR (CDCls, 150 MHz), 6: 183.9, 168.5, 166.9,
129.3, 67.7, 35.6, 20.3, 16.0; HR-ESI-MS, m/Z calcd.
for CgH,,0, [M+H]" 171.0652, found 171.0655,

M b(GC 465 K 97%) « [ [EMA , 43 B K 83%.
"HNMR (CDCls, 600 MHz), J: 4.50 (t, J = 6.8 Hz, 2H),
2.67 (t, J = 6.8 Hz, 2H), 2.31 (q, J= 7.6 Hz, 1H), 2.26
(s, 1H), 1.13 (t, J = 7.6 Hz, 1H); "CNMR (CDCl,,
150 MHz), d:184.2, 170.8, 168.7, 128.4, 67.8, 35.7,
23.0, 20.3, 10.3; HR-ESI-MS, m/Z calcd. for CoH;,04

[M+H]" 185.0808, found 185.0805,

IVa(GC 4%k 97%) : F L FEMA, 73 BICR 50%.
'HNMR (CDCls, 600 MHz), J: 5.43 (dd, J=8.6. 4.8 Hz,
1H), 4.52 (dd, J=12.0.4.8 Hz, 1H), 4.45 (dd, J=12.0.
8.6 Hz, 1H), 2.27 (s, 3H), 2.16 (s, 3H), 2.04 (s, 3H);
BCNMR (CDCls, 150 MHz), d: 179.9, 169.6, 168.3,
167.9, 128.2, 69.3, 68.0, 20.7, 20.2, 16.3; HR-ESI-MS,
m/Z caled. for C;oH;,0¢ [M+H]" 229.0863, found
229.0866.

IVb(GC 2l K 97%) : LA, 43 B IR 48%.
'HNMR (CDCls, 600 MHz), J: 5.44 (dd, J=8.9. 4.8 Hz,

1H), 4.52 (dd, J=11.9. 4.8 Hz, 1H), 4.44 (dd, J=11.9.

9.0 Hz, 1H), 2.35 (qd, J = 7.5. 1.7 Hz, 2H), 2.26 (s,
3H), 2.16 (s, 3H), 1.14 (t, J = 7.6 Hz, 3H); "CNMR
(CDCls, 150 MHz), d: 180.3, 171.6, 169.6, 168.4, 127.3,
69.4, 68.1, 23.3, 20.7, 20.2, 10.1; HR-ESI-MS, m/Z

caled. for C,;H 404 [M+H]" 243.0863, found 243.0866.
Va(GC 4l 98%) : FH A, 43 B I 90%
'"HNMR (CDCls, 600 MHz), J: 4.49 (dd, J = 10.5.
5.9 Hz, 1H), 4.44 (dd, J=12.1. 5.9 Hz, 1H), 4.06 (dd,
J=12.1,10.5 Hz, 1H), 2.12 (s, 3H); *CNMR (CDCl;,

150 MHz), ¢: 188.1, 160.3, 131.3, 70.9, 67.1, 15.8;
HR-ESI-MS, m/Z calcd. for C¢HgO, [M+H]" 145.0495,

found 145.0494,

Vb(GC 4l R 97%) : F A, 7 B IR 95% .
'HNMR (CDCls, 600 MHz), J: 4.50 (dd, J = 10.8.5.9 Hz,
1H), 4.42 (dd, J = 12.8.5.9 Hz, 1H), 4.01 (dd, J=12.7,
10.8 Hz, 1H), 2.54-2.43 (m, 2H), 1.15 (t, J = 7.6 Hz,

3H); *CNMR (CDCls, 150 MHz), §: 188.3, 164.3, 130.4,
71.1, 67.1, 22.8, 10.1; HR-ESI-MS, m/Z calcd. for

C;H,00, [M+H]" 159.0652, found 159.0651,
1.3 BB BEBEMEENK

Z: BRSCHR[291 7 X465 W05 B ABTS « P fg i
IR, MR FREL 5.0 mg ABTS's, 1.5 mg K,S,05
110 mL ZENAF] 25 mL Bedfrh, 582Uk IS it
BT 24 h, AFHFEZE 100 mL HEHTH S
BESY, SRIGFE 30 °C/K¥E 30 min, 33 ABTS'
CLFERW TR ABTS P REI A : B 1.9 mL ABTS™
CFEFEWOR 0.1 mL ¥R 200 pumol/L FEINALA 4
CEEFBOMAGUE h IR S), FRfL A 2ok
10 pmol/L, 7E&H KWWK 734 nm 4bidsg
0~1800 s W EREE (4 ) BERT R A fL I ZE . ABTS
BRI (1) 35,

Al

ABTSEHH?%B%%%/%{ —Z}loo (1)

K40 ABTS L EER AL A PR A 5
LRI 20 A E 5 4, 4 ABTS « LA WA FR AL &
VIR A J5 R 245 SR s 220 e W B

Z: JESCHK [29-30] 77 ¥ %5 1L & W1 B DPPHe Al
Galvinoxyl*PEREHEA Tl . DPPHHI Galvinoxyle[ %
L E 435 A 50 umol/L F1 100 umol/L, 435l 1E f
KWz 4 517 nm Fl 428 nm Ab3T 5% 0~1800 s W6
JE{E (4) B[] 1922 4t £ . DPPHHI Galvinoxyls
THERR S ABTS <5206 74,

2 HR5WR

21 RREZFHMMEL

IV 85 BRI, 55 1 5 2B b B e 4 45
i 2Tk s o A5 AT DLSE s AT, RN 2 AR A
R BN 3 25 B B AT T A sk ik



© 1208 «

A% 4m 4 T FINE CHEMICALS

%39 %

4ok EAC B S RAL
A9 b 43 F R AFAE 24 AN FDSUEE R AL
‘ﬁ%%ﬁﬁ%ﬁﬁﬁfﬁ FEAE B H bR A= P
MbMHﬁ o3 W FBE R )5 ) M ba: AT bb

TmrF>
OAc
]]Iba bb

ﬁw%& %@%J a3 I R L T
Tk, SRE 1. ﬁ%m@%%%%ﬁﬁ,u
H, AEE, WEREHR, =R T RhCl(PPhs); A
L& b A LN . f#iH Raney Nickel Fl
NaBH,-NiCl, {& 2 AR, SO0 ™9 3 L5 B8

2.1.1

50%,. LA Pd/C (FHE N 10%) AL, T4k

LR T RN RN B R, IR EE . L
OGRS, OV B AR B ks . Y
M R CEREE RN, RO kP, Hbrr=
YIb WCEHN 80%. VAR MR HIEHR, dkshs
TAEALF PA/C FH & X R RS2, 34 Ak 550 =
R 15%ME, OB EEPE R KA ARk R AR
O S%, RN PR AT BRI, B s B EE T RN
s TD % S I A s, BEEAER S I Bsf [R) 22 3 hy, JRUREAT 58
AL, RV EFEER SR 85%, Hir/ b 41
BRI 83%. ARLEFEMC R BT EI 2 2 h, JFREAfE
SRR, RMBCR TR, LG L, HBElE
RO e 2%, B Hy, AR, PA/C AR,

EER Y Mo B, K& Ry ik B ik st =4y Tl FEAERY b JFREA) 10%, LRROENER, =
ba Tl bb, L Pd/C AAEALFIN HARF=# Mo ey WAL 3 he
T 1 ARFEBRN XS M BCR YR
Table 1  Effect of reaction conditions on yield of compound b
5 AL FEAL R /%" sl WHE /b #4E%/%  n(MTb)/a(1 ba)/n( 1 bb)* Mo WeR/%"

1 RhCI(PPh;); 10 B 5 0 — 0

2 Raney Nickel 10 PP 5 100 10/70/20 10

3 NaBH,-NiCl,” 10 s 5 100 10/80/10 10

4 Pd/C 10 PP s 5 100 50/40/10 50

5 Pd/C 10 2 5 100 30/60/10 30

6 Pd/C 10 NG 5 100 50/50/0 50

7 Pd/C 10 LR Tk 5 100 80/20/0 80(75)

8 Pd/C 15 LR T 5 100 80/20/0 80(76)

9 Pd/C 5 Y ¥ 5 100 70/30/0 70

10 Pd/C 10 2R 1 3 100 85/15/0 85(83)

11 Pd/C 10 LR T 2 85 75/10/0 75(70)

ORI T LIRS T b BT E T ; @l GC-MS W FRUH — Lk Wi i s OFF NN A2y IR ; @MY Bk L) 10 < 1.

212 TBRRME B FHHA

b (Y o AEBEETETERAR, B0 W BEA
A, MR, =M . ORI . SRR
B/ LR R FHAT Tk, LA, HAMNLR
By S AAGIK RN A BAR = Vo A, 1 HA
F 37 W) e A B BN AR R L R 2 2R By SRR T b
(BB AT Bz Do PR, #E— 280 DU Z e A 4
VAR REE ISR BN AR AR HERT T LA, AR

20
O (0] O
OAc AcQ, OAc OAc
Pb(AcO
e meon MUY O )
b Vb b

DAY 2R %S R LR ARRTR], RONIRBE 100 °C,
S REEHE] 30 h, F 2y R RN R, T LLE
DI ke . R RERIEE, Hiar= e sl 5%
F120%, PLHZE ISR, HERFEHBeR N 40%,

R, PEPEH A R et SN VR o LA 2R IR 7,
TES N IREE 100 °C, 2 30 h, %00 LR &

X RS2, S0 CFRET SR b 49 5T Y &
b 1.5 2 1B, BER=YINOR N 45%, B8N sk G
WOTRET &, HER=YBCR A FEAL . MHRE R R

%%Eﬂ *ﬁﬁ9o%ﬁ%¢ﬂﬁﬁﬁ%i&%
R, RS N, AR =PI BIREL

Nﬁ@l%%%kﬂ,&ﬁwhW¢ﬁ¥@&§,
4 S e S A N 1 I VA 7/ o 1| N L e o T
Ht, fAERBIEHAINY 15 ho Z548 DA Focsiah 3,
b 2w R & DR i 5%
%Mb%%ﬁ%i%%lS' , BRI, R
IR 90 °C, JSVETE] 15 h, T%m#T,EﬁF
%Wb%%%$ﬁ4w%ﬁf BERJE, JFORHTD 38
FEZHT B i, HAEEEAE 95%LL I, I E#EER
AT JEoRHITD Ay e CEp s 20 b 5 1o
MR RR TR E 2 H ) S 30%.



5 6 11 TIE, 5 RORILMLIER L A P 0 -A B E R A 2k RE + 1209 «
#2  EEALR N AR
Table 2 Optimization of conditions of acetoxylation reaction
P n(PH 4T + n(1b) sl JEEEC WHE /M Mb #4k%/%  n(Vb)/n(Mb)/a( 1l b)” Vb heR/%”
1 2:1 ke 100 30 5 5/95/0 5
2 2:1 ES 100 30 60 20/40/40 20
3 2:1 G 100 30 60 40/40/20 40
4 3:1 GiF:S 100 30 60 40/40/20 40
5 15:1 GiF:S 100 30 65 45/35/20 45(42)
6 1:1 g 100 30 50 30/50/20 30
7 1.5:1 R 110 30 60 40/40/20 40
8 15:1 2R 90 30 60 50/40/10 50(47)
9 1.5:1 o 80 30 40 30/60/10 30
10 1.5:1 2K 90 20 60 50/40/10 50(47)
11 1.5:1 PN 90 15 60 50/40/10 50(48)
12 1.5:1 g 90 10 40 30/60/10 30

D1 GC-MS WU — AL LS HT 78 5 FF I 43 B

2.2
2.2.1

EBREBREMREHR

F R ABTS o 58 2 #7
USRI ] R R A R, ABTS o4 i N AR B
&, 155 ABTS o BEBE R ) w42, &l 1 R o

100 - -
Wi
! > Va,
Wi —izh
3 i >
YIS ¥ 5 555> |,
'*—‘i Ve
* x—» Va
0 1 4 1 1 1 —) I‘/b
0 500 1000 1500 2000
t/s
Bl 1 ABTS ¥ i Bt of 1] £ 2 il 4%

Fig. 1 Decay curves of concentration of ABTS"s with time

AP 1 AT, 25 L SE e R ABTS o3k 3 Fifi i) ] 728
KILPER KL E2ZM; Ta fIb WA ZRF ABTS
e B2 Bt} B] AR AL B B S 28 (U SC g AH TR, BB TTa A0
b REAWERR ABTS *HIRES . BIMAKLEY T .
M. IV. V. BHT #44% E (V) J5, ABTS"
e B it T[] 7 B TRV TG, DB AR P R g B 1L
BT ABTS I FRCXT, #EHEER ABTS .,
T B LA A s RR H RS RE, TR A
AW ABTS % 30 min F [l ELWEFR %,
%23 iR,

23, a4 Tafl bt ABTS &%
FAH 47.6%F1 56.0%, PIET Vel 70.2%., 24
BRI O S, (kA Ta FM1lb Xf ABTS
BRI A 0, UL KRR A 3R A S IE A
MMa F1TTb X ABTS 35 B 253 51| B 12.2%F1 14.3%,

Ui BAE G T 1% e R A7 A T = A7 e B AR S A
HARS M A HELERGES . Va AIVb Xf ABTS'
TR RHE— FRACH 10.1%F1 9.9%, 22 BA N IR 2%
TG 2R 5] A 2Tk SR SEBELRS T F55 1 = i) 975
KIS, HHIEERRES T, BiBROmS, Va
MVDb iR ABTS *fig I R KEETE, iK% 85.0%7F
88.9%, m T la A Ib, WWET Vi (70.2%) Fil
BHT (67.2% ), 15 W 384 110 ke Mo i 5 28 v 30 35 f) 5 e
AR S HBmERREE . kG Vb X
ABTS i bR R m TAE Y Va, 38 I0M0%EE B R
BT RE RS S S K ABTS IRE ST .
F* 3 kAW ABTS s, DPPH«HI Galvinoxyls [l i 33

Table 3 Scavenging rates of compounds against ABTS "s,
DPPHe and Galvinoxyle

e A H L bR %%
=}
ABTS". DPPH- Galvinoxyl®

Vi 70.2 61.6 46.0
BHT 67.2 75.4 55.0
Ta 47.6 41.8 36.2
Ib 56.0 46.2 39.3
Ma 0 0 0
Ib 0 0 0
Ma 12.2 0 0
b 14.3 0 0
NVa 10.1 0 0
Vb 9.9 0 0
Va 85.0 77.4 62.5
Vb 88.9 83.8 68.4

222 T DPPHeM: 3t 547

PLBCIE I 6] R AR bR, DPPH eSS g AR AR AR
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P, 7533 DPPHek B BN ) e th £k, aniel 2 i o

400
oo
bbb a,
W E e
Va, Vb
% _____ > 1la
g 2001 e
3 e i> Vg
100 T
HH 133333 1 1 1 1 1 i——: V @
0 (‘) 5(|)0 10|00 15‘00 20|00

t/s

& 2 DPPHe¥k 2 Fifi i 8] A9 52 ek il 28

Fig.2 Decay curves of concentration of DPPHe with time

FH & 2 R 3 TN, 25 (1S5 DPPHek B Fif
BRI e R KA ; Ta, b, Ma, Mb, Va
FIIVb o DPPHe B B B ] A5 fb 25 5 25 1 S g A
A, ANHAER DPPH H FEEAIAE ST, BLIAL S
BEGR R, KRESTRTFRES, ARk i1k
45 DPPHe., 159 1a Fil I b X DPPHeI R 435
K 41.8%F1 46.2%, LT Vi (61.6% ) il BHT
(75.4% ). WiBRCWEFIEIS, Va Vb X} DPPHe3
2RI, KT 77.4%F1 83.8%, 435K 1 a il
I by 1.85 F1 1.81 £, W& F Ve A1 BHT, EUFE
I g 0 356 0 A7 57 | A F8 35 485 4 T LA 4 5 i g 7 5% A
/LR =R AT DA
2.2.3 M Galvinoxylet: 48 547

DU N7 B[] A R Ak R, Galvinoxyledf B S 90 Ak
FRAERE, 153 Galvinoxyleyf & Bifi st (] 2y i £k, 4
3 FiR o

SH
_.....——————_,
HH - {\?1]1112: Ib
Va, IVb
% : ﬁ‘w\\_“ Ta
LI \g‘ﬂ‘t\i\ﬁ:i\%iv
< iﬁf\ 1 t3 t :
TS S S
Higggge F
0 500 1000 1500 2000

t/s

Kl 3 Galvinoxyle¥ [ s 1] %) 32 va il 2

Decay curves of concentration of Galvinoxyle with

time
FHIE 3 FIER 3 AT, 25 F 3280 Galvinoxyleif
FERERS KR A AR L, kA Ta, TTb, TMa,
b, Va fIIVb w45 R 52 F e mAim, AR&
1H B% Galvinoxyle H HFE M BE 1. Va M VDb X
GalvinoxylsiFER k5] 62.5%H 68.4%, 3K 1a

Fig. 3

M 1b Y 1.73 71 1.74 £5; LAY Vb XF Galvinoxyle
RS TAYV a, dE—BUE 5] AFEIE ok 158
e BRI 35 14 25 P B 1 35 B B2 1 M T i 75 0 37
B E SRR RE S .

3 #Hit

ALV 2 Byl L3 22 25 Wy ke IR IOk, 422
Wefe . fEaRE L AE o AL ZBEEALFIN CBEAL 4
ROV, AT PR RGR R AL S, O
TRREE | e A U BRI X it meg 1 AL S T R A ER
SEVERERYFZ M

SERRY], BORFEML ALYV IR A 2
RE I T oML 570 1 s EW Ib 5 Vb
Xt H HZEEBRAE 0B m TG Ta 5 Va, £
BesE BRI B0 45 T BE ) S AL S T BR A i R TERE
WRIEA SR o P, 7 R B 45 1 o 5 A s b e i
INBE UL 1 25 v 1 BE ) B AR AL & Wi Bk A i
FERYRE ST, AWFITEE R X B BT i B A4k
M RA —ENSH L.

&% 3k

[1] XIGL,LIUZ Q. Coumarin sharing the benzene ring with quinoline
for quenching radicals and inhibiting DNA oxidation[J]. European
Journal of Medicinal Chemistry, 2015, 95: 416-423.

[2] LIW (ZEff), YEJY (W-5H), CHEN Y J (3217), et al. Antioxidant
activity of eucalyptus leaf polyphenol extract in vitro and in vivo[J].
Food Science (E i BH), 2021, 42(5): 160-168.

[3] ZHANG X P (3K, JIN G Y (&H:5), CHEN Z F (2 X)), et al.
Synthesis and antioxidant properties of pyrazine-thiazole bi-heteroaryl
compounds[J]. Chinese Journal of Organic Chemistry (5 #L{k2%),
2021, 41(6): 2445-2453.

[4] JINGY (&#5), CHENG D X (F£4: /1), DU J (#L4F), et al. Green
synthesis and antioxidation activities of coumarin-3-carboxylic acids
[J]. Fine Chemicals (K540 1k T), 2021, 38(8): 1722-1728.

[51 XIGL(%E#E), WANG Z W (EIEH), MAF (57K), et al. Synthesis
and antioxidant properties of ferrocenylimid-azo[1,2-a]pyridine
compounds[J]. Fine Chemicals (f§2l11£ T"), 2020, 37(2): 332-338.

[6] ZHANG X P (3KI3F), CHEN Z F (2 k), HAN L (#58%), ef al.
Synthesis and antioxidant properties of pyrazine-oxazole bi-heteroaryl
compounds[J]. Fine Chemicals (f541fk. T°), 2020, 37(2): 1461-1468.

[7]  XIG L (ri#h), CHEN Z F (B2 %), YANG ] C (H@40), et al.
Solvent free synthesis and antioxidant properties of imidazo [1,2-a]
pyridine compounds[J]. Chinese Journal of Synthetic Chemistry (5
WAk, 2020, 28(3): 194-201.

[81 XIGL(JFEF#), ZHAO Z W (i), WANG P F (£ K), et al.
Synthesis and antioxidant properties of ferrocenylimidazo[l,2-a]
quinline compounds[J]. Chemicals Reagents (fb2#itF), 2020, 42(4):
341-347.

[91 XIGL (fm#), XU K J (55, WANG H W (EZEM), er al.
Antioxidant properties of 4-methyl-7-hydroxycoumarin and derivative
[7]. Fine Chemicals ({5 4114k T°), 2019, 36(6): 1159-1165.

[10] KANG N (BT°), WANG Z B (Ed&it), LI D H (ZEf8ifF), er al.
Induced biosynthesis and antioxidant properties of triterpenoids in
inonotus hispidus[J]. Food Science (& F+#), 2019, 40(10): 157-
165.

[11] WU T, SALIM A A, BERNHARDT P V, ef al. Amaurones A-K:
polyketides from the fish gut-derived fungus amauroascus sp. CMB-
F713[J]. Journal of Natural Products, 2021, 84(2): 474-482.



56 M

EERE, S UL I A 1G5 695 S B ) SR fE

* 1211 -

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

LIN S, WADE J D, LIU S. De novo design of flavonoid-based
mimetics of cationic antimicrobial peptides: Discovery, development,
and applications[J]. Accounts of Chemical Research, 2021, 54(1):
104-119.

GAN Q, LIN C Y, LU C J, et al. Staprexanthones, xanthone-type
stimulators of pancreatic f-cell proliferation from a mangrove
endophytic fungus [J]. Journal of Natural Products, 2020, 83(10):
2996-3003.

MIN M (X&), FENG C (F#), DU J (#4%), e al. Synthesis and
antioxidant activity of 3-amino-2H-chromen-2-one derivatives[J].
Chemical Reagents (fL2#i3), 2017, 39(9): 921-924.

WU N (R ]), WANG J Y (F##5), JIANG T (71§, et al. Preparation,
spectral properties and antioxidant activities of pyranone-anthocyanin
derivative (oxovitisin)[J]. Spectroscopy and Spectral Analysis (i
2 556330, 2017, 37(7): 2120-2127.

YANG J (#75). Designed synthesis, cancer chemopreventive activities
and mechanism of stilbene-chroman and stilbene-benzopyrone
hybrids[D]. Lanzhou: Lanzhou University(*%J K2%), 2011.
ABU-HASHEM A A, EL-SHAZLY M. Synthesis of new isoxazole,
pyridazine, pyrimidopyrazines and their antiinflammatory and analgesic
activity[J]. Medicinal Chemistry, 2018, 14(4): 356-371.

KAUR A, WAKODE S, PATHAK D P, et al. Synthesis, cyclooxygenase-2
inhibition, anti-inflammatory evaluation and docking study of
substituted-N-(3,4,5-trimethoxyphenyl)-benzo[d] oxazole derivatives
[J]. Medicinal Chemistry, 2018, 14(7): 660-673.

ZHAO D L, HAN X B, WANG M, et al. Herbicidal and antifungal
xanthone derivatives from the alga-derived fungus aspergillus versicolor
D5[J]. Journal of Agricultural and Food Chemistry, 2020, 68(40):
11207-11214.

HAN W B, WANG G Y, TANG 7 J, et al. Herpotrichones A and B,
two intermolecular [4+2] adducts with anti-neuroinflammatory
activity from a herpotrichia species[J]. Organic Letters, 2020, 22(2):
405-409.

[21]

[22]

[23]

[24]

(23]

[26]

[27]

[28]

[29]

[30]

KUSSTATSCHER P, CERNAVA T, LIEBMINGER S, ef al. Replacing
conventional decontamination of hatching eggs with a natural defense
strategy based on antimicrobial, volatile pyrazines[J]. Scientific
Reports, 2017, 7(1): 13253-13260.

AHMED M H, EL-HASHASH M A, MARZOUK M I, et al. Design,
synthesis, and biological evaluation of novel pyrazole, oxazole, and
pyridine derivatives as potential anticancer agents using mixed chalcone
[J]. Journal of Heterocyclic Chemistry, 2019, 56(1): 114-123.

DONG B (Ffit), MA T (5hi#), ZHANG T (FK), et al. Anti-HIV-1
activity and structure-activity relationship of pyranocoumarin analogs
[J]. Acta Pharmaceutica Sinica (Zj°#2#4f), 2011, 46(1): 35-38.
KOSTOVA I, BHATIA S, GRIGOROV P. Coumarins as antioxidants
[J]. Current Medicinal Chemistry, 2011, 18: 3929-3951.

JIANG L (Z£#). Design, synthesis and biological evaluation of 5-
hydroxy pyranone derivatives as multitarget agents against Alzheimer’s
disease[D]. Hangzhou: Zhejiang University(#71.K2#), 2016.

LI Y B (3253i). Design and synthesis of novel hydroxypyranone,
hydroxylpyridinones derivatives, and discovery of Pseudomonas
Aeruginosa biofilm inhibitor[D]. Guangzhou: Jinan University(%F R
K2, 2018.

LIU J (X # ). Discovery and mechanism study of novel
hydroxypyranone derivatives as Pseudomonas Aeruginosa biofilm
inhibitors[D]. Guangzhou: Jinan University(%rg K2%), 2019.

SU X M (F4H0). Protective effect of maltol on experimental liver
injury and its antitumor activity[D]. Changchun: Jilin Agricultural
University (5 kgl K 2), 2016.

XI G L (i ##). Study on the antioxidant properties of coumarin
and quinolone derivatives[D]. Changchun: Jilin University(i kK
%), 2016.

WANG R, LIU Z Q. Solvent-free and catalyst-free Biginelli reaction
to synthesize ferrocenoyl dihydropyrimidine and kinetic method to
express radical-scavenging ability[J]. Journal of Organic Chemistry,
2012, 77: 3952-3958.

(k4% 1169 )

[14]

[15]

[16]

[17]

(18]

[19]

(20]

(21]

[22]

CHEN Y, PANG L, LI Y, et al. Ultra-thin and highly flexible
cellulose nanofiber/silver nanowire conductive paper for effective
electromagnetic interference shielding[J]. Composites Part A: Applied
Science and Manufacturing, 2020, 135: 105960.

CHEN X, YUAN F, ZHANG H, et al. Recent approaches and future
prospects of bacterial cellulose-based electroconductive materials[J].
Journal of Materials Science, 2016, 51: 5573-5588.

CHEN J J, LIU S L, WU H B, et al. Structural regulation of silver
nanowires and their application in flexible electronic thin films[J].
Materials & Design, 2018, 154 : 266-274.

LI Z, LIN H, DING 8, et al. Synthesis and enhanced electromagnetic
wave absorption performances of Fe;04@C decorated walnut shell-
derived porous carbon[J]. Carbon, 2020, 167: 148-159.

CHEN Y, PTSCHKE P, PIONTECK J, et al. Multifunctional cellulose/
rGO/Fe;04 composite aerogels for electromagnetic interference
shielding[J]. ACS Applied Materials & Interfaces, 2020, 12: 22088-
22098.

CHANTHIWONG M, MONKOLTHANARUK W, EICHHORN S J,
et al. Controlling the processing of co-precipitated magnetic bacterial
cellulose/iron oxide nanocomposites[J]. Materials & Design, 2020,
196: 109148.

JIA F, XIE F, CHEN S, et al. Magnetic Ti;C,T,/Fe;O4/aramid
nanofibers composite paper with tunable electromagnetic interference
shielding performance[J]. Applied Physics A, 2021, 127: 1-13.
SHENG A, REN W, YANG Y, et al. Multilayer WPU conductive
composites with controllable electro-magnetic gradient for absorption-
dominated electromagnetic interference shielding[J]. Composites
Part A: Applied Science and Manufacturing, 2019, 129: 105692
MAO Y Y, YANG H W, GUO J M, et al. Large-scale synthesis of
AgNWs with ultra-high aspect ratio above 4000 and their application
in conductive thin film[J]. Journal of Materials Science: Materials in

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Electronics, 2017, 28, 5308-5314.

XU Y D (4 ) Electromagnetic interference shielding polymer
composites: Structural design and performance research[D]. Taiyuan:
North University of China (H13L2%), 2019.

CHEND, QIAO X, QIU X, et al. Large-scale synthesis of silver
nanowircs via a solvothermal method[J]. Journal of materials
science, 2011, 22: 6-13.

QIN S D (¥i%5i). Preparation and properties of functional bacterial
cellulose nanocomposites[D]. Xi'an: Shaanxi University of Science
& Technology (BRPGRH K 2), 2020.

SHEN L H, BAO J F, WANG D, et al. One-step synthesis of
monodisperse, water-soluble ultra-small Fe;O4 nanoparticles for
potential bio-application[J]. Nanoscale, 2013, 5: 2133-2141.

YANG W (#3). Preparation of Fe;O4/cellulose composites and its
sensing application[D]. Wuhan: Wuhan University (#:7 K2%), 2020.
KANG S L (#A%#). Structure design and prpoerty investigation of
lightweight and high-performance polymer-based electromagnetic
interference shielding composites[D]. Xi'an: Shaanxi University of
Science & Technology (BEPURMY K2#), 2021.

LIU H, WU S Q, YOU CYY, et al. Recent progress in morphological
engineering of carbon materials for electromagnetic interference
shielding[J]. Carbon, 2021, 172: 569-596.

ZHU X, XU J, QIN F, et al. Highly efficient and stable transparent
electromagnetic interference shielding films
nanowires[J]. Nanoscale, 2020, 12: 14589.

LUO X M (FI%[R), IANG W (#3E), DUAN X B (Bt 1E) et al.
Prepartion and electromagnetic shielding performance of RGONs@
Fe;04/WPU superfine fiber synthetic leather[J]. Fine Chemicals (4%
41k T), 2020, 37(7): 1414-1421.

LI Y, XUE B, YANG S D, et al. Flexible multilayered films
consisting of alternating nanofibrillated cellulose/Fe;O4 and carbon

based on silver

nanotube/polyethylene oxide layers for electromagnetic interference
shielding[J]. Chemical Engineering Journal, 2021, 410: 128356.



