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Advance in Chemical Synthesis and Structural Modification of Icaritin WEI Chun-yong" ,WANG Yan-ping” , WANG Jing ",
ZHANG Lei""(a.School of Pharmacy,b.The First Medicine College ,Zunyi Medical University,Zunyi 563000, China)
Abstract ; [caritin, an aglycone of icariin,is the main active component of the genus Epimedium and the main active form of icariin
in vivo ,which has lots of pharmacological activities.lcaritin has been approved to enter the Chinese market for patients with unre-
sectable hepatocellular carcinoma unsuitable or unwilling to receive standard therapy,and have not previously undergone systemic
therapy.Due to the low concentration from natural sources,research on icaritin remains constrained.Therefore ,a variety of chemical
synthetic methods of icaritin have been developed.In addition, many efforts have been made to address the shortcomings of low bio-
logical activity and water solubility of icaritin by structural modifications. Various derivatives of icaritin with better activities have
been obtained.This paper provides a comprehensive summary of the literature on chemical synthesis and structural modification of
icaritin, with the aim of facilitating further research in this area.

Key words :icaritin ; chemical synthesis ;structural modification ; derivative ;research progress
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Fig.1 Chemical structures of compounds 1 and 2
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Fig.2 Synthesis of icaritin using kaempferol as material
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as material
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Abstract ;: Coumarin is a commonly used fluorescent chromophore , which has been applied in the development of novel and effi-
cient fluorescent probes.3-Aminocoumarin is an a,8-dehydroamino acid lactone , whose unique structure provides a strong basis for
this compound to be developed into versatile molecules with biological activities and other diverse functions. A number of fluores-
cent probes have been developed using 3-aminocoumarins for the rapid determination of metal ions and biomolecules.This article
reviews the literatures involving these novel fluorescent probes developed from 3-aminocoumarin applied in the selective detection
of metal ions (Hg™,Ag",Cu® ,Cu*,Pd* ,Zn** and Cr*) ,sulfur ions, Cys,B-mercaptoethanol and so on,H,0, ,and active proteins.

Key words : fluorescent ; 3-aminocoumarin ;metal ions ; biothiols ; active protein
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FRNAAR G475 01 5 18 P 5, S W 3k 7 e
JEE T HAREEME XY, Tsukamoto 2% 3
Fr1 18] BN A S A SO, DL 3-SR TR R
R NERIT & T —Fhar 43 N-2 BE 6T IR 5 H G 7
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RO He™ Al Ag”, BRI N—H FIEESE O J5iF
Z A B 43 F PN SRR 35 3 T IR X Hg™
M Ag" BIBBURE , J3+ N S o SRR T
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Y 2), TEfEMEL N 3 I %9 IR E Xt Hg™
A IR BR 43503k 2 A1 1 we/L, HT Lit,
K+ \Mg% R Caz+ . Cd2+ R C02+ . Cr3+ R Cuz+ . Fe3+ R Mn2+ R
Ni** [Pb* fl Zn*" 54 & B T NRE S 8EN 1 BRI &
A BRSO, BRI B AT TAS BE T LR ET 1 X Hg™ I
Ag" BRI, ZIREE AT LA 37 )32 B pH 35 [,
VW PR A TR R () DMSO AN 5 i A I 7
PE, [FB,S7E pH 3.0 MYZE pP K & 100 mmol/L
NaCl () pH 7.0 22 phi T A9 M RE BLES
TR REFE A A R SRR TN He™ i PR — A5

H H
S
YN]/ Hg* HgSor OYN\H/
N /S
HO 00 Very fast! HO 0”0
1 (=0.003) 2 (9=0.98)
HgS
Hg* |H,0 I
Hg*
ngu-\ H '8
SN - H.O: SN
N H,0 2 \.Tﬂm{

2 hBEAR AL AR R RGN Ag” R He™ FOHRES
Fig.2 Effective probes for He™ or Ag* from desufurization

1.2 Kl cu™ RmetiRsr
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Cu™ BRI AL G T FF 2 1 T R BN DR E Y
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UEREM6-F T T RMBMEEEM S N T WFHF TR
W T HRE 3 R 4( 1 3) , BUEF G RIRE 3 BB
ANz HMh 4 B T T, e B T B R Y
TRURPE R EREPE, — Ok UL, OB RS Cu™ #i A
5o R VIR PR AR N R (AR S 3-4 0
FrERZB WP CHREr 3, 76 & = DMSO &
WEW S Co® #A I, 7EIK 400 nm Ab & 0%
7 AR B R A TS /2 400 5B BLA 5 1Y
650 LA b, H5Z M, HE 4 5 o™ il G R, HAE
445 nm Ak % O OG5 BE HH C A RIS 29 240
FRERIA T R, Z A DL I R 4,
FERAENEERE 3 o, Co™ SHE BB
N PR G ENRE-0 L PR T 4 S ECAE
B DORE— P L 25 A A R M B AIR T U
G ZRIE A A e X R T Co™ A, 1
VWG BRI AR 25 5 Al >k

o
TEA
CH,CL,
cloc cocl

B3 WEZE o™ HEH
Fig.3 Biscoumarin-based probes for Cu**
1.3 Al Cu' MR
Cu® I Cu™ 2 4 A Hh Al UL 5 0 R 19 7
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Woerb BESE G  HGXORPIE R AR S5O Cu™ AR
HERZEHN, Cu" 254 6 BRI H 410 nm i
LR F] 470 nm, 75 365 nm EHMT &M, X fh
AR N E O AR B a6, AMUDUR B
SWE, KR E ANt E 0.26 2R
13.82, T SHE SR ECAIRE ST, Zn™ Ni** FI
Cd™ 1] LA KRR FE B AR ER £ 6 X Cu™ By 450 fiE
F1o WX Cu™ 5% 6 LI ) & B o B bR 2
0. 42, [AlFEE/NT Cut B 13. 82, 5 ikt AT LLIX 43
3, Ik, HE 6 L TTE N Cut Y —Fh
PRVE 4 08 B F B AR, R Cut 1 A PR R R R
2.29%x10™* mmol/L,

Nx ¥
| _ p
H
oo
0 0o coo
\ \N 0-0H H
! o, gl " NN
N H0 SN, | 0
[ ! NN Ho 00
/ N =
I [ 5
Z >
6—Cu 6—Cu*-1

B4 Co REHYS S R
Fig.4 Synthesis and application of the probe for Cu”

1.4 &0 Pd™ AT EHRET
GBI TR HLAL S SO bR
2R EAT I, X P B AE Y T i ER o
FEE Al LA R 300~2 000 me/ kg, 33X BE 15 B ™
N YNEY (G AN OEUE PNt YL DN
RF 1.5 pg, SCH R ROR I A58 5 A= Py ik v iy
e EA A E XY, Hou 257 L 7-
T3 (N-A OB RSSO R R, E ik
M2 T G T S AT R A
EHE7(ES) . 47 1E 0. 5% DMF pH 7.2
() PBS 2% th g 7 5 9 98 O, RO T
491 nm Ab, HTEBRE 7 BIERPINA PAY R, W
WK, [R5 e BT R 491 nm #5783
480 nm, MMA 5 fFEK) PG, HET 7 B9
SERVER, BREF T 5 PdY N %R 11 A BCAEE
A % P IR R A 2. 6% 1077 mol/L, fE55 1=
) PA** (5 wmol/L) fE7E T, #REF 7(5 wmol/L) 1y

H H
SN a mNY\N% 0
Et\l}lmo 0 = Et\]\ll 0o 0 N=N HN——«

Ph
Et Et
7
Ph
HO—{N
g
P Pld““ N'N
B ‘\
OOl
Py oo OH
Et o pg

B 5 &AM P A BRI
Fig.5 Coumarine-based probe bearing-triazole moiety

for Pd*'

a b
<
Ed
Y

B 6 Hella 0 0Y LR A CMARE . dHMLAE
10 pmol/L 445N 7 MR HEER /K 1R E 30 min 1Y
PCEME (a) s M EHETE D 20 pmol/L 454 Pd™
BRI AR BEER K PR ANRE 30 min BIZDOGEIE (D)
K a BZEHER (c) ™

Fig.6 Confocal fluorescence images in Hela cells:

Fluorescence images of cells incubated with 10 wmol/L
probe 7 in physiological saline for 30 min (a) ;then
incubated with 20 wmol/L Pd*" for another 30 min(b) ;

25]

bright-field image of Fig.a (¢)"
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TER A Hela 4R PA™ (K1 6)
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PERE SRR B ook, B IEW
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WE L) R B R B SR RE 8 (| 7)), FES
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4T 8 BYDECIELIRE] 516 nm, X AP AE4L AR A
SRR O] A3, AR BT 8 ARME B2 X 43 Zn™
i Cd™ o RS2 7E Co™ VKK I Zn™
LU ERET 8 SR s LI, B Cd™ A 1%
SR AT LOE T BRE 8 5 Co™ LA SR 1Y

S
N~

oy == oy,
Et El\]TJ o0 00 B
Et 7
8
(S ) S
N~ N N~
H ! i
/@\/iwj(\N Co?* Cotto NN _Zn Z‘ynff:'.:Nﬁ@
E"]}l 03090 ‘\@ . Q\/INY Nz mNY “NA
Y P N 030 OH Ec\ITJ oo OH
Et Et
3 8-Co(Il) 8-Zn(1l)

S > 7
N~ N7 N~s
H i 2~ CuS
OO, e G 2 NS
N. TN
£t _ \w o OOH Et\]TJ o OOH
8-Cu(ll) Et 8

8

B7 ZIjEe Zn™ 5 STHIGREN

Fig.7 Multifunctional fluorescent probe for Zn*" or $*

WK G INA Zn® JEH LR FT FF A
TRZE Gy Moy BRI Zn® K DUBR A 5. 7%107 mol/ L,
YN VAR K55 52 RIS B0 b AR T 7 e 45 i
AR, BAR Co™ BAAPRET 8 NAEAZIX 43 Zn™
A CA> AEJE AT LG G Ak 9, v] i AL 4
A DMEDEETE K B3RS 8-Cu ( 11) BE &Ry 966
BIFREAET Cu™ 5HAY) RN = A T R E
CuS, BLEY) 8-Cu( 1) b BE %5 7 4 A B, I A1) it
T B - TFHLE RN 5 S* 1% HeLa 2L,

2 HBIEMEEN H,0, B3Rt

AT JEVAT, A= P B A AL RN Al B A
B AR, WA JE S B H K GSH 7R 24
YA fL A A IR A | AR I 2T 40 AfL e S AN
WG 5 15 5 5 IR R 4 0 O 1l R $5 B AE
FHPY A Wi B A LA v Gk B R AR A TR
AT E 0 A, T A A ) B I ) R
BEE 32 2 ORI B R BT X A 0 B A
T R BT & ok, 3-E LA 5 K O JRORE Y 4R
YIR B PR T A — BB 4fGE
2.1 KA PR B A SR B

A V25X AR DGR T 2T &
o E R X SO PR 0 H ABASERE | AN R SE A PR
R A=) 0 T I B RE S &, BT 0 - T R i
IV e B4 A W A BB B R LB, Y A5 ER DL 7  d-3-
I U R AR ] T N 2 ok R
HRMNE G ZHEE 9(K 8) . IR 4,
TSR B ACIR 25 F 5 H DMSO 3% 98 T AR & ik
EEOT . BREF 9 R —FMEME LR PR e
= SOV R BUR) “ urn-on” UG BEIRER , 5 B-
HiHk OB 2 B &R ( Cysteine, Cys) . GSH Jz 7,
TREF 9 Sl f TEUOLHE AR N iR Sk 5O %
9 ST TR A — R W — R, HoA
IR T YEHRES 9 XoF e Db R 55 B e 7 A A
I ARG Cys 119 78056 BL £ 412 T8 %) JHL Al 2 U 41 22
P20 15, GSH S454%F 9 [ vl LAl Hioe e & 1
BRI 470 1%, 5Ot 5 T30% h @=0. 001 #n
F| @ =0.47, %) GSH 1yt B 5 K #T DL ik 3|
0.5 nmol/L /K-, & ZHis# Y GSSG Ft Z i A
REMHERET 9 W RDENE, #RET 9 thnl LA TR 7
B P 32 A (0 2 1 5, T DA e A o R AR )
ML FEE O BSA (50 ng) , 10 % 1% il 52 i
(500 ng) . [A]7Y — SRAK MY 43 e H BkE I ( GSH
Reductase , GR) 7] LIf#E{L NADPH {8 GSSG i 5k,



FasBHE 12

TR 3- A A R AT AR I IOEIRET 13

GSH K%t 9 nJ LU TPl HAG I R 41 GR 1Y
it [ s AT D aok vy 3 f 2 ( High Through-
put Screening, HTS) #fi x¢ GR A9 4 J& i 5%, 48
Bt O AT LS I 20 M R, DR b A 00 40 P A
B 4 it 28 (HEK-293) H Y GSH(E 9)

HO 0._0 HO\CCTO
CLINHZ - Z>NH COOMe

O =
9
HO 0_0
w "I
R~ Z>NH COOMe
H,0
o
S_R
9-SCH,R

B8 “Turn-on” FREM R EEST T

Fig.8 “Turn-on” probe for thiol-bearing molecules

a
50 pm

B9 HEK 293 4y LR AETOLIER IR 9 i
AT EIR (a) s T/ET 9(1. 0 pmol/L) B 5 5 min J5 )
EIR (b) s S R (o)

Fig.9 Confocal fluorescence images of HEK 293

cells; Fluorescence image before (a) jafter treating

the cells with 9 (1.0 wmol/L) for 5 min at room
temperature (b) ; Bright field image of the cells (c)

Zhang % %2 JB T T RUA IR 55 RSN
TE PR B A= YD B AR 5T 10 (&1 10) o AT THEDS
ek M TR R B EF RN 7R A E &
FE T 9 B BL L O Y BT A 1 N H A B
(Intramolecular Charge Transfer, ICT) 2 #Y 2, 4-
THRAOREAIR B AR TR 3-E A IRALEA T OLIE
S T2 (Photoinduced Electron Transfer, PET)
ROV ) Eh SRR B AR A5 3 1 S OB K RE T 1 5
FeHREF 10, 76 pH 7.4 B9 PBS & iE W+, 7EA
TREERAEN T ERE 10 LA YO0, R
WA 330 nm Ak, i THEA T 88 ICT BN 2, 4-
TAHSEARR B R 10 A SRR TR
F‘,TUE%%EE%%EXftEVRki@ﬁ@?—EB%@%
SRS g IO S el 2, 4- i AR R
AR Mk IL@?E’JEH%%%%A?&@. EF 10
S B EE T 2 SO O i E A0, IR 10 [RIAE
X B (e B e HAt 19 R LR AR fiE

THEXT Cys FIHAb A PR B AR, Cys 5561

B o3 55T 10 Sz fe G H B0 26 Y e K
RSN T 470 nm BB 20 J 09 298 G BE LA
W2 SIS THE A 400 A5 L L AREF DR B, $R 5T
10 87 DU T4 H,S SR, Hela 20 88 ) 5256
UESE R 10 7T L2 b 200 5 e 2803 0 240 A
)L MR

Fluorophore moiety

H,0

R-SH _ Z>NH COOMe 4+ /©/ S‘R
)\) ON

S
11 “R

B 10 XA K5 XU 000 A Wy B R B
Fig.10 Dual-quenching and dual-activating effective
probe toward biothiols

DATE i 38 19 A= W) B I 1 PR B DR AR 2 i T
Micheal I8, S AR — B0 5 1B 522 <6 Jos - I
VERT R IME 20 | S I i | A AR S vy 45
B HBO AL & LT #0248y ICT  PET
oY, ¢ 6 L Bk B8 & ¥ # ( Fluorescence Resonance
Energy Transfer, FRET) JZ 3 | Ji &SI 7. = 2"
BE-3-F AL TR N SORMIRFE 5 i T AR B
RULRMELRTOCHE 11(E 1), I TRR
MBI A KOG BRI DR K T, K
Bt 11a 11b M 11c MZOEE TR & iU
0.15.0.066 F10.073( 4 X=H B},®=0.63), #*
B 11 2240 1k /N turn-on ™ YA B 47 550

JEHRET . A Cys ST, BR T CL R T A9HRE
1la ZOEAREIKE ST, & Br Al 1 FH94RE 11b,
e PZOCHRIGEMR AL , A i 2 (50, e K&
SHIEERLT 495 nm, 29 R iR BLA Cys
W EEHCHE , — 8 SR A OGO H A R 2 A
EMRA Vo , KIARERRET 11b M 11c kﬁﬁéx

NH N 11a, X=Cl
A 2 X o
— m T 1ib, Xpe
Et,N 0”0 Et,N (4] 0 11e, X=I

11

RSH mNj(\SR
ELN 00

2
12

B 11 5 R IT R AR YR B SO LI
Fig.11 Heavy halogen atom-bearing fluorescent

probes toward biothiols
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s, AR AG AN [1) A= 40 e ) 3 AN — 38, L
TRE P 1 HE 5 0T J2 : Cys >GSH > Hey, #%F
11b A1 11e ] DL 6 0 5 i 52 %) 2 1 5 4n
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0 A AH M FE P, AT LU 2 a4 RS A0 248 i
A= P e
2.2 KO AEMIEREEA H,0, B REDECHET
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B9 CIERTR (D =0. 168) , MTERET 13 IEH T
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WEES, X4 R L E 13 5 H,0, RIVG
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Fig.12 Dual-responsive fluorescent probe toward

biothiols and H,0,

3 KillE Cys MEARMEHRE

A B 11 1% 22 PR L ( Bruton’s Tyrosine Kinase,
BTK) 7£ B k40 AN T k40 5 S S b &
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FEAHOC . BTK BUAEAE IR YT 18 1 Uk 2 40 A 11 i s
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TR GERX T EIR R 112 B 51697 & X
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B, TR 8- 45 JE RE 98 1 W] 306 b 410 i BTK A9 0%
Ve, JETHREE R X BTK % — M A A 306 40 il 4
L BRI R T —LE X BTK B2 e84 24
Wang 451 10 57 -0 ok Ik 0 i R 65 5 e 3
BE—E, &8 T AT R BTK M5 5
14, R T I D A AT R i B AR S
1627 (Click Chemistry ) (9T, J5 AT LAIE i o5
P25 53 B AR RIREE 14 KA RN 1Y)
BTK (& 13) . 8% 14 S5t FasE , 7l LALE[H
MRS S E T DMSO g #0H iRl CCK-8
S T S I R T A AR 14 A RIS
B e Xt BTK (4 A 0] 86 30 1 3% 1, 5 240 i R 7%
5 min BLAT DAOULEE B DG T CHATIF, WoR i i
WA PG, IR 1 h B 268 B B A 31l ik
fE(E 14) . 1 pmol/L MYHREL 14 BERT LIAG 2] i
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Click chemistry of H ﬁTi
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Fig.13 Coumarin-based probe toward BTK protein

Toledo cells
14+ibrutinib(10 x ) 14

Namalwa cells Jurkat cells

14+ibrutinib(10 x )

B 14 Toledo Namalwa F1 Jurkat 400 7EF B G4
14(1 wmol/L) M5 iburutinib WA ZH A% (a)
Toledo #H L 5 #R4F 14(1 wmol/L) B SZHT FE wiske
BTK E{%(b)

Fig.14 Cellular imaging of probe 14 with Toledo,
Namalwa and Jurkat cells in the presence or absence of
the parent inhibitors (1 pmol/L probe concentration) (a) ;

Real-time no-wash imaging of BTK with probe 14

45]

(1 pmol/L probe concentration) in Toledo cells (b)"
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Research Progress in the Preparation and Application of Magnetic Graphene Composites ZHANG Yang ( School of Materi-
als Science and Engineering, Anhui University of Technology, Maanshan 243032, China)

Abstract : Magnetic graphene composites combine the advantages of nanomaterials and magnetic materials with quantum size and
macroscopic quantum tunneling effects,which are widely used in energy, biomedicine and other fields. However, the performance
and application of magnetic graphene composites are affected by their size ,morphology,and crystal structure.Therefore ,the selec-
tion of appropriate preparation methods is essential to develop magnetic graphene composites with superior performance and wide
applications.In the review,we presented the preparation methods and research developments on the application of magnetic gra-
phene composites in recent years. Furthermore , we highlighted the principles, advantages, and disadvantages of the preparation
methods and application examples.Finally,we discussed the future perspectives of magnetic graphene composites.
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DOI ; 10.13822/j.cnki. hxsj.2023.0602

Trichosanthin Polysaccharide Chitosan Composite Hydrogel Promotes Skin Wound Healing in Mice WU Yan ,KOU Xian-
yong , WANG Yao-zi ,LIU Tong ,LIU Xin-yue,YOU Xiang-yu" ,SU Jiang-tao ( School of Food and Biological Engineering, Hubei
University of Technology , Wuhan 430068, China)

Abstract ; The composite hydrogel was prepared using trichosanthin polysaccharide ( TRP) ,chitosan ( CS) ,and citric acid ( CA)
as a crosslinking agent and utilized as a wound dressing to encourage mice's skin wounds to heal quickly.TRP was isolated utili-
zing the methods of water extraction, alcohol precipitation, and protein removal with trichloroacetic acid. TRP hydrogel was de-
signed using a one-step freeze-thaw procedure,and its structure , morphology,and mechanical properties were reveal using fourier
transform infrared spectroscopy ( FT-IR) ,scanning electron microscopy (SEM) ,and texture analysis.In addition,the antioxidant
capacity of TRP,as well as the swelling property and hemolysis rate of TRP hydrogel , were measured , and the effectiveness of TRP
hydrogel as a wound dressing in promoting wound healing was investigated. According to the results, TRP hydrogel had a maximum
compressive strength of 13. 79 kPa and a swelling rate of 12. 41.Both TRP and TRP hydrogel had a low hemolysis rate , the highest
hemolysis rate of TRP was 1. 29% ,and the hemolysis rate of TRP6 hydrogel ( TRP content:6 mg/mL) was 2. 36%.TRP displayed
good antioxidant activity and could effectively scavenge various free radicals. Throughout the full-thickness trauma mouse model,
and H&E staining results showed that TRP hydrogel could promote the hair follicle regeneration and tissue reconstruction of mice
skin wounds better.In conclusion, these results suggest that TRP hydrogel has a promising future in wound healing as a wound
dressing.

Key words : trichosanthin polysaccharides ; chitosan ; hydrogel ; antioxidant ; wound healing
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SRS KB, TRP REHE 5 41 4 A CD35 1Y)
PR, PEE T A R 2 AN M e e T B, BXEEER
S BIFGE 4 P, TRP AT A S0 BAAZ 40 it (1 3
B, -1 2 A R 41 i MCF-7 F1 HeLa 21 ffd
A, T TRP 2B RESAE E1 1 @A, A ¢
5T H RS A R L RGE

ABFFE L4 I TRP Fl CS, il 4 TRP 24
IKEERE  BF5E TRP 7K 582 B 45 ¥ 75 ik A g 2
PEBE ; [RIA, 388 i A AP 2 56 /N BRL 4 12 J2 40 (A 7
X TRP 7K EERE A PR A fe b4 D fr G fg )
AT PR,

1 LBHS
1.1 FEE SR
K5200G 7 75 90 3 v A ( B Ll i fs s A AR

FABRATE]) s R213B Bl 28 &AL ( i B BB
AR F]) 568 BB 5 h-1] UL 43 S % B 3t
( R AR A R /AF]) ; EPOCH B £ Ty 6
FRAS( D2 EUARS AL A8 PR R ) s TALXT. Plus % JT
P4 AT AL (He [E SMS AL A BR 2> 7] ) 5 ISM 6390
LV B i i 5 W (B A iRl 4
Nicolet iS 10 U B it A8 4e£1 FP AR ( 35 [EI FE BR
KHRBHE A F]) s HISS0R B 45 5 1 3 V8 4 B 0
BLCWEE WA B T & A PR F] ) 3 SCIENTZ-18N
RIS R THAL TR 2 B R A RA D) o

RAEM 25 (R 250 et A BRA R ) 5
2, 2- R K- 1y BEF L ( DPPH, 2HE 96%) \2,2-
156 2R ( 3-2, FE 7R I wE s mbf-6-fisk 12 ) — i R
(ABTS, 0% 98%) 3R £, —Fg=r FE A ILRE ( Triton-
X100, 4 =99. 5%) 784 (M =300 000) ( I
Vg 27 s AR AE AL R AT BR A B 5 L-BU R i iR | i i
W4k (FeSO, ) . K #2 . £ BE (C,H;0H) | & &
( CH,COOH ) . #7 B MR ( C,H,0,) . =4 & W
(C,HCLO0,) G5 b (H,0,) (4rHr4l, =254
Ak 2= A BR A R 5 JCBR BTSSR il (7 8 SR
EYRHAEBRA ) .
1.2 SEETrik
1.2.1 TRP Ay#EHC S 4tk

TR FAERIRTE I 1 600 H 7, FREX 100 g,
TIA 25 AR B T K, 50 °C M HEBOH Uk, A
K 40 min, AIFHEEUR , £ A S | RIE R
T 50 °C, i Fe 78 R A4 224 300 mL, He4h
BRI 4 FARFUCK 20 F B U , 150
R

SHVPAIESE kel TRP, HI =8 2
PR BRI AUINE, LS Z & Ah-0] WA e
BEHRIN , 7E 260 F1 280 nm ALY TEME I 3G
WAE LB TR PN 48 h, W45 BN, INA 4
FEARFRICIK 1, S B R DTTE , DIVEFH G BER &
AR TR, 8 R TR AR B L @B ACIR TRP, £
R -FR R EED 2 TRP W25 8l 82% .,
1.2.2  TRP /K& AT &

WE 1 s, TRP K EBERE ) Hl & Tk S %
Liu Z Pt m B0, B 1. 5% Z BRI N
W), BLH 39%CS ¥, INA CA,CA 5 CS i
Heoh 15, ZF RS A, A AR R A (] e B
TRP A ( TRP #J¥ .1 mg/mL( TRP1) .2 mg/mL
(TRP2) .4 mg/mL(TRP4) .6 mg/mL( TRP6)),
TRPO A AJIA TRP H75 FKBERE , §f B BRI,
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LA =20 COKFER TR 12 h, 7F 4 CH#EUR , 155 TRP
TKEERL .

At S
; KRR
‘(_:§ _______________ ! +
/&, ot TRPHH
K\ -3 wzh
|
----------------------------------------- -

B 1 TRP KEER T &R B
Fig.1 Schematic diagram for the preparation of
TRP hydrogel
1.3 TRP /K& FRAE
1.3.1 SEM

TRP 7K 5B % T 1% 48 h J&, #% T TRP
IREECHRE S 12 AT RS 2 B 248 i, w4 A B
i JSM 6390LV SEM RSL7E 15 kV HLE T ML
IREERE Wi 241, A ] Nano Measurer 3K F 115
IKEERE A LA K/ INITH T Origin 2021 7RI,
1.3.2 FT-IR

TRP H1 TRP /K &ER S R TS, B 2 mg TR
T TRP 5% TRP /K& B AE &, N A KBr JE F, #F
FT-IR Lk 4 em™ 953 BERAE 4 000 ~400 cm™ 1)
T R N A 32 Wk DAEsSOGIE TR
s, B ORISR IR 21
1.3.3  TRP /KEEH Mk RG]

BRI TRP K EERHE AR EE (W) J5 &
F37 CHY PBS b (pH 7. 4) i E 4 h )5, %%
IREEWE R T K 48, AT RRE (W) o #ARK
(1) TR S R IR R

WIKIE(SD) = [(W, = Wy)/W,] x 100 (n
K, w, W, 3R TRP KSR IR EATE, g,
1.3.4  TRP /K& H 4 M rewa i

i A AT TRP 7K SR (i i B A T | v
15 mm, B 4% 20 mm) [ FE 45 MERE AT 00 0, 1k
Hb B AR EIPE (J/m?) SR VP K BE I ) Pk
AR K LA 30 mm/min 838 B X 7K B8 7R 4T 1%
g5 ARG 1 F1 - AR M2k, B2 AR 2 /DA T
3K,

1.4 (ROMEITEHEBFSE

1.4.1 TRP &AM EALTE D E
1.4.1.1 DPPH H 3L BRRMNE

DPPH [ HHE 5 bR 92 06 2 % 8 75 261 Oy 1%
FrmAEER, o B AN Rl e (4.0.3.0.2. 0,

1.0.0.5.0.25.0.125.0. 062 5 mg/mL) i) TRP &
W, B3 mL,J5 A 3 mL(0. 1 mmol/L) i) DPPH
CBERW,TE 26 °C N RDEFRE 30 min J5 , {4 FHE
FRALAE 517 nm 202 WOCREME (A) o 435l DL &
BT KA Ve AR IR BT IR, 405K
(2) 315 DPPH H LAY TEBR K
HERA(%) = [[Ag = (A, —A,) ]/A,} x 100%  (2)
K, A, I EBE T KM DPPH % W EEE(E; 4, N TRP
RN DPPH VTR AW 6 BE (8 ; A, N TRP ¥ A1 25 18 1 /K A W
B
1.4.1.2  FRIE [ B IIEFRANE
B [ ILIEBR LR B Zeng F' T I IEIT
BEAEE B, A H 2 mL AS[RIVR B2 9 TRP ¥, #H
Zkfin A 2 mL (9 mmol/L) FeSO, ¥ .2 mL
(9 mmol/L) /KAHR- L BEHS W AN 2 mL(9 mmol/L)
H,0, ¥, 37 C /K% 30 min, ®HEZ=X R G
4 500 r/min B5.0> 10 min, B F 5 W, {48 FH A X
£ 510 nm A0 W EWOGEEE (A) . AL BT
JKFN Ve BEBAE R B FNBAPEXT AR
FREEH ARG R R ERIA K (2) 15, H
A, N EBE T IRFIKAG IR £ T 00,550 75 U 1Y) TR
JCEEAR A, A TRP ¥ R AIK % R - £ T8 i €675 5
W OGRE(E A, i TRP #2285 T /K ot
BEfA
1.4.1.3  ABTS [ 2 IERR R E
ABTS HHEIEBRL K S % Zeng 57 J5 1k
IR, 7 5 mL(7 mmol/L) ABTS i& K
JIA 88 mL( 140 mmol/L) iz & R4 5 3 , SIS v
W8 16 h,J5 1 PBS Bt 2 i HIBAR{XAE 734 nm
S IAS G 0. 70+0. 02, B 3 mL ABTS
P B 0.2 mL AR BE () TRP W, W &
6 min J5 37 R FH A ARAZE 734 nm AL 005 W 5 B
H(A) o 2l LA B F 7K A Ve B WAE R BIPE I
BEE X6 B
ABTS HHEEMERBEMAR (2) 15, H
A, HEBETFKH ABTS IS A, K
TRP %A1 ABTS AW E(E A, S TRP %
TR 25 85 TR OB E(E
1.4.2 TRP & TRP ZKJ¥ERCV Il 260
£% Zheng 5" vk Ak il 2L 40 ),
PBS i Bl 45 e ML 2040 M2 V7 . FRELZR T TRP
IKEEAE T, BIRE S BT PBS 1, 7E 37 C FiFfk
72 h, EHIAS 8 4.2, 1 mg/mL Y 7K B e B UM .
[ -, LA PBS ¥, BC i bR Wk BE#Y TRP
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R RACBHHLZ Wl 5 R B K BRI A 1/ B IR AT 1 A 29

0.4 mL K &E I 42 BOW B TRP W, n A
0.1 mL fRIl ZL ARV, 37 C FEE 2 h &,
2 500 r/min B0 5 min , B3R, 6l BEBRACAE
545 nm A0 E FROCEEME (OD) o 43 5ILL PBS Al
0. 2% Triton-X100 £1 2 A 2 fife A hy 71424 0 BH A X6
ML AR IR,

WM (%) = [(0D, - 0D,)/(0D, - 0D,)] x 100 (3)

3L, 0D, 0D, \OD,, Z3 A f | BT IR 4 %o Ay
S BEA
1.5 RN EASLE
1.5.1  SLsshy Ko

ST /NELCK 8 JEEE SPF 2% KM HEME /IR, 1
K IACAE SE8 S g TG R 3R T eI R4
IRAIRH A B B SPE ¥ b5, shi el
WES . SCXF (%) 2020-0018 . /)™ B 7E 37 7 55 38 7
— a5 LA A SEIR 2 | 25 K BER L TN ZS T
M (HAH8 R,

1.5.2 /N2 BRG] A5

4/ N SRR, TR RO
HHELH L, FAMOIEES, HAZ 757 L4
BTN (29 1x1 em?) . SEERZH /N BT
BT L TRP KB 7 55 , 25 1K BE I 2H /1N B0 LA
AN TRP 1925 K EE RS 35 A T, 25 FU6 B
TERE SR, AT sk E T %
BIRF G o e B b e, 29 S 5040 2o A dik 4
G BEYEIR B (AR 55 230 7,

1.5.3  Qfid &

ARG B R /N BN Ak 495 11 21 B 40
Mgk, A Image J FAFTTR/IN BRUZE R 2 B A
WO HHEBL, AR () RGN aaER, RE
5515 d, EARFE /N B, IO A 1 Ak Rz ik 2 27, 3
FTIRAKG-FHEL (H&E) B €5, 78 200 % H1 400 57
KAEGECFHARE , BT E

BIORE#(%) = [(Sy = S,)/S,] x 100 (4)
A, Sy MAIHA AT IR, S, iR i 300 e A

2 #R5ite
2.1 TRP FI1 TRP /K#EEHE FT-IR 404

WE 2 frR, 78 TRP LT AMG ik E h | v i
3380 cm ™' 4 —OH MR 05,2 930 em™' &b Ky
—CH, FO¥EhI&E 1T 1 050 em™ &b A4 55 W2 Wi S
ML A BUBE L ; 78 TRP K EERS I ZL A 615 1 570
em™ ' Rb S 55 e B AR 2 06 AH OC 145 5 0 I Dy
SR SIERR TR EAEH ., 5 TRPO KEE
AR EE , TRP4 ZKEEREH 3 380 em ™ BfFUT A4 U4 AH Xt

ARGE 2 850~2 920 em ™ AbIEIEES  ED K TRP 1Y
S KEE RS H A 2 09—O0H T2,

TRP4

AN
3380 2920 2850 TRPO ‘1\570

3350 2920 2850 TRP

1570

! ! ! L L 1050
4000 3500 3000 2500 2000 1500 1000
/em™!

B2 TRP il TRP KEER A FT-IR i IA]
Fig.2 FT-IR spectra of TRP and TRP hydrogel

2.2 TRP /K&K SEM 281

WK 3 s, fiE TRP & & B934 /i, TRP1
TRP2 \ TRP4 7K EERCH Lb TRPO /K BE I, 45 ¥4 32
ARG R 5,3 AR BE B FL AR L TRPO
IKEEIE /N X S B T TRP 433l i fh 2% 58
IRo PR g 5 CS M EAEH S8, (3 YK EER
o TRP & it ifE— 45 TRP6 7K EEL AHHL TRP4
IKEEIE A BB , FLARAE K X A RESE M
A 0 22 W UK o s R B

TRPO [ T B0 TRP1
e 2 A A P

0
TRPO TRP1 TRP2 TRP4 TRP6

B3 KBRS A B B R AL AR A
Fig.3 Scanning electron microscopy images and

pore diameter of hydrogel samples
2.3 TRP KEHRAPUELETERE AT
TRP JRKEEME Y 45 1L 73107 22 it 2 an &l 4 By
7B TRP & & B934, TRP1  TRP2 ' TRP4 7K
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I 1 B0 s o R R 4 0 1 28 B 3, TRP4 7K
BERZ o B RT3 B (13. 79 kPa) W AE
(74.04%) F5iH (16.19 kPa) FIJE45 B 1% (3. 34
kJ/m*) . X AlGEJE T TRP &4 K#E—OH, i@
b SRS T R A WA R B SR 2 | (K B i 4
PSR B T HPUR AR E il = TRP
W) 25 FBOKEEN Z5 1 215 B0 , TRP6 7K BE K 1Y
UG B AR, X5 iR SEM 2 Hr &4 R 2 —
HH,
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Fig.4 Compressive stress-strain curves (a) ,

modulus and toughness (b) of TRP hydrogel

2.4 TRP /KEERHITIKAT R0 HT
HFEKEERAE PBS WA KA T, AT HIR T
AP 7K B e by FH 14 11 SBORES LI e 175 F1 8 Hh iR
MIRE 1. TRP 7K & W/ 3 K B2 an &1 5 BT i,
TRPO TRP1 .TRP2 .TRP4 TRP6 7K ¥ Jist (1 775 ik JF
MR 8.52 11,95 12,05 .12. 35 Al 12. 41, TRP
IREEIL IR IA K e 2s K B A IH g 3 v, X ml
REZ N TRP /K &E K h & A 3 2 1—O0H, I 7

a a a a
/}L I I I
: e : - .
&“SQ & &“g" &

o
&

Mk BE
—
SN B N O NN

AR FRCERA B M2 5 (n=8,p<0.05)
Bl 5 TRP /KEER ML
Fig.5 Swelling behavior of TRP hydrogel
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B AE 7 AT 72 | AT H0 K TRP i S84k RE 1 A 3 55
& 6a~6c T, 24 TRP AYHEE N 4 mg/mL i,
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JEH , TRP X280 H el 3% 10 15 B 66 7 5 ok B 0
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Fig.6 Radicals clearance capacity and hemolysis rate

of TRP hydrogel
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SN RACM R e M B K BRI AR 1E /N BB ok s 00 A 31

I, V5 o AR B T A IR R s ; — I DL T, i
ORI 7 1L R /N T 5% IniE 6d B,
TRP DL} TRP /K&EWE A LR B /NT 5%, 4
TRP 5 TRP 7K EEHE AV L &3k 8 mg/mL i, TRP
FIVE ML RAL R 1. 29% , T TRP6 7K BE i 4 75 1L
H2.36% ., XU, Nig & TRP 5k TRP /K & ik
H LA L ) 0 YR AR 2
2.6  TRP JKEERN T 1 BORDSHE 3K 9 45
F A A VeI

VERKAT R 43 AT F0AA S0 16 1 AF 9 45 SR 26
TRP 7K&E B B A7 W H 05 1 80RHY K49 BE
ARHFFEBEE TRPA K EEREAE R /N B4 J2 J2 1 15
S TUBOR, /INE A e 2 B A T A A
BLULIE 7, 45U TRP 7K BE M4 /N B 15 0
FE 15 d PR B U et , B2 R TCATA &
RL AL SR 25 A0 IR AL A Al B 2
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Fig.7 Graph of wound healing process (a) and

wound closure rate (b) in mice
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Fig.8 Hematoxylin and eosin-stained sections of

mouse wound tissues
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NaYF, :Yb*" ,Tm> # £ % L HRMAKHBH &5 £GRL

BE GZH  wmAR FAE R R RMe
(LINSEERHE KR kB2 AL TSR sk 014040,
2. N5 AR TAR 5170 TR AL 83 014040)

FEE R H A M AR NaYF, cYB*  Tm® |, 4 #2507 RS 87K A NaYF, :YD* , Tm® |, FF X6 185 F 48 24 tu il |
SV R O B R B FR o AT 45 AL B A XS 4T (XRD) (3B 41 il 7 A4 (TEM) (3 i T B i B
(SEM) F4rFo I (MFS) X H AT RAE . S5 M L B FHB 4% LB NaYF, :25% Yb™,0.3% Tm™ , KU
BFIA] A 60 min, SN B R 300 °C, BRI FR A E0HR 20. 6% 1T, A BUIZK A NaYF, :Yb™ , Tm™ K77 S 254 | 7B
SR RAR KNS 50 nm  JEAIAS) RSFE— S0t R 47,980 nm SELTAMGIKA T , 78 452 Fi1 478 nm 4b 550
WREE K, H R BISE IR DG, /KA NaYF, :YD* |, Tm™ (14 sy il 4 S0 L5 S 70 40 A R A5 | A 00 A5 JER A R AGH I )y 1T 1)
N FHZEE T Al

KEEIR  1 35 EIAANR R & 1 I R Bk R S 2 R R AL

FESZES 0657  XEKFRIEAE.A X E4HS:0258-3283(2023) 12-0033-08

DOI:10.13822/j.cnki. hxsj.2023.0550

Preparation and Optimization of Rare Earth Doped Upconversion Nanoparticles NaYF, :Yb**, Tm* YIN Hui', MENG
Ying' ,QU Chao' ,LUO Li-xia'> ,ZHANG Ling-yan'" LI Shu-rong*"* , MENG Pei-jun*"*( 1.Public Health School , Baotou Medi-
cal College,Inner Mongolia University of Science & Technology, Baotou 014040, China ;2. Engineering Technology Center of Hygi-
enic Inspection and Assessment of Inner Mongolia Autonomous Region, Baotou 014040, China)

Abstract; Oil phase NaYF, : Yb*" , Tm*" nanoparticles were prepared by solvothermal method,and aqueous phase NaYF, : Yb**
Tm*" nanoparticles were obtained after ultrasonic deoiling. The doping ratio of rare earth ions, reaction temperature , reaction time
and volume fraction of oleic acid were optimized. The nanoparticle were characterized by X-ray diffraction (XRD) , transmission
electron microscope ( TEM ) , scanning electron microscope (SEM ) and molecular fluorescence spectrometer ( MFS).The results
showed that when the doping ratio of rare earth ions was NaYF, :25% Yb>*,0.3% Tm™" the reaction time was 60 min,the reac-
tion temperature was 300 °C and the volume fraction of oleic acid was 20. 6% ,the synthesized aqueous phase NaYF, : Yb** , Tm**
was hexagonal crystal structure , The average particle size between the two planes of the hexagon was about 50 nm ,the morphology
was uniform, the size was uniform,and the dispersion was good.Under the excitation of 980 nm near infrared light, the fluorescence
intensity was the highest at 452 and 478 nm and emitted bright blue fluorescence.The successful preparation of aqueous phase
NaYF, :Yb* ,Tm*" lays a foundation for subsequent applications in cell imaging, biosensor and detection.

Key words ; rare-earth-elements-doped upconversion nanoparticles( REEs-UCNPs) ; synthesis ; solvothermal method ; ultrasonic de-

oiling; condition optimization
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Fig.1 XRD pattern of NaYF, Y™, Tm™
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Fig.3 FT-IR diagram of NaYF, :Yb*"  Tm®"
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Fig.4 MFS diagram of NaYF, : Yb** , Tm*
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Fig.5 Zeta values of aqueous NaYF, :Yb* Tm™ in
aqueous phase at different time
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Fig.6 XRD patterns of aqueous NaYF, :Yb**  Tm®

synthesized under different doping ratios of rare earth ions
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Fig.7 TEM images of aqueous NaYF, :Yb*" Tm*

synthesized under different doping ratios of rare earth ions
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Fig.8 MFS diagram of aqueous NaYF, :Yb*" Tm*

synthesized under different doping ratios of rare earth ions
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Fig.9 XRD patterns of aqueous NaYF, :Yb**  Tm®

synthesized at different reaction time
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Fig.10 TEM images of aqueous NaYF, :Yb* , Tm*

synthesized at different reaction time
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Fig.11 MFS diagram of aqueous NaYF, :Yb**  Tm®"
synthesized at different reaction time
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synthesized at different reaction temperatures
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Fig.13 TEM images of aqueous NaYF, :Yb*"  Tm™

nanoparticles synthesized at different reaction temperatures
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Fig.14 MFS diagram of aqueous NaYF, :Yb*" Tm*"
nanoparticles synthesized at different reaction temperatures
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RS U6 1O T3 Z I AT AR R & LR & A M T

BN, F R FY% WA
(BRDUBHE R AL T8 #5146 23 430000)

FEE : VUK AT AR W MRe ) RO T AR U A B AR G2 B T T2 G, Ikl DU 2R 0% 5 0O A
BRI T AL S 4,4 - (9- B L4 T 3L ) PUZESE 205 (TPE-AN) | W 58 36 B £ DU S0k i ALK (R S 1K 2 R 5 Ak &
YIRS HREU A S R i BRI AR A W R ST RN UK 2 R B RS R OCRE . BRILZ A1, TPE-AN KRB ]
W HLARAE Pk RE S 7T S BOL R FHR AR RS DGR F 7 S0 T B G5 ar i 36 I, ¥ 770 18 78 ]CRe
HARE BWIRIRAS . JE—2 IS R TPE-AN BIHUMAS (P2 v DU 2 AT L R E 1Y,

KR VIR0 B BEFE R R (ALE) IR 6,550

FESEES.062  XEARIRA.A  XEHS:0258-3283(2023) 12-0041-07

DOI ; 10.13822/j.cnki. hxsj.2023.0469

Synthesis and Emission Property of Anthracene-Dressing Tetraphenylethene JIANG Meng-yi, LI Xing, Ll Ai-giang, HAN
Xie " ( School of Chemical Engineering and Technology, Wu Han University of Science and Technology , Wuhan 430000, China)
Abstract; The tetraphenylethene (TPE) derivatives have received wide attention in many fields,such as imaging and sensing, for
their unique luminescent properties.In this work ,4,4’-Bis ( 9-anthracenamethylaminemethyl ) tetraphenylethylene ( TPE-AN) was
synthesized by connecting TPE with anthracene fluorophore.The results indicated that TPE-AN could exhibit the fluoresce charac-
ter of anthracene monomer,anthracene excimer and AIE emission of TPE in the mixture of tetrahydrofuran and water with the ag-
gregation of TPE-AN.In addition, TPE-AN showed reversible mechanochromic luminescence property. The red shift of emission
wavelength was observed under mechanical force stimulation, accompanied with the decrease of fluorescence quantum yield and
the increase of fluorescence lifetime,while its initial state could be restored by solvent fuming. Further studies indicate that TPE
and anthracene units were responsible for the mechanochromic luminescence behavior of TPE-AN.

Key words: tetraphenylethene ; anthracene ; ageregation induced emission ( AIE) ;mechanochromic luminescence ; fluorescence
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Fig.2 UV-Vis absorption spectra of TPE-AN

in the mixture of THF and water
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Fig.3 Particle size distributions of TPE-AN

in the mixture of THF and water
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Fig.4 Fluorescence emission spectra of TPE-AN

in the mixture of THF and water
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Extraction and Purification Process of Sclareol from Sclareol Fermentation Broth SUN Li-quan”™ ,GAO Yu-xin , TENG Mao-
hao (School of Life Science, Beijing Institute of technology, Beijing 100081, China)

Abstract : Sclareol is an important component in the synthesis and preparation of perfume,and has been focused by the experts in
the spice industry. Microwave-assisted extraction method and recrystallization method with acetone were used for extracting and pu-
rifying Sclareol from the fermentation broth of Sclareol.The optimal parameters in the extraction process by single factor experi-
ments and response surface experiment were obtained as follows : the solid-liquid ratio was 1:25 (g/ml) ,the microwave tempera-
ture was 59 °C ,and the extraction time was 9. 5 min.The extraction yield of crude Sclareol was 6. 26%.The crude product was sep-
arated and purified by recrystallization method with acetone,and the purity of recrystallized Sclareol was higher than 94. 20% , and
the recovery yield was near to 63. 56%.The whole extraction and purification process is environmentally friendly including a few
steps of simple operation, and the solvent used can be recycled.The experimental results show more evidence for industrial produc-
tion of Sclareol by fermentation method.

Key words : Sclareol ; fermentation broth ; extraction ;response surface experiment ; purification
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Fig.3 Effects of extraction agent and extraction method

IECHE

on the extraction rate of Sclareol from fermentation broth

2.2 HRERLIER
2.2.1 BRI O 58 D5 I S R Y 5

BRI R LU AT T SE e mEoE . Il 4
7, BEAE BRI G n , 75 2 5 0 2 BOR A Wy
TR, SRR S 1:20(g/mL) I, A SRR
SR T A, B IR FEBY L T E YRR
Fb 3k IS AN ASIE NS B A 7 AR J b 3 T AR
BEARTHMERE . B, %48 1:20(g/mL) 1E Ry @
FHE L .

6.5
i i

6.0f _—

y

¥ 5.50

=

®sof /
4.5t

;5 1:10 1:15 1:20 1:25
BHE L /(g - mLY)

B4 RRA O R R b A 5 TR R IBCR 1Y
K0 (n=3)
Fig.4 Effects of solid-liquid ratio on the extraction rate

of Sclareol in fermentation broth(n=3)
2.2.2 (BT X A 2R TR B SR IR A 5 e
TUIBE B2 BB 85 A ] Al 2 52 i) 55 77 e 4 J



FasBHE 12

PIEALAE T SO A B T A SR I B R PRI S 4 T2 51

R WP S B B O B R T, A 5
AP IBCR S LTS T, SRR BE D 60 °C I,
HARBUCRIA B R, iad 60 CHY, 251 A 55
WA LE AV L BRI | SR ORI, R, 28
60 CAHE il e B BGILE |

6.0
\l
55t
H
@5.0—
45h
40 50 60 70 80

60
TURLEE/ C
B 5 i i X R B P AR R B BOR Y
M (n=3)

Fig.5 Effect of microwave temperature on the extraction

rate of Sclareol from fermentation broth(n=3)
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Fig.6 Effect of extraction time on the extraction rate of

Sclareol from fermentation broth(n=3)
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Fig.7 Response surface diagram (a) and contour
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microwave temperature on the extraction rate of
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Fig.9 Response surface diagram (a) and contour

diagram (b) of the effects of microwave temperature and
extraction time on the extraction rate of

Sclareol from fermentation broth
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Optimization of Extraction Process of Naringin from Citrus Grandis ( L.) Osbeck Flowers by Microwave-Assisted Deep
Eutectic Solvents and Inhibitory Activity against xanthine oxidase ZANG Qing-min'?* , HUANG Ya-man',YANG Rui-ging',
WANG Jia-rui' ,CHEN Yong-juan' ,WANG Ze-xun',ZHANG Ye-wen "' ( 1.College of Biology and Pharmacy, Yulin Normal Univer-
sity, Yulin 537000, China;2.Key Laboratory for Conservation and Utilization of subtropical Bio-Resources, Education Department
of Guangxi Zhuang Autonomous Region, Yulin 537000, China)

Abstract ; Microwave-assisted deep eutectic solvents ( DES) were employed to extract naringin from Citrus grandis ( L.) Osbeck
flowers.Based on the results of single-factor experiments, the extraction process was optimized by Box-Behnken response surface
methodology , and the inhibitory of naringin against xanthine oxidase ( XOD) was studied. The results showed that the optimum
conditions for the extraction of naringin were as follows: choline chloride-ethanol as the extraction solvent at a molar ratio of 1:2
with a water content of 38% ,the solvent-material ratio of 20:1 (mL/g) ,the microwave time of 20 s,and the microwave power of
350 W.Under this condition, the extraction yield was 4. 42% ,which was close to the predicted value.The in vitro results of XOD
inhibition demonstrated that the ICy; of naringin on OXD was 2. 229 pg/mL.This extraction process is stable and reliable , which
can be used for the extraction of naringin from Citrus grandis( L.) Osbeck flowers.Moreover, naringin has strong inhibitory against
XOD.This study provides a scientific evidence for the further development and utilization of Citrus grandis( L. ) Osbeck flowers.

Key words : naringin ; Citrus grandis( L. ) Osbeck flowers ;deep eutectic solvents ;response surface methodology ; xanthine oxidase
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Efficient Electrocatalytic Reduction of Carbon Dioxide Using Flower-like Zeolite Imidazole Framework GU Jian-xia ™',
HE Jing-ting” (1. Department of Chemistry , Xinzhou Normal University , Xinzhou 034000, China ;2. Department of Chemistry , North-
east Normal University ,Changchun 130022, China)

Abstract : Electrocatalytic reduction of carbon dioxide (CO,RR) is one of the effective ways to reduce CO, ,and the construction
of highly active electrocatalysts is the core of this technology.Zinc-based zeolite imidazole framework (ZIF-8) has received wide-
spread attention due to its simple preparation, controlled morphology and high CO, adsorption performance. However, ZIF-8 has
poor performance in CO, reduction.Based on this, by regulating the morphology of ZIF-8,the flower-like ZIF-8 ( F-ZIF-8) has
been obtained in this work ,and it showed excellent CO, electrocatalytic activity. Without additional conductive agent,the Faraday
efficiency (FE) of generated CO reaches 83% ,which is 1. 6 times than that of the traditional ZIF-8 with the shape of rhombic do-
decahedron (R-ZIF-8) (FE.,=52%).The good catalytic activity of F-ZIF-8 is closely related to its unique morphology.The re-
sults showed that the flower-like morphology with a hierarchical pore structure not only contributes to the adsorption and transport
of CO, molecules,but also enhanced conductivity to accelerate electrons transfer.In addition, this electrocatalyst also exhibited ex-
cellent stability, which can continuously and stably reduce CO, for 8 h.This strategy to improve the electrocatalytic activity of ZIF-
8 by adjusting its morphology is of great significance for the development of cheap and efficient electrocatalysts.

Key words ; zinc-based zeolite imidazole frame ;morphology control ; flower-like morphology ; electrocatalysis ; carbon dioxide reduction
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b A PUEAARR 22 B AR, L ROK T rh
BCAA 8 A RIS A T3 Y pHL (B2 DIAH 5%, B pH
PSRl 2% MOFs T2 B ) e A7 o 78 7 26 52
HEFS LRSS

T AR TAEE A InA = R 3) &
Pt (TRIS) AR R I 45 S W i W ) pH, SEBE T
ZIF-8 TS (G 0 45, Y W WY pH Ry
8.92 W, 13 B A ALARTE SN ZIF-8 (fr 444 F-
ZIF-8) , XRD SEM L) J FT-IR 45 A F- Btk —
AR F-ZIF-8 W& i, ¥ F-ZIF-8 B F T

R SR CO, , FHE T4 ZIF-8 (25T + —H
1K R-ZIF-8) , F-ZIF-8 FEI A S5 i fiE AL 3 1 |, 7
AInESN S ETEE R R Co, AR CO 1Y
YRR (FE) /& R-ZIF-8(FE, =52%) 1 1.6
7,5 % 83%, F-ZIF-8 Z T I EA KA ALTS
PR, 5HARF TR SIS UIA G, (RIRESEA 2
RALGEH A RT CO, 43 By WL TR, Btk
ZHN BT R-ZIF-8, SRR E B4t = 1 F-ZIF-8
)M P T8 2 ik Co, T I TE AL,
TR B 7, 2 5 FL AR PR RE

1 SEIRERSY
1.1 EZUHSEG

SmartLab ) X-JF 2754 (XRD, & [E STOE
23T PhilipsXL %1 30 E 148 H8 7 B /8% (SEM,
TCRE (P ED) B A BRA ) s Magna 560 HYZT 4
HREAL (FT-IR, S8 8K C /R (R ED) BHEE A A
HJ-6 R T 148 (1 T AU SR A R A A ;
PHS-3C # pH i+ ( HIFR#EA R A]) s TG16-WS
RIB 0N (B L s TS ARAA);
CHI760e RUEL k22 T ARV, ( i RIEABRAF]) ;
GC2014 B R A5 GCMS-QP2020 #1457 Ik
R (B AR AT

THPRAE (Zn (NOy ), - 6H,0) | 2-F JL Ik wh ( 2-
Melm) ( I ifg A AV BEARAGRAF) ; = (7
38 ) 2 56 B J6e ( TRIS,, 190 2R LG Ak 22350 e A7
FROS T ) s ASSZ 50 B (o FH 20 AR 34 Sk oAt
1.2 LRIk
1.2.1 R-ZIF-8 il F-ZIF-8 fifil %%

Je#4 0. 1428 g(0. 48 mmol) Zn(NO,),-6H,0
BT 20 mL TR, REH 2164 7 ¢
(0. 026 mmol) FitA 2-Melm ¥ T AH [R) A FR 1K) 25 55
FKH1(20 mL) , EEH PR IRHETIR S, &
JAEEIR IR 3 h, RS , T H B
B3 B T (80 CRYELZS THRAE ) A,
AR 3] AR AR 1Y R-ZIF-8,,

F-ZIF-8 (5 752K T R-ZIF-8, AN [A] 1)
FENNA—E A TRIS, SR i i AR [ i
(%) HCL P& 19 pH, BARG B 4:0. 142 8 ¢
(0.48 mmol) Zn(NO,),-6H,0 F10.484 5 ¢ (4.0
mmol ) TRIS WT 20 mL £ B T K '_h, R A ¥
2.164 7 ¢(0.026 mmol) 2-Melm ¥ T-7k v, Hig +f
B, BIGPIMIERIR A YA, SR Tk
3 h, B0 I EESR U 3 UK B EARRE LA 80 C 4t
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ISR TR,
1.2.2  RAE/ DA77k

FE X ST S AT T AR R B R X
SPERATTE L s B4 f - I S5 (SEM) X AR
s I S0 BE AT 43 B 7E ASAP 2020 Micromeritics
A8FI N, (CO, W BI85 2 F T 43 e it 1Y
FLE5H ; 7€ Magna 560 BYZT AT 21 4h
TR HTRE S B RE AL

B AL 223 . 75 CHIT60 H Ak 2% T 4E 3 3647
— ZA AR R CO, MPEREMI, LA Pt F ol
XTHLIR TN Ag/ AgCl HURR A 2 LU LR Ao il ik
TR HP ) RS T A M B AT 58 A A (vs. RHE) , e
e N REWTS 72 E(RHE ) = E(Ag/AgCl) +
0.059 1 pH+0.197, Lk CO, 5 Ar L F1H 0. 25
mol/L K,SO, ¥ A HLfi# Jit (pH 4. 65) . LA
R CO, RS =Yk A A FID
TCD Fr & A S AH (3% (GC) #E TR, LR )e
MEL AR I 1.5 mL K, S0, W, B T
Yy, 8 IR % A R 20 A R, SR
HP6890GC-5973MSD % < AH A, 3T 3% ¢ FH X
(GC-MS) Xk 54 CO AT

SAH YRR (FE) TR AR,

FE = npmdsz/Q
ST oo FE AR 1R 10 it 2 30 S ot 2 e )

RS LT F A 0 RN R RS L

FLBR T8 9 « o T AR R 43 BT 0. 5%
Nafion, #75 30 min il & ¥ B4 8 mg/mL Y3
PSR W, B S L 13 A4 AL 350 7
Ty b (GCE, AN 3 mm) , B TS
TR &

2 #ER5iHE
2.1 HAEARFIRFRAE

HRAEAH 5C SCHR [ 14 ], >R HT 1] B A9 2 it 436
e A TRIS A1 HCL #5 ZIF-8 S W % Y
pH,ZIF-8 B3 2 K& R84k, M¥E TN pH 8. 92
i, il T AR AR AR TE B (F-ZIF-8) , Hof Ak
HRRWE 1R, AR (SEM) B/R T ZIF-8
TEAE pH T RYJIES, 7E¥A in A TRIS A1 HCL
(I, ZIF-8 AL Ge 228+ ik (] 2a)
2 100 mmol/L TRIS J& (pH 9.40) , ZIF-8 [
FMFF LR AR G, A (F 2b) . X AT REIH
T TRIS A 23 5 Ml AN [ it 10 A 26 R R, AR
PR FIEN] NI )24 R B i AT

A2 h A [R] A T A4 A X 2R 1T BE 1 e 1Y, B
GBI, JEE WS A R A 56 2 R T DA
SHORF § AR KR AR YA —E
Y HCL, ZIF-8 [ 10 i — 2088 8%, A i
pH 8. 28 (&l 2¢) ., X W] REVR T VAV I TR Al 14 25 3%
M FCAA 2-Melm [ 25 Bt F1bad 2, MW pH
8. 54 B, ZIF-8 ITESAALL T B A RE AL RS (
2d) . UIEWAEH pH 8. 75 I, ZIF-8 AT S BN
FEAEMR MHTFARF (] 2e) , WAL 2f BT, 4%

Zn2+

TRIS,HC1
4+ O>»iPp Name? DR2NP
P SRR W pH
<
a F-ZIF-8
<
2-Melm

1 F-ZIF-8 B3 i R ]
Fig.1 Schematic diagram of the synthetic process
of F-ZIF-8

2 R-ZIF-8(a) ZIF-8( 100 mmol/L TRIS,
pH 9.40) (b) \ZIF-8( 100 mmol/L TRIS,pH 8.28) (¢) .
ZIF-8( 100 mmol/L TRIS,pH 8.54) (d) .ZIF-8
(100 mmol/L TRIS, pH 8.75) (e) il F-ZIF-8
(100 mmol/L TRIS, pH 8. 92) (f) Y34 d 45 1%
Fig.2 SEM of R-ZIF-8 (a) ,ZIF-8( 100 mmol/L TRIS,
pH 9.40) (b) ,ZIF-8( 100 mmol/L TRIS,pH 8.28) (¢),
ZIF-8( 100 mmol/L TRIS,pH 8.54) (d) ,ZIF-8
(100 mmol/L. TRIS,pH 8.75) (e) and F-ZIF-8
(100 mmol/L TRIS, pH 8. 92) (f)
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AR AR AR A R e A T e Rl i S A 65

WA pH 8. 92 i, ZIF-8 52 Bt BL A | i1 43
MHAYAEIRIE S . FTLL, pH 8. 92 J2& ZIF-8 JE it 45
P2 INIZ R s

Kl 3a JFEA B XRD B, A HAT DOEE
B, fE AR ZIF-8 ( F-ZIF-8) By HRAF U6 F1 4% 55 Z1F-8
(ZI i, R-ZIF-8) 58 & — 3, WA H AT
] Z5% J5 A A9 i S5 0, LRSS 000 — — o 10, 3
TRIS F1 HCL IS 0 ZIF-8 Y TE A, He
TREEFIASZATAT 52 W), o 30k — A IE B F-ZIF-8 1Y
W& W, B 3b N A pH T ZIF-8 A XRD &
% B S AT DUE ORIV R pH AN,
{HIFASFENE ZIF-8 [ S A S5 1), FLRRAEATT 5 U
BRI ——DCHL 7% B 5 PR B S R 1Y) pH
AL ZIF-8 TS

a
3
= F-ZIF-8
2
R-ZIF-8
‘ l I Simulated
10 20 30 40 50
20/(°)
b
2| s . pH8.92
2 o S dhann PHLETS
| Y P W pH8.54
J L A_A J A re pH 8'28
_J I Simulated
10 20 30 40 50
20/(°)

3 F-ZIF-8 il R-ZIF-8 ) XRD [ (a) ;
AIa] pH F ZIF-8 ) XRD &l (b)
Fig.3 (a)XRD patterns of F-ZIF-8 and R-ZIF-8;
(b)XRD patterns of ZIF-8 at different pH values

K PR L AR 4 21 A1 63 (FT-IR ) X R-ZIF-
8 Fl F-ZIF-8 (' REdIHAT T RAE, W& 4 B,
WS WL, F-ZIF-8 BZL ARG Fl R-ZIF-8 1Y JLT
SEA—F, 3 420 em™ [ifIE A X IUE T O—H §#
RSN 5 R-ZIF-8 AL, F-ZIF-8 TEI% X WA
TR AYIE X 5—O0H FIAH X%, ML), F-
ZIF-8 B FLIREE A n] fE & A WA, W BE R S 2 1
KO0 7E3 135 F12 929 em™ b WL H {5 5 1
PR K s P A 285 4 rh S i (sp® i sp™ ) AH GRS
XIFR C—H FrfhdRsh, oM, 7F 800 ~1 600 cm™
Aeb B B AR U 2 2- P IR e i A A R AR 0
LRGSR — DU PR R pH A S ZIF-
8 HYIESR , ik — 2 UF BHAER ZIF-8 (1) %) &

R-ZIF-8

F-ZIF-8

Transmittance /%

4000 3500 3000 2500 2000 1500 1000 500
v/em™!

4 F-ZIF-8 Fil R-ZIF-8 [ FT-IR ¥l
Fig.4 FT-IR diagrams of F-ZIF-8 and R-ZIF-8

R TSR i AR AR R AR FL 25 A
FH N, W XF R-ZIF-8 1 F-ZIF-8 #E4T R AE, M
N, W BFF-BEBF R £& 1 mT LA Y R-ZIF-8 (4 B -
BRFf 2R o e LRy 1 RIAE IR 2R, W R-Z1F-8 & —F
LR Sa) , LR EE A AFE 1~2 nm 3
FIN (K 5b) o MHEZ T, B4R ZIF-8 (1) N, W fft-
JBLR 22 A H3 B fE BRI IV B A 2, &
B F-ZIF-8 TEIE SRR 2 5 I A FL (E Sa)
LR M 2 (B 5b) i — 20 R W] 73X — &8, F-
ZIF-8 ALFIAA AL (1 ~2 nm) , IBAFLESFL
(2~10 nm) , I ZHALGEH X FE 2589 A B
T CO,(aq) 8 CO,RR AH 3 H i)y Fh i 14
PR co, MR, AL FIXT o, 1Y
W B BE 7 % T 5% L FL R IE i CO, KU TR
HEW), K6 BnT R-ZIF-8 fl F-ZIF-8 [ CO,
W FfERE 7, 285007, F-ZIF-8 7E %511 101. 3 Pa 1Y
JESRTT % CO, W28 14. 5 em’ /g, T R-ZIF-
8 TEAH [l 25 14 F, CO, W Fff #E AN K 10.2 em’/g,

= 600 5
X550

B 500

15}

S 450

£ 400 R-ZIF-8

£ 3502

50 - F-ZIF-8

00 02 04 06 08 10
Relative pressure (p/p,)

~ 020 10.003 ~
lm IHD
< 0.16 :

£ ] g
Font il L 0002 £
E : “J 5
< 0.08 X g O
2 0.04] W, 3
5 0.00 %ﬂ' _ZIF-8 Woooﬁoo‘,“o,oar:r:; 0,000 _E

0 5 4 6 & 101214 16 18 20
Pore size/nm
B 5 R-ZIF-8 il F-ZIF-8 ) N, MR- pt ik (a)
VUK ALAE 3 A B (b)
Fig.5 N, adsorption-desorption curves (a) and

pore size distribution (b) of R-ZIF-8 and F-ZIF-8
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—
W
T

—
[ S}
T

CO, adsorption/(cm® - g')
o w o ©

50 0z 04 06 0% 10
Relative pressure (p/p,)

B 6 R-ZIF-8 Fl F-ZIF-8 1) CO, W& Fff-Fid i i 2%
Fig.6 CO, adsorption-desorption curves of R-ZIF-8 and
F-ZIF-8
FEOH EA LGSR F-ZIF-8 fy CO, () W i a4
AL T RIR A AL S, AR CO, i JEat R i

BN #AT
2.2 HELLE CO, Mk

A H AL HL A ( Nafion117 JIE) e 4k
AR, DL R-ZIF-8 VRN X IR, WF5E 1 F-ZIF-8
HHLAEALIA R CO, TEREMFIY ., B, 7E CO, FT Ar

o la
g _8(pH=
s ZIF-8(pH=0.40) ZIF-8(pH=8.92)
< -1r ZIF-8(pH=8.75)
&
s 2
‘@ ZIF-8(pH=8.54)
g 3
©
g _ab ZIF-8(pH=8.28)
E
=
o -5 L L L 1
-1.5 -12 -09 -06 -0.3 0.0
Potential /V vs. RHE
0o
T -04
A9
.E N ZIF-8(pH=8.54)
E -0.8f ZIF-8(pH=8.75)
) ZIF-8(pH=8.92)
~-12F 4
ZIF-8(pH=8.28)
L6715 11 10 09 -08
0 Potential /V vs. RHE
g T 7
° ~08V -09V _10V o
< T R T
< [
‘? 2k “M”NMW,M_MA/‘:,{A\{G’W/
g
o
<
z -3t
o
E
=
S 4 . . .
0 2000 4000 6000

tls
B 7 CO, FHE N HMIES ZIF-8(AIF pH) Y
LSVs fHk (a) Al jo(b) ; () F-ZIF-8 ZEAN[E] 1Y
B R IR CO, 2 h A ] -FRL (i-t) 2R
Fig.7 1LSVs (a) and j,(b) of other morphologies
of ZIF-8 (different pH) in CO, atmosphere; (c) time
current (i-t) curves of CO, reduction on the F-ZIF-8 for

2 h at different potentials

HIFIE K,S0,(0. 25 mol/L, pH 4. 65 ) % il i
LRPE AR 22 M 2k (LSVs) |, 3 5 LSVs 1AL F-
ZIF-8 B AL TG . IRl 8a Fisw, 7E CO, 4 [H
o F-ZIF-8 BRI R 4.2 mA/em®(-1.3 V
vs.RHE) , Z7E Ar FFE Y 11,9 4%, UiBH F-ZIF-8
XFCO, HAHEAIE M, MOk, F-ZIF-8 1R i
S [FTE CO, 5UHh R-ZIF-8 19 1.6 f%(~1.3 V vs.
RHE) , W35 CO, 7£ F-ZIF-8 | iif e i i
FUR T R-ZIF-8, X v GEIH K F F-ZIF-8 J4FE9 4L
ARIEH, ALRIES G 2 HALEE R Ik CO, 73 F 1Y
W B FAZ By, A R T CO, 23T 1935 Ak, 1E T AR
SUNCIR AR /=L Ay = =P A 74 el A 1| L B 2 1T
I CO, ALTEYE 78 CO, S B FHFoE T Hifth B
$i ZIF-8(AJA] pH) ) LSVs( K 7a) ARIH &, B
TEARTESRY F-ZIF-8 , LA IE MR e b 1 . IR
AULH F-ZIF-8 1) CO, MEALTE M, W3 T £ 1k
F A CO MRS UL BE (o ) , I8 7b BIRTEAR
[F) B LS AH AT HG At JL 4 Ak R, F-ZIF-8
Fz1  MOFs HfifbFIHiA )5 CO, AR CO 1
PERE gL
Tab.1 Comparison of performance of MOFs-based

catalysts in electroreduction of CO, to CO

Faraday
Worki P ial
Electrocatalysts Electrolyte lui H:lg efficiency ( (‘)I(I:{HITIIE) Ref.
electrode (FE. %) Vs.
0.5 mol/L -1.14
ZIF-8 GCE 65 8
NaCl (vs.SCE) (8]

0. 25 mol/L  Porous
ZIF-8 81 -1.1 19
K,50,  electrode [19]

0. 25 mol/L  Porous
ZIF-108 52 -1.3 1
K,80,  electrode [19]

ligand-doped 0.1 mol/L Carbon

0 -1.2 [20
ZIF-8 KHCO,  paper 9 [20]
1.5V
. 0.1 mol/L
Cuygq -Z1F-8 KHCO, GCE 63 (vs.Ag/ [21]
AgCl)
Ag,0/layered  0.25 mol/L  Porous
g2t/ Tavere e orous 80 1.3 [22]
ZIF K,S0,  electrode
0.1 mol/L
TBAH in -1.6
Re-MOF FTO 93 23
¢ MeCN+ (veNHE) 23]
5% TFE
1 mol/L L3
Fe-MOF-525 TBATF,  FTO 50 : [24]
. (vs.NHE)
in DMF
0. 25 mol/L This
F-ZIF-8 . GCE 83 -1.1
K,S0, work
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(ZIF-8(pH 8.92)) fEHLIA JF CO, J5 T HA KK
Jeo» 2 F-ZIF-8 (1) CO, HEALTEPE & B b 1, itk
— UL F-ZIF-8 16 5 AL TE MR [ B Rk
IAERIE S DA

HHE— S F-ZIF-8 IR 7 CO, F =4l
St ARE LSVs #1h4, ZE R R LA (-0. 8 ~
-1.2 V vs.RHE) T 433l i 2 h, B3 -BF ] (it )
W Te iR, RS CRs SO 0 3% AU
DUAS ) ELASE T A 507 0 P o 28 R = i, A N 285
KL CO, Wik JE =4 £ F h CO, TIA=YI,
ANFEHAL R A CO MILPLEE 20K (FE ) 4nl&l 8b
Fiw , A B B3I, 7E F-ZIF-8 LA A% CO 1)
L5 AR (FE, ) 2 M 3 R, B 02 2 Wi
>=1.1 V(vs.RHE) B}, FE ., )i /)N, 3 5 R FAE
ERHLAL R AT SRR (HER ) B9 5% 4 W S 48 i,
I, -1.1 V(vs.RHE) #] DL N F-ZIF-8 it )5 CO,
B AR R SO LA, FEIZHLNL T F-ZIF-8 B H
P Co, W G, X CO my Bt e, H
FE 5% 83%, 1B XF I8 FEM R0 FVEAL TR
[F]F T R-ZIF-8 [ {4 fig (151 8b) , R-ZIF-8
HL7 M -1.1 V(vs.RHE) i}, FE AL K 52% , B fd

SN EIE N E] - 1.2 V (vs.RHE) , FE, 1N
66. 8%, tHIHLZ T, F-ZIF-8 LA R CO, P
BERA AL T R-ZIF-8, F-ZIF-8 2 Fir L) B an AR
S EATE M AR R TR T HARRR AR R
i, ZHALEERAE BT CO, (9% BRI % 5, in sk
CO, 4r F MG b, FHE TR AR R e if iy — Lk
MOFs LT, iZ AT CO Ry EReM: RAA 3
FAFA, HART LR 118124

I HL AR 2EBET (EIS) #F 5T F-ZIF-8 [y i1 1
g RE S, MRS A 8c Bz, i 5 W, 4
T+ —mARTE S ZIF-8 (R-ZIF-8) 1 5 , 1€
RIESIY ZIF-8 (F-ZIF-8) HA % /Ny BEL AT 2 8
BIRE F-ZIF-8 B A4 F T Ha A Ak S iy 47, B
IR INIZ ey | Ao RS K ) 17 2 e 22
{2t co, 18 mFIHITIR R, FTLL, M T R-
ZIF-8 B AR AT LU & 4 A7) 1) S Xl
J& F-Z1F-8 R F ISR COo, TERER—1
HEFH

X RN ) CO S A5 FLIE R U5 T3l AR R
CO, WA, B 5 38 o X RS 560 E A7 50 UE, B 78
Arf IR K, SO, HL A W, LA -ZIF -84 Ay Hi fii

ﬁ"; ofa  F-ZIF- 8(Ar) ) 100 ~600
S - . goL EIF-ZIF-8 -500r
2 _1k 78 EAR-ZIF-8 00t RZIF_8
= ) X 60
z72 /) =
2 y
53 / g 4or
~ /
|l
= Il ot
Sl v 0 R
-1.4-1.2-1.0-0.8-0.6-0.4-0.2 0.0 -08 -09 -10 -1.1 -1.2 0 200 400 600 800 10001200 1400
100 Potential /V vs. RHE Potential /V vs.RHE Z'/ohm
d e R GC | & off {120
80 e [\ § F-ZIF-8
~1.1V vs.RHE 2 \\ o 2T ] ]
L 60} ./, o~ | & 80 o
~ 0.0 0.5 1.0 1.5 2.0 25 3.0 3.5 -4 v
= 40k t/min 'é‘ 160 3§
= A mis=9 | GC-Mass| & -6f 110 B
20t g _gl
g 120
0 p— L L L < 10 0
R-ZIF-8 F-ZIF-8 20 25 3;) 35 40 0 7200 14400 21600 28800
mlz

B 8 (a)R-ZIF-8 Ml F-ZIF-8 ¥£ Ar B¥ CO, {119 K,SO,

F) LSV {4 ; (b) AR F-ZIF-8 F1 R-ZIF-8

HL LR B CO, A2 CO 1Y FE; (¢) F-ZIF-8 il R-ZIF-8 fiY) Nyquist (0. 1 ~100 kHz) ; (d) Ar Fil CO, 1A
K,S0, HLER T, F-ZIF-8 7EHL AL —1. 1 V(vs.RHE) T FE¢,; (e) P CO, FRICITLL K GC Al GC-Mass X2,
SRE; (f) F-ZIF-8 FEH IR CO, 1R H i AR e M
Fig.8 (a)LSV curves of R-ZIF-8 and F-ZIF-8 in Ar or CO,-saturated K,SO, ; (b) FEs of CO from electrocatalytic
reduction of CO, on F-ZIF-8 and R-ZIF-8 at different potentials; (¢ ) Nyquist plots of F-ZIF-8 and R-ZIF-8 (0.1~

100 kHz) ; (d) FE, of F-ZIF-8 in Ar and CO,-saturated K,

(e)"*CO, labeling experiment and the test results graph of

S0, electrolyte at the potential of =1.1 V (vs.RHE) ;
GC and GC-Mass; (f) Stability test of F-ZIF-8 during

electroreduction of CO,
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), 76~ 1.1 V(vs.RHE) (Y 4hHL JE R SR 2 h
J&i AR AT AT (P 8d) , & BR FE (LA
2% , JLF- ] DL Z W, e mT DAl 2 Ak 7= Co
SRR T AN CO,, AL, R AR ic L8R ik
— L PEEHIESE T CO BYSRIE (1 8e) , 7E KM {4
Z il A C0,, 25 2 h BN AR (03 -
FTEIR FHAL (GC-MS) X H ™= Py kA7 i, & Bk
JE7=8 R CO, BT LART LU RE 724 CO Wik A
WARRR €O, T AT S, Btk
TEA BRI ERE R — A A bR, BT UL,
ok F R R B8] (-0 ) BZR, X F-Z1F-8 i1k 5 0t
T T RE D, AR 2 h A H s 1 =4
WA 8f FirzR , 7EF N 8 h Ji , e Fe Y 6 B A S 1 7
PIRHL R AR AR AN K, R A AL ) 2 A 35
K IREEE . BeAh, it — 2 AL
AR M, X RN AR EAT T SEM Al XRD
FKAECEL9) 45 R, Wit 8 h ZJ5 , F-ZIF-8 1)
SEM 1 XRD JL-FANAE, 4 F5 7 S A 1 5 il
53, i — 251 B A AR A B A AR 1

I/a.u.

Before reaction

10 20 30 40 50
20/(°)

9 JZhi 8 hJ5F F-ZIF-8 ) SEM(a) #l XRD(b) &
Fig.9 SEM (a) and XRD (b) of F-ZIF-8 after

reaction for 8 h

3 ig

AT AEE P8 Z1F-8 RIS 25 1 B 16
AREHIHY ZIF-8(F-ZIF-8) , AEARIE ST AL 571
ZRALLER, AR T CO, R, Nk co, AYTE
1o WA AERIE S s T AR 0 S b 3
TP E RS AR T Co, iR
HEN 5l FE . 15 5 TR R RRIR AR AR 2544, AH
BT R-ZIF-8,F-ZIF-8 R AL F 19 CO, fELTE
PR EME, X PRl L8 ZIF-8 IS, FEAS
AR A 2 20 R B 1 O T B v L R g
FIVHL AL T35 P R S — i AR AR50 H A Ak 7R
WU SR, X T I & B M e AR H AR A R AT
HEZ L,

SE Lk
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Study on Adsorption Characteristics and Influencing Factors of Polyethyleneimine Modified Biochar Towards Formalde-
hyde in Water ZHAO Su-ya'?>”> ,LIU Zhe’ ,WANG Yong-shuo® ,LV Xi-feng'>* ,OU Ming > (1.Key Laboratory of Modern Agri-
cultural Engineering, Education Department of XinjiangUygur Autonomous Region, Alar 843300, China;2.School of Chemistry and
Chemical Engineering, Tarim University, Aral 843300, China;3.Chemical Resources Utilization Engineering Laboratory of Xinjiang
Corps, Alar 843300, China)

Abstract ; Polyethylenimine ( PEI) was employed to modify corncob derived activated carbon ( AC) to prepare PEI-AC by im-
pregnation ,and PEI-AC was used to adsorb formaldehyde in industrial wastewater.The four main factors ( adsorbent dosage, pH
value, initial concentration and adsorption time) affecting the adsorption were analyzed by single factor static experiment,and the
adsorption mechanism was preliminarily explored by combining the dynamic characteristics of the adsorption process and charac-
terization such as electron microscopy (SEM) , Fourier-transform infrared spectroscopy ( FT-IR) and X-ray diffraction (XRD).
The results indicated that when the dosage of PEI-AC was 0.3 g,pH 2, initial concentration was 10 mol/L, and adsorption time
was 2 h, the adsorption capacity of PEI-AC for formaldehyde was 5.92 mg/g with the adsorption rate of formaldehyde up to
89. 2% ,while the adsorption rate of unmodified AC for formaldehyde was only 42.2% under the same condition. Therefore , PEI
modification can greatly improve the adsorption capacity of AC for formaldehyde.The adsorption process of formaldehyde by PEI-
AC was fitted using quasi-first-order, quasi-second-order, and internal diffusion kinetic models.The results indicated that the ad-
sorption process conformed to the quasi-second-order kinetic model. Furthermore , the adsorption process was also described by
Langmuir and Freundlich models,and the results showed that the process was more in line with Langmuir equation with the satu-
rated adsorption capacity of 5. 79 mg/g.

Key words : polyethyleneimine ; modification ; biochar ; formaldehyde ; adsorption
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H I (HCHO) AR A A 7= JURL A v [ A )32
N F Tl AR = i g A S 4, PR, Tl
AzprrE e K R R K S R K
IKHERTE) AR AR Hh X AR e O 128 3 2, 1308
FEEE VG YL EREE , U AR i B 28 KO X S R K
Ji A xt B s B K A R K P
A AL PR Ty ik R B PR TS ek SRR E ot
PRSI W B A e i B ek DA L R AR
K HRAE T B ORISR B T T2 BN,
A=W R AE R BRI S T3 e MR T
SEAI R SETE ™ BRI A EE BRI
FHHLY, vk RS A AR S s U5, Bk AEAe
E HAWOK MR 5] BIPELr R RS EA
i 5 M 4 A5 A A, 2 — FoRT l i R A Y R
PR H R4 R A Y T K S 2 VR R R
Bt T I s R B IS A EIRAE RN B 5%
VRIR B B il T E TS Y, UL, N AMR Z 6
FEE NG L AR Py e W B A R, 25 SR R B LA
RLAF A R PE 1 sl AT DL KO
IR, A S Ak B - /K ZE SO B R Ak oK
#AE YR, IR T L B W, 2
FEUA VT A Wy TR e %o S H R A W R s B T
536.94 mg/g, F W LLE KN ECRE, I H] A
Ak AR A5 2O LA T A e
Tl 25 118 A T AU R B A Al el FY B8 %) A B 3SR K
KAEETE, FE AT UL, )R T K il 4 0 2 4 I
S AL R T 2 ) R R b 2 ek T LA
B R Z2 AL ARG B IR B A5, AR R OROEH
B4 1 A 300 e A B T T 8 B MR — BRI (L
W R RBATY S A B2 T2 (R

R W R (PED) & —Fh BAT 2 DAY /& 43
TR, KT, D TR, AR R
A AR R W B AR, A BT DL £ Bl R,
Zhang %17 1 2L T £ T PEL B 6 1 5
(AC) 153 PEL-AC, 1 H =78 T 1 W B
SEIEFEH  PEI-AC X FH A ) W BRF o hy oA el P 30 4
BB 167 f5, ELraE S H PET X AC HEfT o,
W H TR cd( T ) rmeFl, 45 % B PEL/
AC XF Cd ( 11) o i i 3 22 % A 7F PEL/AC & i
)—NH FI—NH, , WA 2] T 45 mg/g, AN
PGPSR 5 T 35 mg/g, AT L, R PEL X {%
PR, T LUAT R B K s e, FoAe Ab
PR A BT Z S

AR 5 16 £ K F 5 OKSAE A BRORE, O 38 i

PEL {GAAbER , il £ 0 —Fh s 1) A ) 53 e 4 B
PEI-AC, i — 20 i L BRAb P o S R AR 25 4, %
FEA AN PR 22 %oF HE 0 B HH I i 0 iR 5 ), 5 A
R 157 35 A A Ay R B A A A Ak 2 R M R
K T AR F S A

1 SKIEBSY
1.1 EZUHSEG

Regulus8100 44 L+ f 5% ( H A% HITA-
CHI A7) ; Regulus8100 %Y X 5 £k GE %% ( 34 [H
EDAX /A #]) ; TENSOR-27 % f# B i 21 4 S 3% 4L
(TEREAEAH) .

ROIHWHE(C,HN) | L% (CH,COONH, ) |
HEE (HCHO) . & Bt N il ( CsHGO, ) | VK & TR
(CH,COOH) (Zr#réatli, Kt B fh 21 47 B
NCIDIR

ARSI BT AR A — I\ oK s it
1.2 Segad s
1.2.1 MR8 T4

K2 R (BRTE GB/T 211—20071%))
5 KB K o3 F dk 5 Ko LA R A% 2% ) 7
HEAFRIE GB/T 212—2008" 2l 5E
1.2.2  SCPEAE o il £ AR AR Tk

SR FH R ERL SR TR B, SR 5 7
Uk 20 min J5 , B ERT 484 70 C T 12 h,
223k 80 H i i ik S5 , 7E S 5E 5 700 °C T hnFk
2 h, A3 B AL B KOS ek AC, FETE/K S EEH N
NG PEL IF R R w889 15 min, F
¥ AC 5 PEI ¥ W 4% BN [R) 3= 0t b ) (o & b
0.05:1.0.1:1,0.15:1.0.2:1.0.25:1) IRA&HEHE
20 min, L2 5 AF S BT S S R A O A
AEFE 20 min, K A5 B FE SO BURE T 7R
K70 CRFME T LT 24 h, BT 5 R9HE &
HAEBE FRKREFHE 6~8 K, HTHAN
(55 C) M55 PEI gtk AC, ¢~ PEI-AC,

% TENSOR-27  HL 2T ) S 3% SO0 4 i
PEAT I BE A Bt ; 8 F D8 ADVANCE X-
SFFERATES A3 T AR 0 i T Z5 R EA T T RS R
AL SR Cu S Ry & SR, TR 48 M i 8
40 kV, 5 HIRIRE N 60 mA, LL 5°/min ()3 3
FFE, AR 10° ~80° VB I P AT T 434 ; A
QUANTA Q400 14 H {2 fU458 X A4 ek 2 1T 174 24
WEERIHEAT T PEAR B 0T RRAE
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1.3 MR s g

B —E 1Y PEI-AC Fll— 5 ¥ B 1Y F SV TR
S 250 mL HEIE D TR HE T 25 C
TR KA 9 DL 180 ¥R/ min 47 ik 3% — B B
] J5 B (P A 0, O3 5 58 A o ootk
A G5 1 TR O R VR B SR FH EE A 3 O O B
B, MIAE 414 nm b 1 B VR B, 48 5% 90 46 vk B
DL R pH 252 R X PEI-AC Wi /% fiE 7 %
AL

1.4 BARAEEE AT

1.4.1  LBRAFNLF it
AT — B[R A= 9 Joi e Xk B RS 1) 2 R () S
it (q) AT .
E=(C,-C,)/C, (1)
q=1[(C, -CHV)/m (2)

K E R, %59 HWHHE, mg/g; C, . C, . C, KR
VAR AR AR BE o I 220 R 3 RSP 9 e 8 B 35 mg/ L
VR EERRAAR, Lym iS5 T i g,

1.4.2  WERFAEIRLZ

Langmuir P} Freundlich 77 285 12 F T4
AN AR 388 ek o S 5 I A R A T e U
G, o3BT 0 HY R R B e R 5 e | LSRR =40
A,

Freundlich J7 & .
Ing, = (1/n)Inc, + Ink (3)
Langmuir /7 7%
Vg, = 11/ (quud) T(Ve) + 1/ ¢ (4)

g, AR, mg/ g e, SV R AR T A R
RIFIRIE , mg/ L g R0 W BRI T P 18 099 S5 O B Bk, mg/ g5 &
1.4.3  WRRHEh Iy %

K H Lagergren M E—Z¢ LA S fE — K 5 J) %
B XS e AT 25 . T TR AR N Y
FEE,
Lagergren {ff— A1 )5 1 .
g = q.(1—e™M) (5)
Lagergren If AR5 2 .
4 = kaqit/ (1 + kyq,t) (6)

Pk ky HE—S HE R E R, (mg-g) /min; e S
FFFEHIED  minse 9 2. 71854, 7 ¢ B AWM &, me/ g5 9, o A IR Y
% B, mg/ g
1.4.4  FORINY 1K

[E] (A AURE 1) 4 HBO R B Sy UL AL 7 A

Y DA 7R UL PN B O I B R 1 T S E A
TR AR B R IR

q, = K" +C (7)

S, q, A o 20 O A 300 08 082 B B VR S L me/ g5 K, I C
S35 VR A 7 BIORE 280 I B S A OR S 8, B 43 B A
¢/ (mg-min®®) \mg/g; AT LA 5K x B, q H y WAV KR, AT
PIAEE] K, A C B9

eIt Ze b, B 25 5 R0 32 R JB0RL
ALY I I B i 2 v s R A e — 20 R
REZA 5 SRR A, 0358 W 7 W B 2o R bl A
FEHA A T AR 0 T2 RN AL BT R 2 e —
SR R

2 ZER5iHE
2.1 TAbAMHT
F1 EAET A

Tab.1 Industrial analysis of corncob

14y K4 KA o R4y
B/ % 4.90 11. 00 28. 40 53. 80
2.2 FRAELE R M
2.2.1 SEM EfF/Hr

Bl 1a.1b 43008 AC FERLKRAGECH 4 000 F1
20 000 £i5 B SEM B, NE H AT LLE i, K20
PR A T KNI A 2 1 HL B HURE , A RHMA KA E
B IFLES A, X n] RE R TR SR T ORI R
HP R R A B v R AR ) 1) HE T A ) P
FLBRZ5 4 & A= 7R AL T 8, B Lel 1d 435 h
PEI-AC ZERC R AHECH 10 000 1 12 000 % T Y
SEM &, )& B 2 F i elet J5 PEL-AC 3R IR
REFE LB TR, FTRE B 123K 06 W e (i 184 , 3R
0 0 B B2 A8 b Rk 2R T, HE 35 T KIS AR A

> 4

B 1 abl ACAFKAEET ) SEM &l ;
c¢.d N PEI-AC ARG ECT ) SEM 4]
Fig.1 SEM photographs of AC (a,b) at different
magnifications and PEI-AC (c,d) at different

magnifications
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A T PR v TR R A i B ) 8 A i s, At HL 3 T A
M A5) Bt fE RO 1 e 2 T B 2 i
22 KM BN SR R R SR b A B A A ek
PEJG B F KOS TE P A MR I AT, HALAR AR K ffi
AT AR BB Z2 0 B T
2.2.2  FT-IR 3%E 247

AC 5 PEI-AC W 2r4h ik Bl E 2 s,
5 AC XFEE, BOPETE PE R PEI-AC RO IEAR £ | it
W 'E fig A o & AR fk, Mot S PEI-AC 7R
1 080 cm ™ AbFYFRAE W T] U5 & T 19 C—O W4 i
#1,1 380 cm™' .1 500~1 700 cm™' 1 3 200~3 500
em™ b A RRAE G AT U5 T P e R T N—H 1) i
GadRzh | AT RESE PEI M E 0 & 2 AR AT
TT, DTSR T X FE ) g 2%

AC

W

PEI-AC

BRI %

1611 1387 1018
3429

4000 3500 3000 2500 2000 1500 1000
/em™

B2 2iMeigE

Fig.2 Infrared spectrograms

2.2.3 XRD EAF4rHr

K H XRD SR FRAE T FE 6 P ok i 45 i
WiE 3 fras, A AC Fi1 PEI-AC %FR 9 XRD £k
R LLE 260 FATE 26°F1 47° A ER B T B
BN TE R ST0E B TEE T e, 20=26°7F
SFPUBEH IR ) (002) ST, 7E PEI-AC ik,
ZIETEAR ()38 R BEN | iX R W] PEL-AC A G &
TSR BE N A A TR i — L6 Ty PR A Tk S 45
P BAETEPE IR (R TR . 7 20 =46 T 506, XF
I T SR Y (100) & TET A9 7 S R I e | 3
AC F1 PEI-AC [P/ 55 A0 2 BEAH [5) 1 B e A7 B i
ARG I — 5 A A SRR AR Y

\J\\‘&_‘
\//‘\\EL

10 20 30 40 50 60 70 80
20/(°)

B3 XRD EIELS

Fig.3 XRD token results
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2.3 HIEEFRAS IR B SE 0
2.3.1 IR0t H X U B SR A S )

Hi & 4 AT 15 PEI-AC X HI S /) 25 bR R Bl 5 3
ot L B 3G i B, MR ek E] 0.2 1 1 6,
120 min PYXTH S S BR RIA B B K, 89. 2%, T
AC X HIE I 2B %A A 38. 4% , £ B PEI-AC [
AC X F R 1 2 o i 0 B, T R R kg 3R 2 0
F1A) A8 A AP ol A5 3% 1 e % T 1) B R AT T el A
L B RE A, Rt LR TR 0. 25 01, )]
LRSS R T B, KRR YMER S
95 WM FH 2 R 36, — O T2 0% R 77 4 S 200
i PRI B A Aot B, AT 3 3850 RS I e e v
(AR A AP L AR b Ry s sl AL ol ) 3 1 e 1Y
B FL A A U 2D AT X FY TS ) R R R AR /N
Ty —J7 T D R R A A e i R A ik &2 ) DTG 1
LR T M e 3R T AL B A E | S B0t T T Ak
F4) B 2 T BRI L B 2 FRLAR A AR /N, S B0H B 4y
T 0 R 2 il R FE 4 T LA R A R B R
WETRE,

100

. e+ 0.25:]]

A Iy 02:1
80 e T 0u50
8 y 01:1°
& 60 v
/ g o 0051,

%40» ‘Z/‘Z/ st

201

0

4 R HOR I e W RS ) 2 )
Fig.4 Effect of impregnation ratio on adsorption of

activated carbon

2.3.2 A A R S A o A 2 i)
K5 4 0.3 g PEI-AC X 20 mL A [A] ¢ J&
(10.20 .30 .40 .50 mol/L) A FFF V75 T 1%y B s 1R ot

90

164
80 W v o
162 *
R 70+ .\. / 0
8 — g
= 60} / lse2
ol — £k =

- Js6

020 30 40 30

VITEHEE / (mol - L)
B S I B XTI A R B %) 5 i

Fig.5 Effect of initial concentration on adsorption

of activated carbon
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i P EATD G A P 185 0 T AN T A T BN TR
AW, SRR R 30 mol/L. B, LBk
H 67. 4% , PRt SR W) GGV FE A 35, PEL-
AC XTHIEER LB R 2 TR, IR gm
VEFEA) R I E R BE M 30 mol/L, X Al TH
P A VRAT) G A R T v B, B AR S W b T H
P - 00 2 RN, A ) T 0 R R Y R 1 R R
JIT AW Bt B = 8 (E R 3% P e e T L
TE DA ) A R B A7 i A PR AT bt SH 9 3R v Y R
P14 5 o 25t A BIR 114, A 33 A7 3 o Y RS ) TR
HF it V25 ) B e 8 1 5 T o ks AR RN, ks
BRARBIRREAR , PITE I B Ao 2 e P 0 M i O R
TS ) I o, R TR 3 A O A A e 4
T P A0 2200 T LA X S A R O 2 B 2 T T
WIUR v BE 3 iy
2.3.3  SRATIINE XTI BRI A R

Kl 6 HE R /R T AE PEI-AC i1 52 1
HCX R I B T, L 30 mol/ L i HY P SRy 49 B e
B IEAS R S, PEI-AC 43 5M#E 7 0.1.0. 2.,
0.3.0.4 #10.5 g,

7
%0t
85k . L EHE 16 ~
S \- IBD
;:{_ 80f 5 E"
& 750 2 4 IIII:EH/
R0} LR | S
65F « 3B
60 2

01 02 03 04 05
#imit/g
6 N [) S8 Jo e X 4% 1 R ) 532 i
Fig.6 Effect of different dosage on adsorption of

activated carbon

F & 6 A%, PEI-AC #mas % F s L bR 2
AR, AR s R 0.3 g 1Y
PEI-AC B, 25 BR 8501 w53k 84. 9% , Wk i} 2 3k %)
3.51 mg/g, BEAE BN I, R BRBEB M T
R, B, L kR 0.3 ¢ fE N IS
B, nrRE i s R RO R R R A
SRR I Al AT VA T D R T Rk S MR
0 4 fih , DT RIS T 25 R A8 5 X4 4% T 3
B, 22 fioh T il 25 18400, B A% 1 T 22 A A0 RS A7
A AR R BRI B B E T
2.3.4  pH XFHUZRH A5

K7 k0.3 g PEI-AC 7E pH {8 3 ~ 11 PIX%F
20 mL ¥ HE HE BE R 30 mol/ L 1) B B I L ) W

90 6.4
o B
ol \.i. 5;
. 5.6 ®
€ 70! ¥ 5
¥ &
& 60+ 14.8 mﬂ
444 =
50r \ 4.0 X
40 '
2 4 6 8 10 12
pH

B 7 pH xRS R 5

Fig.7 Effect of pH on formaldehyde adsorption

FRAE I 7 BB, Bl VA WS 1Y T, PEL-
AC XiF H T 19 K o 0 S B s ke 34, 78 pHL (A
T3~ 5 Z[a) I, R R ASOR G8 B BfE . pH R
PEI-AC W [t 7 5 ) i RS2 i 8K, 76 pHL 3 B, HH
P 25 BN 89. 2% , W Fff = 3K 5 6.37 mg/g.
HEASALYE FLA pH 5~9 MM OL T, 25 5 R8N
50.3% 3K % pH 11 B, ZLBRR HAF 42.2%, W%
B AN 3. 61 mg/g, H S LEARCE 251 T 7l G
FOPA S B R TE FARHER N, T
TS ELA AR P TR A O R e sl |
AL LE R G XS BT a5 9 —30, HI,
R TR BRBAZ N A R pH 3,
2.3.5 I RFE DX BT £ 5

K18 24 0.3 g PEI-AC TEWZ A E] 30 ~300 min
PIXT 20 mL #I 4R R 30 mol/ LAY S V25 W 1Y)
R B S 6

801

8

[=,}

KBFE %

8 &8 3
5
=
B

[\S] £y
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L8 PG ] 5 5 0 1 B0
Fig.8 Effect of adsorption time on adsorption of
activated carbon

HRAfE 1135 8 Fir 7 # B3 Hs , Fiti 25 W B ek (1] ) 228
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FE/L TiO, -NaOH T B Fth BB X H S B E HEH R

Hom e Rk, FE R ZHAF RAER
(HEBA T 220% A=fnBl2p 58 ah TRE2AEE VU9 % 223003)

WE RADGMEARRS Ti0,-NaOH AL BERSAT (4 7%, LAAG R0 m FLE A AL R . RS T 065 Tio, hids R
L \TiO, JBi & vk A AL s [B]X RE AT TR BRI 52 . SR FH = R =K1 Box-Behnken 1563 11, ) FH il 17 17 925 Xof A
AL T2 ST SR, L A T4 BHURERF 1944 2 A I Sk e 52 g Wi 7 {15 32 47 Wi 7 T8 43, 75 381 e G i Al 4 1 Bt
WA 1:41(g/mL) P25 8 Ti0, BRid ¥R 0.7 o/L, SGHEALIT ]S 54 min, FEMGAPET , A i 980 70 0 o7 £ vk 38 S i
iK(19.02+0. 16) mg/mL, FTEESLIY TiO,-NaOH FAL B 52 , oA A i £ 2 35 119 i T Ak B (3 7 i 25, o i sh 2 4 I B
PRI ORI PR AL T SRR AR

KEBIA DU TIO, SCHEALT AR BTEF 4 3 ; B ; 4= W) BT RE TR

FESZES.Q556  XEKFRIRAD. A XE4HS:0258-3283(2023) 12-0077-07

DOI:10.13822/j.cnki. hxsj.2023.0520

Study on Photocatalytic TiO,-NaOH Pretreatment of Rice Straw for Synergistic Enzymatic Preparation of Glucose PAN
Liang , BI Yan-hong , CHI Yong-zhou ,LUO Si,YUAN Xiang-yang ,WANG Zhao-yu" ,ZHAO Xiang-jie ( School of Life Science and
Food Engineering, Huaiyin Institute of Technology , Huai’an 223003, China)

Abstract: A photocatalytic coupled TiO,-NaOH pretreatment method was used to improve the enzymatic hydrolysis of rice stalks.
The effects of TiO, particle size,solid-liquid ratio,TiO, mass concentration and photocatalytic time on rice stalks were studied. A
three-factor and three-level Box-Behnken experimental scheme was adopted to explore the parameters of straw pretreatment
process by response surface method.The optimal photocatalytic conditions were obtained by response surface analysis with glucose
mass concentration as the response value: solid-liquid ratio was 1:41 (g/mL),P25 TiO, mass concentration was 0.7 g/L, and
photocatalytic time was 54 min.The highest glucose mass concentration was (19.02+0. 16) mg/mL after enzymolysis.The TiO,
photocatalytic combined with NaOH pretreatment method established in this study provides a reference for the efficient pretreat-
ment of lignocellulose and a theoretical basis for promoting the utilization of biomass energy.

Key words : photocatalysis ; TiO, photocatalyst ; lignocellulose ; enzymolysis ; biomass energy
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Fig.3 Effect of TiO, mass concentration on

photocatalytic-NaOH pretreatment of rice straw
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Fig.4 Effect of photocatalytic time on photocatalytic-

NaOH pretreatment of rice straw
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Tab.1 Factors and levels of response surface

analysis experiment

i K
-1 0 1
AR L/ (gemLh) 1:20 1:40 1:60
B.TiO, FihWEE/ (g-L7") 0.4 0.8 1.2
C: JGAHEALET ]/ min 30 45 60

®2 o WABRT 2o TR

Tab.2 Regression model variance analysis results

A R AmE U5 FAH PH  RFHFM

A 16.93 9 1.88  120.41 <0.000 1 s
A 0.2045 1 0.2045 13.09 0.0085 =
B 0.1084 1  0.1084  6.94 0.0337 =
C 8.22 1 8.22  526.36 <0.000 1 sxx
AB 0.0700 1  0.0710  4.55 0.0704

AC 0.1600 1  0.1600 10.24 0.0151 *=
BC 0.0475 1 0.0475 3.04 0.1246

A2 2.17 1 2.17 138.98 <0.000 1 s

B? 0.533 7 1 0.5337 34.17 0.000 6 ==

c? 4.71 1 4.71 301.62 <0.000 1 s
2z 0.1093 7

LI 0.0904 3

0.015 6
0.0301  6.36  0.0529
w2 0.0189 4 0.0047
pagil] 17.04 16

BRI E 7 45:0. 993 6 BR 1 IR R 5E 545.0. 985 3

T s ZEEM R (P<0.001); == 2555 8 B3 (P<
0.01); * , 25 W3 (P<0.05)
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Fig.5 Response surface plots showing the

interactions of various factors
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IR A A 6G, SR E BT (SEM) L0 AR T SB35 (FT-TR) X STZRAT 5T (XRD ) 8% 4 k48 iF
TTRAT R T NT & R 0 4> T DB o GR . AER D FHIH 6G Hyad R b | A% s JR Bt Pl i € B0 B (5 1) 9 R
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Detection of Rhodamine 6G by a HNTs-Based Molecularly Imprinted Fluorescence Sensor WANG Tian-cong, Ll Yuan-
yuan” ,LI Hao-wen ,LIU Gang ,ZHANG Ming-liang ,XIANG Hao-long ,HE Juan (School of Chemistry and Chemical Engineering,
Henan University of Technology, Zhengzhou 450001, China)

Abstract: A surface molecularly imprinted fluorescence sensor for detecting rhodamine 6G was synthesized by precipitation poly-
merization using inorganic material halloysite nanotubes as the carrier and aggregation-induced emission molecule as the fluoro-
phore.The sensor was characterized by scanning electron microscopy ( SEM ) , Fourier-transform infrared spectroscopy ( FT-IR)
and X-ray diffraction (XRD) ,which indicated that the surface molecularly imprinted fluorescence sensor was successfully synthe-
sized.During the detection of rhodamine 6G,a color change from blue to orange was observed.Meanwhile , the ratio of fluorescence
intensities (I555/1,5) showed good linearity (R*=0.993 5) with rhodamine 6G in the concentration range of 0~5 mol/L with a
detection limit of 2 nmol/L.In addition, the sensor exhibited good selectivity, strong interference immunity, and excellent fluores-
cence stability and reusability. The recoveries of rthodamine 6G ranged from 89. 28% to 109. 73% , with relative standard deviations
less than 2. 57% in the analysis of real samples.This study provided a feasible method for efficient and rapid detection of rhoda-
mine 6G.

Key words: surface molecularly imprinted polymers ;fluorescence sensor;rhodamine 6G ;halloysite nanotubes ; aggregation-induced

emission
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B HEL A 25 U
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Tab.1 Results of rhodamine 6G in lake water and chili

oy Jibrk B/ e e, |k, RSD/
T (pmol-LY) (pmol-L7) % %
0.00 A — —
. 1.50 1.51 100. 50 0. 80
Wk 3.00 2.99 99. 59 1.22
4.50 4.02 89.28 1. 64
0.00 A — —
. 1.50 1.65 109. 73 1.04
IR 3.00 3.02 100. 53 1.92
4.50 4.08 90. 59 2.57
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Determination of the Main Components of Astragalus Membranaceus and Evaluation of Their Antioxidant Activity SUN
Yu',CHEN Xue® ,TANG Shou-xiang® , ZHANG Wei* ,ZHANG Hai-peng” ,SHAN Chun-guang® ,LIU Han"*( 1.Research Institute of
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Abstract ; Twenty-four batches of A.membranaceus were exiracted by ultrasound method.The contents of total saponins, total fla-
vonoids and total polysaccharides were determined to comprehensively evaluate the effects of variety, origin and growth years on
the content of various components of Astragalus membranaceus. DPPH-UHPLC-QTOF-MS/MS method was developed for screening
antioxidants from A.membranaceus. DPPH and ABTS experiments were used to verify the antioxidant activity of monomer com-
pounds.The results showed that one year A.membranaceus from Neimenggu Chifeng had the highest content of total saponins. Wild
A.membranaceus from Heilongjiang Daxinanling had the highest content of total flavonoids.One year A. membranaceus from Nei-
menggu Wuchuan had the highest content of total polysaccharides.The results showed that flavonoids had better antioxidant activity
than that of saponins and polysaccharides. By structure-activity relationship was discussed.The more hydroxyl groups attached to
the flavonoids, the higher antioxidant activity they had.The attachment of glucoside to flavonoids would reduce the antioxidant ac-
tivity. This study will provide theoretical basis for rational utilization of A.membranaceus and promotion of regional brand resources
of A.membranaceus.

Key words : Astragalus membranaceus ; total flavonoids ; total saponins; total polysaccharides; content determination; antioxidant

activity
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HAE LML E X, DPPH [ HEE—F RIFH)
PRGN S AR T A ), AR SC25 S UHPLC = 8093 5
AEJ1 S QTOF-MS/MS 1= REBE =K L &4
EPERGINGE S, @57 DPPH-UHPLC-QTOF-MS/MS
¥k, ol xF 5 DPPH {3 RN AT A
UHPLC-QTOF-MS/MS 3% [&l v 451k £ 4y 06 1o R A7)
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1 SRERsy
1.1 FEER 5600

AB Sciex Triple ! TOF 4600 Jii %1% ( 25 E
AB Sciex 22 Fl) ; 30A FY 5 M = S0 AH (03X
( HARHEZN 7)) 520 ~ 200,200 ~ 1 000, 1 000 ~
5 000 L BERHE (5 E Eppendorf 23 #]) ; AB135-S
M1 K- (i1 Mettler Toledo 23 7)) ; Safire2 7Y
fifgFRAY (Bt Tecan 7 7)) ; B880O 4 i ik 1 1k
TH(EHELBEMS AT ; 0SB-2100 B jiE 5% 78 & A
( HAX EYELA X284 FR/Z2 F]) ; Elix Essential 5 %4
UV 4li /K% (##[E Merck Millipore 2] ) ; SHZ-3 %l
AR ZHEA R (PP A R A F) .

T (5 : Lot. No.20170914 | 4fi &£ >98. 0% ,
EAEH AR AR AR g T (it
516061307, 41 % >98. 0% )  # EREFF 1T (H5 .
151019, 4ii & > 98.0%) . ¥ & H # (it 5.
17073102, 46 )& > 98.0%) . T & & H (#t 5.
17102006, 4 & >98. 0% ) , B &5 5 # M (5.

17112404, 4 & > 98.0%) . =W 46 H (3 5.
16061401, 4 & > 98. 0% ) | il 1= ¥ 48 & (it 5.
151029, 4 >98. 0% ) 7,2"- ¥ 37, 4'- " H I
A (A5 160816, 41 >98. 0% ) | 3-F4 5k-
9, 10-— H & 3L 5 1 ke (it 5. 151102, 46 &
>98. 0% ) (LA AEFE AW ARG BR A F])  Hi4
B (L5 . MOS09AS , 4l iF >98. 0% , Ki%E KLY
FARBBRATF) ; ABTS (4)¥>98. 0% ) .DPPH ( 4l
JE>97.0%) ( A& AL A Tolk bRk 28 &4l )  We i R
(53 Hral, 4 95. 0% ~98% ) | LW ( 434t , 4l g
>99.7%) L-(+) PrIR MR (£1 8 >99. 7% ) ( K
TIRFE AL 24 R A R 7)) 5 o B R 4 (2%
>99% LM E S| &5 ( 1) B IRA A ; S48k
B (ArHral, 2l > 96% , KT WL Ak iR A
FRONF]) 5 A1 (4B, TKEETT o6 14 T8 B
F]) 5 R (A >99% , KT G G 4l b T
TR W O (@i, 3 E Merck A F]) ; H
12 ( g 4l , 35 [ Thermo Fisher Scientific 23 ) ;
K ALK,

24 #E LG 55 5 IS IR R 22 B o T Y
Bedfit (3R 1), S35 M AR B 2 B 24 2 e 228 T 40
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Tab.1 Information of samples

s b KA s 1] Dt rr
1 HNBEPE 1 1 4E FHEE
2 HRBEYE 2 14 FIHEE
3 111 VG2 35 1 4E Sl
4 5 TE B 1 1 4F E Y
5 PR5E [ BH 2 1 4F ey
6 BRI R DL 2 4 Sl E
7 TR DL Bf A= (R AR
8 b2 14F JEREHE T
9 WG 1 14¢ JEESE B P
10 WAL 2 1 4F P H PE
11 NEJUP N 1 4F JREEE B
12 I ITINAR A AT 1 4F JREHE T
13 eyl 1 4F JREEE T
14 R TT RS20 44 P H EE
15 BT RS 4 4R JEESE B P
16 BT RS EIE S PSR HE P
17 B T 1 2 4F PSRBT P
18 By YT 2 2 4F JEESE B P
19 By TR 1 14¢ PSP
20 YT 2 1 4E JEESE BT B
21 SR VU A L 14 HRSE 8 B
22 Ay TR ZE 34F HRSE 8 B
23 Ay TR ZE 2 4F HRSE 8 B
24 IR FF TR IR 2 4F JEESEHE
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PRy R YIRS
naceus ( Fisch.) Bge. {5 ' 1 1€ Astragalus mem-

T [C Astragalus membra-

branaceus ( Fisch.) Bge. var. mongholicus ( Bge.)
Hsiao TR .
L2 STk

1.2.1 EREFEENE
L2011 il i v v ) i

TSR 2GR (4 40 H) £ 10.0 g,
WEpRE, B EEIE D, K% ImA 75% £ -
IR 150 mL, FRE i, AR EC 1 b, BOR G
FERRE U, 75% S BE-7K #h a2 i i i, 5
U8, FERAUEU  WCHE SR UERAE N R AT 4t
JE NIRRT
1.2.1.2  HrifE S Be

K EFRE EIEH T 25.0 mg, I T 25 mL
i, A TCK & B I B e 5 2 4
BV FRUE S B2 U, R % ORI
0.1.23.4.5mL%ET 10 mL &8P, H-H L
KRR BZE | WIS R BRIE TR
1.2.1.3 BRSBTS ENE

B FRUAESAER 1 mL T304, A 1 mL 8%
T W TOK SRR, IR AT Bk Th 48 n
A T2% R 10 mL, FE57J5 & 62 C /K 4
Tk 20 min, BUH 5 ST RIVKIER H B =, F A
FRAAE 544 nm I WG RE A, DL B FH A i
PR (€ mg/mL) AR bR, OB (A) fH R
PAARBRAE IR A8 A v il 2 [l 09 A
1.2.1.4  Jjiksftss

KBS0 AG BRI 1. 2. 1.1 AR fEAE A
3.0 mL, BT 5 mL A8, HEKLBEES R
ZI5E , A F - IR e ik B )5, T 544 nm &b
SEATINE G RE 6 YK, 115 RSD 1H.,

AL, WOR — B A S Yy,
1.2. 1.1 7k, )5 T 544 nm 4000 %E W%
FE{E, 7155 RSD fH.,

R PEsesl A B 1. 2. 1.1 9 R s
T, A - R L Bk B, 00 T 0,10,
20.30.,40.,50 .60 min JU5E 544 nm LLWIERE T
RSD {H .,

FIRE [ 2 S5, B 9 4[] — O 60 2 e 1
FIBTEESS 5. 0 g, Al AK Y T4 v S iy
) 80% . 100% . 120% B X} B8 5 i W, 4k i
PBCH 3 4y, 3 2. 1.2 Fkdl, BaE, T
544 nm A0 AE WG EE (R, 35 IR ]l 3 K&
RSD i,

1.2.2 BB S e
1.2.2.1 A3 i i e

A S I kR 1. 2011
1.2.2.2  FRYIBRIE S D

KB PRI 20. 0 mg 25 T ARES, FH 75% £ -
IKVEfR I E A ZE 50 mL, Bl % 0. 4 mg/mL AR
WERE AR, 43 18 0.0.2.0.4.0.6.0.8.1.0 mL
FRUEBIART 10 mL 5, FH 75% CRE-KE
25, RIAS RBUARME S VAT
1.2.2.3 BB AY S R E

B AR UE SR AR 5 mL T 10 mL 255580,
A 5% NaNO, & 0.3 mL, JZ )% 6 min, ZRJ5 [
RHEHTIA 10% AI(NO,), ¥ 0.3 mL, S5
6 min, #£4&, MAEBP A 1 mol/L NaOH ¥
W4 mL, I H 75% & BE-K E 45 2 10 mL, [
10 min, FIFEEFRXAE 510 nm AR 52 0 G BE A,
DI T hRiEs ok BE (C mg/ml.) SR AR B T
FE (A) DAL B W Ao i e il 7 72
1.2.2.4  JikegEHsg

K20 RS20 S A I 1. 2. 2. 1 B R MGk &
0.6 mL, BT 10 mL &M, H 75% L F3-
IKIERE A Z 2, R H NaNO,-AINO,-NaOH [t
kB )5, T 510 nm ZEWOGREE 6 W, HHE RSD
fH4 0. 58% , RV AAHE 2 B R AT,

VRS R — B AR 5 0, 45 1.2.2.2
T EERIAS BT, T 510 nm AN E G REE
18 RSD 18,

FRRE MRS R B B 1. 2. 2. 1 A9 A6 A 7
W , % F NaNO,-AINO,-NaOH o3 i ()5, 735
F0.10.20.30,40.50 .60 min Il %E 510 nm Ab I

FeRE 115 RSD 1,
TRk [l 2 S 56 . B 9 4y [] — 00 T 2
A EEAS 5.0 g, Z0 I AKE 24 FRE i v s B e

i) 80% ,100% ,120% ¥ %F BR ShIAT, BN EEEAT
Biehl 3 0y, #% 1.2.2.2 ikl 4, )5, T 510 nm
AN 7 W BE AR, THARC IR [ % & RSD fH.,
1.2.3 HEREAZHENEENE
1.2.3.1 ARl v T A i ol

BT M A (1 40 ) 29 10.0 ¢,
FERRE, B2 ZEH I b, K % A 24l K
150 mlL, FRAE T, B $EE 1 b, BOR IS AR 2
[, PR Sl K D 2 Ik 1 i, 2 i, 7 2 00U
T, WA SR UG RAE R I . 22 B A A6 S VA TR
1.2.3.2 ARl SH A BC

2% FREUH] 2 BEBR T 100. 0 mg, FHZE 1K
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WIRIEERZE 100 mL, BLHIK 1 mg/mL BbRHERS
WAy 0.1.2.3.4.5.6 mL FRifES BT
50 mL ZE B, FHZEK E B 205, A5 25
PRIE TR

1.2.3.3  HRCE SRS il e

U bR E S W 0.3 mL TR, A
0.6 mL 6% & By /KW, 7853 1R 21, A 3 mL
98% W it 12, %21 J5 B T 100 °C ¥ 7K 2 J
15 min,ﬁEﬂY@fﬂig‘?ﬂ%o F A EEAR I AE 490 nm
AN T T L, LA R 25 W B v T VRO B (C
mg/mL) AR AR O RE (A) fH AL BRI,
FA bR 25 [m1 0 5
1.2.3.4  FiksEsE

K BE S0 S SR 1. 2. 3.1 F B b v i
FIRW 3 mL, T 50 mL A E R, HZE IR K 2 %
B2 RARE B Lk B )5, T 490 nm
ABSEAF I RE WG 6 W, 11 RSD i,

HE M, R — 8 A 6y, i
1.2.3.1 Pkl es, A5, T 490 nm 20 &
WO REME 1T RSD .,

T TESEE  AE B 1. 2. 3.1 T A 46K
VSR, R R B - e ik B s, 20 F 0,10
20.,30.,40.,50 .60 min Jll5E 490 nm AL, 15
RSD f# .

TIVEE [T W3R 52 56 L B 9 4y B8 240 b 22 M 1 A ot
BEA5 5.0 g, 40 I A 2 FRE 5 R 22 B
80% 100% , 120% B X 18 & 75 W, AWk B A7
Bel 3 0, ¥ 1.2.3.1 oy kil e, B @)E, T
490 nm A0 W 5E W' BE AR, IF T H B A1 0 8 Kt

RSD f# .

1.2.4 DPPH-UHPLC-MS ¥ §ifi & 8 1 i 9 48
AT

1.2.4.1  AFERMS S &A1

Ok 5 . (415 FE : Phenomenex Kinetex C 7
FEAE (100 mmx2.1 mm, 1.7 um); WA A K
0. 1% R LN i ShH B 1 0. 1% FFHER/K ; BTk
JEARF 4 (0. 01 ~ 1 min,20% ~30% A;1~7 min,
30%~50% A;7 ~10 min, 50% ~70% A;10 ~ 15
min,70% ~100% A ;15~17 min,100% A) ; Fi %
BN 0.3 mL/min; FEFER A 2 ul,

T S B WSS LRI E R 4.5 kV; B
TR E R 500 °C; KL K (DP) W E N
-100; flffE e & (CE) W N-10; AN FIL S
WS, 4650, 345 MPa, 41175 0. 345 MPa, <,

53 0. 241 MPa; FTHE i A m/z 100~1 200; ESI
B AT ST 4, FLRB Y 150 ms; F
SIRUER G (CDS) XF MS A S TS AL IE
1.2.4.2 DPPH % ACH

Al 4.00.1. 33.0. 44 0. 15.0. 05 mmol/L
() DPPH ¥, BLFHERAL , B EORAT
1.2.4.3 DPPH-UHPLC-QTOF-MS/MS SZ46

SEEGZHM 0.3 mL PALEAE S 0.9 mL
(& BE DPPH IR 5 14151,37 C M ROLEE
30 min, FAYEXTIEZH K 0.9 ml B ZBEE WA ES
DPPH, HA S AR TR, 5 7 45 e, K 45 I g
JAE 14 000 r/min 2.0 10 min, W B W 0F
UHPLC-QTOF-MS/MS 4347, A FsiE s Hext, 75
N T DPPH-UHPLC-QTOF-MS/MS 2871y 9 4~
RG-SR A0 AL T3 AS [R) e B 19 DPPH
XHZ 9 MEA YT RS2
1.2.5 R AT M
1.2.5.1 DPPH 5%

bR o it il i, FH S BEEC 1 AR 1. 000,0. 500
0.250.0. 125 .0. 625 mg/mL B R FIFE I, ¥
DPPH B il i 200 wmol/L 1) Z BEVE I, SR 5 A
50 wL b IRHC AL S O 150 WL (19 DPPH %
W B AR R AT 5 B PR AL KB 30 min, 2R )5
FHBGAR AR 517 nm AR WOSE , REA R 5T
TTHRAE 3 W BOP M, T SR AR il 7
HC ] B X B], ) 2 AR LR Dy vk R i DP-
PH Bl zs Foof B8 oA i B %, JFi2 F SPsS
BAFHERE Y 1C, o
1.2.5.2  ABTS 525

# ABTS K K,S,0, 43 5 B il 5 7. 2.45
mmol/ L I 7K, 18 FH iR P 2 TR A 7 G A ik
B 12 h Dhb (R B FH KRR B (TR A VA T I
JEEAE 734 nm 404 0.7~0. 8, F5FH, HL40 pL )
1.2.5. 1 FERVAM 160 wl ABTS [ i3 TR
F B IR AR RV 15 min Ji5 0 5E WL A
i, BMHAETTATIE 3 W, BOFE, H 2 RE-
KRS VAR it Vs YT T B o B, KA |
WL ABTS H i 3% TR WRBC 1 25 (A R,
TSR, Iz SPSS # BRI 1C,, o

.

#ZR5ite
SR RS 2R S

ST S T R M 1 A o il e [0 E Ty
H Y, =0.841 6X+0.074 7,7 =0.996 7,
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Y,=3.021 1X+0.017 6,77 =0.998 4,Y,=2. 342X +
0.087 2,77 =0.999 0, &5 R FRIAL M R 4r, 24 it
2R Y SR R S S R 2 R,
HIrE2A a5 13k 3 s, 45R 0R, Lk 3 F
A3 1) e D 1 B AR R M O [ R
KA,

Fz2 BRY OAEE GDEZREE S

Tab.2 Contents of total saponins, total flavonoids and

total polysaccharides (mg/g)
ETRe) SR SETR e 2
1 24.99 0.41 182.30
2 28.75 0.37 174. 62
3 30.59 0.36 131.98
4 39.93 0.42 260. 91
5 40. 14 0.35 196. 95
6 26.99 0.43 163. 47
7 18.52 0.58 140. 52
8 26. 05 0.31 155.59
9 32.80 0.36 179. 23
10 28.36 0.37 168. 62
11 40. 59 0.34 195. 67
12 29.50 0.36 174. 62
13 31.26 0.42 268. 13
14 16. 82 0.26 48.53
15 14.32 0.27 31.30
16 29.74 0. 66 215.54
17 15. 54 0.20 157. 24
18 21.00 0.18 131.26
19 14. 67 0.26 44. 00
20 13.55 0.25 21.75
21 15. 28 0.14 66. 44
22 17. 86 0.33 106. 17
23 23.52 0. 40 132. 56
24 25.04 0.35 204. 82
23 23.52 0. 40 132.56
24 25.04 0.35 204. 82
RIS EEE B BE R T e a R

Tab.3 Methodological results of the content determination

of total saponins, total flavonoids and total polysaccharides

KEH L/ % Rt/ % 1%/ %
SR 0.63 3.90 98.4~104.7
N L] 0.58 2.88 95.3~104.2
bk 0.74 3.25 95.7~104. 8

ASBIRFERLINFE ff T, A 5y o 08l [X — 4 1Y)
R B B AN R e i, S 1 M X —4F
AR IS B T Y 2 B 5 e die s, PROE VLR G R I8
DX B A 9 B A R 5 F iy o R O

I MR A S BT RSP 4, SR SPSS 23.0
XS S B PR S B pe P i B R L
FLE A & e AT B 3R 0 224007, DA L4l
] 22 5. W4l P fH 43 0 2 0.074, 0.061
0. 155, 31K T 0. 05, BI85 156 22 [ 4% B 43 7 ot
ANFEAE 25 5 UL BT BE BRI 24 HERSSE R EE
RS RO B R B R R BT R B 2
AFEEWI R0, KOG LW HIIX 4 45 ) 4 4EL B
P14 SV B ) L R, 22 M (1 5 T
B, M AT BB A KRAR IR B ey 2 2
BAT R T AR R s DX R LT b X — 4
F14) S 9 B 16 AR, 5 b DX — 4 0 B P AR AR L
R IRILARAR AN, W] R A A - 48 PRBE BCRA I
[i) S 5 5 T 2 B 0 S 4 SR R W L B B A
LR Z2 M 0 it A o b X B e e fIG, BF
A I 5 T B ERIIE SE B B 0 I 5 o = TN TR
BRI B T O o AR R A RS R R A T
FEE 2 A 1 AR AETRILES 4 0 SR F A
i Y AR P T R | R R 2 A T 4R
B, g5 7R P A i O 2R B B 19 52 1 A
R, T 75 4 O VR 1T 1 ELPATMEGr, TRt R
FH PR B I A5 LR 1) B EE 2 A EA THR I
2.2 B EHBU A IE R R T

ARSI B0 R R YR AH €2 3 ER I DU AT KA TR [ 5
TEACHEA TR 43 AT , 2R FH IE 5 0 6 8 1B =Xtk
P SR R IR A M BT b &Y
ZE R o Wl N S A DA (= RS s
DPPH-UHPLC-QTOF-MS/MS SZ5 % ] 1 1 8 1
B, ARG YRR A YA R
[ M+COOH ]~ U 1fij ¥ i oo A B i [M-H ]~
WA DRIt S b 0 43 )R R T e 1
(B F06 5 SLUE B B U v DGR I A0 1 2 1 AR
TRRERS VLA BT ARG . ik B P4 E T4
VR fT B0 R4 A AR JS AT DA A% G I 4% B 43 A
PTG E . 7ELUG IARSE FPORALRERS XA AR
i A B PR A T B A8 A T 1 K, e L gk
AP v B Xk G Wy S5 2R AT AT, SR ) 3E
AT TR ) AR AL T AT A AT, RS
A LA R A S 0 T B A3 1) S Ty B R0 M AT O 4
g,

MR, 7E 2 MR I e 5 T K%
WHEA TP, TEFSE SR, 43 ) 5 58 1 A TRl 5
XoF g R B I 1 R ) 25 SR R 75% £
XTS5 R T TR AT 2 A B AR BBOR PRI A
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PINTAE B P B R I ST A A PR 5T

95

SRR BRI G R R T 75% & P
TrHEEL, W28 sh A H DPPH SE56 X 5 (% 75%
O BESE Y AN B K B AP A AT A T T
R, S50 R H I 75% SWEHR B (bt A Ak T T
Bk, R T R 2R AR AT I, TS
5 R T K SR BT XS 2 HE o AT T 4l AT
T PSP, 45 5 38 B 20 2 i 0 T 1 3
85, I, 8 75% £ FE L LY it 47 DPPH-UH-

PLC-QTOF-MS/MS 3£55

H T8 R i IR 2 | S o A AT
P, PR e AR I IR 8 i AR AR AR 1
BRI BT M, A TR e & X #5801 DP-
PH-UHPLC-QTOF-MS/MS 525 H1 115 9 ME &9,
>R FH W T AR TSRS [V B2 1) DPPH X% 9 Mk
EYETAR I, &GP XIC KILK 1,
W T AR DR/ B DL R 4 T DL AR S ) B

x10°| a x10°
.3 3
) a2
=1 ~1 :
0‘ y 0 A
35 4.0 45 50 55 60 65 7.0 7.5 8.0 8.5 50 55 60 65 7.0 7.5 8.0 8.5 9.0 9.5 10.0
105 . t/min xllgs t/min
51d
15
5 1.0 3 1.0 }
S o0s =05 i
» 0.0% A
00 75 80 85 9.0 9.5 100 105 11.0 11.5 7 8 9 10 11 12 13 14
; t/min %108 t/min
"11;’ e 10 {f
3 3
10 205 |
~0.5 ~ 4
0* 0.0 A
9 12 13 14 15 8 9 10 11 12 13 14 15 16
10 t/min <10° t/min
x15 [ 10{h
; 5
310 i 5]
= 5’ ~
2
0553 125 135 145 155 B 10 12 13 14 15 16
x10° t/min t/min
47
22
I~
1
0% \
85 9.0 9.510.010.511.0 11.5 12.0 12.5 13.0
t/min
12843314 0. 05.0. 15.0. 44 1. 33 4. 00 mmol/L DPPH ZE 144 % FR 21

a. BB S B b AR AT s o BRI . BRI e S AE R L KR I
g 3-HHE-0, 10- T F BB SRR 1 0.7, 2/ - R -3 4/ UL B 11 M BT
1 Xic #

Fig.1 XIC chromatograms
Fd4 BAAWIER R R

Tab.4 Peak area reduction of each compound

ey ﬁ?ﬁﬁa‘l‘uj/ " P DPPH 4 ( mmol/L ) W i FRI 5/ %
min 400 1.33 0.44 0.15 0.05
B H AT 5.48 [M+COOH]~  491.109 0~491.1290  95.3  48.1 8.4 — —
TR 7.47 [M+COOH]~  475.114 0~475.134 0 7.4 2.3 1.5 — —
Byl 8.48 [M-H]" 283.050 7~283.0707  99.9  61.8 13.7 0.1 —
W AT 10. 15 [M+COOH]~  829.448 6~829.468 6  12.5 7.2 41 0.3 —
AL 10. 67 [M-H]~ 267.055 7~267.0757  39.0  23.8 8.3 2.8 2.5
pigeL=n| 10.77 [M+COOH]~  871.459 1~871.4791 14.6 3.6 — — —
3-¥3-9 10— FF U S Mt 10. 89 [M-H]- 299.082 0~299.1020  32.7 1.7 — — —
7,2 -"FEE3 4R SR 11,04 [M-H]" 301.097 6~301. 1176  83.7 44.8 8.5 8.1 3.8
B T 11.75 [M+COOH]~  913.469 7~913.4897 18.2 16.2 8.9 — —

T —" I AR
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R B R R 7,2 - R 3 4
A ST EAE DPPH HREE R 4. 00 mmol/ L A g i FR
/I G X 3 AT R R T AR
A1) FFETEE R

RSN TR BE R 9 AN b A W i 0 T AR
#BEAE DPPH ¥ BE i 3G fin , S0 1o AR /)N | 3 9
%9 MEB WA — & BB E ARG R, HBTER 2K
AP EATE L T R, Hd, ik
YRS EIN B W R 7,2 - -
3',4'-Z W % B e 7E DPPH VK 2 4. 00
mmol/ 1, A W AT AR sk A BH & 4 e A TR HT S AL
PR
2.3 HPRE AP RPT AT TR

4y A DPPH ¥ K2 ABTS VLR 2R AL &
YIHTEAL 16 1 I8 FH SPSS B4 1B S Y
IC,(£5),

x5 HIMEEYRBUELEN
Tab.5 Antioxidant activities of monomer compounds

(n=3)

a DPPH /ﬁBTS
IC5y/ (mg-mL™")

B 0.537 0.026
TERNAETY >100 >100
B 0.195 0.015
R >100 >100
IR Y% >100 >100
HERAT I >100 >100
3-¥256-9,10- - H R IR S >100 0. 536
7,2/ - HE3 A T AR S 1.221 0. 008
HERT I >100 >100
LR iR 0.018 0.025

HREAYPU AL RS DPPH-UHPLC-MS
PRI AP A AT PEEE RAH — B, X B 5y
FIBT AT PRI T A RIOC RG], 4 B 38 5 2T
T 5 AR AE T 5 88 5 SR 5 0 P AR AR 2R ) DT
FROR /D b A, S B R % 2 1 PR i 22 | 4R
FETE PR T 8 S R S T S R S
AT 55 00 A 6 2R 174 e T B ek 2 EL A A
Ey I OES oy = s g 0F 7= A R 2 A

3 4

ARHIFFERT AN 5] 7 M | A3 ot ol ) 0 S L
P VR S 2R E AT T I O R
DPPH-UHPLC-QTOF-MS/MS X 8 1€ Bt S AL 76 P
Y BERBEAT T 2R0T AT T RAROC R R

ABIFFE ™ R4 B T S At 1 SE B KL [
R Ay BEM) FH B B W DA B A ST B AR ™ i i
GRS TS LS

SE .
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XAEE S TR S RF AT MR E
(LR B A AT Y M ABH 450012
2. AR TR IR B &R o i S A B R T S S0 = I AR 450012)

FEE L E K TR S T R S T MBI 28 L ) 3 AEDRE LN /KR = 43 BT, P i gk s b 7= Ak e, AT
PRI 2 A5 WLBs 7 2, W DL B 43 BT A T R, SR FE XL sl S Ak A TRAL L i iURE | A 1 I LBV 1 ) 0. 4 mol/L
AR TRBR BRI A E AT VAW, T 210~230 °C TN 15~ 17 min B, 7E 1 mol/L BEERA B, LASRIEMBMIAE Jy 2548 7R 5]
T TR IV 2 e s v 8 AR T A, VAV Eh A B A Sl W 4, PR AR AL ST T T A IR A R I E KRS A LR B R . )
At R T AR r I A S R AT LR 5 7 A TE TR A T B 5, 3 A R < D ARk = Bk B AR AE AN 20 A BILAR T
AR, BRI AR AN AT A s T AT R E AL BUINA 1 mlL 1% 53 AL S AL BRRAE X BT U0 BR 00 B Y5 07 ik
i BR R 0. 06% , I 5E TR 0. 21% ~ 15% 477125 1 TR [P 53 61 SR v 0 ot ( 38 K R UTARA ) v A ALAs 1 )
FE SR SR A XHRZE (RE) -3, 15% ~ +1. 15% , FIX AR IEIRZE (RSD,n=12) 4 0. 80% ~4. 41%,

KB IR E 1 ALK WERE T THURERR; KEL

FESES 065 XEARIRAD A XEHRS:0258-3283(2023) 12-0098-06
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Determination of Organic Carbon in Rice Soil by Potassium Dichromate Titration Method LIU Chun-xia*'?,YU Ya-
hui'? | LI Yan-hua'* | ZHANG Fang'* ,RUAN Run-lei'”* ,SHEN Shuo-guo'> ,WU Di'-*(1.Henan Province Rock and Mineral Tes-
ting Center,Zhengzhou 450012, China;2.Key Laboratory of Precious Metals Analysis and Exploration Technology , Ministry of Nat-
ural Resources,Zhengzhou 450012, China)

Abstract : The potassium dichromate volumetric method is a classic method for determining organic carbon, but when applied to
the analysis of paddy soil ,the ferrous content in the sample may interfere with the determination.In order to accurately determine
the organic carbon content and meet the needs of rapid batch analysis, samples pretreated with air drying or hydrogen peroxide
were used.0. 4 mol/L Potassium dichromate sulfuric acid was used as the oxidation digestion solution on a constant temperature
electric heating plate. After digestion at 210~230 °C for 15~ 17 min,in 1 mol/L sulfuric acid medium ,o-phenanthroline was used
as the mutation indicator.The titration solution of ammonium ferrous sulfate standard solution changed from orange yellow to blue
green,and then to brownish red, A potassium dichromate titration method has been established for the determination of organic
carbon in paddy soil. At the same time, methods for eliminating the positive interference of ferrous ions in the sample on the deter-
mination of organic carbon were explored.The experiment found that the presence of ferric oxide does not affect the determination
of organic carbon,ferrous sulfate, etc soluble ferrous ions can be eliminated by air drying oxidation or pre-treatment with 1 mL 1%
hydrogen peroxide to eliminate measurement interference ; The detection limit of the method is 0. 06% , and the determination range
is 0.21% ~ 15%.The method was applied to the determination of organic carbon in different national standard substances (soil,
river sediment) with different properties. The relative error (RE) between the results and the certified values was —3. 15% ~
+1. 15% ,and the relative standard deviation (RSD,n=12) was 0. 80% ~4. 41%.

Key words : potassium dichromate titration method ;organic carbon;ferrous ion;interference and elimination;rice soil

2020 4FE RN T RS Y A E ORB KA R S I s B A A PR S A T
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A HUBRZ IR AT vk R A TRk (Bl
L RIS ) R beik ( AR ERAN EAk) 1 Rk,
TR A A A I R vk AR K E L AR
7 5 A R B A BT B A%, B R R ER
CHN JCZ 431X . ICP-AES . TOC Ml 54X . B 441
HMRBRLAS S50 I 52 45 2R A P 9 AR, (EH R
AR, FLG A R B T LAkt O JO T A S A I
IERYENE T A, TR BRI o 1k TR LA 4
T DR i R s, B B R AR IE BT a4t
N B e K R DU KCE A 53 A 4
B 71O (SR I 0 S e R RE R K
R A HLRE IR S A R TS
RS R - IR S N, TH ARV R AR IE T, S
D5 25 SR W v s pET Y AR 2015 AR R AR
ATV FBRAE HY 615—20111%) rfif i oKk fg 4 75 2
FEHTE AL T 10 ~20 d, B A fif e 48010 W 2k
T BRI E P2 A T (% TR )
K, A2, #E 9 N J1 SeBfTa) B B/, 5
AN T AR PR AE N AR 2 R s 1 A AL
B, A5 GETR T T A A I A 45 B B KR
HLVDTA AR, TH AR RCR R ERAS S N, 2 1
TR0 25 S ) F P AR PR W 253k, T H AR
LR R R A = W] %2 L 3087 N (= B
FH B 3 1 AN TR

AR T AR 3 e Yo R A I A T T fif ik
FET R DCA IS, A e A 1) i A 2 i kB A
(220+10) °C , T4 fF#IRHE] 15 min, A RCHE G RE i I
FRRICR  BRAR T ik Bk iR, TR, 3 i K45
FEEANA 1 mL 1% 33 S8 A0 S AL 3R, A3 bR
B P S A S5 T 1 S Bk B ) T e, S T KA
P MU BT 7 ik, ik A B &
U G A BRAG I0E  FELT, BE A T A bRk
2E YA I H G R R K

1 SKIGEBSY
L1 FEEERSHEG

BSA124S #1530 KF (Ji&a 0.000 1 g, 8%
FITRLAAES (L) A BRZA ) ; WBIE46-1 FYfH
T FL B ( R 2 B S A AR T R A BR A
) 5 SX-4-10 YR 2 H BEL 45 1 48 (R TiT ZR 1
BRI B IR A B O ) 2s KR B (AR
0.9 cm, £ 19 cm; FCEEE D HEIEIHR 150 mL) 5 H 5h
PR Z R % 2 4 (25 .50. 00 mL)

K, Cr,0, i3] (IR B AL F3K500 ) ; B R

(AU T ) s SR AE M iR 7R 7 (= (R ) £k
ERFNE AT ;Fe(NH, ), + (S0,), -6H,0( K
T E 24 25 3 A PR D) 5 Si0, (PSR
IO BR S 7)) 5 AgSO, ( KT A R T)
K, Cr, 0, ( 34, b mt b= R B 58 7 ) 5 b o) ot
(GBWO07401 (1. 80+0. 16%) . GBW07404 ( 1. 80 +
0.16%) .GBW07408(0.30%) .GBW07424(1.35+
0.07%) .GBW07430 (0.97 +0. 12%) . GBW07305
(1.3%) .GBW07307(0. 63%) .GBW07365(0. 18+
0.02%) .GBW07301a (0. 73%) ) ( [ i i R} 2
B b 35Kk ) 0 1 1R A 27 U A B 5 BT ) 5 1R 34 0 A
Mrali,

K,Cr,0, #5 M3 W (€ 1exeno, = 0-200 0
mol/L) : FRHL 9.806 2 g 105 °C 4T Z 6 & (1)
K,Cr,0, , MUK ELRZE 1 L 258 ;0. 4 mol/L
R TR AR FR T U FREX 39. 224 6 g K,Cr,0, , %
T 1L ZEWAKP, sk EEMA 1 L B,
Fe(NH,),- (SO, ), + 6H,0 #5 fE ¥ ¥ . FX 80 ¢
Fe(NH,),+(S0,), - 6H,0 ¥ T 600 ~ 800 mL 7K
o, i 20 mL H,S0, , MK EZ 2 1 L, i Thi i
HHRAE o o A 5 AR AEWS IR 75 70 PRI 1. 49 ¢
T4 0.7 g Fe(NH,), - (S0,), -6H,0 [ 100 mL
KW A T AR A&

1.2 LRIk

X F— A FRBGE AT 150 mL 4B
R, AR TE DL 1 R 2 0.000 1 g, i
WA 10. 0 mL(0. 4 mol/L) & B B0 -H AR 1A T
K2)0.1 g TR, #2541 28 R B,
BT O TR 213 B R (220+10) °C A 7 H
A R 1 B[] T 3 38 R T R TR
fif 15 min, HCRNRAD, FHZK ol kv B8 A5 P B B
HEREAL VI JEAR T, 45 D N AR
SARFRZH 60 mL, fil 3~ 5 EARIEM kI R ], H]
TR AR B b M VS VR A T 2, VS R R B8 Ry
PRk, FRAR A ARAL, RV 28 0 5 A SR A I A Y
i TR TV K e s 9 VR 1 2 TH BRI T8 R R (R
F i R beat i — A ALREAEZS (1) TR iR W 2k
BRFRUEVA TR Z THE 1/3 I T 97 98 A 3R AR
i, FOHTTH AR E

X T AR AR A A () 7K R DT 3K
o - 48— S KK B -, 25 R SR AT
FEHRAT 10~20 d, i 72k 7553 40 0 = fr ik
Ji AR s AR SE T i 1 mL 1% 53 AL R AT Ak
PRI, 3 B8 Ry vk 1T
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Tab.1 The relationship of sample mass and organic

carbon contentrange

B B (w) /% AR g
<2 0.400 0~0.500 0
2~7 0.200 0~0.300 0

7~15 0.100 0

2 GRS
2.1 AR[ENHEAE I X

T ICAS [] 14 Jo 1) - 48 B R — A A ofE ) o
GBW07401 . GBW07424 . GBW07404 . GBW07408,

xR2

A3 R FMIA I KIS VYA TR IO T AR
P IR BN ARGE X 4 Bl B SRR AT I R, LA
5 T V2K o Y 3 YRR KT 15 IS A 337 5, 43 BT 4%
5 bR AR I FE X A o D 22 L3R 2, B AR R
HH . GBWO7408 F4AH XA 1 i 22 ¥ T b AR, 3X T
FE A BB Y 5 A DG 5 >R 1 R s AR A
ORI T ik 5 T B R A 4 1 8 B ) SR A 3%
B0 25 S 55 b o A O 2 Y0 1R /0 o E IR 3 fi
TR RS TP Y P RO e T A A S 5
TSI AR, HARAE | 8 G R R Y
ST

AT i A 75 K s A AL LS

Tab.2 Different elimination methods determine organic carbon comparison

AEX BRI i 25 (RSD ) /%

R I TH R0 B R ) RIS
GBW07401  GBWO07424  GBWO07404  GBWO07408
Fr I 5 S Ak PR T 4 BRI,
FRARTN 170~180 °C,¥Hf# S min  JMIEAS ., HEEA Y S5 2.43~3.92  2.52~3.35 2.30~3.85 2.62~5.29
TFE S I A H 2 L JRR AR
IR AR A SE 4 TR FERT K,
100 C , 74f# 30 min -3.31~4.23 -3.51~4.63 2.25~3.92 -5.26~4.96
it R SULRCRAT, 38 4 I A
WAL AT A BRI, BT
IR - WY ezt . - ~ - ~ ~ - ~
CERUTANTS 200~230 °C, #f# 5 min (R 5 R 2 2.56~2.96 -3.56~3.29 1.92~3.52 -3.56~4.78
ot s 160~200 °CHGIHAE 4 min, IO ELWE MRS SE 4, LT RERR R
B TS ey 1.21~2.53  1.03~2.92 1.35~2.59  0.90~4.72
BTIIER o 20 o FE 20 min 5 18 2 B 5 2 LR
iERITEER7Y . e P, 43T TRD A, B PR
210~230 °C,74f# 15 min 1.25~2.36  0.80~2.69 1.53~3.43  0.96~4.41
firgtak AR VAT 3 it SRR A7
2.2 BRI AR B0 FoF, Y AR U S A 8 EL VB, A5 R ME A T &

3 HIFRER 0. 500 0 ¢ H3EE KA IFAREY
JFi GBWO07401 ,GBW07424 . GBW07404 . GBW07408,
SIS 6 T 150 mL HETE A, b 1 7 L AR
AYHRE E M 170,180,200 ,220,230,240 °C , # 1H
TR 7 VR TH AR 2, U A AL & 1 1 2 E DL
%3 RGN A R R W I R EE IR T 200 °C B
TIHMASE & TR AN, 53 P 25 R AR 5 =5
T 230 CH, A R 4338 B PR B g A Ak, S B
S5 RS HRAEEAR LU O e 5 5 T A REEAE 200~ 230 C

|3 AR XA MRS SR R
Tab.3 Effect of Digestion Temperature on the Results of

Organic Carbon w( Corg) /1072

FREEAS FRUEE 170 °C 180 °C 200 °C 220 °C 230 °C 240 °C
1.82 1.80 1.82
.31 1.35 1.35
0. 60
0.30

GBWO07401 1.80 1.72 1.76 1.80

1.35
0. 62
0.30

GBWO07424 1.28 1.30 1.38

GBW07404
GBW07408

0.59 0.62 0.64

0.29

0.54 0.57

0.26 0.29 0.31 0.32

I, BERRURE A TR A I B R (220£10) °C
2.3 RE TR (R BE R

3 FREL 0. 500 0 g 338 B K — AT EAR
Y1 GBWO7408 (ArifEAE 0. 30% ) .GBWO07424 ( f5
WM 1.35%) 1 GBWO7401 ( FRfEM 1. 80%) , 1k
$£5.10,15 17,20 min 1R isCHE 19 78 i 05 1] (T
F B 1) 1B SR S P B S B — i R LR R
B ) Fa GRS i A T T

BT 1 B B4 AT 0 I S ] R 5 ~
10 min B, T3 A B 1) K6, 30 JF 4 3 A 4
1 N ANSE 4 T30 5 SRR 5 2 7 A e R
T 17 min W 38R o R 38 SR ) 5 [ A T AR
TR TR BRI 7, SO 25 R O 5 5 X4
BB A 15 ~17 min B 30RF T8 i 52 4, TH AR 4
R0 HLB R W TR, 43 B 485 SR T bR ME ) B A A
WEME—20, P, S &3R8 15 min 1E R 5 (0
ANEN
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1.9r AETE1.80% __/
& 0.4 Q La4r NELH1.35% o 181
2 S e
= ELHO.30% = 131 = L6
203 2 1.5
S S 12t S 141 Wi
3 W 3 3 131
02 11} Wi 1.2}
L1
0lg—= 30 15 20 25 Log— i5 20 25 99 5 10 15 20 25
T f# i} ] /min T I} ] / min {4 f# s} [8] / min

a.GBWO7408 ; b. GBW07424 ; ¢.GBW07401
1 JHfiRI Ta] B e 4

Fig.1 Selection of sample digestion time

2.4 BRRPERES TR TEER
2.4.1  URE A A BRI Ak

JKAE LAEHE KA B T BRI 00T, K
R b i SR A R S K S W i S T T K
AR R, 1 — 20 1A BEAS 2 XA ) 7 A g
F MR E R (=0. 5% ) MR I fif
FEHIHFEE AR IR ™ AR IR T, — g B0 T Rt
FEFRERL 2~3 em JEATHZ , A ZRXT (BTG 10 ~
20 d J& , 78k 5E o S A S AN BR R AT 1R
il &, P BRI AR B 7 7= A i T, Rk
EEE Y 3 AR, 2 BIARE 3 iy, s — i A
MAEATAEER, 55—y A AR XTI 15 d (F R
e AR o) o = A R TRk AT e XS, LA
WA IR B 5 1) T30, Fr g4 R ULk 4, 458
FW R AR AT B G 174 5 =X T I A S K 5 1
/e

x4 KT HBRIE B
Tab.4 Air drying to eliminate ferrous metal test

w( Corg) /1072

Ik HEE WTJG R Theik
i 5 WEE WEE
1 2.82 2.53 1.01 2.56
2 1.09 0.82 0.56 0.81
3 1.83 1.51 1.35 1.53

2.4.2 oA EALEIE BRI AR

PR RRE XU 75 B B [, i 22 25 5 i 35 7K
KW BT H BN A, DTS i 0 i 45 SR 1
IROPE R iErf bl ed 4 AN EE R R & — 2%
FRUEY) R, HERRFREL 0.5~1.0 g, 23 BIAMA 5 mL
ANl B 1y ash S A A TRV B 1% IO AS TR A4 FR
B Al S TR AT R ) TUAL A5, T 4
RILE 2.3,

F I 2 W [ e AR I AR R 5 mL,
BB AR R 1 Aot 4 A S ) v 3 KA R A

1.6
| &/'\‘_'\l
?: 1.2 GBW07424
< 1.0F
a0
UE 081 GBW07423
= 0.6
8 04r
y GBW07301a
0.2r ———_ . GBWO07301
0 1 B S 1

200 400 600 800 10.00
H,0, %K/ %

B2 A A R R AR

Fig.2 Different peroxide concentration eliminates

the sub-iron test

L 12t

N—\‘m‘
< 1o} \
|-'9

£ 0.8 GBW07423

GBW07301a

GBWO07301 ,
5 10 15
1%H,0, il /mL

B3 RS TR TR B
Fig.3 Dosage of hydrogen peroxide eliminating

the sub-iron test

B H Y 5 A b SR B AR B 10% B, I (B R
MR o A A SRR R AR
A BB AR 4% 2 J5 el 5 5 R = A R
PPt AL SR T N 1% 0, A HURR I E 245 1 5
B (L EAARST

F & 3w [ it WAL SR 1%, A AL
T P 00 2 L I et 4P 0 170 ) o 398 KA AR 3
H Yo Hb A M &k F 2 mL DL E B,
GBWO7301a Y {6 ST R, H b ml WL, 3 45
A U AN [l P iR T B I R R R AH
], $EHEE 5 A [ R 2 5 W7 23500, >R
1 mL 1% /3 AL EHEAT LR , 3R 50 = 0 .
TR, PO 4R A = Bk B A7 AR XA LR
FE LML/, HLU AR = k% ML S 1 5 1
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Tab.5 Hydrogen peroxide eliminates different types of ferrous tests

w( Corg) /1072

THERBRBRMEER ( (0.3+0.05) g ilAE)  THBRAALIEAR ((0.3+0.05) g 3XFE)  THBRIUAEAL =4k ( (0. 3+0.05) g 1alFF)

PRES S AR - - —— - - - - - ——
BEWEME N1 mL 1% 38R EENEE 1 oL %38 EEEME N1 ml 1%3 58S
GBW0730la  0.73 1.07 0.74 112 1.05 1.06 1.05
GBW07423  1.10 1.22 1.09 1.28 1.25 1.18 1.15
GBW07301  0.18 0.35 0.17 0.74 0.71 0.20 0.20
GBWO07424  1.35 1.49 1.20 R, R e gl 1.39 1.38

ol A A EORE R . i A EO R
PR R UK 5 T VS P Ak B T R AR PRI
PEGRAC I R A TCIH BRAVE T

RIS HEBE A A A TR IR R T
YIFRUESI R, DA 1 mL 1% 13 S84k A3 BRI
D7k AT o s 45 R WAk 6, Tk T
e S RV AL, B, S LA LG, BA
TSR AR R IR o SR A S kg
TS 5 E AR TN, a9 B °T %0 2 i
A1 mL 1% FACE 09I 25 R SR e T i 3
PE2 S | BRIE ORAUEAE A DL AN B S AL AT T, A
BRI R ATV PR AR 52

F6 AL AT R T e
Tab.6 Hydrogen peroxide elimination soluble ferrous test

w( Corg) /1072

HiE WH,0, /5 AHHLEE RIS

FA i

TNE fE I fE PREE ARiE(E
GBWO07301a  0.86 0.73 0.73 2.40
GBW07423 1.23 1.09 1. 10 1.52
GBW07424 1.38 1.33 1.35 1.10
GBW07301 0.23 0.17 0.18 2.26

IR TR T 0 38 A A G AR S T Ak
FRIRRERE A R0 bR T i WAk i R i (H 5 3 0
B E) S A5 VP AT AR RRE I B AR AT, AN &
B 5, 1T ELAE T B e e R O T
AL Ak T S8 A R = Ak 4 AT T B Ak 1
.

2.5 Kot BR S R

PERRAT LA 7 i AR Y B K — b fE Py o
GBWO07365( 0. 18% ) % f& iz{ 56 75 2 43 W #E 17 20
YRS, e RO o2 48 7™ A 1 B /MR AR 0. 05 mL it
BAREm 2] 0. 021% , L4 3 fibnitedn 2231805 1
RS BRA 0. 06% , 10 A5 45 f 22 1153 77 1k 1
HRA 0. 21% , I LFEH 0.21% ~15%

2.6 JriEEMERREE
2.6.1 FEEPE IEMEAE
R 8 DANRIFIANR] & 1 ) K — i)

i GBW07401 , GBW07404 . GBW07408 . GBW(07424
GBW07430 . GBW07305 . GBW07307 , GBW07365,
g BB G 5 0 W HEAT 12 YR , SR {E
SIARIE(E Z TR A AE 6 1% 22 (RE ) SR Al 5 5 vk 1 1
WRE TR AR BT 12 YA T I RE AR X BR
HE W 22 (RSD) A i 5 7 125 A 25 B, RE X6 s A i
FZ(RSD) K 0.80% ~ 4.41% , #E 7 £ (RE) Ky
-3.15% ~+1.15% ,AlgC “H-0. 069 ~ 0. 0248 , i
HhER A2 P8 AR i A T 2R
2.6.2  A[FJTE EAHALS IRk

PEBEAN TR & K- 5 A SEBRIRRE , 43 1R
FHASE: 1) o 5% R B VR 2 v P B s o T A IR A 1L
3 TR AL AN i A S 22 U b B s o T e 1k g
T A MR E 25 R ILER 7,

RTORIFINGE T7 45 ot
Tab.7 Comparisonof results of different methods
w( Corg) /1072

EeE KR AR ER AT PR AMIRBLAL
G T RE 15 AURS ZEVRl i

1 0.27 0.26 0.28

2 0.51 0.49 0.53

3 0.96 0.94 0.98

4 1.32 1.34 1.31

5 2.13 2.15 2.16

M T AT UL AS VL T B BRI e U PR v
HARERAN L ik | 3t B o R 1 I E 4 R TG
FEPE2E S T OB, T I S ) I B
VA E AU ER AT SERY

3 #ig

A WU T S AR W T A R 2R
i, AR AR FH % R A o I K A b A
BB &, JFHe T IE IR 7 R ] A 4R
BRI T S Em A, A ERA
R A S R B mT B 1, X S M SRR R
Pl A HEWHE T X,
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82 X il A R T o BT ARV VPR v 1 3 v i) SRR G /K S R 0 L T0 | L Pb 4 1 4 B s AT B (9T, R
AR 2/ BME G 1 B BT A 55 88 IR BT A3 PRI & 55 B A R SOG4 S A A I AN BB 43 BT 43 | 8 (0 1% A
X IRk b BT B ) T L2 BT A T A, SR P T AR et s ot SO v B B B R MR A 3 K 0 B s AT E | B R SR R AR
FUBRIENT 3 Fofr e 2l 700 JEOARk 9 40 B A7 AL, 3k X R R A3 BT 2% 5 | A AN 8 R T A T VT, 45 3 TR 40 B ) AS
FERETFE G A E T k=2, BAGMEEA 95% , To/K BEIRAA 14 4605 4 (99. 956+0. 038) % A ALAR A 41 4 (99. 933+
0.054) % AT G A (99. 941+0. 048) %, LA - 40 B 7 (B 25 5 T - H A O 20 A4S PR VROb T 3 B A DG 300 0 T
2
SRR - AR T AT AL 5 AR T AN BRI s SRS S0 AT s ANBH R B s A v IO
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DOI ; 10.13822/j.cnki. hxsj.2023.0436

Study on Certification of Purity in Reference Materials used for Electrolyte Analyzers LUO Ting-ting' , ZHANG Peng-hui'
ZHANG Hui' ,YUAN Jiao-yang' , SI Sheng-ling' , ZHANG Meng' , YANG Jia-wei** ( 1.Sichuan Zhongce RM Co., Ltd., Chengdu
610052, China;2.National Institute of Measurement and Testing Technology ,Chengdu 610021, China)

Abstract: The purity of anhydrous sodium acetate , lithium chloride, and calcium chloride in solution reference for the electrolyte
analyzer was determined.The certified/ calibrated inductively coupled plasma mass spectrometer,inductively coupled plasma atom-
ic emission spectrometer,oxygen nitrogen hydrogen analyzer, carbon sulfur analyzer,and ion chromatograph were used to determine
the inorganic impurities,and the drying decrement method was used to determine volatile components and water content in raw
materials. Finally , the impurity deduction method was used to determine the purity of three high-purity reagents. The uncertainty
evaluation results of the purity of raw materials were obtained by evaluating the uncertainty of each analysis method.The inclusion
factor k=2 ,the confidence probability was 95% , the purity of anhydrous sodium acetate was (99.956+0.038) %, the purity of
lithium chloride was (99.933+0. 054) % ,and the purity of calcium chloride was (99.941+0.048) %.The above purity calibra-
tion results can be directly used for the preparation of solution references for electrolyte analyzer and related reagent solutions.

Key words: electrolyte analyzer;deduction impurity method ; purity analysis ; uncertainty ; reference material
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X e A% LA I M SO ) S SO 2 5 R 5 105

3 Bh R0 26 R EAT R E (Y L Il JEORE R
2% B T 28 AT RE B0 1 | 75 10 A T S 1Y) Rk
SR, AR SCR A T 20 Bk £ 5 00 vk it
JEORE R ) 2 SR EAT T 43 At

HLJEH A 5 B8 T TS (X (1CP-MS ) AT Ha gk
PG4 B IR AR (ICP-OES ) BA — itk
BT A Z2 R 2 A M bR | R U Lk
PG R RS LR T
THe /NG A2 ICP-MS Fi ICP-OES BE 1] L)
St e 2 ) HP 0 AR 0 % B A T2 S B AT, T
DT e g i it 1 /e br . R, AR SCA SR
TCP-MS XoF JEUR} HA (18 o i1 2% 5 0 8 EA 72 1 4
i, X e TG BRAG 4% G 2 FR A ICP-MS
FIICP-OES #4752 il 22 , >R F G & 2 14X
WA AT ASORIBR A A3 BT SO TR R 9 4R
S0 BRI RTINS R i SO S
B I A R IR S s R TR 3 e 4% i
NBRIEAG R B R OB B 2B A, B, i o
TRl B A R FR B T A BN 2 B R T
PERE , 15 31 IRt B F (0 A B 52 JE P 285

1 XWE4H
1.1 EZUES G

ICPMS-2030LF 7Y i JBofi 555 B8 TR 43
ICPE-9820 74 H1 B & 45 8 TR R G i ( H
AR EVNE]) 3940 Professional IC Vario B B 114,
A (F T8 7)) s TCH600 K48 A A Hr i
CS844 RYE AL M B 43 BT AL ( SE I 1Al A W) ) 5
XPE205 B F R (Fi AR AT R 2 A F] ) |

JCoK Bl BR8N (99.995% , 25 [F] Sigma-Aldrich
INTD) s BARHE  EARAS (99. 99% , Fi[EH Alfa Aesar
3H]) ;GBW (E) 082429 11 29 FlT 1R & Wi br
HEYIF (10.0 mg/kg, U =3%,k=2) .GBW (E)
082431 (¥ 12 FPIC R IR A I Wb W T (10.0
me/kg, U =3% k=2) .GBW (E) 082430 [ 11 F
TCRIREGVRTRFRMEY 5 (10. 0 mg/kg, U.=3% k=
2) .GBW(E) 082428 ) 17 Fl T K IR & 18 Wi bn 1fE
Y15 (10.0 mg/kg, U, =3% ,k=2) .GBWO08700
FICRIERAREY) I (1 000 pg/g, U, =0.3% k=
2) . GBW08690 i H It 2 ¥ W Am #fE ¥ i1 (100
peg/g,U,=0.5% ,k=2) ChEFHERHAREIERE) 5
GBW ( E) 020084 ~ 020089 4 42, . &M 53 70 B b
HEW 5T (ARG s kil B AR IRe A7 PR A 71 ) 5 GBW
(E) 020069 ~ 020071 A4 & A% 43 43 B7 b 1 4 Ji

( HEERERHEARAF]) ;GBWO1146a 48k HIK
Bt ] 43 43 A b 1 0 Bt (1 8 A b R U 3 v
i) ;GBW(E) 082043 7K Hv 8 85 5 1 43 3 B b 1
Y (1000 mg/L,U.=1% ,k=2) .GBW(E)082044
TRV B B3 o AT s MER BT (1 000 mg/L, U, =
1% ,k=2) .GBW (E)082045 7K rF 45 85 - i /343 Hr
FRUEI B (1 000 mg/L,U.=1% ,k=2) .GBW(E)
082046 7K 8 25 1 i 43 4 B An HEH Bt (1 000
mg/L,U =1%,k=2) .GBW (E) 082047 7K H1 f &5
T AR HER 5 (1 000 mg/L, U, = 1% , k=
2) .GBW(E)082048 7K H1 & B F W5 7 M bn )
(1 000 mg/L, U, =1%,k=2) ,GBW (E) 082684
JK IR WS EY) BT (1 000 mg/L, U, =1%,
E=2) (N AR B BRA W) 5 20 B S5 5
E—goK,

1.2 JFoRbE P

B BB BB MR B R A
R AN AR A A B R AT R M T
Na* [0 € 5 I 2 B8 €0 KO, Li* 1A 0 0 S 0 2 58
AR CEN N TN FAIp S (AR U C S

AETEEREL, CIM Ag® O AR Y
UUUE , % EATTTE NS TSR,

Tt PR A 5 e D B . SR FH 8 L I 21 A1 S 3%
{LCFT-IR) X TG 7K i 12 A iRE 6 47 2 M oA,
AR FE 1 20 4P O35 81 5 SDBS ( Spectral Data-
base for Organic Compounds ) ¥ ¥ &35 17 %F B& |
B FRIE M0 i 7 MR B — 2L,

1.3 ST

JEORH T 8 8 TR AL AR | SRR S 43 S AE
(500+10) CIREEFLFEINKIBE 6 h, TC/KEE R EMTE
(135£2) CHREEEFI N T4 4 h SRIG R B RERE T
PRES R I E =R A,

1.4 JURkali B E 5Bt

SR A AR AN B 7 %o e 2350 TG K I R L &
PRBE AR RSl RE AT A0 DRl R U 4
T TR

Py = (1= Pirrganic = Pyoc.waer) X 100% (1)
SR Py KRR % ; Py W JBURE T HLIE 22 19 B
1, %5 Pyo wae PR PR 53 FIK 53 5 5, %

1.4.1  THLTRE LB E
1L.4.1.1  JTHLZ e a s i

K ICP-MS 43 5%l #5191 000 mg/kg 1)
TOKBERR AN A S o
TCAILZ A T2 1 AT
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ICP-MS - 5 43 At 25« 3803 i < Rl 4
LR EIR L2 KW SRR 5.0 mm;
HETIRAANR.8.0 L/min; 5 B1 A . 1. 10 L/min;
AWM. 0.70 L/min; 5 ERE .5 C; NnE
W : GBW (E) 130242 1CP-MS A3 445 4 i HI % W b
WEW) I, Bi In \Bi 4 10. 0 pg/L,
1.4.1.2  JCHLZE &5 Hr

K ICP-MS F11 ICP-OES %} J& &l JG /K Fils iz
B EALEE AR A A i B AT R 24
AT

(1)ICP-MS % =il % AL HE

ICP-MS JE 4 #7551 8050 i< il <
’i%,%%lﬂil 2 kw,%ﬁé{lﬂ_‘égs 0 mm;%‘%
TR 8.0 L/min; i BI*<: 1. 10 L/min; X
i 0. 70 L/min; =R E .5 C,

IO BEIR AN AR U5 23 T v ik o 4
BT W R 1 000 me/kg I FEVA, UL GBW
(E) 082429 11 29 FhocHIR-GIEMAREY 5T (10. 0
mg/kg, U =3% ,k=2) .GBW (E) 082431 fitj 12 F
JCRIR GBI HEY) BT (10. 0 mg/kg, U, =3% , k=
2) .GBW(E) 082430 fY 11 FfyT £ IR & 15 W br e
Y15 (10.0 mg/kg, U, =3%,k=2) Fl GBW (E)
082428 1 17 F oT K IR & ¥ W b5 4 5t (10. 0
mg/kg, U =3% ,k=2) R bn e, B bn HE VS W 53
ZHRRRE L G 3k 1 v BE BB, T ICP-MS X i FE 3%
W Y F B TCHL 2 BT A T A o

(2)ICP-OES & 7 & JTEHLIT R % i

ICP-OES & ft 73 M7 2544 - AR A5 =i i )
1.2 kWA HEIKIRE .20 C 5 WL J7 1] - 1)
NI A B Low ; 55 B TR S & : 10. 0 mL/min;
MR W E: 0.6 mL/min; 3 X i & 0.7
mL/min; 56 eR TR EE .38 C; CCD R EF . -15 C;
E%E:Z' 5 Pao

FEER B B BE RE RO 3R VS W PR AE ) O
P2 A IE BV BE AR, FH ICP-OES X ialRE i 1k
7 PR BOT R ST I,

1.4.2 A A FZTRWE

) GBW (E) 020084 .GBW ( E) 020085 ., GBW
(E)020088 48, | AU 53 HrbnfE ) B Al GBW
(E)020069 .GBW ( E) 020071 £ 7 & 14353 #r bw
HEW T R 225 bt >R FH AR50 B 300 [ 1K
TOKBERREN I E TR AR SRS A
A VAITTR AT,

S HT AR IR A% 1 R B[], 25 55

HEAT ] 30 s 43 M A ] . 70 s; HER T %K. 5.0
kW 70 E 3 4.5 kW,
1.4.3 B BICE BNE
PL GBWO1146a ik R i i i 53 3 B s 1
W 225 bt | R B A 23 B 4SO 370 T8 7K iy
PR TP B AR TC 2 A T K, % SR TR B A Sk
B R BT ER I TIN
T o AT A I 45 14 « A R 3 3 B T
1 100 C SR lbe 2 h, B35 & T T e
B H AR R A I 8] - 15 55 43 P Bsf A] - 40 s, 47 2
2.100% ; BE71:0.5 g
1.4.4 G5 RGN E
LI GBW (E) 082047 7K H 80 & F W43 43 Brbm
HEW T .GBW (E) 082048 7K H G 1 1 1 4343 A
HEW T .GBW (E) 082684 7K H I 114 AR )
Jii R 2% bR HE ) BT, SR FH B - 60 3 SO0 Vi B
50. 0 wg/mL A G 7K i 2 G 5 o R L S|l TR B T
SRV T HTINE , X 50,0 we/mL f SR AL EE A
SRRV T Y RS RS A T A T A
B A 0 2% 4. 535 A . Metrosep
A5-150/4.0 (4.0 mm X 150 mm); ¥ # 0.7
mL/min ; #E3 :35 °C; IR : 3. 2 mmol/L ik R
F11. 0 mmol/L ik R S 4 ; #EAE & . 20 pL,
1.4.5  FERMAS 5K E R
SR TR ol 2 12 0T Jpe} o 4 e M 43 S5 K
gy B AT N 2, PREUJEELZY 10 ¢ (K 2
0.1 mg) ,7E(135+2) C oM ATHE T, HE
PR FRE R 2 A KT 0.000 1 g i, ¥ 4 1E &,
YR 5 5K alad DL AU T
o =[(m —my)/(m —my)] x 100% (2)
At omg SRR AL, g m, R T 19 19
Wl my RARERA TRRE A0 i g,

2 #£R5iTe
2.1 ARSERRAE RN E PR AT BT A R

B F FREL 0.5 g TO/KEEEREN, in 10 mL 7K
WA, AN A REIUER PR A JOE IR B 2 0 68, 7
I TR T S VR A TR RS AT A K58 I
KIGIFAEBRD AT R

BB IES BF OR S AR AR K
PRATALRR T T IR 2T KM, KB S A S A
UL L1 (0 KA

FEF A BIFREL0. 1 g EALERFN 0. 1 g F Ak
FHIRE VAR ZE 10 mL ZE AR K Hf T 0 R R
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X e A% LA I M SO ) S SO 2 5 R 5 107

B, BRI H AT, ARG PR, H @
DUVEARTE I, UL b S A B T

R AR 251« FH FT-IR X JCK s 2 0 R ik
FrA s 4 B A5 20 B9 10RE 1 P 5 b v i 14 2
ARSI, A5 R WU 1% P rp 25 SO ) 437
AR AIAR S PR 58 A AH [R] | e 14 A1 o B2 R AR —
B, P T LU E 1A S oK ISR B, 23H7 3 P WL
K,

100}

75+
@ 50.
&

251

0 i i i i
4000 3000 2000 1500 1000 500
v/em™

B 1 KBRS LA
Fig.1 Infrared spectrum of anhydrous sodium

acetate sample

2.2 JUKBEIREA SACHE S PSSR I E
2.2.1  THLARBRE R a R
K ICP-MS X JC /K i i 4, S A6 1 A0 S 1
5 R BT B TE LA B ) AT 2 S e I,
SERVEILZR 1~3, WRAEE Rl A, JOoK RS oA
R JUKBERR B ICHLAL B s BEINAZS
Tab.1 Semi-quantitative test results of inorganic

impurities in anhydrous sodium acetate

. . £y . _ TR/
75 R (ngke™) Fe TR (pgkg )
1 Ag 21.01 7 Mn 9.54
2 B 5.69 8 Sr 8.81
3 Ba 2.03 9 Cs 46. 03
4 Ca 17. 66 10 K 11.19
5 Fe 11.59 11 Li 3.08
6 Mg 30.77 12 Rb 1.56

R2 AP ICHLAR B E BASS
Tab.2 Semi-quantitative test results of inorganic

impurities in lithium chloride

EEIE LN TIPS
(pg-keg™) (pg-kg™)
1 Na 41.22 9 Mg 16.78
2 Al 3.55 10 Si 40. 55
3 K 39.08 11 Ca 46. 81
4 Cr 6.01 12 Ti 1.98
5 Fe 51.17 13 Ni 7.21
6 Cu 60. 07 14 7n 6. 44
7 Rb 31.70 15 Cs 3.15
8 Ba 29.11

£3 ALEPRAIICEE R
Tab.3 Semi-quantitative test results of inorganic

impurities in calcium chloride

o — pive o _ i/
R (pgkg™) R (pgkg™)
1 Na 30. 02 8 Fe 46.03
2 Mg 8.61 9 Ni 4.69
3 Al 33.54 10 Cu 7.01
4 Si 29.99 11 Zn 16. 61
5 K 9.96 12 Sr 66. 53
6 Cr 5.43 13 Ba 19.97
7 Mn 6.55 14 Ph 1.16

A FETHZTA 12 Fh, bR b F 5T 2
A 15 F, AL h FETCHLZL A 14 F 6 ik
3 FhIEARk IS R R TCHLAS o0 EA 7 0BT
2.2.2  TCHLA:TE BT as

K HH ICP-MS 5 ICP-OES X JC 7K Jils R 44 . 44
PRAR AN A0S h BT AL 5 1 TE ML 2R A7
R, A EE MR 6 vk, BOF 3494 Ry i 20 iR 25
S MR T L2 4, i R R g SR T, G
KRR AN 2 T B 1kl 382,20 pg/kg, ZALAE
HZR T A A R 602. 67 we/ke, SALES T 24 5
Frhh 519. 03 pwe/ke.

F4 ORI TN RS,

Tab.4 Quantitative test results of inorganic impurities in

raw materials (ng/kg)
A=y 1 2 3 4 5 6
Tk MEAE  361.03 400.57 383.69 410.54 389.63 347.71
AR Spayfe 382.20
it 2 21.74
A=y 1 2 3 4 5 6
o M 650.55 586.36 559.69 588.01 596.37 635.03
FHE 602. 67
it 2 30. 84
75 1 2 3 4 5 6
o MEAME  549. 11 493.56 556.42 504.73 483.22 527.16
A 519.03
it 2 27.40

2.2.3 A LVE R BRSRT

R FH AR A5 T SRR B 3 B ASORT 07K s
B R SRS T A I T R S I,
6 UK, WOV S5 Ry e 2 g ) it 235 S, HL) o 5 S AL
25, R g ST ] oK BE R AN A B R A
4 0. 000 90% , AL AR oA AL AL R B BT
O 0.003 96% , AL AR AL AL Bk B R
4 0.003 51%,
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Tab.5 Content of oxygen,nitrogen, hydrogen, carbon and sulfur in raw materials

1 2 3 4 5 6 M RSD
e B N 0.000 66% 0.000 83% 0.000 55%  0.000 81%  0.000 78%  0.000 58%  0.000 70%  15.8%
S 0.000 16%  0.00023% 0.000 13%  0.00021%  0.000 27% 0.000 18%  0.000 20%  23.4%

1 2 3 4 5 6 EHIE RSD
0 0.00170% 0.00097% 0.001 30% 0.000 96% 0.001 90%  0.001 60% 0.001 40%  25.5%
@ N 0.00099% 0.00120% 0.000 89% 0.001 00% 0.001 10% 0.000 82%  0.001 00%  12. 6%
H  0.00054% 0.000 62% 0.00041% 0.000 52%  0.000 69%  0.000 48%  0.000 54%  16.8%
C  0.00073% 0.00069% 0.00090% 0.000 86% 0.000 83%  0.000 74%  0.000 79%  9.6%
S 0.00026% 0.00022% 0.00025% 0.00020% 0.000 17% 0.000 28%  0.000 23%  16.3%

1 2 3 4 5 6 FHE RSD
O  0.00110% 0.001 80% 0.001 00% 0.001 40%  0.000 93%  0.000 89%  0.001 20%  27.0%
o N 0.00094% 0.001 10% 0.000 92%  0.000 85%  0.001 00%  0.000 88%  0.000 95%  8.7%
H  0.00044% 0.000 61% 0.000 42%  0.000 55%  0.000 67%  0.000 58%  0.000 55%  16. 4%
C  0.00077% 0.00052% 0.000 61% 0.000 55% 0.000 66%  0.000 70%  0.000 64%  13.5%
S 0.00013% 0.00017% 0.00020% 0.000 15%  0.000 19%  0.000 16%  0.000 17%  14.1%

2.2.4 RS ET 2.2.5  $BERVEH S S5K SR

SR FH B - (335 306 T8 K T R 4 v e B L 51
BRI A AT A A WA S
A rh R FIR B HEAT A TN E o SRR
JEORHIC K B R 4 rh R A R A S R, AR S R
ARG R A R ORI, 2 - €3 S0 5 A 580 TR
FRIAS: R R Z3-51 4 0. 005 ,0. 001 F10. 009 pg/mL,

X IC/K RN AR U 3% e P2
Gr 5K ERPEATIN 6 YK, L 6 YR k45 2R 1 F
AR R R M2 53 5K G 1 25 0, A3 B
R 6, AR AR 28 28 n] 1 JFURE G K 6 T 4
S SR R R M4 53 K A3 1 43
4 0.004 2% ,0. 002 1% 0. 002 7%,

F6 R MEA 5 5K SR
Tab.6 Volatile components and moisture content test results in raw materials
75 1 2 3 4 5 6
WA 0. 004 9% 0. 003 8% 0. 004 4% 0.003 5% 0. 004 6% 0. 004 0%
JeoK B R
T H 0. 004 2%
i e 22 0. 000 49%
75 1 2 3 4 5 6
o W 0. 002 2% 0. 002 3% 0. 002 3% 0.001 5% 0.002 4% 0.001 8%
i T E 0.002 1%
b 22 0. 000 32%
75 1 2 3 4 5 6
TR 0. 002 6% 0.003 3% 0.002 5% 0. 002 6% 0. 003 2% 0.002 1%
e T E 0.002 7%
i e 22 0. 000 41%

2.3 JFURMIRE I 45 R
RARBNBR LI IR 3 (1) T304 245 i
BHYLEREAE
2.4 JSURMAERE A AN E BT E
TCIKBERREN AR A ES A 2l RE (B R ]
ZRIFANBREIEA T I RE | FEAHE ok U 2 A
ICP J5 50 E TCHLAR 3 51 A A E B2, 480U
BRI s S A TP S ARSI o B, S STR D i

RT  TOKBERREN AL ARG S A Z
Tab.7 Purity test results of anhydrous sodium acetate,

lithium chloride and calcium chloride

oL T

1AE Lifi fEF

WREH A ﬁi{:‘ﬁ et ok O
g % Wh %

Jo/KEERREH 0.038 22 0.000 90
SR 0.060 27 0.003 96
S 0.051 90 0.003 51

0.0042 0.043 32 99.956
0.002 1 0.066 33 99.933
0.0027 0.058 11 99.941
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X e A% LA I M SO ) S SO 2 5 R 5 109

B | AR 3 R HEALSY 5K A
PRI MRHIEE. KRR S
WS BEPSE A, L R FE
AP,

2.4.1 ICP Jrik I TCHLZR 5 | A B bR AEA 1
B u,
2.4.1.1  ICP JyikAa i BR 5 1A B9 AH X A i AS
E

K ] ICP-MS HI ICP-OES & JC /K i {4l vh
TCHLA ) & i 5 F S BT IR e, H
B KRR — 2 A AR R B B DA
100% 1t , HEFRHEAHHE BEH 0. 466 ng/kg, KT
ot BR 2% J3 ) B H R 2. 097w/ kg, U ph R AG:
J4 J 5 | A BRI AR X b v AT o

(0.466/2.097) x 100% = 22.23%
2.4.1.2  XTAREHOTER, HONH A B 20k
VAT ARV T | AN E JE (u, ) PRI
FCHI T ABIATESE (u, ) FRAEMZTIABIA
WA (u, o) o T LATCK BTN A oo 4R
(Ag) F B, PN A 3 A e g | A A

o,
2.4.1.3  FRUEVEIRG] AR AHR AR AN B E B
ur,std

(1) BRIV WA B 5| AR AR X B A 1 5
E ’ ul ,r,std

FESZI0 P T FH AR VTN B R R
FREYI T GBW (E)082429 14 29 Fh T Z IR S VA W
PRUERIIF (10. 0 mg/kg, U, =3% ,k=2) , W d1 5
VAR G 5] N AE X AR EAS IR 2 R

Uy = 3%/2 = 1.50%

(2) bR R B I AR p 5 1A B AR X BR o R
BT uy,

FIF A FH AR BR U 15 00 IE 3B R 10. 0 mg/kg,
SR FH B 5 o H 4 0 A B & 5..00,10.0,20. 0,
35.0.,50. 0 pg/kg, FEBRIE WA B 22 4o A TP PR R
FRIER TR I/ DR R 0.2 g, IS | AB AR XA
e BEd R, N L BOZE AT, i TR
Rt B AU B T 40 BT RF, BRI RF R 5 A
AN A BE A F A R

KR it 152 22 51 A B A X Bk A )
B

[ /2% (0.05/43)%/(0.2 x 1000)] x 100% = 0.021%

TV F f 2 M T A R X B v S ) g

$7:0.022% .,

25 TE IR IE TR AH R BR S f  FE h
0.097%

TR H AR R rp PR 2 9K
RO TR 5 TR TR o A v 5 | A8 A s AN
JEA

2 x [(0.021%)2 + (0.022%)2 + (0.097%)°] = 0.144%

25 E IR AR R T AR X AR AN B
£

)+ (g, 00)? =
(1.50%)2 + (0.144%)* = 1.51%

2.4.1.4  FESIEIECHIGIABATERE u, .,

FRICT f8 5 1) TG /K I BR 4 1. 000 g %5 ik 7E
999. 0 g HYABZE/KH A3 BV B 1 000 mg/kg Y
FE AT, 7R 28 2 B8 o RS FR 5 LA AN
JFE AL BRI SR R PR 47

(1) RFFRIETE R 5B bR A 28
gin Uy r,sam

TR 7S 1 25 51 A B AH X A5 AN 1
0. 004% .,

FAPFR I E A 5B A X B o S B R
9 :0. 026% .,

2SI IRAE 51 AR X bR AN 2 B
0.003%,

WIFREE 1. 000 g JFRES A B AE X bR AN B
FER

ur,sul =

WUy sam =

(0.004%)% + (0.026%)> + (0.003%)2 = 0.027%

(2) KPR 5 LA BIAR RS bR A8 5
Sri W v sam

FAVFR e 7S A 1% 22 5 | FRRE X o o AN 1 5
£ .0.009% ,

FAVFR e SR T B AR R A o AN T E S
27:0.001%

23R B S B AH R AR AN T 5 R
0.089%

AR 999. 0 g ALK 5| A RIAHX R AEA
e

WUy rosam —

(0.009%)% + (0.001%)2 + (0.089%)2 = 0.090%

BB AN E o fE AT A R, A B BC R
K T R AR ot VYR ok A v g LA F R X s 9 AS T
FEJE

Uy o = ~/(0.027%)% + (0.090%)2 = 0.094%

r,sam
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2.4.1.5
u, ¢

P2 D A B AN & B2 AL 48 W3 53, 43 5l
SEPRUEITZAN G 5 AR AN 2 B A 12 0 52 5 |
A BIASH R BE

(D) Arife it e 4G 5 1A B AR A S 1 5
E’ul,r,c

NG WIE IR

Yy =a+bx
Horfrey AR WIRLAEL, b bR e MR A« HWRIEE o

HEHE T 26 A

PRERT 24U & 5 I A RIAR AN 2 BE i i T =X
AT IS

u(x) = (s/b) %

P vHE T2 5 A FR AR NS o oA 0 R E

Jl/])+l/n+(xs—x)z/i(xi—x)z (3)
=1
Horbros SHARMEM R TR 22 5 b AR dE MR AR p
SR ] ST AT DN 52 TR E s n A s o ) 2 45 VR B a1 )
B s 2, DN TCZR B e BE S 3490 s o, S b v VR BE - 8
{EL; 0, BRI Zh & R (E
PR 2 OB A bR 22 s THR AT

NN SEUEEY @)
Sy, R, SOOI 5, 35 =, A AR LS
AR B 3 0 7085 m S 25 7 o o 2R 00 IR 5 S50 O 3 06 9
AR
Ag TR MARHEINZN y=32. 167x+2. 634, #F
AT 6 YK, P=6, hrifEh 23t 6 4~ A,
435124 0.00.,5.00,10.0,20.0.35.0.50. 0 pg/kg,
FEAS ST 3 UK, 5 n=18, T BIbRER
WA M x =20. 0 pe/kg, Ag J0 K B vk
JEPIIME &, = 2101 pg/kg, KAEM LR F b=
32. 167  priE M £ 2 W B E A2 3 U, i b ik
AT (4) THRAS 2 b e 5% A b e G 22 s h
7. 694 AREAF(3) TSR] AR et & AU 5 5
ABIFRAEARTEE N u, =0. 113 we/kg, HAHX AR
WEATEE N v, =0.538%,
(2) 0052 42 M 5 LA B REDGT B AN A o
Us
FAFESE M & 6 UK, LA 6 Y & 45 217
P A b AE O 22V S i i 21 5 | B BR AN
TP TR TR Ag, & S A R A
XIFR A E B4 RNk 8 Fs
X T IR S BE 43 HEAT A B, AR AE 2R
T R 5 | AR AR B v AN 2 B

u,, = /(0.538%)% + (0.676%)" = 0.864%

R 8 JRURHRICHLA B b E AT | AR AR b v
ANHEIE (DL Ag i)
Tab.8 Relative standard uncertainty introduced by
measurement repeatability of inorganic impurities in

raw materials ( Ag as an example)

= ML & a/ bRt/ PRUERTE R, A xHhR v

(k™) (mekg  (ngrkg™)  AHEE
Ag 21.013 0.349 0. 142 0. 676%
WA T E Ag I R A5 | A B AR X A o
AfE TR R .
u(Ag) = ul g Ul tul, =

(1.51%)2 + (0.094%) + (0. 864%)> = 1.75%
HRAE 2l B e (45 2R, St R oo R 12
DA H 7T 3R R B AR X BR A B 5 B2 R 20.91%
Xof SRS R FTAR A H 70 3R A RE R R v AN 1 7 J3E E
116 1, 45 B TCHL AR BT 5 51 A X5 A
TEFEN :

(22.23%)% + (20.91%)> = 30.52%

W Hy TCP I JC K B R 4h v JC L% B 5 | A bR

HEANTREE R .

u; = 0.044% x 30.52% = 0.013 5%
2.4.2 A LVA i BRI A BREASE E
% u,

TC/KBERR BN P L B 6 YR A b 7 D 22 43
5124 0.000 11%F10. 000 05% , W 1 & 7 0+ 4%
SO IE G A IR EAS T B

w, = Juy +ul =

(0.000 11%/ /6 )* + (0.000 05%/ /6)* = 0.000 05%
2.4.3 G RS A WIBREATE E  u,

SR FH B i (SO oK B R i b i S TR
BTN E LA IR TR R, PR IO
MK BR A — 2 | A AR oS B E BE L 100%
T 5L A R E S R 0.010 5 pg/mL,
FRUEATE BE A 0. 003 we/kg, W 9, 58 TR 42
J 5 LA RE X A AN B 7 BE R 28. 57 % , H S T
A ASCIN TC 7K T TR A A 2% Jo 5 | N ) s T AN T
FEH

u? = 0.044% x 28.57% = 0.012 6%
2.4.4  FERNVEH ISR R G IR EA
EE u,
ToKBERR AR K A 51 5K 5 6 R 1Y
PRttt 22 4 0. 000 49% , ) Hy #2120 43 5 7K 43
W12 45 57 5 A BIBRHEASI 22 i

uy = 0.000 49%/ 6 = 0.000 2%
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X e A% LA I M SO ) S SO 2 5 R 5 111

ZE LTk % EORHIC K BE R A 1CP I G
BLAR TS | AN 28 2, S SR ) 2 ot 7 v
FIABIATE BE RO E o B 5 | A B A
FE PR 5 5K 4 i | A A E
FEHATA B, A5 B 0K T R 44 20 5 I 25 R 5 A
AR IEANT 2 B

Unore = 13 +ud +ul +ul = 0.018 5% ~ 0.019%

BAEHF k=2, BEMELYH 95%, W
JK R BN B 4 EE M 99. 956%+0. 038% .,

P B RN o B i AR, 40 D SRR
AR A 4l B 5 | A RSB 2 B EA TP E , TF
EARENR9,

RO TOKEERREN SALER SRS Y 4l B (E

VR AT E
Tab.9 Purity and expanded uncertainty of anhydrous

sodium acetate , lithium chloride and calcium chloride

AifE(E/  PREARTERE, VIRAWEE/ %,

Sk % % k=2
ToKEEEREN  99. 956 0.019 0.038
R4 99. 933 0. 027 0. 054
FAL 99.941 0.024 0.048

3 Zig

JEURHT 200 L 8 At 5 75 0l 3 2 0
BERR BT RO R R, SRR AR
e ATAE N AR ER) A S AT JE O
o P, SR AT e B SE 56 J7 1k 0 BB Al RE AT
FEAHINE AR T A LB, fEA SO, R ICP-
MS ICP-OES SR ST B Al & 1@
TR OB JC K BSR4 | S AR B | SRR R A TG AL
2R TS AT AT N R, R FH MR el 3 X SOk
A AR L O K o3 R A TN E G A
FEREI AT R R B 2B R, X4 R oA
THEGIARIRTRE BEHEAT T TR PERE , 74 21 50k
L AN S L P RE A5 R, JRORH Al R SE (L 25 2R vl
P TR BT ARSI BE ] -5 66

SE 3k :
(1] T 2R o i A 6 A 5 R o v A9 Jo i FH AR 3 A E

S JIF1005—2016[ ST b5, o AR HS iR, 2016.

(2054, 2= 0, U HE 4, S5 A v A0 o B LA 43 B 3 o
R E/EALT] . ERsfEL,2019,19.185-190.

(3], 120, M, S aEREebFaiERY
BRI % R [T ]. B & 48 & B A I 2% 4, 2018,
9(15) ;3 891-3 896.

(4] B, W H3E  SRAE AR A 24 55 BR A 00 FH 6 A = e et
PR, T s 10 400 O 1) 2 5 AN 8 B2 AP Al [ 1] 8
A6 etk 243t ,2019,55(1) :91-96.

[STakmiDy, ok, Ak 3, 45 S0H (s 20 5 3538 Ak
25k B I S R B PR AE [T T 2R, 2022,
43(7) :965-972.

[6]XMAE, TokIH, T5%, % A 3B ik e AN v
Jo S AP P S 2 Joe v 18 I R PP TR VS VR M B TS OF
il SORH o BEVPE [ )] A= it i ,2021,30(7) «1-
7.

[ 7] RBIGEHE , T2 | 5K R AH (0 3% - IR 7 2 G A SR /M
WA 8 5 SR AT P E [ 1] AT E SRR,
2021,48(1) :106-107;114.

[8] &, FWHE &5 U AH T A M 4SO 25 I G A 28 A8
Bl B2 W5 S e AR [0 ] B RS 32 Tl 2020,
41(23) :158-159.

[9)PMEZS, 248 T, A e Mk, S AR 20 L H s e &
TV AR HE ) BT BRI [ ). A6 2 4 B3t =, 2019,
28(5) :1-5.

[10]PMEZS, BRES, i , 45 86 70 28 I WOAR 1 40 Joe A AT

L] AR, 2022,44(3) :462-467.

(1] FE R o W B A6 06 4G 38 A SR, L A0 5 20 WAL G
1051—2021[ ST. 3kt o Bk H kL, 2021.

[12] B3, Z5W], FR BT, 2. ICP-MS 78 28 Wi I 4 5 /K
23 FhonR MM )] AR5 R 14, 2022,44(2) :132-
137.

[ 13] 02 AH.1ICP-OES WE H 4 Z Rt Z M5 )] .48
HAMTIL , 2022,31(3) :34-38.

[ 14] 2220, FLBR, S IREAE | 46 b ) o1 o 2 42 1l AN
A BE VP [ M]3k rp E Bk it , 2014,

[ 157 B 52 o o W B G 0 6 3 8 Jm I e AN o P T
FER JIF 1059.1—2012[ S T.46 5T ; A [ JFAG: ARk
2012.

[16 XU, T afe, £ - HL WA b ay AR i A
[J]. 935 T H%,2009,19(2) :25.
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R EE B g
(LZBP R R 252, %8 A 230012;2. 5 T ERZGR#BE 290 L9, %8 A 230012)

Wk B S MARE 16 P A B 250 s g o I 2R A AR ), DL 2- 3-6-FUR R R JEURL, & i A A R BUR U
Boc FF W EAZ B L B R e fi SR, 498 3 A HoR4rF, 3F38 a3 'HNMR ,"CNMR LUK HR-MS X H k47 T 45 800E, B
FRAL A WP IS T T PR G SRR BT A B AR TR PC-3 MDA-MB-231 DA% T-47D 3X 3 Fl SEAASET 48 Jfd Mk i) 384 5 310 71
TP 5 BHPE X IR SAHA Idelalisib AH 4558 A, HL X IE & A st 3K, o T EEMEE R B8R T Binfb &5 PI3KS
HEH DL HDAC 25 H AT ge 4 A,

KBRS A B BEARWELEE -3 8 418 L WAL G ; P Fe s v

hE4SE S RI14.5 XHERFRIZAES A X E RS .0258-3283(2023) 12-0112-06

DOI:10.13822/j.cnki.hxsj.2023.0490

Novel Quinazolinone Derivatives : The Design, Synthesis and In vitro Antitumor Activity Evaluation ZHAO Can' LI Zhi',
MA Xiao-dong*"*( 1.College of Pharmacy, Anhui University of Chinese Medicine , Hefei 230012, China;2.Department of Medici-
nal Chemistry, Anhui Academy of Chinese Medicine ,Hefei 230012, China)

Abstract : This study aimed at the discovery of novel quinazolinone derivatives for battling solid tumors. Three target compounds
were obtained through condensation , cyclization , nucleophilic substitution , Boc-deprotection , aromatic nucleophilic substitution , and
hydroxylaminolysis reactions with 2-amino-6-chlorobenzoic acid as raw materials. Structural confirmations were achieved through
"HNMR, "CNMR , and HR-MS analysis.The anti-proliferative assay demonstrated that all the target compounds exhibited compara-
ble or superior activity to the positive control SAHA and Idelalisib against the three solid tumor cell lines (PC-3,MDA-MB-231,
and T-47D) ,and low cytotoxicity towards normal cells.The results of molecular docking elucidate the possible binding mode of tar-
get compound with PI3K8 protein and HDAC protein.

Key words : design ; synthesis ; phosphatidylinositol-3 kinase 8 ;histone deacetylase ;anti-proliferative activity

W N5 1t AL B-3-3% B ( Phosphatidylinositol-3
kinases , PI3Ks ) £ 57 ff fb 41 Jifd A 856 s 1k JL e 17%)
WAk, 7E A L B0A B, A S 58 o4k GRS | H R
%Mﬁf%%ﬁﬁiﬁ%ﬁa*ﬁf%ﬁ%ﬂﬁﬁﬁ,55

é&@

0
HO
Q}
N =N
7 /
N ) )0
N
0. ™
¥ \/S\O
4

1 At BTy PI3KS )5
Fig.1 Approved PI3K3 inhibitors

WEFW & A HwYIA T, PI3Ks 40 3 AN
W, HA T W% PI3KS n] AT B 4t i) 5 1
ﬁﬁ AEEFERE . HAET, H BT (1delalisib, 1) ft:
FHIPEAE ( Duvelisib,2) | JEAT ] ZE (Umbralisib, 3 ) 1
MR F € ( Linperlisib, 4 ) 25 PI3KS #IHIFI/E N B
AR AR AT 4 B8 ( B-NHL) BIG Y7 258, © 3K
e LT (B 1), SR $E ) PI3KS 7ESEAIRIARYY
7 T B L R FE AR X420
VI RF ST 26> PI3KS IR J2 40 475 L I 8

Ifs B #.2023-07-21 ; M4& & % H #5:2023-08-25

EE B  ZHE AARRIESS R H (2208085MH280) ; %
U B HM R B I H ( GXXT-2022-063)

EE BT A (1999-) , 55, RN N A E2 NS
PF BT S5 A AT

EIREE : DA, E-mail ; 0-omaxiaodong@ 163.com

S| FZRST R, 25, Th DS 7R T 70 s ek bR e A 437 A= W 8
T G5 R S B Mo PRI [ 7], Ak 2% 2023,
45(12) :112-117,
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AU A% i TR A AR RIS AS 7 A= A BR80T 5 A5 PR SN I P T 113

SR T8 R RN T 9 AR P 08 22 SR 1
FEIRShIN R, e 7L i b, TR 3] PI3KS
Y S H 223k A PI3KS A 38 o 1 i 28 4 ity
PR {55 % R R 92 o 9o Tl R B 0 XU AL T, e 9
PrsUBRaVE S 78 w80 B g DA BT 9 2 8 1Y)
R [ AE T 0L PI3KS A4 % 3k B W T =,
Idelalisib 7] % ¥ 5. & f 74 9 SN0 g R
PRIt , 08 ) PI3KS FEVA YT SE AR 7y 18 [R)E H AT g
FHHET S,

JUE PI3K #0046 370 ) AFF % L BUASH i 22 AR
{HIAT PI3K I F A AE ST RO 2 L K Tt 245 4
[0 O S PI3K S B g, T 5| H R
15 5 30 5 9 38 SUBETE , TS & i 2y, B 2
LT ALHE ( Histone deacetylases, HDACs ) & %% W izt
gy B U A BFFE R PI3K
OIS HDAC 1 i 570 B¢ A5 FH 25 R A AT 48 )7
R, NG IE R 25 1 & AR e BRA 2,
BAAYF-RUHE A5 24 ) mT KL 245 4 () AH ELVE TR 4
W 2 BT R AR AT,
FET PI3K iZAMHIF A1 HDAC 051350 4314546 Fr
P R4 8 2x T CUDC-907 1E &b T Il PR #F 5%
H, BRI, 1AL AW T X PI3K HDAC #46k =
YA e M A S, O A 5 R
Hr, B H TSR miG7 . it T HA PI3KS
SRR A S R B 2R TR N R Rl L A
AR PRI,

FERTIA T AT AR A S 80— 16 R A
) PI3KS #4058 TGMXD-208, %k &
1Y PI3KS 45 G A6 X 3 B, FCwis s b ) 1 4% 19 N-3
g X, BT HDAC 2580 A BErY 51 A
[, A P BA7E JT & HDAG 317 ) 350 BF 92 14 o 72
H, R BHR WE LA Fr i I S 2 Mk 1R X 0 ik 3%

CONHOH

|
Quinazolone NYN
f—%

50
N — T

< Spacep
HZN\« HN N~
N ™~CN 2 )
N CN
NH,
NH,
TGMXD-208 (5) Spacer

B2 Hirn1ricit i

Fig.2 Design rationale of target compounds

P Class 1 HDAC 15 B8t g dr B0
W, A AT BA DR FH 24 3% AT i 5 SR s 132 i B A
TGMXD-208 (5) M M b il £: 4% 1) N-3 £, DL & B
LA 2 AN 5 2R S A e s e b ] 285
&Y. RHBUEIZIE A B o0 S48 B T 47
PE AR SCHIA T AT 3 A2 A6 0 11 s e b
ERATAE ) (B 2) , IR PR 1 HXE A2 B 6 20
PC-3 7L A 85 40 M9 MDA-MB-231 7L 5 9 40 B T-
47D FUNJGF#K P9 B2 41 HUVECSs (15 40 ) /9
HEGEAMGITE T, WEPER RS R R, LRk &Y
X 2SR 20 e, 2 B B AR AP 1 A
TGP RIS XS 1E 5 40 M A 2 1K

1 SKIEBSY
1.1 EEERS

FA2004 BB R (L a PRk 22U
HIRAF]) sZF-7 BI= RPN BT A (L 5 SR
FA R A ) 3 WB-2000 %K 35545 . R-1001VN %
T 25 &AL DLSB-5/20 HUARIE & NG 5 (B
MR TR A R A A ) s SHZ-D (1) AUEFR K
KLZHEZSE DF-101S 8 4 PG 5 g 7
PEFEES (TR TARAES A BR A A ) 5 Avance 11 400
MHz ﬁﬁ*ﬁﬁﬁ%ﬂjﬁﬁ(\(ﬁbitrap Exploris 120 I o i
I =R TR (2 E BB R R B A A
Berthold LB941 7 L. At X 2 Ty i il A A (7 ]
Berthold A F]) .

THEEWOL N, N- T H S B N, N-— %
WO R E AN (BT sl s fb 2 a6, 1 2 i
FAEARATR) .
1.2 Gk

HARE A0 A s anE 3 s, DL 2-%
F-6-FAR R AN F R, &% 6 A EEIUR
W Boc 55 5 5 4 U DA R S e i A5 H AR AL &
Y 14a ~ l4c, i 5 H 54L& 3 4 "HNMR |
BCNMR DA HR-MS #6147 T 45 HHIE
1.3 GRUPIR S5k
1.3.1  2-%BE-6- R e (7) il %

$2.70 g(15.74 mmol ) 2-2 F-6-5 7K I iR
(6) % F 50 mL — H WA (DMSO) 1, i A
4.53 g(23.61 mmol) 1-£.3k-(3- - H ILE LA L)
BRI W AR FREL (EDCI) (3. 19 g(23. 61 mmol)
1-FHEFEFF-=mk (HOBt) , IR PEFE 1 h J5, A
4.07 g(31.48 mmol ) N,N- NI L% (DIPEA)
F12.53 g(47.22 mmol ) FAALELLKLE IV 1 h, Ff
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Cl

@iCONm
NH
0" s

0
a s
C[COOH . ﬁ:[CONH2 Boc ¢ g
1 S a~0C
NH, NH, !
6 7

Boc
9a~9¢
CO,CH,
CO,CH, N
7\ |
N NN
)=N b
c oo Q N
iii C(\L/NH MsO a o %J

Boc
10a~10c¢ 1la~1lc
CO,CH,
CO,CH, K\
NN
O 4
HzN%N
N N>/=2*Cl c o
v cl o HN CN N
/N vi N
N S -
H N—Z ~CN
12a~12¢ NH,
13a~13c
CONHOH
o A?Q Ay
NN H H
N
X Tk
a o %j 8a~14a  8b~14b
vii N A/\
—_— P -
N M
N=
HN 8c~14c
: \(& /~CN
NH,
14a~14c

Reagents and conditions: ( 1 ) EDCI, HOBt, DIPEA, DMSO,
NH,Cl,r. t.; ( ii ) HATU, DIPEA , DMF,N,,90 °C ; ( iii ) NaOH,
EtOH,80 °C ; ( iv)K,CO;,DMF,60 °C ; ( V ) TFA,DCM,0 °C to
r. t.; ( Vi) KF, DIPEA, DMSO, N, ,90 °C; ( vii) NH,O0H, NaOH,
THF ,MeOH,0 C to . t..
B3 Hirb WG ks

Fig.3 Synthetic route of the target compound

N2, FH 2T £ Tig % B, 1 A 5240 B0 7
(100 mLx3) Pk, AP ICK R RGN 118 5 1
U UEW A LE TR BB Y AR A Z M, 15 8] 2.50 ¢
L E A, 774 93%
1.3.2  (S)-6-((2-2 3 P i 3k-3-G R 3k ) a3t
FHBESE ) -5- A ARIR [ 2. 4 Pidoe-5-F R AU T iR (9a)
)il 4

H 2. 48 g(14. 54 mmol ) fb&H) 7 % T 20 mL
N, N- " H L R (DMF) 9, iInA 7. 02 g(29. 08
mmol ) (S)-5-(HUT A REL ) -5- AR IA[ 2. 4] B
FE-6-R12 (8a) .11.06 g(29.08 mmol) 2-( 7-& 24

FEIF =AM ) N, N, N N/ - R IR S 60 R 1R s
(HATU) . 1.3 g(87.24 mmol) N,N-" R I 2
e, F N, 5B T, FHEZE 90 C RIS 5 h, £f
KNS5, F PR £ TR A6 B, 1R R 5816 B i TR
(100 mLx3) PR, A3 MU 2 TC KB B2 40 1 5 1k
UEUEM AR R BB W AL AL 2T, 15 5] 4.48 ¢
A A 774 78%

1.3.3  (S)-6-(5-F-4-F -3, 4-— A MM Ipk-2-
) -5-AAIR[ 2. 4] BEbe-5-H R BUT I (10a) 1)
il 2%

# 4.48 g (14.54 mmol) L & W 9a I T

30 mL ZEEH fIA 1. 78 g(44. 56 mmol ) &A1k
B, THEZE 80 C IR 4 h, TR EE A, vk
T LA ERERE 2 pH 7~ 8, FH Z 1R Z TG 2K HL, 10 1l
AL (100 mLx3) PEF, A HUAHZ TCKBRIR
BT RS R U8 DR 4, R W A kA 2 AT,
35 2. 62 ¢ FIEER, 72 63%
1.3.4  (S)-6-(5-5-3-( (1-(5-( FV & pe 3k ) mg
WE-2-58 ) DR IE-4-358 ) HY 3 ) -4-5010-3, 4- A s e
Mhk-2-J5 ) -5-0 22 MR [ 2.4 ] B kg-5-F R BU T B
(11a) HH &

# 0.70 g (1.86 mmol) L& ¥ 10a IA T
15 mL N, N-ZHI B e b im A 0. 67 g(2.05
mmol ) (1-(5-( FH A8 Bk i ) W g -2- 5L ) R W& -4- 3% )
PR 9% G 0. 28 ¢ (2. 05 mmol ) BRIRE , THE =
60 C[RII N 10 h, R NZEH, R B #:
B, A RS AR AR TR (50 mLx3) YEik , A PSS TG
IRBRER AN T M5 1L U8, B 45 , 5% PR ) R i
JEAT 455 1,09 ¢ FA R, 7753 96% .,

1.3.5  (S)-2-(4-((5-F-4-FMC-2-( 5-A L= 12
[2. 4] BEloe-6-3L ) Meme k-3 (4H ) -3k ) 1 3L ) IR -
1-3 ) MEWE-5-FH R FH R (12a) Al &

# 0.33 (0. 54 mmol) LAY 11a iFT 4 mL

ToK Z AW EE (DCM) KB T A 0.74 ¢
(6.48 mmol) =F LWR (TFA) , SN 4 h, 1
JNZE SR, KU T A AR IR S AN /K O & pH
7~8, & W Bt (DCM ) 2 B, 16 F1 S AL 41 17 W
(50 mLx3) Pk, A HUA 2 oA B R 40 48 )5 it
UEUEM AR | R B W A RE AL 2T, 155 0.27 ¢
H A 7758 93%
1.3.6  (S)-2-(4-((5-5-2-(5-(2,6-— %5 F-5-
FEMENE-4-3E ) -5 A AR [ 2. 4] B di-6-3E ) -4-57,
TRREIEIR-3(4H) -3 ) FF L) DR g -1-32 ) W g -5-
PR PR (13a) Al &

¥ 0.25 (0. 49 mmol) fbAW) 12a ¥ F 5 mL
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AU A% i TR A AR RIS AS 7 A= A BR80T 5 A5 PR SN I P T 115

T HIEEAE A 0. 08 g(0. 49 mmol )2, 4- "4
55 -6- U IE 0. 06 g(0.98 mmol) AL
0.19 g(1.47 mmol) N, N- NI LM, T N, 4
FIF, THEZ 90 °C B B 10 h, FFR 450,
] S RN oK S, B R LA SR DR
WAL JERT 453 0. 21 ¢ IO EIR, 77 % 90% .,
1.3.7  (S)-2-(4-((5-58-2-(5-(2,6-— % H-5-
FIEMENE-4-3 ) -5- A AR [ 2. 4] PEde-6-3E ) -4-F
AR EIR-3 (4 H ) -FE ) 3L ) MR - 1-3 ) -N-J2
WE-5-F ke (14a) B 55

# 0. 10 g(2. 50 mmol ) EEfLANIAET 1.5 mL
FR e (NH,OH) v vk $HiFE 0.5 h J& , A 0.20 ¢
(0.31 mmol) fb&% 13a .4 mL IBS AR (V(IUE
WemRg) V(HEE) = 1:1) ZR Y 5 h, R N4h
HLUKIE R LA ER R M = pH 7~ 8, F 2R TR #E
B, M AR ARARTA T (50 mLx3) Ve, AL TG
IKGRER AN T8 )5 0, DR R AR | 5 FR Wy e i J A
ZHT, 455 0. 18 ¢ H A A, F*% 87%, 'HNMR
( DMSO-d, ,400 MHz) ,8:11.06(s,1H,OH) ;9. 01
(s, 1H,NH);8.66 (s,2H, Ar—H);7.82 ~7.78
(m,2H, Ar—H);7.68 ~7.64 (m, 1H, Ar—H) ;
6.45(s,2H,NH,);6.14 (s,2H, NH, ) ;5. 64 (s,
1H,CH) ;4.76(d,2H,J=13.0 Hz,CH,) ;4. 51 (s,
1H,CH,);4.21 (m, 1H, CH,);3.94 ~3.77 (m,
2H,CH,) ;3.85(s,1H,CH,) ;3.00~2.80(m,2H,
CH,);2.55 (s, 1H, CH,);2.09 (m, 1H, CH);
1.96~1.87(m,1H,CH,) 1. 80(m,2H,CH,) ;0. 64
(d,1H,J=6.4 Hz,CH,);0.56 (m, 1H, CH, ) ;
0.47(s,1H,CH,);0.20 (s, 1H,CH,), "CNMR
( DMSO-d, ,100 MHz) ,8:167. 10,165. 81,162. 50,
161.79,161.76,157. 59, 153. 88, 140. 70, 134. 14,
129.57,127. 46, 123. 63,123. 18, 120. 16, 116. 05,
114.61, 112.99, 63.44, 60.84, 49.38, 46.68,
46.02,43.79,43.72,35.25,19.21, 14.42,9.03,
HR-MS,m/z:643.239 3[ M+H] ",

G 14b 14e ZHAEW) 14a WIS 7%
il 45 .

(8)-2-(4-( (5-8-2-(1-(2,6-— 5 H-5-75 K
W IE 4L ) NH I -2 ) -4- SR AR s R IR -3 (4H ) -
H5) WAL ) R WE-1-HE ) NS mE E-5- PRt i
(14b) . HFEA 725 83% , 'HNMR ( DMSO-d,,
400 MHz),8:11.07 (s, 1H, OH);9.01 (s, 1H,
NH) ;8.66(s,2H, Ar—H);7.81 ~7.77 (m, 2H,
Ar—H); 7.65 (m, 1H, Ar—H ) ; 6.43 (s, 2H,

NH,) ;6.09(s,2H,NH,) ;5.48(d,1H,J=7.7 Hz,
CH);4.80 ~4.72 (m,2H, CH,) ;4.50 (m, 1H,
CH,);4.23(m, 1H, CH,);4.07 ~3.97 (m, 1H,
CH,);3.95~3.82(m,1H,CH,) ;3.06(q,1H,J=
7.3 Hz, CH,);3.00 ~2.83(m,2H, CH, ) ; 2. 35
(m,1H,CH);2.15~2.02(m,2H,CH,) ;2.01 ~
1.91(m, 2H, CH,); 1.82 (t, 2H, J = 14.2 Hz,
CH,), “CNMR(DMSO-d,, 100 MHz) ,8:167. 08,
165. 66,162. 56, 161.87,161.75,157.59,153. 94,
140. 71,134. 16, 129. 58 ,127. 45, 123. 64, 123. 18,
120.07, 116. 04, 114.60, 112.91, 63. 80, 60.75,
57.07,46.72,43.77,43.69,35.21,28.72,28. 36,
19.28, HR-MS,m/z:617.224 3[M+H] ",

(S)-2-(4-( (5-5-2-(1-( (2,6- & Ke-5-E( %
MR IE-4-HE ) Z ) N ) -4- S A e k-3 (4H ) -
Fe) H 3L ) WR BE-1-3E ) -N-£2 I mE nE-s-H L AR
(1de) : IR, P22 80%, 'HNMR ( DMSO-d;,
400 MHz),8:11.06 (s, 1H, OH);9.00 (s, 1H,
NH);8.67(s,2H, Ar—H);7.89~7.78 (m, 2H,
Ar—H);7.70 (d, 1H, J= 6.7 Hz, Ar—H) ; 6. 64
(s,2H,NH,);6.60(d,1H,J=8.1 Hz, Ar—H);
6.43(s,2H,NH,);5.27(t,1H,J=6.4 Hz,CH) ;
4.78(d,2H,J=12.5 Hz,CH,) ;4.57 ~4.40 (m,
2H,CH,);3.00(t,2H,J=7.2 Hz,CH,) ;2.30 ~
2.18(m,1H,CH,) ;2. 15~2.03(m,1H,CH) ;1. 96
(s,1H,CH,);1.92(d,2H, J=8.4 Hz, CH,);
1.47~1.34(m,2H,CH,) ;0. 84(t,3H,/=7.2 Hz,
CH,)., “CNMR(DMSO-d,, 100 MHz) ,8:166. 20,
165.35,162.47,161. 81,157.59,153. 27, 140. 71,
134.51,129.75,127.39,123.63,123.18,118. 25,
116.04, 114.63, 113. 17, 60.56, 56.25, 46.69,
43.81,35.49,27.77,19.30,10. 18, HR-MS, m/z:
605.224 4[ M+H] ",
1.4 PRSMCHGTEIE Mt

FH MTT 24600 B bRk A 9 % 40 il (PC-3 41
Jitl k. MDA-MB-231 41 il # . T-47D 40 fg ¥k .
HUVECs ZHfiAR) BAFE A2, SEO A0 SR AT 2
HARELLL 1x10°/FLIYEE FEHEFP 2 96 FLAR & 37 °C |
5% CO, BRI, o 2 d FFEEEFAE, N
AZGHHe E 4 0. 16 0. 8 .4.20 100 pmol/L 5%
ISR A 3 M E AL, EE 96 h 5, A~
FLHRAA 20 pL(0.5 mg/mL) MTT ¥ , & 1 5%
FETIEE 4 b5, 7 RALNR AR LA 100 wl
() B, SR FH AR ACINAS 490 nm A A9 5E:
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FEAH, IR, A 2wkl 264 5t , 15
I, A,
1.5 SRk

ST REAR/PI3KS B R AW bR Z5#4 (PDB
code 4EX0) LA SR/ HDACL & 118 &Y ik 4
¥J ( PDB code SICN)™2" ¥4k & 8 7 51 5
PI3K3 LA M HDACT #4704, KBR&E A M
A PR D TR A RS 7] 43, X 8 1 I &= it
CHARMm J137 £33 WAL BRAY 43 F XHEZ K, i
A 28 58 U, 8 BB 6 1A 7 i v 00 437 A Sy
AL, SE B T RO AL B, 1 Discov-
ery Studio 2020 #fFH ) CDOCKER #EHUKE /N4y
TR S8 2R 42, 276 4T 2 eRBUCRIAH B4R
AR BB 4

2 #R5iTe
2.1 RAMLHG AR IS T

PRAMCHG FE I MDA EE SR W A H bR 4y
T4 PC-3 MDA-MB-231 LA & T-47D X 3 Fp sk
Jed AN LR 1) 2 B0 0 10 S P B 14 2 0% e, 5 BRI ko
B8 SAHA (L 77 HDAC #p51) | Idelalisib A 245t
BHL, B HAMAE, BiRsr+X% PC-3 41
PREGBUIG A G M e fd . Hoh A6 G 14a X PC-3
Y MU AR BTG B I P A (1C, = (0. 16420. 006)
pmol/L) , HAL T BHM:XT I SAHA L) & Idelalisib,
AN ALE W 14a X T-47D 40 bk A4 40 59 58 35 Pk
Bz HAb b & Y8 3% (1C, = (3.567+0.161)
pwmol/L) A& ¥ 14c XF MDA-MB-231 4 fity bk
F4 4 1 5 5 PR R 2 A Ak A W T 5R (IC, =
(1.419+0.152) pmol/L) . %= BHEXT I SAHA
F Idelalisib, fr A H #57 F % 1E 4 40 il HUVECs
B BE P B, %k i e 240 i S R 0 R R R
AW 14a 14c X 3 Fh4HMOkE 095035 58 15 P 440
TP BV BR 7R JS 2R g oh K — L AL

F1 Bk ARG

Tab.1 Anti-proliferative activity of target compounds

Anti-proliferative TC5y/ ( wmol -1.7")

Conpound PC-3 MDA-MB-231 T-47D HUVECs

14a 0.164+0.006 4.085+0.611 3.567+0. 161 44.408+8. 146
14b 0.235+0.002 6.392+1.806 6.459+0.105 41.112+4. 345
14c 0.203+0.009 1.419+0. 152 4.214+0.079 39.414+3. 455

SAHA 0.329+0.007 5.696+0.756 9.511+0.533 9.267+0.352

Idelalisib 5. 828+0.042 6. 754+0. 830 >100 37. 634+3. 961

1 1Co fH A mean+SD(n=3)

GYIEEI Z RN RIS PT SRS 1E LY
&Y.
2.2 Xk

L&Y 14a 5 PI3KS W5 F X $ 45 I 2 1
(Bl da) , H 2, 6- 5 HE-5- 75 S W e 25 40 5 e X
RIEMRTRHL GLUS26 H1 ASPO11 = A= & 5 A 14
FH, R, 5 LB AR L TYRS13 77 2E ar-m HEFRAE
FH 5 W WA bR I B} A% A7 TR S Pk 48 v 5 TRP760
FEA e SERWERT UL, 3% 42 T s ms obk ) 8 4%
N-3 fii HDAC 2554 i Bedg 7 X, &5 PI3KS
= D sy 51 R B S Bl b R ¥ S w I 2 wm
B B IFRY PISKS Ve #8:

G Y 14a 5 HDACI & [ %45 45 5 5% 1)
(El 4b) , HE5 SR IR B G B 5 54 5 1R A 1A
Al Sl DAY Zn® B A, JF 5 HDACT i
Al 33 P A L R AR AL GLY 149 77 2k & AR B.4F
FH, T8 0E 3R 0] 5 HDACT i Ak 38 18 v i 2 2L iR
FRIE PHE150 F1 PHE205 724: - HERUWEH]

4 LAY 14a 5 PI3KS &I (a) UK
HDACT 2 11 (b) 535
Fig.4 Docking modes of compound 14a with
PI3K3 protein(a) and HDACI protein(b)

25 b AbA W 14a 5 PI3KS F1 HDACI (0454
FECA B A B A SR I 6

3 4

ISR 25804 il S w, L PI3KS il
| TGMXD-208 A5 5:4) , 8 i A A% N-3 i
FEAA BRI & BEAG HDAC 16 1 A BL st &
BHPR T I pislg s 158 3 M EA MR
AR ISR IR T 1 s s AR AT AR, e 4k
GV 14a 55 14c X 3 Fh S 240 R AR A Be 18 58 15
PERIOLT B X B SAHA F1 Idelalisib, H % iF %
MR, PR B R, B Y 14a
5 PI3KS % 1 LA J2 HDACI W45 SRS
A SR RS M, DL AR R
WESE T Fris b i il A 2 4y 9T S8 T A5 1

&
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SEEM I A TAE-226 2L & RS & ¥ iE W 5

ERFRE, R R AR RE AT EAERT
(MR 242808, =M SFH 550025)

HE 5 PO ( Focal Adhesion Kinase, FAK) &2 — #3552 (4 i S B 4 T0 , 70 I 9 P A7 e ad A M4, ik, L FAK
ST R AT I R S R T T RS 0GR . DL TAE-226 N Se Sk & W, B A My T HE R B T R S R T
21 A 2-54 BEWEWY i BOY =R A W E B B FAK SR, e 09 AL & 2451 4 'HNMR | ° CNMR #1 HRMS
UE, B, R MTT 300 T % RIS P AR W e B8 4R US7-MG A SN g 6 1 . 25 SR HH 3
AL A FE I BT B BRI TR R R 2- (((4-58-6-( (4-(4-(2-F2 2 ) RIR-1-JE) AL ) B 5L ) -1,3,5- = W23 &
L) -N-H ey -3- F R R 6 1 S0 B A0 T PR X IR TAE-226, 3L 1C, {25 1. 791 pmol/L,

RABRIA L I S R s =R PR 5 I TR

FE 425 R739.91 XERARISAD A XEHRS:0258-3283(2023) 12-0118-08

DOI:10.13822/j.cnki. hxsj.2023.0487

Synthesis and Biological Activity of TAE-226 Analogues Substituted with Aminothiophene WANG (Qing-tao ,RAO Nian ,WEI
Guang-sheng ,XU Ying ,LE Yi ,LIU Li* ,YAN Long-jia" ( School of Pharmaceutical Sciences , Guizhou University , Guiyang 550025,
China)

Abstract ; Focal adhesion kinase (FAK) is a non-receptor tyrosine kinase ,which is overexpressed in gliomas.Therefore ,the devel-
opment of drugs targeting FAK for the treatment of glioma has attracted widespread research interest.In this paper,with TAE-226
as the lead compound,21 triazines containing 2-aminothiophene fragments were designed and synthesized as new FAK inhibitors
based on the principle of bioelectronic isoarrangement. The structures of all target compounds were confirmed by 'HNMR,
BCNMR, and HRMS.Subsequently, the in vitro anti-tumor activities of these compounds against human brain malignant astroblas-
toma cell U§7-MG in vitro were evaluated by MTT method.The results showed that some compounds exhibited good anti-tumor ac-
tivity , especially 2-( (4-( (4-([ 1,4'-bipiperidin]-1’-yl) phenyl ) amino) -6-chloro-1,3, 5-triazin-2-yl ) amino ) -N-methylthiophene-
3-carboxamide , which had significantly better activity than the positive control TAE-226,with an ICy, value of 1. 791 pmol/L.

Key words : amino group ; thiophene ; triazine ; antitumor ; glioma

Ji Jo g e e ELAR 22 PR RN B MR IR R R 28 R R B b IR 25 9 2 J P 2013 4E | Dao
%(CNS)%??&“] HuiJLFRA AEREIT T S HGEE TH M 35 0E-1,3, 5- = AT E e N
o M TR B R bR 22 A K, R % F53E P ( Focal Adhesion Kinase , FAK) #JI4il51] ,
%MEE;&E*W WRIGHLV 2GR L, PP 7L A% HUVEC 4088 BT 45 A %
Wt A DA B R T~ Ve, o, T, FE— 5 Tz & W i e ks 1
JiE S B MR M 5 IV 9, S i L RN i ELAR 28 M BLEIS 2020 4, Junaid 51 ) L T & )
(R Z2 e SR, WA IR YT R B, UG 22 . W 3D-QSAR B TR O 1, 3, 5-= -
Giit, 29 82% HNERE TR A W2 W MK R 2 4-—RRAb A, BESS, R 3 b L 9 40 A
Mo PRI R S BOR B b £ 8k

7t SR 2 90% 1Y IR B & AR AE VIR W B 9 :2023-07-19; M4 % B #:2023-08-31
22 HAE A By 2k M L ke 81 R TF % B BEE£WH . SoMNE R RIm E (B RE 2 a-ZK [ 2022] —

: i 124)

B JAN 2P
TR FORd 9 2501/ ¥$Emmﬂw4§% EE R I (1999-) 53 SEMBRA A -1k, 350
T OBIER 7 LG R GO Sy 2L
=B E YR 3 N EIEF ST BIAEE BB, E-mail ; y1j1089@ 163.com; X 1, E-mail ;

AN H [10] 2 lliu2@ gzu.edu.cn,
s ﬁ@;“f{; AT @?ﬁhﬂiﬁ B 3B TR, G, e, . BB TAE-
ERIACE SRS T R e AR/ E D 206 K140 4 5 4 9 T MBS [ 1) A2 i A, 2023,

PR TG PERTSE H 4 5 BR, JE LA 1,3, 5- =8 i) 45(12) :118-125,
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% (MDA-MB231 SKBR-3 Fll MCF-7) #:47 T $13%
PETEPEVEAL . S5 R R, Z R A P X MDA-
MB231 FLIR A 20 i LA S B P a6 s 1k,
T R AR AT B AR A % MDA-MB231 1 G, {8
A1 nmol/L, MAM, KamiF o7 2 B 7 N BE IR TR
YL UST-MG ', FAK Sl A7 e it XA, I
PRAFEFE AR 52 FAK 2 5 0088 A 97 A B 22 4
IR, SCHR AP O T8 8 FAK 0060 50034 7 1658 S5 98 114)

ER A, Y FEHR R SR S
WAL Iy i, FE 259 40 T AR S R T2 R A
AU e AR AE I FAK 55 TAE-226 k5
A, R AP S5 HE R B g PR 4 Ry
TRIR [P MR E 4 37 Y 2 F R A A e
Wy, BETIA BT — 28 51 445 ¥ 7 5 1) 5 ey A B
SRR E Y, M T BT UST-MG 4 it i 4
SR TR

S OH 0 TEA NH2 0
B O
! 2 a cl
0 + CIYNTI/Cl bEA_ NN DIEA j‘,\)BN\ Pd/C,H, j’l\/)N\
S wm Ny N THE N NH o THEHNTNONH o MeOH ~ HNTNONH g
| “ SO nm " SMI}IH s \H
I Y. 5o | S 7o
—0 -0, . -0
R=6a -§ON/_\0 6b: —§ONC/\0 6o: - J; Gd:_§©; L Tas NCO
0

0o—

/ _§ Nﬁ —
6111:?%L 0 ; 6n: \_/N s

0
[
6g: —§OCF3;6h:—§@—ﬁ—;; Tb: -~
0 :
0 '
0 b /i
6i=-§@—< 56 NH 5 6k: X ; 6l: % 05 7.
HN— b—
=
6“’-§_®_NL/NJ< o

0_ '
e NCN‘*_(};Gq:-;@Ng@;an-;QNC}NQ,;

B 1 b5 6a~6r Ta~Tc 5L

Fig.1 Synthetic route of compounds 6a~6r,7a~7c

1 XWEH
1.1 EZEUERSEG

Bruker Ascend-400 %Y 4% #f 3 J& 1 . JEOL
ECX-500 AU BEFEARAL  TSQ 8000 Bl & 43 B 5t 115
IC(FEER G R B A BRA ) 3 X-4X ALEF
PR ST (i TR A BRA FD)

1,4-TBE -2, 5- | 2-70 FE-N-HT 3E 2 ik
i 2,4,6-=5-1,3,5- =W =M ZR I HAR
Jiie N ON-Z 50 N R e DY S0k I Rk (TR
i 5 B A BRA ) 5 Ak LR g L BE
M (S PR DU T AL T BRA A ) s FEA R 28 4
Hrak,
1.2 SRk

US7-MG 4 A H =] i 7Y 8% 55 ) L 9 o0, 40
MBI FEAE RPMI 1640 5%, DMEM 58 4355 56,

L& YI%F UST-MG (A A1 41 i 75 1% 38 i MTT 32
M,
1.3 2-ZJE-N-H ELWE My -3-H e (3) 1A AR

£ 250 mL R AIA 5 g(32. 84 mmol)
1,4-85-2,5- 2B (1) .30 mL £ % 4.04 g(40
mmol ) = Z &A1 3. 32 g(33. 84 mmol ) 2-F F&-N-H
FEOWERE (2) ,7E 50 C &RV 12 hy KB 58
B8 W RO N R e s A AT 15 4.6 ¢
I A 725 89. 9% , BL- A 3., Mk 146.7
~147.8 C, "HNMR ( DMSO-d,, 400 MHz), §:
7.64(q,1H,J=4.4 Hz);7.16(s,2H);7.03(d,
1H,J=5.6 Hz);6.25(d,1H,J=5.6 Hz) ;2.68(d,
3H,J=4.4 Hz), “CNMR(DMSO-d,,100 MHz) 5
166.4,161.3,124.5,107.9,106.3,25.9, HRMS;
CHN,OS([M+H]*), MS,m/z(%) :157.040 6
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[M*,100], ESI-MS,m/z:157.042 9 M+H ",
1.4 2-((4,6-—%5-1,3,5-=1&-2-5&) 4 ) -N-
FH Sy -3-FH LR (5) A il

£ 250 mL BB A 1. 66 ¢(9 mmol )
2,4,6-=%-1,3,5-=B(4) 40 mL THF .1 g(7.75
mmol )N, N- " N L (DIEA ) Fl1 1. 44 (9. 85
mmol)’”ﬁ/ﬁ\% 3,7 -10 C AT B 30 min, JZ

B W N RO R v 4, ST e TR A

grfa A BE 2,06 ¢ (LG9 5, 77 % 85% , 15 A
208.1~210.3 °C, '"HNMR ( DMSO-d, ,400 MHz) ,
5:10.82(s,1H);8.55(s,1H);7.46(d,1H, J =
6.0 Hz);7.04(d,1H,J=6.0 Hz);2.79(d,3H,
J=2.8 Hz), “CNMR ( DMSO-d,, 100 MHz) , &;
165.6, 152.6, 150.38, 145.0, 122.9, 118.6,
116.4,26.1, HRMS: C,H,CL,N,0S ([M+H]"),
MS, m/z (%) :301.967 6 [ M", 100 ], ESI-MS,
m/z:301.969 O M+H] ",
1.5 fb&Y 6a~6r BIA K

1 0.3 g(1 mmol) fb5 4 5.6 mL PU (WA |
0.13 g(1 mmol) N, N- 5N 3L Z e FAH B 1Y) « ¢
(1 mmol) 35 F ZE M A ] 50 mL & B,
BN 218 FHIELZ 70 °C B 1.5 h(TLC &) .
7SI S UG B N TR A Pk VAR 40, 1503 (e ]
A, K™ Yy 2t fE A 6 5% Ll Ak, 15 BE A

6a~6r,
1.5.1  2-( (4-58-6-( (2-H S Fk-4-n mf R I ) 1
$)-1,3,5-=H-2-48 ) Z( AL ) -N-HT L g wy-3- F gk
Jfé (6a)

IR € [ AR, 7= % 79.3%, 15 . 219.7 ~
221.1 °C, "HNMR(DMSO0-d, ,400 MHz) ,8:12. 06
(s,1H);9.66(s,1H);9.40(d,1H,J=25.0 Hz) ;
7.34(d,1H,J=6.0 Hz);7.21(d, 1H, J = 8.8
Hz) ;6.81(d,1H,J=5.8 Hz) ;6.66(s,2H) ;6. 57
(s,1H);3.77(s,3H) ;3. 18(s,4H) ;3. 16(d,4H,
J=3.8 Hz);2.77(s,3H), “CNMR ( DMSO-d,,
100 MHz) ,8:165.9,165.7,161.4,155.2,151.9,
146.2,128.8,117.7,117.3,114.9,107.0,106. 9,
100.3, 66.6, 55.9, 49.4, 49.0, 26.1, HRMS:
CyH,CIN,O,S ([ M + Na]"), MS, m/z (%) :
498.106 5[ M*, 100 ], ESI-MS, m/z: 498.108 6
[M+H]",

1.5.2 2-((4-5H-6-( (4-MBmfsdt) &(38) -1,3,5-
SE-2-5L) A L) -N-H e -3-H Bk (6b)
PR, 77 38 78. 1% , 165 45:217.9~218.5 °C.,

"HNMR ( DMSO-d, , 400 MHz) ,8:12.19 (s, 1H) ;
10.38~10.06(m,1H) ;8.41(s,1H) ;7.48(d,2H,
J=8.4 Hz);7.40(s,1H);6.99(d,3H,J=7.6
Hz);3.74(s,4H);3.10(s,4H);2.79(d,3H, J =
4.4 Hz), “CNMR ( DMSO-d,, 100 MHz), §:
165.9,164.3,162.1,161.7,148.9,145.6,124. 3,
123.1,122.5,117.3, 115.6, 115.2, 66.6, 49. 2,
26.2, HRMS: C,, H,, CIN,0,S ([M+H]"), MS
m/z (%) :446.116 0 [ M*, 100 ], ESI-MS, m/z:
446.115 7[M+H]",

1.5.3  2-((4-5-6-((2-W | F AL ) & H)-
1,3,5- = 256 ) a0 3k ) -N-H ik g wy-3- ik e
(6¢)

B LT 0 [ AR, 77K 87. 1%, 1 f: 174.6 ~
175.5 °C, '"HNMR(DMSO-d, ,400 MHz) ,5:12. 14
(s,1H);9.81(s,1H);8.37(s,1H);7.45(d,1H,
J=7.6 Hz);7.33~7.29(m,2H) ;7. 12(d,1H, ] =
8.2 Hz);7.02(d,2H,J=7.6 Hz);3.77(s,3H) ;
2.78(d,3H,J=4.4 Hz) , “CNMR (DMSO-d, 100
MHz), 8: 165.9, 165.5, 165.4, 161.4, 150.4,
146.0,128.1,125.9,123.2,121.3,120.6,117. 3,
115.1,112.3,56.0,26. 1, HRMS;C, H,CIN,0,S
([M+H]"), MS,m/z(%) :389.059 4[M*,100] .
ESI-MS,m/z:389. 060 5[ M+H ] ",

1.5.4  2-((4-5-6-((4-H HFEIRF) & &)
1,3,5- = Ma-2-3L ) 2 k) -N-H 3 g my-3-H ik e
(6d)

ks @ [F A, 7= 3R 81.87%, M5 1. 206.2 ~
207.9 °C, '"HNMR(DMSO0-d, ,400 MHz) ,8:12. 21
(s, 1H);10.33(d, 1H, J=20.4 Hz);8.41 (s,
1H) ;7.52(t,2H,J=10.4 Hz) ;7.40(s,1H) ;6. 98
(d,3H,/=9.2 Hz);3.77(d,3H,J=7.6 Hz);
2.79(d,3H,J=4.4 Hz) , "CNMR(DMSO-d, 100
MHz ), §: 165.9, 165.8, 164.5, 161.7, 146.2,
145.6,125.0,123.2,117.4,115.2,114.3,114. 1,
55.7,26.2, HRMS:C,H,CIN,O,S([M+H]"),
MS, m/z (%) :391.073 8 [ M", 100 ], ESI-MS,
m/z:391.073 2[ M+H] ",
1.5.5  2-( (4-F-6-( (3-Mmpkopdt) &) -1,3,5-
SE2-BL) F L) -N-H SLBEW;-3-H R (6e)

AR, =4 76. 5% , 155 15.:216.9~217.5 C
"HNMR ( DMSO-d, , 400 MHz) ,8:12.49 (s, 1H);
10.37(s,1H);9.24 (s, 1H) ;8.48 (s, 1H) ;7.45
(s,1H);7.22(s,2H);7.04(s,1H) ;6.74(d,1H,



FasBHE 12

F PG A IEE IR I TAE-226 ZUMI& 15 A s PERIF 5T 121

J=21.2 Hz);3.91~3.49(m,4H) ;3. 12(s,4H) ;
2.80(s,3H), “CNMR (DMSO-d,, 100 MHz) ,8:
165.9,164.5,163.9,161.6,151.8,146.2,129. 5,
123.4,123.2,117.6,117.5,115.4,112.0,110. 7,
66.6,48.9,26.1, HRMS: C,, H,, CIN,0,S ([ M +
H]*) ., MS,m/z(%) :444.101 6[ M*,100], ESI-
MS,m/z:444.102 9 M+H ",

1.5.6  2-((4-F-6-(XFH 2K H)-1,3,5-
F) BHL) -N-H Ly -3-F Ef (6f)

B 75 80. 2%, M5 :214.3~216.5 C.,
"HNMR ( DMSO-d, , 400 MHz) ,5:12.25 (s, 1H);
10.34(s,1H) ;8.41(s,1H);7.53(d,2H,J=8.0
Hz);7.41(s,1H);7.20(s,2H);7.03(d,1H,J=
5.6 Hz);2.80(d,3H,J=4.4 Hz);2.30(s,3H) .
BCNMR ( DMSO-d,, 100 MHz) , 8: 165.9, 164. 4,
161.9,161.7,146.2,145.5,129.5,129.3,123. 3,
121.4,117.4,115.4,26.2,20.9, HRMS:C, H,,-
CINOS([M+H]"), MS, m/z(%):373.064 5
[M*,100], ESI-MS,m/z:373.065 3[ M+H] ",
1L.5.7  2-((4-F-6-((4-( =5 P ) KIE) &
F)-1,3,5-= W25 ) Z L) -N-H FL e wp-3-H ik
Wz (6g)

F R, 75 70. 1%, 75 88:139. 7~ 141.6 C.,
"HNMR ( DMSO-d, ,400 MHz) ,8:12.39(d,1H,J=
25.2 Hz);10.77 (s, 1H);8.45(d, 1H, J = 4.8
Hz);7.92(s,2H) ;7.76(s,2H) ;7.39(dd,1H, J=
45.2,7.2 Hz) ;7.09(d,1H,J=8.8 Hz) ;2. 80(d,
3H,J=4.4 Hz), “CNMR (DMSO0-d,, 100 MHz) ,
8:170.5,165.8, 164.3,161.6, 142.4,126.4 (q,
J=12.5,9.5 Hz), 123.5,122.0,120.8, 119. 3,
117.8,115.8, 114.0, 26.2, HRMS: C,, H,, CIF,N,0S
([M+H]%) ., MS,m/z(%) :427.036 2[ M*,100] ,
ESI-MS,m/z:427. 037 4[ M+H] ",

1.5.8  2-((4-54-6-( (4-( HIERMTHESL ) AL ) &
H)-1,3,5-—We-2-58 ) F AL ) -N-H g wy-3-H it
Ji& (6h)

FIRS 0 AR, 77 3R, 54, 8%, 5 45 178.2 ~
179.5 °C, "HNMR(DMSO-d, ,400 MHz) ,8:12. 42
(d,1H,J=28.4 Hz);10.84(d,1H,J=15.2 Hz) ;
8.46(d,1H,J=4.8 Hz);7.95(d,4H, J=12.0
Hz);7.45(d,1H,J=6.0 Hz) ;7. 14(d,1H,J=5.6
Hz);3.21(s,3H);2.81(d,3H, J=4.4 Hz),

—BE-2-

“CNMR ( DMSO-d,, 100 MHz) , 8:167.1,165.9,
165.7,161.6,152.6,145.1,128.5,122.8,121. 8,
120.8,118.6,116.3,44.3,26. 1, HRMS:C, H -
CIN,0,S,([M+H]"), MS,m/z(%) :437.026 4
[M",100], ESI-MS,m/z:437.027 2[M+H]",
1.5.9  2-((4-5-6-((4-( L L H k3 ) 2%
B KL -1,3,5-= 250 ) L) -N-F g -
3-HI Mz (61)

A [ A, 7R T1.9%, 45 A > 250 C,
"HNMR ( DMSO-d, ,400 MHz) ,5:12.37(d,1H,J=
32.8 Hz);10.73(d, 1H,J=74.4 Hz);8.48(d,
1H,J=4.8 Hz) ;8.39(s,1H) ;7.86(d,2H,/=8.0
Hz);7.76(d,2H,J=8.4 Hz);7.45(s,1H);7.08
(d,1H,J=19.2 Hz);2.80 (s,6H), "CNMR
(DMSO-d,, 100 MHz), 8 166.6, 165. 8, 164.2,
161.7,146.0,145.1,128.1,123.5,121.6,120.2,
118.6,117.4,26.7,26.2, HRMS:C,,H,,CIN,0,S
([M+H]"), MS,m/z(%) :416.070 3[ M*,100] ,
ESI-MS,m/z:416.070 1[ M+H] ",

1.5.10  2-( (4-( (4-ZWEaFAI) H ) -6
1,3,5-= ﬂ%zﬁ)%%)l\lﬂﬂﬁtﬂ%%ﬁﬂmﬂi
(6j)

Pk € [ A, 77 R 76. 7%, 75 15, 228.9 ~
229.6 °C, "HNMR(DMSO-d, ,400 MHz) ,8:12. 25
(d,1H,J=12.8 Hz);10.36 (s, 1H);9.95 (s,
1H);8.42(d,1H,J=4.8 Hz);7.56(d,4H, J =
12.8 Hz) ;7.42(d,1H,J=5.6 Hz) ;7.01(s,1H) ;
2.80(d,3H,J=4.4 Hz);2.05(s,3H), "CNMR
(DMSO-d,, 100 MHz), 8 168.6, 165.9, 164. 4,
161.7,136.6,132.7,123.6,123.4,123.2,121. 8,
119.7,119.6,115.3,26.2,24. 4, HRMS:C,, H,,-
CIN,O,S([M+H]"), MS,m/z(%) :416.070 3
[M*,100], ESI-MS,m/z:416.071 2[ M+H]*,
1.5.11  2-((4-("RIHEHEIL)-6-5(-1,3,5-—HE-2-
HE) 2 KL ) -N-H FEEmy -3-H it % (6k)

HEFEAR, 774 82. 6% , 445 15.:240.7~241.3 C.,
"HNMR ( DMSO-d, , 400 MHz) ,6:12. 14 (s, 1H);
8.92(s,1H);8.38(d,1H, J=4.8 Hz);7.40(t,
2H,J=6.4 Hz);7.34(d,3H,J=7.2 Hz);7.26
(d,1H,J=7.2 Hz);7.01(d,1H,J=6.0 Hz);
4.72~4.53(m,2H);2.79(d,3H,J=4.4 Hz),
“CNMR ( DMSO-d,, 100 MHz) , 8:168.9, 166.0,
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165.9,161.5,146.0,139.1,128.9,127.8,127. 5,
123.2,117.5,115.2,44.6,26.2, HRMS:C, H ;-
CINOS([M+H]"), MS, m/z(%):373.064 5
[M",100], ESI-MS,m/z:373.065 6 M+H]",
1512 2-((4-5-6-((3,4- " E AT IE) &=
H)-1,3,5-=W-2-3 ) Z Jk ) -N-H B g wy-3-FH gk
Jiz (61)

B A, 7= 69. 1% , 15 55.:239.7~240.3 C,
"HNMR ( DMSO-d, , 400 MHz) ,6:12. 13 (s, 1H) ;
8.97(t,1H,J=6.0 Hz);8.43(d,2H,J=4.8 Hz) ;
7.44(d,1H,J=6.0 Hz);7.16(s,3H);7.05(d,
1H,J=5.6 Hz) ;6.89(s,1H) ;4.62(d,2H,J=6.0
Hz);3.77~3.75(m,3H);3.71 (t,3H,J=5.6
Hz);2.79(d,3H,J=4.4 Hz)., “CNMR ( DMSO-
dy, 100 MHz), 8: 168.9, 165.9, 165.8, 161. 4,
149.3,149.1,131.4,126.7,121.9,120.0,117. 4,
115.2,113.3,112.0, 56.0, 42.5,26. 1, HRMS:
CH, CINOS ([M+H]" ), MS, m/z (%) :
433.085 6 [ M", 100 ], ESI-MS, m/z: 433.086 9
[M+H]",

1.5.13  2-( (4-5-6-( (3,4,5-=H AW &
)-1,3,5-—=M-2-38 ) Z AL ) -N-H e wy-3- ik
¥ (6m)

FI AR, 7748 64. 6% , 15 15:244.0~241.2 °C
"HNMR ( DMSO-d, , 400 MHz) ,6:12. 13 (s, 1H);
8.95(s,1H);8.40(s,1H);7.43(d,1H,J=6.0
Hz);7.06(d,1H,J=5.6 Hz);6.72(d,2H, J =
33.2 Hz) ;4.63(d,2H,J=6.0 Hz) ;3.75(d,6H,
J=16.4 Hz);3.63(d,3H,J=6.8 Hz);2.79(d,
3H,J/=4.4 Hz), "CNMR(DMSO-d,100 MHz) ,
5:168.9, 165.9, 161.5, 153.28, 145.9, 137. 1,
134.6,123.3,117.4,117.3,115.2,105.5, 60. 4,
56.3,45.0,26.1, HRMS: C,, H,, CIN,0,S ([ M+
H]") . MS,m/z(%) :463.096 2[ M*,100], ESI-
MS,m/z:463.097 7[ M+H]",

1.5.14  2-((4-5-6-( (4-(4-TP LR WR-1-5 )
)& H)-1,3,5- =250 ) F ) -N-H FLEw;-
3-IH LR (6n)

PR O K, 77 R 65. 2%, 75 > 250 °C,
"HNMR ( DMSO-d, , 400 MHz) ,6:11.68 (s, 1H) ;
9.30(s,1H);8.31(s,1H);7.57(s,2H) ;7. 41(s,
1H);6.96(d,3H,J=30.8 Hz);3.95(s,4H);
3.20(s,3H); 2.78 (s, 3H); 2.45 (s, 3H),

“CNMR ( DMSO-d,, 100 MHz) , 8:166.1,164.9,
162.8,161.8,147.8,146.9,123.2,121.5,119. 2,
116.9, 115.2, 113.3, 57.8, 54.8, 49.5, 26.1,
HRMS: C,, H,, CIN,OS ([ M+ Na]*), MS, m/z
(%): 459.147 6 [ M", 100 ], ESI-MS, m/z;
459.149 6] M+H ",

1.5.15  2-((4-((4-(4-ZBEWRMR-1-38) 7538 ) &
H)-6-54-1,3,5- =023 ) &Ik ) -N-H JL g wp-3-
FH gt (60)

W A, 72575, 0%, 15 1. 244. 2 ~
245.7 °C, '"HNMR(DMSO-d, ,400 MHz) ,5:12. 21
(d,1H,J=10.0 Hz);10.30(d,1H,J=24.4 Hz) ;
8.40(s,1H);7.63~7.31(m,3H);7.01(d,3H,
J=10.4 Hz) ;3.59(s,4H) ;3.09(s,4H) ;2.79(d,
3H,/=4.4 Hz);2.05(s,3H)., "CNMR ( DMSO-
dy, 100 MHz), 8; 168.7, 165.9, 164.3, 161.7,
148.6,146.3,145.6,124.3,123.3,122.5,117. 3,
116.5, 115.2,49.1, 45.9, 26.2, 21.7, HRMS;
C,,H,,CIN,0,S([M+Na]*), MS,m/z(%):509.122 5
[M",100], ESI-MS,m/z:509. 124 S{M+H]",
1.5.16  2-( (4-5-6-( (4-(4-(2-F2 L HE) WRIEE-1-
o) RIL) HHL)-1,3,5-= -2 ) F L) -N-H 3
WEwy-3-F BE% (6p)

"HNMR ( DMSO-d, , 400 MHz) ,6:12.20 (s, 1H);
10.35~10.00 (m, 1H) ;8.42 (s, IH) ;7.45 (s,
3H);6.97 (s,4H);3.57(s,2H) ;3.16 (s,4H) ;
2.79(s, 4H); 2.67 (s, 3H); 1.91 (s, 2H),
BCNMR ( DMSO-d,, 100 MHz) , 8 172.5,165.9,
165.8,164.3,162.9,161.7,124.3,123.2,122. 5,
117.3, 116.0, 114.1, 53.0, 48.1, 36.3, 26.2,
21.5, HRMS;C, H,;CIN,0,S([M+Na]"), MS,
m/z(%):511.138 2[ M*, 100 ], ESI-MS, m/z:
511.140 3[ M+H]",

1.5.17  2-( (4-5-6-( (4-(4-(2-F 2 H) DR ER-1-
Ho) RIL) & H)-1,3,5- = -2-3k) &I ) -N-H 3
WERy-3-H LR (6q)

HERER, ;=34 76. 5% , %5 15.:144. 2~ 144. 4 C
"HNMR ( DMSO-d, , 400 MHz) ,5:12.18 (s, 1H);
10.22(s,1H) ;8.43 (s, 1H);7.42(s,3H);7.02
(s,1H);6.95(d,2H,J=9.2 Hz) ;3.75~3.67(m,
2H);2.80(d,3H,J=4.4 Hz) ;2.63(s,2H) ;2. 47
(t,3H,7=5.2 Hz);2.32(d,1H, J=12.4 Hz);
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1.79(d,2H,J=12.0 Hz);1.60~1.51 (m,3H) ;
1.49(d,3H,J=5.2 Hz);1.39 (q,2H, J=5.6
Hz);1.21(d,1H,J=12.4 Hz), “CNMR ( DMSO-
d,, 100 MHz), §: 170.8, 168.6, 165.9, 164. 4,
161.7,148.8,124.5,123.2,122.4,117.3,116. 3,
115.2,62.2,50.2,49.1,27.7,26.4,26.2,24.9,
HRMS : C,H,, CIN,OS([M+H]") . MS,m/z(%) :
525.195 8 [ M*, 100 ], ESI-MS, m/z; 525.197 2
[M+H]",

1.5.18  2-( (4-58-6-( (4-(4-Nhmpk l F-1-3E ) 2%
B EI)-1,3,5-= 258 ) &Ik ) -N-FF L gE Wy -
3-H gz (6r)

FI AR, 7= 48 72. 1%, 15 45:236.6~238.2 C .
"HNMR ( DMSO-d, , 400 MHz) ,5:12.18 (s, 1H);
10.25(s,1H) ;8.40(s,1H) ;7.43(d,3H,/=18.4
Hz);7.15~6.83(m,3H);3.64(d,6H,J=51.6
Hz);3.31(s,1H);2.80(s,5H);2.66(d,2H,J=
13.6 Hz) ;2.49(d,1H,J=12.8 Hz) ;2.26(t,2H,
J=10.0 Hz) ;1.55~1.42(m,2H) , “CNMR(DM-
SO-d,,100 MHz) ,6:165.9,165.8,161.7,148. 3,
146.3,129.8,128.7,124.7,123.2,122.5,116. 3,
115.2, 67.0, 61.6, 50.0, 48.7, 28.1, 26.2,
HRMS: C,, H,, CIN,O,S ([M+H]"), MS, m/z
(%): 527.175 1 [ M*, 100 ], ESI-MS, m/z:
527.175 0 M+H] ",

1.6 1L&EW Ta~Tc BB

5 x g(1 mmol) fLEW) 6a.6b 6¢,5 mL JUE
W 5 mL HEE AT PA/C A E] 5 mL [B S BE
o, LS SRR, OB 72 h (TLC A&l .
P S 58 B, PR 8 2k 0, I8 YRR VA 4
F7 pid ot RERCAT (B ik Al Ak, 3 2L G Ta~
Tc,

1.6.1  3-((4-((2-H S FE-4-n R ) 2 5 ) -
1,3,5-= B2k ) & Fk ) -N-HT 3 e wy-2-F gk e
(7a)

AR, 775,17, 6% , 75 15.:178.0~180. 1 C.,
"HNMR ( DMSO-d, , 400 MHz) ,5:11.84 (s, 1H);
8.97(s,1H);8.29(s,2H);7.33(s,2H);7.17 ~
6.35(m,4H);3.76(s,7H) ;3.16(d,4H,J=7.2
Hz); 2.77 (s, 3H), “CNMR ( DMSO-d,, 100
MHz), §: 166.0, 165.1, 163.8, 161.2, 150.4,
123.1,123.0,118.6,118.5,116.7,116.6,114. 1,
107.0, 100.3, 66.6, 56. 1, 49.3, 26.1; HRMS;

CyoHysN,0,S([M+Na]*) . MS,m/z(%) :464. 147 5
[M*,100] ., ESI-MS,m/z:464.147 3[ M+H]",
1.6.2  N-FJE-2-((4-((4-N bk 8 i ) 2 0 ) -
1,3,5- =250 ) &AL ) HEMy-3-F LR (7h)

o R, 72 R 18.2%, 4 > 250 °C,
"HNMR ( DMSO-d, , 400 MHz) ,6:11.97 (s, 1H) ;
9.86(s,1H);8.34(d,2H,J=4.8 Hz);7.52(d,
2H,J=8.4 Hz) ;7.39(d,1H,J=5.6 Hz) ;6. 96(s,
3H);3.75(t,4H,J=4.8 Hz);3.09(s,4H) ;2.79
(d,3H, J=4.4 Hz), “"CNMR ( DMSO-d,, 100
MHz), 6: 174.5, 170.8, 168.6, 166.0, 137.2,
135.8,127.9,127.1,126.2,121.6,120.5,119. 1,
71.3,54.1,30.9, HRMS: C,, H,, N,O,S ([ M +
H]")., MS,m/z(%):412.155 0[ M",100], ESI-
MS,m/z:412. 154 6] M+H ",

1.6.3  3-((4-( (4-HEREHHEK) HIHE)-1,3,5-=
WE-2-3L ) I ) -N-H SEmEmy - 2- i (7 ¢ )

FEFER, ;=2 14. 9%, 445 15.:240.9~241.7 °C
"HNMR ( DMSO-d, , 400 MHz) ,5:11.98 (s, 1H) ;
9.90(s,1H);8.34(s,2H);7.47(d,3H,J=67.6
Hz) ;6.95(s,3H);3.76(s,3H);2.79(d,3H,J=
4.4 Hz), “CNMR ( DMSO-d,, 100 MHz), &:
166.9,166.0,163.8,161.2,156.6,156.0,147. 1,
145.3,132.1, 123. 1, 116.7, 114.2,55.7, 26. 2,
HRMS:C, H,N,O,S([M+H]"), MS,m/z(%) :
355.098 3 [ M*, 100 ], ESI-MS, m/z: 355.098 7
[M+H]",

2 #ER51H8
2.1 HHEHATESE

Hirfb &4 6a~6r FALGY Ta~Tc HIH AL
BRANE 1 s, el 1, 4- T ERE-2,5- S
2 N 3 2t I & R N, 19 B PR R R
89. 9% A EIA 3, ARG LA 4 SLEW
3FE-10 C N RABACNL, L= 38 85% 15 51k
G5, weJa, IR AR N, N- R N
Z W (DIEA) AR, 76 70 C IR T 4b&4 5 541
VL 1 55 A A e e A AR R g A 1Ak & ) 6a~ 6,
PN 44. 8% ~87. 1%, AAMEAY Ta~Tc LA
BB 6a .6b 6¢ R JEURE, LA DU Sk IR AT AR S
N, = A ER, 1 A SR RAEAE R AR
RAINER RN, 7250 14. 9% ~18. 2%,
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2.2 RSN M5
HT B 6a~6r Fl Ta~Tc Ji, it
MTT 2 T HAMEEYIXS UST-MG (4T i Igg i
PRI 1 R,
x1 LAY 6a~6r Ta~Tc X UST-MG 4HIEHY
Az KA
Tab.1 Antiproliferative effects of compounds 6a~6r and

Ta~Tc against US7-MG

R
2
HN N NH
QRSA L
R2

Compound ! R P
6a Cl 2-0CH;-4-morpholine 25.85+13.48
6b Cl 4-morpholine 22.29+7. 82
6¢ Cl 2-0OCH; 36. 10+4. 26
6d Cl 4-OCHj, 1. 11£3.36
6e Cl 3-morpholine 18.52+0.75
6f Cl 4-CH; 1.50+6. 36
6g Cl 4-CF, 20. 34+4. 69
6h Cl 4-S0,CH; 47.03+8. 53
6i Cl 4-CONHCH;4 35.36+4. 98
6j Cl 4-NHCOCH; 25.18+6.01
6k Cl 1-benzyl 46. 66+2. 77
6l €l 1-benzyl-3,4-dimethoxy 9.91x1.70
6m Cl 1-benzyl-3,4,5-trimethoxy 17.73+1. 85
6n €l 4-(4-methyl)-piperazine  8.42+5.48
60 Cl 4-(4-acetyl ) -piperazine 73. 04+2. 862
6p Cl 4-(4-ethyl ) -piperazine 40.52+7. 11
6q Cl  4-(4-piperidine) piperidine  99. 18+0. 52
6r €l 4-(4-morpholine) piperidine 57 06=1. 42
Ta H 2-0CHj;-4-morpholine 10. 47+9.23
7b H 4-morpholine 22.34+2.71
Te H 4-0OCH; 43.29+2.32

TAE-226 63.14+1.08

¥ : The values are mean=SD of three replicates.,

MALEY) 6a~6r Fil Ta~Tc ¥t UST-MG HYHL
i 14 5 T PR AL SRR LG ) 6¢ .61 .6p Tc
TE 10 wmol/L I 4331 R 36. 10% .35. 36% .
40. 52% 43. 29% I T [P TAE-226 ; b &%)
60.,6q [ FE K T BH M R TAE-226, 4351 4
73.04% 99. 18% . ¢l 6q [ il Feit i K F
TAE-226, #:TFZRF4LA Y UST-MG 8 4 Jifa
I AR 25 5 RS T S e my B B =k

FAK IR SR 886 R, R? B AR L7
XA PG A 5 M, 20 B A X645 488 (]
B, LG 6¢ AN R & AL G4 6d 1 H il
R ALEY) ob I & TG 6e HIAMHI %
R® L AYBUREE A Eth 2 B2 i fb 5 9 (36 1, o
BRAL A8 A T 2 BUR L T 80U, infk &
Yy 6k BIAN G AU, LA P 6m IHIRIK Z,
AP 6 i A 22, R® b A O B A B
B BRI A SRR SR TR, anfk A4 6h 1
) 2R 0 T BH A X B8 5 e Ah , AT R85 i i A
Y1 60 .6q.6r EEHIRT , R® Bi/K X BER A BT, 1%
MR, e b E& Y Ta~Te SLAEWY) 6a~6¢
FEC KB, Wi BB AR T AR 22 AR U6 I U
FXHE PRI AL,

a
1C,;=(2.331 £ 0.673) pmol /L
R*=0.9744

100+ b 1C,=(1.791 £ 0.196) pmol /L
R?*=0.9976

100} g o
1C,,=(9.408 + 0.148) pmol /L 1C,;=(6.995 = 0.835) pmol /L

R?=0.9832

L L s
0.0 0.5 1.0

B2 fbat TAE-226(a) LG 6q(D) |
A 6r(c) MAY 60(d) iy - 32 i 2k
Fig.2 Concentration inhibition curve of compound

TAE-226 (a) ,compound 6q (b) ,compound 6r (c),
compound 60 (d)

RS M T IS PR AL B ) 60 .6q 6r Xif
US7-MG MR 4nfa it 1C, 8, FFPik EEE 3 X,
FELL TAE-226 i B X HE, 25 R an s 2 i, 4k
EH 60 B IC,, 1M 6. 995 wmol/L, fL-&H) 6q H
1.791 wmol/L, k&% 6r & 9.408 wmol/L, 1M
TAE-226 # IC,,{H°4 2. 331 pumol/L,

3 it
KRICET — R GV R S Ew R B 1,
3,5- =AY, It HAEM T EA1% U87-MG 4
W PR G . 7E 10 pmol/L AEF R, b &9
6¢.6i,6p ., 7c Ml 25 514 36.10% ., 35. 36%
40. 52% .43.29% , W& A% T FH 1 TAE-226; fL 5 ¥
60.6q 1 R K T PH X BR TAE-226, 43 % A
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73.04% .99. 18% , FfiJ5 , MK 1 36 M4 itk &

Y 60 .6q .6r X IR ANAEAY 1C, fH, 73514 6. 995,

1.791 F19. 408 pmol/L, &A= EEA AW

E@?F?ii&% TR, R s XL A W 6q
HATIR— 2L W SE
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