® N RSz HAT (REZEARITIERRR) ) BRHT ISSN 0258-3283

* #  REREZOETI S (L) (CARRAT E

\ @ { PEREHITISERE ) KiERT £EAimAnk THATI10032 G2 A0

S & (PEFEARBTIGAENERE) EET  EEAMALITHERATI405E

-“*hl"@’
. Ve
=
it
20234 2F 455524

&
m
= T EWKAN¥RAERAR @)
> Eﬂrm Sinopharm Chemical Reagent Co., Ltd.
r
A
m
>
H
E - ;
2 ML

_ MERE

Z°ON G¥°IO0A
O

HEES P.LNAFRIR

“ popee

ERAR

s

-
@ SAPINGRBERERR |7 o “ > »
§ ﬁﬁtﬁ“ ’J\EF? HllllllilerTf"ﬁ',
E B
E'
ISSN 0258-3283 FEABMLEILERESES &
|| ‘ H‘ m il HE SRS
EHEALFLAFEGRAE £
91770258'328232 St RE A ARG RAT




owadnl 4 Gk A
A e AL ST AL

£ 5 5 A v i
S LZHEAR

RO ERT (REZATI GLEiR) MaRAAT
PER % ORRT EELFSHE (CA) W REATY

(R E B HAF R4 e ) SRR AR T 2ERMFMLTEATIL003R
(FEZFAIFISGE T EHERE) FIFHAT SEAHMNECTHERIATI405

thit: EERHAEBXKFEH8SEToS#107E  HBIE:  (010) 58321793, (010) 58321153
ML : https://hxs ). cbpt. cnki. net E-mail: webmaster@chinareagent. com. cn



1979 £ 4 A6F] -

R

F45% F2H

B 373 5

2023 F£2 B 15 HHkR

FERM
S N

H R B8 fiz
i HE

B B 4% A5
B & B &
ITERELT
#® Mt
E - mail
ZEESR
i %

£ Rl
M2 ERIT

E M iT 7 4k
BB EIT

A Tl B 2
Hh AT A 2

| 25 £ AT A~ 1R A5 BR 2 )
Jent EAKT S WA PR A

273250 St 4

A6 T PEIR X KA 8 5
6 S22 107 =

100050

010-58321793  010-58321723
010-58321153

https ://hxsj.cbpt.cnki.net

webmaster@ chinareagent.com.cn

EEE
fop

JEHRHE BN A BR 2 7
R R TR

Ml A AR 2-444
] 25 b i )

o ] [ B P 5 52 5 4 A
AR H

[ S5 M591

ISSN 0258-3283

CN 11-2135/TQ

P TR T
20170008 5

40. 00 Jo/7

480. 00 JT/4F

<t 3 X &

HUAXUE SHIJI

H /N
- ZiR5ER -
T KR S 1 25 T LT FETRTE IR v eveeveenveenee e
.............................. AU AT, ER,IEL (1)
T RERIMESWRIPURUE YIRS -eeeeeeeees
~~~~~~ BEFE I KD, FEF, A, ERRI(11)
RIR Z GBS W) S AT A RO BT eveeeeee

- B SHBHA -
AIRAIZEAL S DY 16 VAT TS 2
............... R4, %)

TS A R AR 2 AR5 ) BT S

.................. &JE

X 55 M KAR B BT (22)

JB oo
I, B A, T (33)
FEJE ceeeeeeieiii e
B, W RE, R, TR ATHBE " (43)
ST TRRIBEALTE A S TS W0 605 S HAOR S PE T 5T
--------- YR, T=E, 2F% ek, RI0E, BRE(S)
2-(2-F L) FIF kM (1) Fo & W& S H 5 BSA
VEFHBITEIETIFSE vvvvvvreereeeeeeneeniiirrieieneneeee e
JF R R R AP R BIE E(62)

Bk, L

CYP1BI1 57 WF 58 12 Ji

- Theedrt -

AR Z 4w A TR ER & 5 B
- REMH R, K HE EZEE NRE R

I i MR W T e T TR 2T A4 3R R S XS P (D) Y Wi

............... FERC ,%’7‘%*(69)

JEET(T5)

Rk, RIAG, P A BRI BE(83)

- T EREEA -

Wi SO T 325 DA R i 2 RE DU S BT v
--------------- FRATIe, AT, A, BHHEE, KIS, P (90)



21T AN [R] T e JEE £ U ) R I 1k S o o3 A -
W EE RS IR Ih ks RN AR £FR(98)
PR M R 79 ) B M B 5 IR RV i E RO A e

{]ﬂig_b? .................. A2 AR RR B, B (106)
M 07 RS DL AL B KT R AR G R R T 2 S T A AR
BIFTE woeeeeeerreeenieens B, A A, A, TR (114)

- HFEREINE -
3- VB i A Y R T 1) B B R 8 43 T 4 i 8 - 1Y ¢
b rsritc-3720| IERTERPS FHF KNKF, G R BAR,EF(121)
ZnCuNi-LDHs 145 S X MO W FFHPEBERFTE - vvvvveees
..................... B EA, W B YR (128)
MnO,@ Fe,0, &Rl # B HX R B AL B RERF ST -
........................... HIR R kT R (134)
- TSR -
TR v VB €0, i S TR O o ) 2 1 v T R AR I P 2K 1
£Ex 7/ B TEE LRI Bk, E— 4 A R, R0 (141)
— W PP AR NEER S s e S e
------ Wi Qi e BH M OREE FER(148)
- REYMRSRER -
PN EE IR G — FALBARUE TR BT A ARBFTE -evveeeeeeee
--------------------- Bk, 00, M #, S EMs AL T (155)
- EREIZHEAR -
18 2l K5 T DU B R B O T B S HEZRAE - ovveeenneeeenne

------ XMy B0y, BARA, Blmde AR TR (161)

b

= IR R A

2R FY A2 (R ) -
2023 4R f2A) B PETT B (R4 0T ) -

(ERFDN FERBEHRES

B o bRESE B ESE
A Rkt

* £ E 2
BlEFE 2207 T NI

BlEH (LHENT)
TratE #HE FERRK R
WEKE KRG By &R
WET  RkIE
& E (EHENF)
WAL HPRH AR B0 A%
fir W OWIEE WK BERP
HAEE WO a4tk e
E&T FHRE FEEE X W
L S I A G
b INARLT PNGEIG
7] The EEkx £ M
ERA ERRE EER EEN
HoOEH fRom RAR SR
MR OESC K @
FREGEE skarke R

7
%
b
=

Bl

w® =
o

(AH%d . Rl HRWY)

SO

b E R AZ O T

i A TR ) ke B T

(B 2 AR 255V B 1 ) ke Y5 )
CHEZAARIATI OGRER) ) Wt 5 1)

FKE (230 ) (CA) W3 1)

2 E A AL T 100 5%

4 [ A b FIAL RS S T 40 3R

(UEAF)EFRELXS



Vol.45 No.2 HUAXUE SHI1JI Feb.15,2023
( CHEMICAL REAGENTS)

CONTENTS

Progress in the Preparation and Application of Magnetic Hydrogels —«++«+sseesserssesseemtentimiiniintein e
..................................................................... DONG Li-ming ,CHEN Jin-yu,YUAN Yuan,WANG Shi-fan" (1)
Recent Progress on the Antimicrobial Activities of Coumarin-derived Heterocyclic Compounds «+««seeeerereneeeiiniiniieiiann.
------------------------------ PENG Xin-mei* ,WANG Jiang-he ,HE Yin-ju,Ll Yun-ping,CHEN Han-sheng ,CI Cheng-gang(11)
Progress in Natural Products and Derivatives of Flavanonol «-«-e-eeeeeeeeeees LIU Yi-feng ,LIN Ru-juan,ZHOU Zhuo-giang " (22)
Research Progress on Anti-tumor Activity of Chalcone Derivatives «««««««+++sssssssrmrmmmrmmerentiiiiiiiiiiii
......................................................... LI Lin-bo ,LIU Yu-xiao, FAN Ping-ping ,ZHOU Shu-jing LI Jin-jing" (33)
Research Progress of Tyrosine Kinase 2 INhibitors ««««r+eesesssesmmmmmmrmmntiiniiiiiiiiiiii i
------------------------------------------ YAO Hua-liang ,ZENG Xian-xia ,ZHANG Jie ,HUANG Huai-zheng ,HE Lin-hong * (43)
Ruthenium Complex Based on Butyric Acid Functionalized Ligand ; Synthesis and Antibacterial Activity Study ««-«+eeeeeeereeeeees
--------------------------- ZENG Wei" ,DING Yun-xia ,JIANG Wen-wen ,CHEN Xiao-yan ,RONG Xiao-juan ,MA Zhao-xia(54)
Synthesis of 2-(2-Aminophenyl) Benzimidazole Platinum Complex and Spectral Study of its Interaction with BSA +eveveveveeeees
--------------------------------------- YUAN Tao ,QIN Jiao-lan™ ,LUO Cui-ping,QIU Ji-jia,ZHONG Yu-jia ,YAO Peng-fei( 62)
Research Progress of CYPIBI Inhibitors ««--+seeeeeessummeeiinuinniiniii WANG Zhi-gang* ,FEI Rong-jie(69)
Synthesis and Applications of Composite Polyoxometalates ««-+«+s««+ssesseesrtesstruenttmtetintent ettt
------------ ZHAO Meng-ya ,TIAN Lu,XIAO Yu-sheng ,WANG Zhen-huan ,LIU Shu-ying ,ZHAO Huan-xi* ,XIU Yang " (75)
Preparation of Cellulose Acetate Microspheres from Waste Cigarette Filters and Its Adsorption Properties for Ph> ++vvveeneeeee
............................................................ CHEN Yan-min" ,LIU Bing ,ZHAO Wen-bo ,LU Xin,SHAO Bing-qi( 83)
Optimization of Enzymatic Preparation of Coix Lacryma Oligosaccharides by Response Surface Methodology =~ «+e+eveveeereeeeenens
................................................... ZHENG Shu-yi, ZUO Jia-xin ,DAI Xin,GAO Shu-juan,ZHANG Yi,LU Xu" (90)
Bioactivity and Component Analysis of Different Ethanol Concentration Extracts from Bangia Fusco-purpurea ««-+-+-eeeeeeeeeees
--------------- CHANG Gao-ping ,LIN Qiao-yan,ZHANG Min ,GUO Jia-huan ,LI Zhi-peng"* ,DU Xi-ping , JIANG Ze-dong(98)
Physicochemical Properties of Acidic Deep Eutectic Solvents and the Correlation with Astaxanthin Solubility ««-seeeeeeeeeeeeenes
............................................................ CHENG Wan-ting ,CHEN Shi-yu,XIAN Feng ,HU Kun,GAO Jing" (106)
Optimization of Extraction Process of Total Coumarins from Piloselloides Hirsuta by Response Surface Methodology and
its Antioxidant Effect «coceceeeereeeriiiiiiiiiiiii GAO Qi LI Qi-ji ,YANG Liu,YANG Juan ,SUN Chao” (114)
Synthesis of 3-( hydroxyimino-methyl) -benzoic Acid Ester and its Fluorescence Recognition of Selected Heavy Metal Tons «-----
................................................... DONG Yan-gin ,LIU Xin-yu,ZENG Zhan-peng ,PENG Pei,WANG Yong" (121)
Study on the Preparation of ZnCuNi-LDHs and their Adsorption Properties for MO «ceeeeeeeeeeneneaeiiniiiiii,
............................................................... LI Yang ,WANG Ze-hua , TIAN Hui-yuan LI Ping,CUI Jie-hu* (128)
Preparation of Magnetic Nano-MnO, @ Fe, 0, Composite and Its Treatment Performance of Phenol =~ ++-eeeeeeeeeeeeeeeeiiinine.

.................................................................. GAO Wei-min" ,CHENG Han-fei ,ZHU Qiao-hong ,RAN Jing(134)
Determination of Phenolic Acids and Phenol Aldehyde Compounds in Wine by Ulira Performance Liquid Chromatography
Tandem Mass Spectrometry =~ ««eeeeeeeeeeeeeeeenee. MA Yan-ling ,WANG Yi-ming ,CHU Kun,CHEN Chen ,WU Shuai "~ (141)
Determination of Five Anthocyanins in Berheris Heteropoda Schrenk Fruit by QAMS Method «+eceveeeereeerineeineniiiniin,
----------------------- CHEN Ling ,BAO Hai-yan ,YANG Ying ,LI Min LI Hui-min ,KANG Ying-ying LI Jian-guang “(148)
Preparation of Nanomolar Nitric Oxide Gas Standard «++«++eeeeeeererrrmrmmmmmiiiiiiiii
................................................... GAO Bing ,WANG Shuai-bin , YANG Jing ,FENG Yue-peng ,NI Cai-gian" (155)
Preparation and Characterization of High-purity Sodium Tetrathionate Dihydrate — «+eeeeeeeereeereeieii,
------------------- LIU Hong-mei " ,GU Fang-fang ,WANG Bao-jin ,LI Bing-hua ,DU Rong-guang ,CHEN Mian-bin(161)

Sponsor: China Association for Instrumental Analysis Honorary Editor-in-Chief. WANG Kui
Sinopharm Chemical Reagent Co.,Ltd. Iy :
Beijing Guohua Jingshi Consulting Co., Ltd. Selitiir il S A

Editor and Publisher;Chemical Reagents Editorial Board Phone: (010)58321793
(F2,Building No.6, Yard 8, Taiping Street, Website ; https : //hxsj.cbpt.cnki.net
Xicheng District, Beijing,, China 100050) intion Local P fi

Overseas Distributor: China International Books Trading Corporation Subscription:: Local Post Offices
P.0O.Box 399, Beijing, China( Code No.M591) Costal Distribution Code ;2-444



a5 EH 2 fh23i85%  CHEMICAL REAGENTS 1

* T
LFIRE R

brocrcercerceneroarcencancd

HEMEK AR B & R H N A ST R

TR HAeH, KR, EELT
(M TARFBE MRSk TR T35 0 221018)

TE TR M ABE R WORE DR LA S O RE P R M R R ) AR A 2R PR T 4532 G T . TR o R K R M 1
BOE T AR R | DA i MK R e L W B G2 2 RE B BT . A2 T MK BRI MR ] 25, 5 IR 6 |
FA Tk JEALUTETE MR TS . SR T AR B G R B W 25 ia e IR T S U I . B IR E X AR R
JE A TR o R P K B SR RE 22 D REAA R D T (4 10 AR T T R

KERIA N ABEIES WL s AKAb T s A Wy s o
hESES:0032.63  CEARIEFE A
DOI ; 10.13822/j.cnki. hxsj.2022.0522

X E 4= :0258-3283(2023)02-0001-10

Progress in the Preparation and Application of Magnetic Hydrogels DONG Li-ming ,CHEN Jin-yu,YUAN Yuan , WANG Shi-
fan™ (School of Materials and Chemical Engineering,Xuzhou Institute of Engineering, Xuzhou 221018, China)

Abstract: In recent years, magnetic hydrogels have attracted much attention because of their excellent magnetism, stability and
good biocompatibility. At the same time,the modification of magnetic hydrogels is also being carried out constantly to improve the
adsorption , transport and other specific capabilities of magnetic hydrogels.In the paper,the preparation of magnetic hydrogel mate-
rials was introduced ,and its application and effect in the fields of heavy metal ion adsorption,drug transportation and cancer treat-
ment were highlighted.The main methods can be classified as blending method, grafting method , in situ precipitation, and swelling
method.Overall ,in view of the contributions in the future developments, this review summarized the progress of magnetic hydrogels
in the field of smart multifunctional materials.

Key words : magnetic hydrogel ; adsorption ; water treatment ; biomedical
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Fig.1 Schematic representation of the methods for preparation of magnetic gels"*’
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TR K GBI K v AT 5 10 oA A5 1 R R AR *

FH HEAMERETE  EE ARG 5 M \ / -
Desorption solution

}IIJALIETJJ&%ﬂ(Ji%Iﬂu. 2 F)?ZT_\‘[B] o Adsorpuon' Recycling '

o (L ELA R A N FH A S, 1 7K s R ff

TGN 7K B W T 551 Pl 230G A R B A 2 g, / / Separation
LB 8 B U % A K TR B (o N\ /7S
Fos0,) BT (3-Fe,0,) ST (Fe,00) B e SO EEES % @
A2 A AR SR TT LR RAW TER R ® Physical forces A doorption of metals Recovered solution
I R BELEE RIS 2o R TR B2 DA R A
l}“;cj E(J%%ﬁ%ljﬁ %n%,fi , Jﬂﬂﬁl\ ﬂ:% @J /%3 M‘J%’ﬁ: 0] Fig.2 Schematic representation ?f adsorption and
?z 9, G pH {8 T B O desorption process
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Tab.1 Adsorption of heavy metal from wastewater using magnetic adsorbents

Adsorbent Qu/ (mg-g™") Conditions Ref.
Cu** Pb*  Cd* Zn* Co* TFe?* Ni* Crft Ag® Hg? G A AT pH T/
Fes0,/G - - - - — — — 85 — — — — —  — 25 [13]
F-MC - - - - — — — 1430 — — — — — L0 25 [14]
Magnetite-Dowex 5.5~
sox;gvx4 416.0 380.0 398.0 — — — 3840 400.0 — — — — — 777 25 [15]
FeNi,/TiO, - - - - — — — 380 — — — — — 30 25 [16]
i o= mo - = = = = e s )
FeS-coated iron — — — — - = = 69.7 — — — — — 5.0 25 [18]
MNPLB - - - - — — — 48 — — — — — 21 35 [19]
Ca0/Fe;0, — 273 — — 217.4 — — — - - - —  — 60 25 [20]
MCB 12,0 — — - — — — 81.0 107.0 306.0 63.0 — — 4.0 30 [21]
Functionalized magnetic )06 156 — — —  —  —  — 168 — — 50 25 [2]
microsphere NiFe,0,
MNP-PTMT — 53322166 — — — — —  — 32 — — — 70 25 [23]
cCM 1433 — - - — — —  — - — —  —  — 60 25 [24]
MNP-PN-TN e 5.0 — — — — — 7.0 45 [25]
MGO-IL - - - - - — — = — = — 160.7 1041 2.0 45 [26]
x‘?i:‘;tp‘;’rizmd double 1 5) 7 350.7 3861 — — — — — — —  _—  —  _— 60 25 [27]
MGO 62.9 2000 — 6.7 — — 5.0 — @ — — 243 — — 650(; 25 [28]
Fe;0,@ Si0,@ CS-P — 2128 — — - — — — - - - — — 60 25 [29]
XMPC 100.0 67.0 307.0 — — — — —  — — —  —  — 55 30 [30]
MCSB 1245 — — - - — —  — - — —  —  — 50 25 [31]
B R

2.1 DA R R o R I A e TR o 4 e BT 2 K BERE A R

fm TP AL T EAR SO RCIR S, B Huang % il % 7 —Fh g BR 1k 50 BP0 78

—E IR BE R IS MEREASE . JLh IR (WREME Fe,0,@ Si0, YKFIURI /K BECEK (Fe,0,@
(CS) RPILTYER (CMC) R LMGEE(PVA) S Si0,@ CS-P) (WA 3), If: % Pb* BLA & e £ 1
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W R, W% B 1 25 5 A 212. 8 mg/g, il £ 5 3 A
B3 Fin, 187 A48 8 F A7 i b i 47
T4 PESE I | Fe,0,@ Si0,@ CS-P 3 &
) Ph> 4 ARk B0, L R80(0.75 L/g) &

Mechanical stirring

Mechanical stirring

HAth 4 8 & F 1) 10 £5 24 L W A 4 B ot
ZLAMGIE O T RB 1 2R B, 1= W B 1 B RN
PEVEI AR Ph?* 3 2L 32 W B 570 2 1 @k 2 ik 1A Y T
INECT

Mechanical stirring

500 r/min RN 600 r/min % 300 r/min
[ % %
; oo u %2» : u
S 2
/) §Fe,0,@5i0)| &2 } S /} Q2¢0
K FS <] 5 b
o (FS) & ,  Dropwise > | Dropwise  OH &H\OH
& e utaraldehyde ‘ 4 \p=0
& H,PO, AT NH, o
1/ Cyclo} an 80 HL 2 {*\o.*
ol /& -# NH Y5 s
L NH, . & ‘e OH
Addinorder:  -g3% -$3% NH, & e\’ QH 0
> Ammonia ’Q’gf % NHZ.‘\.. b & 0 QH li\’
» Deionized water o’ OH Y \P\’O OH
» Tetracthyl orthosilicate Magnetic separation OH Magnetic separation OH
Fe,0,@5i0,@CS Fe,0,@Si0,@CS-P
(FsC) (FSC-P)

B3 REPERER LB & B

Fig.3 Synthesis route of the phosphorylated chitosan-coated magnetic silica nanoparticles

Wang %55 SR 5 2 0 B 5 58 ARG
Fe,0,@ SiO, H4K A5 BB e o 5P 4 M /K st
& XMPC, F F 43 20 25 BrK % Wb i T 4 s B
T, X Cd™ B EBR RN 307 me/g, %K BE AT
A2k 3100 T, O HL i O 1k AR 5 2 MV T
e

Tao 258 LU R BN 7K SR Ry B4R, 45 5
MR Fe, 0, , il £ T 87 Y 04 BG4 7 M/ 165
BERRNBE MR (MCSB) o BFFE T HXF Cu™ 19
FIPERE , B KW B 124. 5 mg/g, HAh MCSB E.
A RAFHIREVERE IR FREALSR N 12,5 emu/g,

DL AT AR, 3 e P AL T R Ak ik
FEEH MK RO R E &R B 7, AR Tl
15K B KA PR BT T R R SR i 5

Kamel %572 DL B R F 56 2 4 28 3% 4 T s
PR | 2o FLARFIAT A6 TR o5 P R k™ o DRk A 28 T
REPEKEERE . T AR L AF e R IL i 2 1L
BRI T AGE TR A0 1 R 0 22 1 B D TR D, i 1k K
BERERT K H Y Ph™ R0 HY 36 0 Yokt B AT = 8k
FZBRR, P> R L 0 e Rk 1 i R 4 i) ik
294.1.222.2 mg/g.

Jv 25V — Pl EL AT 2 L 4 45 ) B i
PER R A& 2 R-T N I 1R 7K 5E KX ( PAsp-PAA/
Fe,0,) , XF78 HLY R B 3 5 Fn b M 21 JoA by
B BRHPAE E , FH Langmuir 45574 3580 G 7 HY 368
P PELL A B R 4353 R 357.1.370. 4 mg/g,
BAMZOKBERE A R AF BRI, o] LIAE R
FeBR AR R G his e i R R B 5

[29]

Pu %55 SR A DR A I vk RN A R 4k 52 6
i 4% v LR T 55 SROBE /K BE S (PMCH ) , PMCH
SRR A OREERNA &R EA
A 1R PR 25038 % P> Ay e KR B 25 i 84..0
mg/g., DI L/ 38 W 3L 7 ROME/ 16 3 1R B R D
R 28 19 #E P R A K BE I ER ( Mag-Ben/CCS/
Alg) , W By 90 min 35 F| 5, Cu™ £ R RN
92. 6% , W [l 75 B M 56.8 mg/g. P& 4 WK JE %}
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Recent Progress on the Antimicrobial Activities of Coumarin-derived Heterocyclic Compounds PENG Xin-mei” , WANG
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Abstract : Coumarin core has high chemical reactivity. It is much easy to be introduced into a variety of functional groups to
achieve its derivatives with different applications,which are widely used in medicine, pesticides, spices, materials and other fields.
Coumarins modified by heterocycles possess diverse biological activities, multi-targets mechanism, stronger selectivity and lower
toxicity. These advantages make them become the focus for researchers in medicine field. With the rapid increase of microbial re-
sistance , it is urgent to search for effective anti-infective drugs with no or little resistance.The present review aimed to highlight the
current progress on the antibacterial , antituberculotic and antifungal activities of coumarin heterocyclic compounds in the past five
years.It is hopeful to provide reference for future exploration.
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Fig.1 Chemical structures of compounds 1 and 2

2a: R'=Br, R=H
2b: R!'=H, R>=0OH
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Tab.1 Antibacterial activity of coumarin-aminothiazoles

(1la and 1b)

R MIC/ ((umol - L")
VR xm rm gk Wk ene
Rl OFFE WITE BRI ARG
la H 79 79 79 79 79
1b OCH; 73 73 73 73 73

T 17 R WEME g (3) ) 4 v (0 A BRI L A%
AR AR TR T K R AR 1T G R 3 By
FAME TG M, MIC 24 0. 05~ 8 wg/mL, X i 48 7
R4 B ATERTE (MRSA) M T B £ 4w 6
FIFGERTE ( VRSA) M4 il R (MIC =4 pg/mL)
TN R B EER  BRR AL SRR
(MIC=4~32 pg/mL) ., ZHEY T 5 DNA [H]
ERG 25 A, 1 S B 2 30 )k BE (1C5,) 4 0,13
pmol/L, FTAE R A5 %) DNA [1] € i 417 il 57 47
WAWF5E

0._0 Cl
0 S“ N
HC CH

3

H,CO 0 - OH
(5
HO_J
4
B2 a3 A4 ke

Fig.2 Chemical structures of compounds 3 and 4
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RN 1 2 A0 P03 4 (MIC = 0. 004 mmol/L) ,
FEIE R 7D B2 (MIC = 0. 025 mmol/L) 58 6 £, H R
FEAE B P A AT 250 L (R A 4 RlaE I
TR R 5 B A B 5 DNA (0] e B 45 4, T B 3R
MRSA il fi&s | s 7] 48 A MRSA DNA il H &
Hl AR (AR IS TE T MRSA 2591 4% TR
AFERT

WEE MR o T T4 R0 R P A A (AT A 38
HEATIZ A YE | WE M b BRI Y A B R
(5) R B A BB R R IGAT R 3
FFER AT FEUD TR AN 98 5 BK A AR K T %, MIC R
41~82 pg/mL, FHERF LRI %G
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Fig.3 Chemical structures of compounds 5 and 6
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Fig.4 Chemical structures of compounds 7 and 8
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Fig.5 Chemical structures of compounds 9 and 10
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Fig.6 Chemical structure of compound 11
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Tab.2 Antibacterial activity of coumarin-pyrazolines

(11a and 11b)

MIC/ (g -mL™")

1Csy/

wEw o, K KB AHE
e R R ( pmol + e e e T
s Loy FFEORFE AR
1411 SM1411 NCIM-2901

11a OCH, OH 106 14 14 32

11b H CHy 111 16 18 40

D-I 2L Z TR 276 16 16 32




14 f2:38%]  CHEMICAL REAGENTS

55 45 B4 2 )

WOE, KR b 47 A O3-f7 fl—OH . —CH,
—OCH, AJ 34 5 B A #1061 A i — 20 Ak
FMEHMGIE T 454 1 DAIB #1157 244t T — A&
R,
1.3 FHORVKMALS Y P A BEE T

Wi 2549 1 S AR L, & i 3 AR
2 ANAH A A U 7 4R ) LT 05 i 4438, B
PEFIHL B AT A= W AE 25 Ak e S B A ) [
R AT e o FEBUIRCAE 9 0 T, %o K 22 4500 I o
AR I A T A R AT B 254880 1 24 R AE

Bt ST % A SR KM (12) S B BT
YT e (1) A A T T S A AR 1 I D il
Fabl 1 FabK #4571 ( WL 3) , Hipt Fabl (1) IC,,
111 ~ 158 pmol/L, it FabK Y 1C5, A 1. 13 ~
2.74 pmol/L, ZFEAA WAL BEA R il A AR
BT DA | T LA 3K TR R 4 60 R A BRI 1 AR K
MIC 4 2 ~ 16 pmol/L, 5 Bi# b B 4HY (MIC
2~8 pmol/L), L T B IP & (MIC iy 32 ~ 64
pmol/L) 3B HA AR BT 1 Jo LB Bk 1 A 4
B0 ) 2 BK TR T 1, /N R BRI BE (MBC) 78 8 ~
128 wmol/L ZIH], fb& ) 12 2544 h 8 A~k Jii+
1) B 5 o 35 ., WK ISR B X6} 24 55 ) i v s AN ] 20 |
2N IR 12b i M de it L ST
Fr G Z KM AT /4 Fabl A1 FabK #1771 8 42, Ky
FF & AR Fabl fl FabK $UEF$RAES % bk

kN — A S
BRI R G

o fees T
;i\’{//\jmo 0. 0 | N/ R 0 "‘,\
. / ¥ ;
(R e Sor 38
ks K IR f92-CH, Br " H96-Britii
R mpUvE I o HUA T
12a~12¢ 13a,13b

13a: R=H; 13b: R=Ts

B 7 fb&8 12 F1 13 Bfb2rsis

Fig.7 Chemical structures of compounds 12 and 13
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Tab.3 Antibacterial activity of coumarin-imidazoles
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Tab.4 Anti-S.aureus activity of bis-1,2,3-triazole-

(12a~12¢) coumarins ( 14a and 14b)
ICso/ . 1 ST U E b
[5) . It
WwEY R (pwmol - L") MIC 2% MBC/ ( ol -L™) a I B A%/ mm MIC/ (pg-mL™")
' bl FabK N S ) 14a F 26 11.70
BT BERRTH  HATERTE 14b cl 28 7.23
12a H 158 274 4/8  8/16  16/128 e R o~ 312
12b 2-CH,4 111 1.13 2/8 4/16 16/128
; =) g =] J a-TEHXS
12¢ 4CHy 116 1.75 4/8  4/16  8/64 FEE1,2,3-Z M (15) 22 REFHY a-Ye ) i
B R 22 8/16 24 I, IC,, R 4. 11 wmol/L, HXT 4 ¥ (0 4 4
R R 32/128 64/128  32/64 BRI R AT o8 0] ¢ 1 B T EL A R A 1 410 o
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Fig.9 Chemical structures of compounds 15 and 16
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Fig.10 Chemical structures of compounds 17~19
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Tab.5 Antibacterial activity of triazolyl pyranochromenones

(19a~19c)
U e
T B H A2/ mm MIC/ (g -mL™")

am
e Gl BRE RS SEG B RS
UL = L TR T
PR OFFE M RRE PR MR
19a H 17 23 24 12 6 8
19b OH 12 13 12 90 65 115

19c  OCH, 16 2 2 55 40 45
FOLRT TRT 1] 5 AR 5 M TR A 0 TR P AR R 17 ~
24 mm ,MIC 5 6~12 pg/mL, FFEATAY) 19b B
BEPERAR , (ARG PEA X585 , X Bk 3 Fh A e
[ MIC 9 65~ 115 pg/mL, HUAEEEATEY 19¢ i
71N AT A B (0B 2 IR TR O A ZF AT B AN BT
R SR A BA R B 35 M, MIC 4 40~ 55 pg/mL, HIE
A, A R C-10 ALEURIE R SRR TE K
AR THOR G R
1.6 FHEEXAEIRIA YOI E

& JE LA WA B 22 5 T N R Ao
FEPURE i, HB A B 3 o e I A B2, B
W IR A Wit 1 4 45 GO RS U R
FRIRELAR (AnE N 3 0 B3R R R ) IAR ( 1) B
G, A X BAR A BRI S ) 228500, AT
K2 BN ORI 2 1 T

ABEEFEMR( 1 )-N-ZIF-RE(NHC) (20a)
X KM T TR 9 30 B B LA R 21 mm, FE R P AR
ARG P (16 mm) A T HE R >, FHEA 0 &-
B 1)-NHC(20b) 7E 8 wg/mL s i 4l 3 {1 B it
R TSP B R PEAR S KA 20 kg
IR R R IR IR T A5 1 B 5 EAR (1) -
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Fig.11 Chemical structures of compounds 20 and 21
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Tab.6 Antibacterial activity of coumarin-Ag( I )-NHCs

(2la~21f)
e MIC/ (g -mL™")
=
P R! R? Lt — HALR
AR H
21a a A 3 16 8
21b cl %{ 32 16 8
21c cl +/—< 32 16 8
21d cl §<_ 32 16 8
Ph
2le a g/ 32 16 8
21f CH, %JP}‘ 2 2 4
NP <0.5 4 >128

VBT RE R B A ERT, FH %E-1,2,3-=
M- Ag (22) Xof Al B 25 6LAT AT | 4 €0 7 % Bk 1R R
FEEERR DA IS MR B P BRI 13 mm, IR
FHEARPPETETE  BRARE G, HEER
W5|k-Cu (23 ) 9% e 38 EL A7 400 5 3% e, s e 3R 1

B 12 k&% 22 123 ffhpas b =

Fig.12 Chemical structures of compounds 22 and 23

Wi E 1 ) S BB EE R) 2R 9 H SR 1 5 i 2 1
WA AN B RE 1, MR 12.5 pe/mL Y,
BCAH) 23 MU RE2F AT IR B0 KA T BRI B 43
ORGSR RER MY A
Y] i 4R AR R E FORE DNA pBR322 S il
IR E K
1.7 AW RO PP oA T

Xt BERAL A B 5T B A5 2 B B YT
PRSP Tk S 2 422 10 A 5 R bk (24, 24b)
JIR 7K 43 FiC 22 503 ‘B, % 4 B €0 B A BR P | 2R A R
R AT A R0 0] 3t A P L o LA o B P (L
£ 7),MIC K £ 0.2 pg/mL, EHRHF T E (MIC =
2 pg/mL) 1Y 10 15, L&Y 24a A 5841 DNA
2REET) LA 24b HLA F 201 DNA 24 fi G
1, ZH IR TR Y Ol 48. 42, fE v 1Tk 2)
YIRS T Bl (< 140) AN, etk T
TR AL MRS B E B R
WRIE (25a.,25b )t HA & TR IE K B R 5, 24
WeFE R 12,5 weg/mL B, %Al 98 0 B 1A DG B8 A0 305
PEE TR AR 2 (MIC =25 pg/ml) , H IG5
Ve, FTHHE C-4 AiEW 25b 16 6.25 pg/ml W E
TR REMIH 4 B AR ERE AR K, K EF SR C-
7 RTA 25a BURA Tk RE T 4T, H 454 A IR e

PPN N
FHEHEIHNS,6,7-CH, | y
AT b g

e
FER G
24a,24b

- AL W B 1

BFT-BRAES ) o OO
e

WRIESF Y SDNA~—

EEREYEE A S 25a,25b

25a: 7-position
25b: 4-position

13 fL&1 24 F 25 (L =25 R
Fig.13 Chemical structures of compounds 24 and 25

R HEIHEVEN(24a FI 24b ) HHLLN B
Tab.7 Antibacterial activity of coumarin-quinolines

(24a and 24b)

MIC/ ( pg-mL™")

L&Y . ]
g R logP  &¥ts  Flp K s
WARAE BRE TR BRI
24a 6-CH; 3.81 0.2 0.2 0.2 0.2
24h 5,7-CHy 4.32 0.2 0.2 0.2 0.2
WH R 2.0 2.0 2.0 2.0
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A5 DNA [ITERGIY Asnd6 5% BT T i s ™

TR AEAE TV 2 KRR TE 7= ) RIS 247 i
R R T B AU T T AR R S de e
Vi s e, B E B H B R Rt
[5,6-b ] 5[W (26 ) HA B9 BB G 7E, % 4 BT
O AT ER TR A B 2R TR KA AT R R A1
TR Y MIC 9 0. 125~0. 5 wg/mL, B AL T3
VR 2 we/mL>Y | B I 1 L R
WE (27a,27b) % 4 8 A ER TR Y MIC 23900 5
2.5 pg/mL (W3R 8), L TH N R (MIC =
10 wg/mL) , & 1 C-score (4354 6.41 6. 66)
W EFHRAYE (¥R 5.01) , 1b&H 27a 27b
AL 5305 R R G e S PR SR 6.4 4>
S

F LRI EIE I BRI
5 = H R RS R

27a,27b

B 14 feit 26 f27 ifraitg X
Fig.14 Chemical structures of compounds 26 and 27
RS FFUEMENE(27a M127b) HY
04 B (0 2 R AT IS

FEERM “-CH=H-"13%
0. TDNAREREH45E

FHEA (-CHI R BT T P
28a,28b

0._0
O//

o

\\B /I
B miEdE, R=S>R=0 ~~----*
29a,29b

B 15 feity 28 F129 mfesraita sk
Fig.15 Chemical structures of compounds 28 and 29
RY BRI (28a I 28b) HIHTAN B I P
Tab.9 Antibacterial activity of coumarin-morpholines

(28a and 28b)

& R logP MIC/ (pg-mL™")

i) S EOFAEKE M R
28a Cl 2.78 62.5 100. 00
28b OCH,  2.01 100. 0 31.25
EINTSRU 50.0 25.00

R0 T G RMLAERENE (29a 1 29b ) HHTAH B 1
Tab.10 Antibacterial activity of coumarin

pyrano-pyrimidines (29a and 29b)

ICsy/ PR

Tab.8 Anti-S.aureus activity of coumarin-pyrimidines o (nmol-L™") P8 142/ mm MIC/(pg-mL™")

(27a and 27b) ' DNA Bk i Wik
o R Coscore MIC/ (pgeml ) IR B BEERIE AIEKE GERREH AEREH
27a 5,7-CH, 6.41 5.0 29a 0 5.12 13 7.8
27h 5,6-Benzo 6. 66 2.5 29h S 4.91 10 0.4
2 NISEU 5.01 10.0 By 5E PG bk 16 13 7.8 15.6

AR 4.52

T R N0k 28a (logP =2.78) 1 28b (logP =
2.01) A TG EERR T, (A1 28a X 4 B (0 A5 4
BRTE 1Y 30 ROR B aF (W3R 9), MIC 2y 62.5
pe/mL, LAY 28b B 4 R L TR 1) MIC
31.25 pg/mL, 5 3% N ¥ E M4 (MIC = 25
pe/mL) . H4 &L ¢ R 2 B, HE i O SR (A
—OCH, ) 155 W # BRI (n—Cl) A3 F) 1 42
SIS, LS 28a,28b 1Y HOMO-LUMO
RER 8K, 39k 3.510.3. 508, HALA W) 28a
A] 5 DNA [0 iE i 1Y) ARG-136 5% HE T i &0, X
Al RE S PR IS MR I R R R

B2 RN 2,3-d ] BEE (29a F1 29b) 43 5]
R . 25 00 o) il 2 R A A R R R A BRI 1 A K
(W3 10) HHE HA R 13,10 mm, LAY 29a

X it R A BR B 1 MIC 4 7. 8 g/ mlL, 55 B 5 Ak
AH2,AbA W 29b X 3R B2 A ER TR MIC i 0. 4
pe/mlL, It 58 T BT 55 99 AR, 508 A & R M L
(IC5,=4.52 nmol/L) , b &) 29a.29b R 5
XL DNA [ e i B 30 1 35 2, 1C,, 4 3 N
5.12.4.91 nmol/L, 43 F X W, M5 e 34 I 4-
P EFETT S Asnd6 5% FETE L SUHE , W] 45 ey ot
DNA [F]jigft B il isd:" |

2 BERFMEVHRERSBATEENE
LRI e — i 32 B e 45 A% 2 BORT I (MTB)

JEYLTT S R AT A Yl H— 2R 259 &

BN SRR | 2 TR R R, (ELS
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B2/ 6 N HMRITRBIEE K . BEE 2525
SRR TR G 2 2 251 25 (MDR) FJ™ 32 Tif 2
(XDR) 25 8% 4 B FF 18 04 77 Az, F- 3R A &7
P A PEE i aa It

FIRTE L (+)-Calanolide A XF454% 7 BAT
1 Hy, Ry Il MDR G5B A 30, & 1,2,3- =
PR G 1-A09 B A B BT 45 K A e 25 4% T
BN T B EETRES 1,2,3- =M A A R 20
RIBTAAZ G W I BRALR . 1,2, 3- =BT 3 () 4R
BTG (30) BRI U, Wl AE S E R E R A
W, % Hy, Ry Al MDR Il IR 43 85 8k 591 /9 MIC
5.1.10.3 pmol/L,MBC 4 6.4 11.5 pmol/L, 1
TR T, S HIE T MDR I R4 B8k 591 B3
PE, o S0 BE FIARST L O R T BERIEE R RIS
6~212 fif, ZAAWIMEIEMES 1,2,3-= MR
T 52 3 22 6] f—OCH, — A 84 1 4> T HY %
PIER I, ZA A 30 MR InhA
EHEAMEIFI A DNA [ ERE B B HEA 155, vl i
T 200 T 400 R ) 5 A s B B T PR R
SR R SRR P A B R 1) 21 B 1A T A
MIBELLF B & (31) X MDR @ Bk (19 MIC & 32
pg/mL, EFEF- (MIC =64 wg/mL) (Y 2 175, 54K
JE(MIC>128 wg/mL) 4 4 £ L) F14T

0. 0._0 0. 0.0
F.
NQee Jus el
NN on s H,C N-N CH,
\ N+,
O\ OH O~y 2
HO 0
30 31
Br
N-N
o YN on
LI oL IO
O
0% ©

B 16 LAY 30~32 Mtk rait

Fig.16 Chemical structures of compounds 30~ 32

WAEGE 1,2,3-= 1% (32) SRR A9 25 4% 5
K FF B H37Ra $T B 3G PE R 4F, 1G5, H 1.44
we/mL, X i BR (9 H37Ra B AR DT 6 P A 4
1C5, M 1. 93 pg/mL, HE5H) PR F I AF7EXT BT
GG PEAS AT Bk, 2B WS A B T
DprE1 i A 485 BX 53850, -8, 935, A i =5
() R VR S S MR B e A

W AR A ) A TR R T = (33a i 33b)
FETC 40 B M G vk BE R 3R B 5 Nk R T R
(MIC=12.5 pmol/L) FHIT BT L5 K% 15 1, MIC H

15.5~18.3 pmol/L, HRAKR KW, FEERN 7-
NGNS 2 e b N RO O (BN G VAT ANGES B G
-1 5| A LB SRR TG P

s
N=
N_D O AR 0._0
FEEH7-0H He G 0
QeSS . N e
N F28-CH, AT NM :
33a,33b ¥ o
33a: R=7-OH; 33b: R=6-OCH, 34

B 17 1b&% 33 0 34 Mfbp itz

Fig.17 Chemical structures of compounds 33 and 34

R EAARA TS EFEE NS AR
R A ELR (34) HAT REFIIHTEE %o
BFFIEE 1, MIC 2 0. 12 pg/mL, & EZ R C-6
A7 ) BB o TP BE T . 2k B Y ReiE ok
TEEA LW 1A T R U 5 45 4%
SIARCFT TR HE B & R R Gk &L ILE21 SER94 FI
ALA22 FE R 4 A Ak

3 BEZEMULESYHNRERRENY

LA SRR R HE T xR N S £ BRE A ™ B
iy, e 2 ) A — BT L RR YT TR N SR Tz,
UK R | A% O S5 48 1 R 1V 22 98 3 I E 5 %)
T T 2R A, ER TR
L R R IR F TR 1,2,3- 7 (35) 1F
4 pg/mL BT EERE A B S i 4 i 7R T, XA
SERE M MIC K E 1 pg/mL, 50K Mk (MIC =
1 wg/mL) i PEAH Y, L& W e S F B
l4a-EH KA EE (CYPS1) 54, 4582 M AN
-11. 7 keal/mol ',

EtO 9EtH N
0%@\ HT\J;\é) 00
Cl Cl
35 36

B 18 fb&W 35 1 36 Mtk gt X

Fig.18 Chemical structures of compounds 35 and 36

G S W IR R T Y O 1) A T R MR (36) L 7E
WRER 0.5 weg/mL B REA S A A SR E S5
WAL PR B B ) A, o0 6 S R AT ) MIC Ry
0.25 pg/mL, BIRAL T #EEME (MIC =2 pg/mL)
A5 R v 1 A 15 2R PR RN IR A B8 34 10 B L TR
P, A TR A S R 2R S

WEEE1,2,3-=M(37a 37b) 7] 5 CYP51
ARLEA, ARG 37a FIH L5 37b
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X A BR B R v T IR R 1Y MIC
1 wg/mL, 5l BEME (MIC = 1 wg/mL) 1% 1 4
L1 WA R ATk (38, 38b) X S (B 1
PR A | 10 R AR 5 0T 1 22 e 1 T A A
FAE ARG, X EEIERTEBUCE F D
R R I ok e A (0 f7 75, o k&4 38b
5B NG R-S-£E R R G R I B A R R M
(-10. 8 kcal/mol ) , & 0 75 5. K 1) 1N fig 22 &
JEWR 5%t ASP302 1 ALA119 4 & 4 fik 14, i
ASP302 Wi 5 — A4 R AP W 2 1Y i L A
HAER, VAR A P LR R 5L 5 | 1 R R &
W7 AR IR

37a,37b
37a: R=Cl; 37b: R=0CH,

B 19 1L&W 37 #l 38 itk e

Fig.19 Chemical structures of compounds 37 and 38
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B R ELL T ) X HE R
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AL R DTAN R HUAT R ST RS T, BAT T A
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Abstract : Flavanonol , namely 3-hydroxyflavanone , widely exists in the plant kingdom and is an important part of flavonoid.It has
various biological activities such as antioxidant, antiviral , antitumor and antibacterial, and has attracted much attention in many
fields such as medicine and food.The biological activity of flavanonols is closely related to their structure,and their activity can be
improved or changed by structural modification.Therefore ,the structure ,biological activity and structural modification of flavanon-
ols were reviewed in this paper, hoping to support their further development.
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(20) . (2R, 3R)-4"-acetylastilbin (21) , (2R, 3R) -
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Fig.3 Chemical structures of other flavanonols
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Tab.3 Studies on anticancer mechanism of compound 2 and compound 4
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Research Progress on Anti-tumor Activity of Chalcone Derivatives L/ Lin-bo' , LIU Yu-xiao' , FAN Ping-ping' , ZHOU Shu-
jing'* LI Jin-jing*"*(1.College of Pharmacy, Jiamusi University, Jiamusi 154007, China;2.Heilongjiang Institute of Pharmacy,
Jiamusi 154007, China)

Abstract ; Chalcone as the natural product has attracted people’s attention due to its diverse biological activities. Especially in
terms of anti-tumor effect, it can bind to a variety of anti-cancer targets, such as EGFR, VEGFR-2, Ntoch signaling pathway,
PI3K/ AKT signaling pathway , WNT/B-cantenin signaling pathway and mitochondrial-mediated apoptosis signaling pathway.Classi-
fied by anti-cancer mechanism,the account was mainly focused on the research of chalcone derivatives in anti-tumor field in the
last years,in order to provide references in the development of novel anti-tumor drugs containing o ,B-unsaturated ketone structure.

Key words : chalcone ;natural product ;anticancer target ; antitumor activity ;research progress
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B K36y 7 IRt ) 32 T B, LB AR o) 4% i R
AL, G 28 0] | 2R A IR LA R R AR A T A4
R4 B R LR 4 g 25 ) LT 45
HAAFREREIE, B, st m &
R0 AR B FH B T R 25 st FE JE IE
FETIEMER IR =Wy o 1450, B IF & ik
KERT W, R i 308 1 s 0% | e P AT
RIE B e S A & W0k 2E A T B R 25 ) e PR AT

I He B #A.2022-06-13 ; M4 B & H 5 :2022-11-09
EEWA: BILA S & B EEA BRI 55 255 B (2018-
KYYWF-0946) ; £ A 7 K 2% 4 )5 335 H (IMSUZB2018-
02),

TEBE N M (1997-) , B KA, Wit 24T
FET7 1 RNy U 25 i 5 G

BIREE . V50, E-mail : 1ijinjing@ jmsu.edu.cn,

SIFZRST 2R, X R H B 46 ARSI & B b
Jiged VA A A JR [ 0] Ak Fa5R] 2023 ,45(2) :33-42,,
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WS B it i EBRA AR Z — . WNATATA , £
IR DR HG A BT o ELELAT 224 SO e A B A
MBS ZANE MR AR LS G 2 B2
K, PR AE DU O 1, 14 2 A RIS
Py ¥ B S A WG R, BEAE, AT A R
FEARMT AR P BB R i A ) 2 B S RE
WA AE AT 2 o — 2D A A AR 26 AL
P NATTRETEGT IR 25 O i, AR 2Rk B
S I AR A R T S AT 2 W) A 0 R 3 1
5 1T BB 5T AR, LT 98 A FH AL 28 17 0 26
LR | X8 £ 2 i 288 35 A 0 A B b R D T £
MPET E,

1 ERERETEMRITNEEE
L1 ARG E A RSP

HT a-Fl B-TUE 4 11 57 — B AK I 2R & T 2R
Z A1) S 4 A M O R ) I AR AR T A%
S0 (LA e A0 ) S rp ) A
250, FOA AERFAR AR 815 20tz iy S 4 i
LRI B T RO A A e S 3 v i
PRI, 38 1 400 sl - DU 3 1 2R 5 gk 2R 1) 23
Ji5g, RIR] S SO0 M A 22 93 45, 5 | 40
o, XA RIF A BTIE 25 i BAR SR 2

0
Sopae!
1
0 0
0 - o My
o O O o H ¢
0w )

N
o) bo oo L2
- 0 Oci T Cl 7 NH,
2 N Aot 0
0 N7, 707 1 SNH, g
0 H NH, ° 0

3.n=3; 4.n=4 5
0

~o 0 g

B2 HAMEGRAEEA RS &R RS
Fig.2 Chalcone compounds with activity to inhibit

tubulin polymerization

—, FEREEATA 4 AR A0, H
B ) AR AL BRI RO AN RS, A 07 15 0
EERAMH . 2017 4F, Shankaraiah %7
FTROKANBRES &SI A U — RIS R
[F) 2= R A A IR B A AR M O R AR M B
REWE, THCRI, LAY 1(E 2) REH B i
il 0 2 1 SR A DT IR R (R T B, 1C5, 1M
9.66 wmol/L, ¥ MIHLHIMIFR RN, LG 1 6E
% DA BE AR (2 14 240 it 7= A= ROS, BHL T &4t i &)
Wz G2/M I E A MM T, SAR 43 Hr & B
R 5 R R 4% A 10 28 P B Y K B DL 3C
Ny 5 s RS A T R P B A B i
EARABTEE,

[ 4F , Huang 251" D& B HH — 22 971 455 Pk e
(o L A SR BT A2 R S P98 T 1 T &
B AEZ RGN ED LAY 2 (B 2) X i)
FEANA 2R (ALHG MDR A ZRJEAE R ) F B 5058 1)
OB P (1C,, =3. 75~8. 2 wmol/L) . AN, 7E
15 pmol/L ¥R JE 5T, fLA W) 2 BB R A0 il
FAMIEE AR A, P HLHIBEE R, 1L
G 2 b BE % BH W 48 A R 0 & G2/M T 1
ROS 7K 5| R 1A 15 r A3 32 2 D K 41 i £, 38
C(eyto.C) B . F 1 Bel-2 . VA Bax 36 2 4718
T-HE F1 caspase-9 FIRLN I -2 F1 i caspase-3
5T NCI-H460 ZH Mg 1, Bl )5, IR 4L X
SET RIS BT RIS 1 YR A /K A 55 40 SE b e
23 oL i S e — TR Pr (V) A9, DA
WG 25 90 1 2B 0 ) AL | A
G RSN TSP KB, LA
3 LAY 4 (I 2) XofJa 40 B %) 40 458 B 3 A 2 L
#1( cis-Diamine Dichloroplatinum, CDDP ) 5%, SAR
U Pr(IV) & A W] 98 240 0 0 470 386 B 5% i it
LR T B 388 i i S i, AL A ST R B, 2k
A3 7] LT 40 30 &= G2/M W15 S ROS 7=
A R Bel-2 ByFREA EITA R A0 T,

Wang 00T 2018 EGHIF A T — &
B ) B R T KK A1 B 285 6 o s 1 e SR AT
IRERAT A, b Ak &9 5 (& 2) R Fe
PMEEAR AWM (IC, =7.1 pmol/L,
1C o sk = 9- O wmol/L) o AL R I 1 74
T, A 5 xR 4 8 40 L 2R 9 U 5 R
BP0 T PR BRI RKOK A, 2020 4F  iZ IR ETH
ST PR SRR ) S B BRI B 07 53 1Y)
PR AY) . 55— R O AT 5 BRI AT 1
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R REAfT AR Y b G 6 (B 2) e
A5 HiL B0 T B R R A (1G5, = 20,0 pmol/LL)
SRR, B 6 £ 5SS B A n4s
AP R Y BTG, H 4-H SRS R 3
4’5" - = WA B FEA IR AL Ala-180  Cys-241  Leu-
248 Ala-250 Leu-255 .Ala-316  Val-318 Fil Ala-354
FlZE, L R i K 8, 28 —2RNE 56 3
SERISRNN 2805 S A SRR AR, o kA
Y1 7( & 2) % MCF-7 R BLH HLBHE XS 849 CDDP
(ICsy=15.24 wmol/L) AL AP A 15 1, 1Cs, (H
H1.42 pmol/L, BEAM, L&MW 7 XFIEH 40 M &R
HEK293 F 3 AR X B AR 09 40 i 22 . R, 4k
EW 7 FIH SEY 3 MmO R R
HIEYE (1C, = 8.4 pmol/L, 1C g ppm, = 10.6
pmol/L) o A FXTHELI, LEW 7 £S5 HAE &
FIZ AR R LB M4, Horp 2-F A 28
AT FHK CASAL B 5% 3L Cys-241  Leu-248  Ala-
250 Leu-252 VAKX Leu-255 £, [l JE i 1 4% [ B B
KEEEER

Karimikia 25 DL K Patel %' F 2019 4E4>
ST AR B 1 o, B-AS 19 1 ] 110 XU 350 435 1
LB 2 ELA R O R A R AR R A R A
Y, HhZ% 3Gk 13 ) K EA B- £ Tk KL R
SERIIAE A 8 (I 2) SHARAIMAE 3 R A rm
HIHEPESS T BA NI o, B-ANH Ak i 4k & 90,
454 SAR STl o, B- AN A AL A W B A
MAEEARAMHAER RS, TR,
&Y 8 B—OH Al 5 LysB352 a5 AlaB317 JE i
AU, AR K S S R AWM EEH, 5%
SCHR[ 23 ] B T 8 — L6 32 371) 5 W Poge 56 114) % I 1
AP RSN IR TR I R B S 9 (E
2) %} BI16F10 Fl MCF-7 A % B 4F ¥t 44 58 0% M
(ICy,=11.14.10. 01 pmol/L) .
1.2 el A AL

e gea 1t A 1 A e AR R — AN 2 HLYE R R
Z M A R RN AT 5 1 32 T S 0 A A R i
B, Hod SR A A T R R AR T
(Epidermal Growth Factor, EGF) Ifil % N 2 4E £ A
F ( Vascular Endothelial Growth Factor, VEGF) A
Je i /N AT A AR K K F ( Platelet-Derived Growth
Factor, PDGF) %, 'E Al £ 238 i A 715 5 % T8
AR R BRI A A A A Y R A A
AR E BRI

1.2.1 ¥ % A K F 32 K (Epidermal
Growth Factor Receptor, EGFR)

EGFR J& 52 1A % % % 4 B ( Protein Tyrosine
Kinases, RTK) f) ExbB &%, EGF Fl EGFR %5 &
J5 5 14> ATP 43 F1E T J2 1 EGFR Jf P X Ry 5+
(1) 32 1A IR R S WAk, W A RS P 5 7
P, B R U7 A9 Ras-Raf-MAPK 2% B 2 45 fil
BRI R S, T S 2 M3 58 20 2 01E
SRS TR B R A 225 25 5 A
3 I M P, DT A 50001 40 B e o S ) i 38 2
N ARG S GRS RIS 3 2 SC R R A i
H EGFR ¥ e A4 |

I PR b P e 4 EGFR M P IX A2 1A 1% 24 1R
BERR AL RBH IE EGFR 15 5 1% 1 R 45, BH W H T i
M LA A PR I 2= G ) AR R A TR
T I A >, Mohamed %57 3T ) & B & 45
ST [ 4, 3-a ] s W IR 2 A4 119 AT 2K T AT A ) e S
AR EGFR 154 , & B HH 410 i e g3 i 45 4
KAEM, Hhik a9 10 (& 3) % MCF-7, HCT-
116 LUK HEPG-2 I H fe i A I 35 (1C, =
3.61.1.65.8.58 wmol/L) ., SAR 43 #r 0], 75 it
BRI A4 A 4N A R R R S B
DL F R A . /RS EGFR 16 M 52 55
FW A5 10 LEFEPEXT RS Staurosporine (1C,, =
0. 054 pwmol/L) B4, H 1C,, 54 0. 039 wmol/L,
IEA A9 10 B HA LR M RSMIURAE 8 A R

ch 0
@NI’“"\
o N -
N H ) 0
N

10
0 0
= R
NORACRAW
™
s
1 o~
0 H H
0,070 W IO
0 l/o o '/0 0 -
NH Br _NH
12

Sorafenib
0
N = (1§
SONCRAe®
NH 0
- 13 -

B3 HAGE AR AR RS

Fig.3 Chalcone compounds with anti-angiogenesis effect
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FHAER (1C,,fEA 8. 84 wmol/L, 1C s yoqumy = 26- 8
pmol/L) , 7 FXHHER LG 10 1EH THROKAl
IS 5 r , A R B R 3 4 T B L Leu-
248 Ala-315 Ile-378  Leu-255 5% 3L I IE w55 7K
1A% 17 W4 Wt bk R DU 5 ot S0 B A5 31 The-179 F%
FIG o WIAHE A, 2018 4F, Al-Anazi 45
B N Ry RS 20 e RO P D YN e e DA K=Y
URFFE T — R G & = ot /R EZS i &4, H
LA 11(E 3) RRIEARLF M4 & 7F 3POZ 1%
PEGL L, S B BRI S5 F 3, ATP 254 0 h
1) ATP 354+, FH1E ATP 5 EGF/EGFR &MY
G54, AN, % MM-GBSA HHEBLAY 11 5%
PN S I ZS A B —56. 6 keal/mol , i —F 5 iE T
HEAHEH EGFR #HIF 7% 11 .

1.2.2 B 48 P9 B2 A K R T 32 4 2 (Vascular
Endothelial Growth Factor Receptor 2, VEGFR-2)

VEGFR-2 J& RTK SZARH 505 , Xl e i 4% Fl
ik i AR 4 HLA LA AE T, BRI
B 240 J A0 i o T 48 v 35, VEGFR-2 4 &
VEGF 845 1) 4 A5 5 30 08, o038 ol 45 PN 2
M s, SR A K BT, ¥R VEGFR-
2 YL IPE 258, — a5 ATP 5% 4 i o 4 5
HEARIR Y ATP 255 F14S I BB T #5554
S, BN, VEGFR-2 Hl i 77— i b Z2 40 41
il 79) , T[] e BELUBIr 22 A X e 8 2 B R b 9gs 1l 4 A
KA wEEAE M5 Sl . Wang 400 3T
VEGFR-2 #1417 Sorafenib ( [ 3) ARFAZ L5 & 1
H— Z 51 A A R WA A7 A 0 O R B R A
VEGFR-2 il i& P b 54 12 (1 3) By #:
BHE(IC, =0.72 wmol/L) . AN, L& W 13 (&
3) %} B-Raf ¥t A7 45 P8 5 A 40 i 35 % (1C, =
1.8 wmol/L) , SAR 437 & BLH F A /R B Y o, B-
AN FIEA FB 43 254X Sorafenib f IR 55 AE 1% ok 35 40
HIEEPE , HLpT 2 (3-Br, 4-F ) 5 AP 48 35 45 B4 € 2 ot
IR 25
1.3 {553 R
1.3.1 PI3K/AKT {55 %

Wi e WE L EE 3 9% ( Phosphoinositide 3-
Kinase,PI3K) J& RTK % EGFR/VEGFR-2 T Jjif
HEEME G, s 5 R (LB IR ML EE-4,
5- W R i A8 R i A T L3, 4, 5- = B R [ PI
(3,4,5)P3],PI1(3,4,5)P3 455 I 10% 24 9 A R
FR UG AKT, Fifi = 38 2 0 2 fb ) 2 2 Fh i S 1A
T (4N NF-xB) I IIHI T 3L R g ik, BLAk,

AKT if BERE R fUA I &5 B GSK-3 .mTOR 5, |-
JABIEE 1 D, 5]k 40 A R B AR, S SO &
AR 2016 4F Shuai %5 BESE T R AR W)
Naringenin Chalcone ( f&i#% NC, €l 4) X} PI3K/AKT
{5530 S T2 HoxE USTMG 41 28 (944 9 ok
PUIIEAEH . (RAMIFSE & B NC X USTMG &R
) ) AR P S ) AR e P e 0 3 0 M
YRR T, F 5 T R OB R AR B W
i, Western EI3IE /M 2200 NC REWS LTS PI3K Al
AKT, [ PI3K #HC K K IkK P, 7E UBTMG
INERASE A H 33 0ok L 5 P e i e R R R R
NC RE B b i g A=

OH O OH O

HO OH OH ~0 OH
Naringenin chalcone(NC) 14
\0 0 0O OH
0. O X X
SORee 0
15 Lonchocarpin
0 0
3 g
> 070
i OH 0 o o 0" N-Ph
N
Licochalcone B(LCB) 16
0 o - 0o o
oo QU
0
] g
F oo (ON 18 (ON

B4 0 G i A R 2R A
Fig.4 Chalcone compounds targeting various
signaling pathways

1.3.2  Nioch (558

FEPE B 1) 45 i AE T 40 B ( Cancer Stem
Cells,CSCs) H FAT M 115 538 B 2 48 5 % FL Ak
JERBCAHI T IR BOR A Rg i 2 — . IOk,
Notch {55 C 8 UE WA 76 2 F A58 CSCs 1 4k
R [ FREE R A E AR A, B R I S A
968 VL R MR GRS 5 Noteh [ 55 SR WH
3 Noteh 75544 & — 7l J 75 40 i 7] 38 TR 3R
SNV SR O A EU 7/ =SS U 1) Y e | ) o o |
JL) B FTEHT LA R Al s Ak S EE A MR S
WG K5 T8 2 B K, 40 ADAM 43 )& 25 11 il
240 oy TR (GS) B AWM SE, J5 4 T HUE
% NICD Bt 5 DNA 454 8 1 CSL {2 it
Notch B 38 R il s 5 1%

2017 4, Mori 850 X6 K AR =4 43 F P v i
ZAREANEACA Y B S5 5T & B, AT A R B 2
LG 14 (I 4) XF T-ALL % 40 i 52 DND41
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A IHARYT BERS T8 Noteh f7 514 S5 M R 7 &
HAFPERFEAR (IC5, = 1. 92 pmol/L) , Western EJ 35
R A Y 14 BELIBAIHIE (1 ~5 pmol/L)
WA N1Val FiI N3ICD 25 13235 7KV, BEL ¥ 20 /)4
W% G1L I FE R T, Quaglio 7 HF &%
SCHR[36 105, F 2019 4EXHL &) 14 P47 45
M LRSS B A B A Noteh 15514 23
MRTEY) . fERE AN & KOPTKI ik L HEA Y
SMREH LAY 1518 4) BEFEAR Noteh HAR
SLH DELTEX1 9 N1Val % [ 33k DL & N 5 H
mRNA JKF- (EAEGUESE T T, AL W) 15 1
ARACEY) 14, SAR 73BT R, o, B-A TR S5
Tt 52453 20 T P 1 S el B DG HEE ]
1.3.3  WNT/B-iE 4 [ (B-catenin) {5 53 F§

WNT J& 73 W BIE A 1, W & 2F I R 5k A
AT H 3 ELSE o W R AEAE R, OF S AL T 4N
JEE 1 32 AR S G T A L P45 538 i T
FEPI Y5 X A R BB oA GRS A AR AN
IO B AR P . WNT {5538 B 7 4
WNT/B-catenin {5 5 i % Fl14E £ L WNT {5 5 il
i, A, WNT/B-catenin {E5 1 HE B 2 Axin
(ZEEM B LA ) (B-catenin Fl WNT 2 [
BN [B-catenin ) Tl R b B P e ) ok R, A
J¥ 968 2 B-catenin BE % 7E 75 2 B2 FH 22 2 IR 5%
LA = A AR N 3hE [B-catenin ) i T2 A R [
it I A2 T iR A0 Y 2R I RTAE TR, 2019 4R
Predes %% 28 Western i Nl 5256 & B R IR 77
¥ Lonchocarpin ([l 4) , B HAE7ERS K F R
PERIN . W2 E AR AN 2R SW480 , Honl i 45t
E AL N SRR TCF A 5 59 575 5 i 30 i)
WNT {55518 1% T Uif B-catenin [Fa g /K-, B
RIGr b s /e . ko, 38 & B Lonchocarpin
REAZLEPE LM ] HCT116 ,SW480 Fl DLD-1 454
200 i 2% 140 200 L3 B R 0 8 A L X T 4 i R
IEC-6 JCH WA il 36 P, 72 i P48 F b (AOM)) /
A TRENH T4 B2 41 ( DSS ) 175 5 1 45 1 Ji /) BB 7Y
H | Lonchocarpin 7 BE % B & I /D> ENDSRLE e E|
HEB
13,4 ZORLRA T 00 2 A T

MBI TR O e N IR R E  TE 2 B ™
PSS A B =R Pt g, HZ Wil
PEA AR IR AR BOMEE S T2 AR RS R Lok
PRA T IRAR A IR T 40 A P 7 A B A R T PR, X
BB TR I AR AR S5 AN AL eyto. C 1)

JL5T N BT AL BN ST 1 Apaf-1 JE K
ZREEY, 1L caspase-9, caspase-3, I fb 1Y
caspase-3 2L AR 20 i 25 ¥ 1) 06 75 B L BT, SR 3
AT LR TR AR D HOCHEE T
LARARRLFE AL, cyto. C A BT, BFFE R
W1, Bel-2 ZRE AR 1 5 e R4 B 3% 14 1 DG B 43
Fo HAT A3 S BR ) U8 oA JH Y BelxL | Bel-2,
PEFE T T-AE FH A Bax  Bak LS5 B 08 T 48 HI ()
Bin .Bad .Puma &la.8] o

RIS AE MCF-7 ot 208 @ H & iy
Licochalcone B( K LCB, &l 4) #E47 44K 4 i 1% 58
TG VEWTSE IS & 31, LCB BE LA B 5] v B 4 M >k
AR AN ] MCF-7 20 Mo 384 58, I 38 2 42 ks (4 4
ToRARSR S A ML T, 2% U BT g%
B Qe IR Bk R A U TR S
SRR, )2 0y HL A 5T 3R W] LCA BR % f
MCF-7 4ffd T ¥4 Bel-xL, [ Bax, % caspase-9.,
caspase-3,

2017 47, Yadav 3 IRG B — R 510 &
1,2, 3- =AM G5 14 (1R 0 e 7 I - o LA 7 448
BRI, SRR LS 16 (&1 4) X5 i)
4 i 20 AR 34 SR B R4 0 4 L RE R (1C, =
4~11 pmol/L) , HALAW) 16 XF N IEH 4L & (R2
TCW BT (1C,,>100 wmol/L) . ML Hr 0
LA 16 1% S MIA-Pa-Ca-2 40 g 28 k7 (A B Ha
PEFE PG Procaspase-9, 2 2R AR T8 412155
ST, A B 16 18T LIS RSN
FET- 2 IR i5 4% A 85 H Procaspase-8 HI{G 1k, [A]
AF, Yamali 2679 & 5l — 2R 51 2 A OR T4 A
Yy ARSI TG YE R R B G 17 (Bl 4) XF
Ca9-22 \HSC2 4 4l Ml 25 2 U 1 45 e 14 240 i 2 1
(CCy=3.43.3 pmol/L) , ZiIH gkt L ik
{EH (PSE) =3k 442, 3 W] H O i 96 20 i A5 5 3¢ 5
e PR . Western Ry EDTE LR fb &
Y17 BEPLIE H caspase-3 A 3 I ORI IR T 3%
7 AR T RS BT — RS
W IBE IR 235 1 1 T R A SRR A 247 AR St g
TRV A AL & 90 18 (] 4) R DIIR ok 411
il 4 Fb O RS IR 20 A A 20 M AR A Y AR S M
(CCyy=2.9~8.4 pmol/L) , Western 53 E[1 37k 43
iR BLA ) 18 BEIA T HSC-2 ' PARP i =
Y77 (caspase-3 [UJIEH) ) IFAR i caspase-3 [
Al (AR, A5 18 Xof g 240 i 14 326
PEVEREEIT AL S 17(PSE>1285)
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1.4 stk

21 if B P A 2 A FH 1 40 M A 25 4
A T R Q00 M G A A A AR
TR BT AN 2SS R S B AT
FEELINRE R ZEEL . A RIS AL A%t i Rs 40 it L
A Z R PE Y 2 A T AR AT A Ok
WA LR RGBT HL , (EXT B8 40 i EL AT e vk
B T 0 A R I B AT AR

TR =W 25 46 &, 36 T A5 W 0 0 25 4
P2 IR BT 4 5 BB e 2450 2 S iR 250 1)
FERIE, Smit 1 Q4TI RMG g A
R B S A R A B A R — &R
G AT R AR A, PR A
KIAEW 19(E 5) HeRE R /K 20 (E 5) 19

23. R=2-F; DMC
24. R=3-Cl;

25.R=2-C1
W\ 0
> OH
T s oq o
S 0 7
O
~o 0
26 0C26
0 NaO—Illl)—ONa
S04
S
F
BOC26P
B 5 BT RAT UGS PR S U
ARG
Fig.5 Chalcone compounds synthesized based on the

splicing strategy of natural product active structures

PR G PE R, AN X TK-10 408 &, AT & 1C, =
5.99 wmol/L,J5# IC,, =18. 87 wmol/L, IH4h, %
JRER 55 B9k 2, 3-(OCH, ), BUICa L &9 21
(€ 5) % MCF-7 F 5 HY 553 9 40 I 75 1, 1C, =
1. 02 pmol/L,

KIRFP W) FARE I ( Resveratrol , [&] 5) J&—Fi
FEETRIA TP i KR PR 2, HAT 21
AW T, N Sy R T TR Y R RE Ak 2 TR
Gao 55" F 2018 471 YK A P RE S | A4 K
S50 BT A L — R R A R ERT A, B S
A MTT 2 30F 4k T HX) A549 HeLa 1 SGC7901
AR EE . SRR AW 22 (B 5) XF
A549 HeLa 23U H 47 1 40 M 22 14 |, 1C, 1 53 31
4 0.26.7.35 pmol/L, AN LAY 22 BES B 3%
SR 4 i AS49 IHTS, BT Piper methystic-
um AR 2] A9 KSR A IR Flavokawain B ( FKB)
B Addila 250 7E 2018 4RI A L — &
YIAT A W I AL T H X MCF-7 #1 MDA-MB-231
AN EETE, Z5RR, &A F ut CL RS
Y 23~25(El 5) RI B4, 1 1C,,
MRS 9K 7. 12 F 4. 04 we/mL(fL&H) 23) |
5.50 F1 6.50 pg/mL(fbA& % 24) .6.50 Fl 4.12
pe/mL(fEEH 25) .

KR DMC (&l 5) PR3k 5 1) 53 B 1 i
AR I P AN T K L I PR FH v 52 31 K BR
i, Wang 45 2T 258 WA &, T 2017
AP R AP | T S RN L e Bk S DMC 1Y)
I FHEAHTERE A B — R B K 5 A e 1) 2 K T
iy, B s MR R AL A 26 (& 5)
X MCF-7 P36 58 16 YA T DMC i, B T
We R4 7, IC,, (i 15.1 wmol/L FEMLE 1.3
wmol/L, AN, tbE W) 26 Xt 2242 B T 1Y T 24
PEFEANM 2R Hela/ Tax A7 75 M 56 A0 B34 5l 75 M
(1C,=2.3 pmol/L) . KU 22 A ¥ F I B I
Sl R A RS S WA A I R BT he 25 1) =
BRI, Zhu 25V IREETRT 25K MG X A
B B0 g T 1 1) A R B AT A2 ) 0C26 (141 5) 38
1T BB IR AR 1 2R 14 LK s 1, D) ol
A A P e S 56w S B4 A ) R R ) e
Bt A5, BLER 19 BOC26P (I 5) Mide T
0C26 1 75 , oA T i v p: o, H R B0 o
SR 1 A R FH

E RS HA R A 2 e DA KTz R
s i — 28 H UL MR 250 TP i i
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Z54L , 2016 4, Mao %57 B F4r T I8 R s 1%
A R — R 5 4-WR e I A R fT £ Y,
PRGN R B, A5 27 (] 6) XF A549
HeLa F1 SGC7901 F I S ARPTIG IS P (1C,, =
5.24.0.19.0.41 pmol/L), SAR 43Hr3 0], Uk W
N-ZR 5L 1 1) o 26 A B i A i 2 1 A %E

SO, AR B R T MR S R ARG 27
16 25 mg/kg/d FIRE&MET ,ﬁ%ﬁﬂﬁﬂﬁiw}i*@i
., 2017 45 I AT B R BRIR I N-Z8 B HUA i) 1k
& 28 (K 6) X} A549 HeLa F1 SGC7901 % 41 Jfd
AFFAL T BHPEXT RS CDDP A4 a0,
EAL &4 28 X9 40 M %) 40 i 25 Pk 55 T &
27, Rt R AEE Y SAR BYS I %
PR T 2018 FEA ] B BUACA B 1) A /K T 5
AR ZE BRI MR & B, 47-Br BUC Y
& 29( K 6) Xt A549 T H Ak &4 27 .28
R PTG SE 15 P (1C,, = 0. 05 pmol/L) , Bl B 3%
BE E A 3R U X AT AR W i A B
GBS AN

\) 27.R=
N

o
i

Z%

@ (N

30. R=3,4,5-(OCH,),

N - 31. R=3-NO,
N/)\S/\WN 32. R=4-F
N
30~32
Rl
O O 33. R1=R2=R3=—OCH3
34. R'=H; RZ:R3:—0CH3
a N/ 33,34

N
6
B6 HARMHIERMARIEMLEY

Fig.6 Chalcone compounds with nitrogen

heterocycle group

Song 451 2017 AT — FR B F mE g
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Research Progress of Tyrosine Kinase 2 Inhibitors YAO Hua-liang ,ZENG Xian-xia ,ZHANG Jie ,HUANG Huai-zheng ,HE Lin-
hong ™ ( College of Pharmacy, Guangxi Medical University , Nanning 530021, China)

Abstract ; Tyrosine kinase 2 (TYK2) ,a member of Janus Kinases (JAKs) belongs to the family of non-receptor tyrosine kinases,
can be activated by many cytokines including IL-12,IL-23 and I-INF, then trigger the signal transduction and transcriptional
activation factors (STATs) to transfer the signals into nucleus, initiate inflammatory immune responses and participate in the
progressions of various chronic inflammatory and autoimmune diseases ultimately. At present,the research about TYK2 inhibitors
that mainly target its kinase domain (JH1) and pseudokinase domain (JH2) are gradually increasing,the former ones are ATP-
competitive inhibitors,while the latter ones are allosteric modulators.Given that the binding site of TYK2 allosteric inhibitors is not
the ATP-competitive domain, which can easily obtain the kinase selectivity and reduce the appearance of adverse reactions,as well
as cut down the risk of drug resistance caused by amino acid mutations, they are gradually getting attention by researchers.This pa-
per summarized inhibitors targeting JH1 and JH2 respectively according to its structure , which may provide reference for the future
research.

Key words: TYK2; kinase domain ( JH1) ; ATP-competitive inhibitors ; pseudokinase domain ( JH2) ;allosteric modulators
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ST L) TH2 A3 5 4 25 Mt S i T
RARGE , %I ) JH2 S5 R0k TH
FRE LER GRS BEL Ll AP 3 it RT3 it 25 40 35 %) A



55 45 &4 2 W)

ke R A5« T R ARG 2 R0 A B 5 45

A FH A 0 1) 2 A A 45 v S0 3 R (T
2b.2d) , X FARE A 3 EOT Ui STAT HO: 5
DR S5 RO BEL BT LSS 236 7 (8O, , T L ) TH2
SRR 25 BRI R T JHL A JH2
(L REAE T, AR SORE 70 3 $E 1) TYK2. 145 14 J5K
F8 400 S 0 0 38 50 R AT 2R 2

2 TYK2 &I
2.1 ) JH1 G538 ATP S 4P i 551

H T2 21500 R ATP 354 PR I3, %
T RALZ IR JAKL B JAK2 Y0 — 5 B EEE
I, KL VA 558 A SO AR YRR
LERHEAT AT RHA
211 2-FFEMERERTEY)

Brepocitinib(2) JF & F ¥ #i 2~ /], 17 4= T 0%
nE-2-fe ZAME AW (K 3a) , e FILEY 1 1
K, ATP % T8 TYK2&JAKT XU 5 , (HA7E
[ATP] =1 mmol/L M)A Bk T, iz b & W Xt
TYK2 (4MHI/E %55 (1C,, =774 nmol/L) , I
AR JAKL(IC,,=3714 nmol/L) , 4n[&l 3b 43
BT, BERERZAL T8 A BCREAZ O, RIS L S A
Mz &k VAL-981 IS EMH EAE ., T2,
&Y 1 S5 H LA 3248 v T ms g A% 8 il A 4
BRI R SR (e F R FRRAR T 50128
BETE ), R® #F 3% WK W& 5 4 (3, 8- & 44 W
[3.2. V] FheR RACR B A ) Vi ) 2 8 X 0
EHURIE R, DL 5 P 34 (P-Loop) AHEAEH
1R BREM], HRLOCR (SAR) R, R 7 B fff
FH R I T N PR e i e RY
PESIAM S-1,1- AN LEFE TR A TYK2 1
P-loop X35k, 3 11 - A TYK2 F1 JAK1 (440 15
BEME A 2, HAZMH JAKL 1 TYK2, Xf
JAK2 il JAK3 AT — (e 81 ; 7E 42 1 (hWB)
K Fp Xt INFa (1C, = 30 nmol/L) FI4E 21 40 i 4=
W& (EPO,IC,, =577 nmol/L) 1 i 7% B i il 2 4%
PEZ S BHRET, LS 2 TEIGIR Lk RS2 5
WO ( NCT03845517 ), 4% W % K &
(NCT03903822) AR JE i &5 & (NCT03963401 ) |
BE Bk BB R ( NCT02969018 ) | ¢ % &L %5
(NCT03395184) \15t47 14 45 M & ( NCT02958865)
BE 75 ( NCT02974868 ) . it A 1k Me ¥ ¥F If &
( NCT04092452 ) . 1% zh P& 4 77 B ¥ 51 5 K
(NCT03715829) JJR 1 i & ( NCT05076006 )
SFFREE R T AR Im PR — Ik 5s . JF HAESE

ﬁ%%%ﬁ%ﬁ[%%] \ﬁ}:%[}&m] ﬂgnﬂéﬁ,ﬁ%ﬁml,n] ':F‘
T L F RIRITRCR

a FF
R0 CN§ 0%
._'_'_‘.N‘_'_'_'_:"" N
LA GO . 7
,,,,, N____,E 0 \: N /
RUHL AN iQ)LNHEtE (EN N
I NN ' IN')\NLN
H H
1 2 (Brepocitinib)

TYK2, IC,,=23 nmol /L
JAK1, IC, =58 nmol/L
JAK2, IC, =366 nmol /L.
JAK3, 1C,,>4950 nmol /L.

b
r
Solvent exposed

TYK2, IC,,=23 nmol/L
JAK1, IC, =17 nmol/L
JAK2, IC,.=77 nmol/L
JAK3, IC,,=6494 nmol /L.

Met-978
.
<. § \ya-ss1 7;‘
-i» N Pro-982

Tyr-980
B3 afobaty | iR Kb a Y 2

( Brepocitinib) (N5 ;b AL &H 2 454 TF TYK2 JHI

AHIRSEH) (PDB:6DBM ) [y X-4H £ 43T

Fig.3 a.Modular decomposition of lead compound 1,
and the structure of compound 2 ( Brepocitinib) ;

b.X-ray structure of compound 2 into the TYK2 JH1

domain (PDB:6DBM)

Zhang %) Yang 25" L 4f 38 T DL 2-24 3%
WEIE SN H AR A TYK2 #0450 (] 4a) . (6B 3
R EA/E N JAK2 (IC,, = 0.7 nmol/L) Fl FLT3
(1C5y =4 nmol/L) WU S0 il F 4 1T, J5 A & I
HXE TYK2 6] 4 2¢ B 4 5 410 1 3% 14 (1C,, =
2 nmol/L) , W T BEAZ 2-Z(HmE g v DL 5 TYK2
JH1 45 X Val-981 JE B4 i it S SAH AR,
AR BEAZ A S | P-loop X U L (5| AH %L
P v VPR | RV ) R i X I =
S BEEU I A 5 AT s Ak S AR AR e
(&% 4, HLM T,,=9.8 min, HLM CL=141.6
ml/min/g) (S0 2T G P SRR I o i (LG [
B ARUE (LA 5) LA SR 45 1 NIPE o e 43
TR, SR R e R E M (HIM T, =
121.6 min,HLM CL=11.4 mL/min/g) ,{H A4
FIFHEEA . AR (F% = 11.9%) . 7E P-loop HY
W42 5 ABRIR SRR ek g B e AT, 15 24k A
Y16, LR T TYK2 MliiEH: (1C,, =6 nmol/L) ,
LAY 6 X JAK B EEA BT T, 1A
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FIHEE R B (F% =23. 7%) s 7 APk 9% 145
o2 /N BRI R B AT e AR B Be

a NC
OH

N—l? N—I:J
N F N~ N /P
| SN N F | SN /<g\N_s\8CF3
N/)\N N/)\N

H H

4

3
JAK1, IC,=26 nmol/L
JAK2, IC,,=0.7 nmol /L.
JAK3, IC,;=39 nmol/L
TYK2, IC,,=2 nmol /L.

NC

JAK1, 1C,,=912 nmol/L
JAK2, 1C,=196 nmol /L
JAK3, 1€, >1000 nmol /L
TYK2, IC,=4 nmol/L

Z HN
0
!
X 0 F,
d o
N’)‘N N’J\N 7
H H
5 6
JAK1, 1C,>1000 nmol/L
JAK2, IC, =157 nmol/L

JAK3, IC,;>1000 nmol/L
TYK2, IC,;=9 nmol/L

TYK2, IC,,=6 nmol /L.
JAK1, IC, =37 nmol/L
JAK2, IC, =140 nmol /L,
JAK3, IC,;=362 nmol /L

b | 4
P-Loop
.._\/ Arg-1027
n X _
- y \ )
\/\ j Solvent exposed
- RIS 1 Pro-982

l; 7 clu-9;9Tyi_980
B4 a2-ZEMEIERIEY 3~6;bLEWS 5
TYK2 % [11 (PDB:4GJ3) BN 22504
Fig.4 a.Compounds 3~6 with the fragment of
2-aminopyrimidine ; b. Predicted binding conformation
of compound 5 with TYK2 (PDB:4GJ3)
2.1.2  TEMRIFILEIRT A Y
&) 7( PF-06826647, (8l 5a) 7 JF & T #E
Bl FE JAK WS JHL ATP 47 55 AE 7 — 1>
L6 ) Met-978 VENF TN 5 AR 7 H A7
b, TYK2 $0A 45 52 19 11e-960 , HiAth JAKs 78 A7
B Val-981 (K] 5b) , F W FF & A0 1 i I mk g
JAK ZFM IR, 7T 53905 Glu-979 #1 Val-981 JE
WEGEAH B AR, (X M e 5 E S5 TYK2
1) e-960 A A= o 30 {1 R [ 4% % 2k e i | B
AT TYK2 ATP 2560 50 14 2 AT, DR e il 4 1)
1e-960 FRHE2E oM PEtE TYK2 i 37 Bk X %k
R AL T % X RIS ,6]- BG5S
IR ZR ) SAR 43HrHb, B8 2 nH I S ik R S S 9
T B EEAZ O (] Sh) | TR Tzl R S5 oA S it

RS Val-981 B A A BEAEH, ALY Glu-
979 tHEAEF, #EFF T 5 TYK2 Tle-960 Ay 1E H nh
%, 5 P A EAEHMSEE S SAR £, IR T
PE LTS HEARRE B 15 L A AT 4R 5 TYK2 43 51 %t
JAK1 Fll JAK2 BYBEHEE , P 38 AL M 5T (sfLogP =
1.7) Bt — & B9 N TR L% 25 W0 i B vk B8 (F, =
0. 38) FHAR A AR BR %6 (HLM <8 pwL/min/mg) .
Vo R P 5 7 DXl 3 5 | LG AR, 3 -F- 1i Wi
PR, B 1 BhE 5L e 5 HA s R R B4 G =
Fz g, BIUIEA Y 7 4 hwWB RIS, 7
ENEA —E A TYK2 415 (TYK2 Y
IC,, =15 nmol/L,JAK2 [#J ICy, =74 nmol/L) , 7E I
V- I VA P A A5 A 0T A TL-12 (1Cs, =
14 nmol/L) , [Fi# EPO(IC,, =148 nmol/L) il
PREFEA RN, Hil, Z A Y CfEfd 2
R FBES AR JE 5 8 2 (NCT03210961 ) 521 %
HSER T T I ARG O s 7 v B T B BE R AR
J& 9% ( NCT03895372 ) . it A Ak ik P 11 IR &
(NCT04092452) FFJ s e i 1 11 WA 5 7236 97
BEHOIRER S0 o B Ry

a P-Loop Engagement CN
Leave Group
Unsubstituted N-N” “—cN
N U P
ApAS
'S =N
NA S N
/! H N‘N\)\f\N_
—"~§_/{b Solvent Front =N
H- | Group 7 (PF-06826647)
N o TYK2, IC, =15 nmol/L
/ JAK1, 1C,;=383 nmol /L.
Valog1 JAK2, IC, =74 nmol/L

JAK3, IC,;>10000 nmol /L

5 a[5,6]-BG 7R R MGE R LG T
(PF-06826647) £t ;b AL 54 7 454 T TYK2 JHI
RS54 (PDB:6X8G ) 1 X-S 2/

Fig.5 a.Strategy of structural modification on
[5,6]-fused aromatic ring scaffold,and the structure of
compound 7 (PF-06826647) ;b.X-ray structure of
compound 7 into the TYK2 JHI domain ( PDB:6X8G)

2.1.3  SEIMrE RIS
Liang 25"V BF 58 18 & FE L e R 501k &9



55 45 &4 2 W)

ke R A5« T R ARG 2 R0 A B 5 47

8~11( & 6a), Hh, b GW 8 &4 il it i
VeI, N TYK2 B9 Ki {4 230 nmol/L, i 14
K MEmE 2 (7 e IR R LS I (B8 9) Bm
TS5 SR X Val-981 1Y A B A B4 FH HE T
PLESTYK2 B3 162 (Ki=4. 8 nmol/L) ;{HiH T
AT SERRTER (LogD = 3. 4) I 32 20w 2 1 46 i)
BMELITE &, TR, R R 2, 6- U 2R B R
PRIFEE IS 73 AT R G0 SAR BT, 3L 4 (7 i
FLE 10) 51 ABR T o] RABH B AR Y4
LA, B P-loop 1Y Arg-1027 B T EHEAH B
YEH , BE58 X TYK2 A4l (& 6b) 5 (1R,2R)-2-
SRR FE T L 1 B 4 U — 25 03 TYK2 193K
J1(Ki=1.6 nmol/L) F1X} JAK1 (Ki=96 nmol/L) .
JAK2 (Ki =62 nmol/L) 5% £ A% %, BELIKE TL-12
{5538 % (1L-12 pSTAT4 [#) ECy, =224 nmol/L) ; i
E%ﬁﬁ%%ﬂg'@?ﬁ(LogD=2. 5) ,?’fjtfﬁ":fj@
RIS PR IR (HLM = 1. 0 mL/min/kg) """

oo
NH

(0]
) ).

N N N%

H
9

TYK2, Ki=230 nmol/L
JAK1, Ki=2200 nmol/L
JAK2, Ki=1200 nmol/L

JAK3, Ki>5000 nmol/L
CN

N

F
0 H
W
Sy F
Y

N

TYK2, Ki=4.8 nmol/L
JAK1, Ki=84 nmol/L
JAK2, Ki=28 nmol/L
JAK3, Ki=253 nmol/L

10
TYK2, Ki=1.6 nmol/L

JAK1, Ki=96 nmol/L
JAK?2, Ki=62 nmol/L
JAK3, Ki=382 nmol/L

TYK2, Ki=0.7 nmol/L
JAK1, Ki=24 nmol/L
JAK2, Ki=22 nmol/L
JAK3, Ki=58 nmol/L

)

B 6 aZLMiERILAY) 8~ 11;b. A5 10 4
A F TYK2 JH1 fIRS5H (PDB4GJ3) 1) X-SHr
Fig.6 a.Compounds 8~11 with the fragment of

aminopyridine ;b.X-ray structure of compound 10

into the TYK2 JH1 domain (PDB:4GJ3)

KT ARSI R S S A A ] R Ak E ER B TS
ZRIAHR A A5 B O L LARR il 73 7 1 e e (k&
¥ 11) ,TYK2(Ki=0.7 nmol/L) 4417 i 3% 115 3]
i — 20 AR /) BRUER i o 452 480 v A ) A AR
R IL-17 W= A 2 R B R G 11 /B
R A IR T L
2.1.4 HITHIRRY
FICAIRLA 1,2, 4- = e L ol mE s 5 Ry B A%
) TYK2 #7655 - & T Sareum 2 5] (B 7).
AL G 12 Fe WA A AR 3 B AR I S
it (CDK ) il 59k 2 B0 | bl e B T 45 5%
Rl JAKT (1G4, = 21 nmol/L) Hl TYK2 (IC,, = 32
nmol/L) M1 FH ¥R 45 4ot sk ok 22 B i AT ) (b
G 13) TR B . T, Sareum A
RSSO ACEE i TR e S BERR 4y, L) 3R A
kLAY 14 F0 151550 2 3 BUM [R] 1 4 ey
PR EEE . b LB 14 TR ARSI rh 2
TR AR5 BEL BT Pl AN ] 4 B PS40 TL-12/11-23 | 1L-
22 Fll IFN-a FIF i85 19 JAK1 Fl/8% TYK2 {5 5l
5% 5 T LT DAl i s )N B A ki N &2 41

F F
0 0
HZN\(P\I{%\J F HZN\YQS_;? F
HN SO,NH, HN COOH
12 13

TYK2, IC;;=32 nmol/L
JAK1, IC, =21 nmol/L
JAK?2, IC,;=1700 nmol/L
JAK3, IC,;=950 nmol /L

o by

N_ P N\_JS\\O
F d F 6
\ X,
cl N‘{NH F NL/;‘NH
p NH, NH,

0

TYK2, IC, ;=42 nmol /L
JAK1, IC =45 nmol/L
JAK2, IC,;=2100 nmol /L
JAK3, IC,;=1470 nmol /L.

15
TYK2, IC,=1.9 nmol/L
JAK1, IC,=20 nmol/I.
JAK2, 1C,=50 nmol/L
JAK3,1C, >212 nmol/L

4
TYK2, IC,;=1.9 nmol/L
JAK1, 1C;=20 nmol /L.
JAK?2, IC,;=50 nmol/L
JAK3, IC,;>212 nmol/L

B7 eI RSIMEEY 12~15
Fig.7 Compounds 12~ 15 with the fragment of

five-membered heterocycle

2.1.5 MEREHFOCAA R

I I b I -5 2 TYK2 4014 57 i Nimbus
NFIFEARGED . Hb R A 16( 1 8) 7E
LR PR S A HAE 1 mmol/L ATP ¥ T r]
HRHE TYK2(1C,, =56.9 nmol/L) ; 28 1L-12 #
W RSP 1 A% 40 B ( PBMC) 119 p-STAT4 3%
Kt B A B (1C,, <150 nmol/L) ; Jf4 PK
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BeE (1R 10 mg/kg:C,, =2 105 ng/mL,AUC =
18 747 ngxhr/mL) Bnizfb S YIHA R 2548
By ket MERE BRI TYK2 #4617 17,18
Hi Galapagos A ®IJF & RIE" , Hd k&9 18
(TYK2 B IC5,=2. 5 nmol/L) ¥ Kz N5 1L-23 5
SR 2 B A /N BB EIYAYTY S d S R
ERCR . ARG 19 WE Abbvie 24 6T & 1k
WEFEAL I R B A — MR ERAL S HAe di ik
SR BRI TYK2 900 8% Fnst JAKT Al
JAK2 3£ (>317x 1 198x)

F F 0 F,C
N N7y NN
L0 SN
Z N ~N NH

y :

HN H \=N

16 17

TYK2, IC,(10 pmol/L ATP): TYK2, IC,;=1.1 nmol/L
<1 nmol/L JAK1, IC50:14 nmol/L
TYK2, IC,,(1 mmol/L ATP): JAK2, IC,=2.2 nmol/L
56.9 nmol/L JAK3, IC,;=25 nmol/L
human PBMC IL-12 pSTATS:
<150 nmol/L.

7
~ N
0 o
NI N\ N',NI N\)
—N = N A
\:.N H

18

JAK1, IC,=41 nmol/L

JAK2, IC,,=7.7 nmol /L.
JAK3, 1C,;=395 nmol/L
TYK2, IC,,=2.5 nmol/L

TYK2, pSTAT4 T-blast
EC4=92 nmol/L

JAK1, pSTAT3 TF1
EC,,>100000 nmol/L
JAK2, pSTATS UT7
EC,,>25000 nmol/L

B8 HbEIF ITAR I RSB 16~ 19
Fig.8 Compounds 16~ 19 contain the fragment of

pyrido five-membered ring

2.1.6 KIARS
5 20 (181 9) 2 a il 25 7R A5 v 2 fig
P I g il i 2 B, HEAS (S RE i A4 il TYK2
(IC5= 1.2 nmol/L, T H. 52 % 0. %1 [ 3%& 5 74 45
\Y%

Nsd N%— /—g
E} 0 07N 9
N/ ]ltl[ X N/ IIYI X
20 21

TYK2, IC,;=1.2 nmol/L.
JAK1, IC;;=120 nmol/L
JAK2, IC50=44 nmol/L
JAK3, IC,,=68 nmol/L

TYK2, IC,,=4.9 nmol/L
JAK1, IC,,=710 nmol/L
JAK2, IC,;=130 nmol/L
JAK3, IC, ;=400 nmol/L

9 (L&Y 20 IR 21 45

Fig.9 Structure of compound 20 and macrocyclic

compound 21

mY L FEARE M HARE RSO R A
IS Jot: ) 356 0 ML W 2R 3 45 B AL S 9 21, R4
TYK2 #0155 F1 (1C,, =4. 9 nmol/L) Wg A7 & , 15
X G N BOA [) 8 B AT BT 42 51 (145x/27x/82x ),
PRI, RIRSE AN 2 o i s B v TYK2 JH1 1)
FIEEFE 7 M),
2.2 fEHT JH2 Z5H93RAY TYK2 A5 #4115 7

TYK2 AE R4 15 5 4 S e 45 6T JH2 51 H
4 R ATP Se 4 254500 1, S50 55 I R[] 1Y)
R IR IR YT O AR 2
Ao BEHRTE) JHT (19 TYK2 ATP 354 PR 30 T
R, TYK2 AR5 7 i 3E i 2, 32234 N-
FH 5 0 P g 286 N- Y 56 o - 3- Y JHg 2% | ks
A IR S RIS I NE 2 TR AR IR
2.2.1  N-H LA Rl A N-HH S5 ik w28 -3- HEY ik e
Etivaely|

DL N-FH A g2 -3- FR I 20 R N- FH SRR 15 2 Ky
B TYK2 AR A4 ) 700 35t A R S it 5
(BMS) A A BF & (B 10a) 1000 35 F R R 43 BT
2:(SPA) MEAL G 5 8 F VR IR, & B4k
AW 22 5@ 35 TYK2 JH2 4546 S0R B4 T
E AR T (1C,, = 0. 46 nmol/L) , {HH X} JAK
ARG ) THT 2589 38 5 R B s B B Y ik $F 0
(TYK2 ,JAK1 JAK2 JHI1 ) IC, 50 51K 15,26,
24 nmol/L) , TEH ELAHMERE L5 AGACH 3 mT £
AR A X TH G54 3 i 1 428 5k 3ok el e A1
FIRY Wk T 5 o b e ) DA v 38 8 M B TN e T
SEIUAR 2- S0k E B Al AT mT s A R O A B o T i
TR LE DR R, AR B A Y 23, FEIL A
23 WZRIERR 3 5] A N-FI3E-1,2 4-=mk3E H
P WK A28 (B 10b), 15 Rk A Y 24
( Deucravacitinib ) , 55 5 P 3 & B b &5 & T
TYK2 JH2 Z5#def, %F JAK V5% JH1 45 44 4 24
B F B i 35 M (1C,,>10 wmol/L) | 1 HL = %%
4 hWB Hf 1L-23 (1Cy, = 5 nmol/L) il IFN-
(1C5, =13 nmol/L) Fr ¥ i& {5 546 5, 1oh, 1k
B 24 XF Z Fh Wy B OB AR A T R B e
(T,,>120 min) . K 4 19 8 3 % & % ( Caco-2
Papp=73 nm/s) , A SBARAY.C I 8 PE (hERG ;10
wmol/L B IR A 26% ) . H il , Deucravacitinib
164 2 %% ( NCT04036435/NCT04772079 ) fil] 2,
SE T MBI K K 50, R 4 M4 B R B
(NCT03920267) | £ J& #§ 3¢ 75 & ( NCT04908202/
NCT04908189) | 45 I ./ vi % B 93 ( NCT03934216/
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et R A5« I 2 R IR 2 R 50 A B 5 49

NCT04877990/NCT04613518) ¥ il & /1 4
TEME,

I
S
v e
0 HN 0 HN
P N Nen? N%
N 11} N b
22 23
TYK2 JH2,IC,=0.46 nmol/L TYK2 JH2,1C,;=0.13 nmol/L
TYK2/JAK1/JAK2 kinase domain TYK2/JAK1/JAK2 kinase domain

1C,;=15/26/24 nmol/L 1C,,=>50/>2/50000 nmol /L.
IFN-@,1C ;=37 nmol/L IFN-@,IC, =27 nmol/L

F

/
N h
NN NezN
0 HN 0 HN
D,C~y S D3C\N N o
H Nowz H || _
NN JW
H H

N

24 (Deucravacitinib) 25
TYK2 JH2,1C,=0.2 nmol /L TYK2 JH2,1C,;=0.19 nmol/L
Cellular IFN-@,IC, =5 nmol/L Cellular IFN-@,IC, =10 nmol/L
hWB IFN-¢,IC, =13 nmol /L hWB IFN-¢,IC =58 nmol/L

Y

Water :

Lys—642"

Slr-758

Val-690

Glu-688

¢

B 10 o N-HIRERKTE-3-HT Mt (23 .24) Fl N-H1JE
TRMERE (22.25) RIMLEY ;b AEY) 24 B55 T
TYK2 JH2 AR5 (PDB6NZP) 1Y X-H£k 2544
Fig.10 a.Derivatives of N-methyl nicotinamide
(compounds 23 and 24) and N-methyl pyridazine-3-
carboxamide ( compounds 22 and 25) ;b.X-ray structure

of compound 24 into the TYK2 JH2 domain (PDB:6NZP)
Bk &9 24 By N-HT 3% = 008 B RE A1 85 4 i
4-F5 M WE FE AT 45 B I IR 4% 3% 1k & ¥ 25 ( BMS-
986202) " | M HUR TR 51 A B3R 5 S
P (Caco-2 Papp=96 nm/s) , 4= 3, F-SEHEMAR I e
A Rk G I AN 5 1 G 5 A2 R 1 SUBE A ELVE
Ak &4 25 [RIAERE R &L il TYK2 JH2(IC,, =
0. 19 nmol/L) , %} 1L-23 filt & Bl K2 9% . HiL CD40
PRI RN A KPR /N AR 4 R
FEWRITROR . BT &9 25 © 458 AR B i
I A9 AR (NCT02763969)
2.2.2  DKIRIFmEGR RAIATAY)
BRI JF K 28 25 TYK2 JH2 41 301 [al 4

BMS A RIBER (K 11a) . L&Y 26 B2 Fh
R 3R 28 TL-23 SR 20 ek ) & 30, % TYK2
JH2 1) Ki {E M 0. 13 nmol/L, Jo#E 5% % HiAth JAKs
(1C5y>50 pmol/L) , 2y =y BEFEPE Y TYK2 AZ 4441
il 350 s AR AR AR 1 22, RN L R BRI/ BROFF I
FATPIEE 4 min 5, FR R 58 1% 14%
1%, AT B A P 0 AR e 2 In)
SIAMAEREA (&% 27) , FIRAGEYE L34S E
B K AT R, R AR e e B Y
27 TEN K BRI SR SIORE R v 1 7R R i A
B, IR SR50R 99% 76% F1 44% , 25 EEIL
G127 TAEAE 5 A EEE LA, REOLRIE T A
FRIAIZ BEVE (Caco-2 EIRE 34 nm/s) , TEAR N 5
Fa AR, N TP 2 E PRI AR E R Z TR G
R TEA I 5 A% 0 B0 X LYS-642 S A |
YRR T 9ol /0 S St AL 4% 1 [) Aok 2 bt i ) S5
BRI ARFE B Y 5, 15805 28,29, EATHI

a HN/l F
7~
\§ P
Ny ? H
N N 0
oAy H NH
A HO'y, OH

26 27
TYK2 JH2,Ki=0.13 nmol/L
TYK2/JAK1/JAK2 kinase domain
(IC,,)=>50000 nmol /L
1L-23,1C, =96 nmol/L

TYK2 JH2,1C, =4 nmol/I.
TYK2/JAK1/JAK2 kinase domain
(IC4,)=>20000 nmol /L.

11.-23,1C, =240/106 nmol /I,

HN” HN”
\\')ﬁ\ |\ N |\
AW i
0 NH 0 Z 0 0 CN
p
28 2

9
TYK2 JH2,Ki=0.20 nmol /L
Cellular IFN-@,IC, =90 nmol/L
hWB IFN-¢,IC, ;=268 nmol /L

TYK2 JH2,Ki=0.086 nmol /L
Cellular IFN-o.,IC, =25 nmol/L
hWB IFN-a,IC, =81 nmol/L

4

B 11 a BkmsIf[1,2-b ] WEE RS A 26~29;
bALATY) 29 455 T TYK2 JH2 k4t
(PDB:6NSL) Y X-JH 24514
Fig.11 a.Derivatives 26 ~29 of imidazo[ 1,2-b |
pyridazine ;b.X-ray structure of compound 29

into the TYK2 JH2 domain ( PDB;6NSL)
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A= W o 3 114% | ASAXRE 77 1400 53 1 Kk
A IL-12/1L-18 5 5 7 £ 9 IFN-y (7£ 1,10
mg/kg it T IFN-y 1R 5351k 45% 77%) ,
M H PR 5 mg/kg BRI 80T R BRI ST
RAGIY | Xt 18 P ST VE S BRI T T 7

H A7, Nimbus 2% 5]t X B e J- ik B8 2 TYK?2
T IE TR I g T &R Ml fiT A
DRI IEBEE R REAZ , A B T K IFZE TYK2 JH2 il
7, Horp  fbA% 30 #1131 78 hPBMC H AL &
TNEEA B A )3 1 (TFN-a pSTATS £ 1C, 3 5]
J91.2.5.1 nmol/L) , i H. H £ #5593k £ 1
(IL-2 pSTAT5>10 000 nmol/L) ; {Hi% R 51k &
Py %) R LA IR BEAR A (54 30,F:5% 5 1k
B 31,F.6%) ABXELIFF K .

TYK2 JH2,K =0.0023 nmol/L TYK2 JH2,K =0.0023 nmol/L
hPBMC IFN¢ p—-STATS,IC,=1.2 nmol/L. hPBMC IFNa p-STATS

hPMBC IL-2 p-STAT5>10000 nmol/L. ~ 1C;;=5.1 nmol/L
Rat Cl:52 ML/min.kg; F=5% Rat Cl:36 ML/min.kg; F=6%

32
TYK2 JH2,K <0.2 nmol/L

TYK2/JH2 JH1(%inh)<50/<50
hPBMC IL-12 pSTAT4,1C ;<100 nmol /L

hPBMC GM-CSF pSTATS,IC,;>50000 nmol /L
Rat Cl:52 ML/min.kg; F=5%

B 12 BREEIF[1,2-b ] BEEAL S 30,31 A
MRS I REART A2 ) 32
Fig.12 Derivatives 30 and 31 of imidazo[ 1,2-b]

pyridazine and derivative 32 of pyrrolopyridine
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Ruthenium Complex Based on Butyric Acid Functionalized Ligand: Synthesis and Antibacterial Activity Study ZENG
Wei* ,DING Yun-xia ,JIANG Wen-wen ,CHEN Xiao-yan ,RONG Xiao-juan ,MA Zhao-xia ( School of Medicine, Jiangxi University
of Technology , Nanchang,330013, China)

Abstract : Two ruthenium complexes based on butyric acid functionalized ligand : [ Ru(dtb) ,PHIBA ] (PF;),(Rul) ,[ Ru(dmb),
PHIBA ] (PF,),(Ru2) ,were synthesized and characterized.Their antibacterial activity against Staphylococcus aureus were investi-
gated through time-kill kinetics assay,rabbit erythrocyte hemolysis assays and checkerboard assay.In addition, DAP1/PI staining
assay ,membrane depolarization assay, DNA leakage assay and ROS generation monitored assay were employed to explore the anti-
bacterial mechanism.At last,the antibacterial activity of Rul in vivo was studied using Galleria mellonella.The results indicated
that two ruthenium complexes exhibited strong antibacterial activity against Staphylococcus aureus ( MIC = 1. 56 ~ 6. 25 pg/mL).
The most active complex Rul (1.56 pg/mL) kill bacteria through destroying bacterial cell membranes and inducing the genera-
tion of ROS.In addition,Rul could inhibit the toxin secretion and showing synergistic effect (FICI<0.5) when used in combina-
tion with some antibiotics. More importantly , Rul also effective in vivo.In summary , ruthenium complex based on butyric acid func-
tionalized ligand are promising antibacterial agents.

Key words : ruthenium complexes ; butyric acid ; antibacterial mechanism ; Staphylococcus aureus
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I =

2-(A-FRHLAEHL) -1 - LR s

[4,5-1[1,10145FE B wk

thid]fk PHIPH
Q OH Z.—F,150C

| —BE,
N : O /_/_< 1%, 8 h
N
I

2-(4 -0- T IR SL)-1-
FEFEBRMR[4,5-1][1,10148E B Bk

filf& PHIBA
OH
>§<“'
N
l =
Birsrie &
| N | =

(N I\ N~ N~

N N: ] N7 |

2

4.4 - T H-2,2" Bk hE

44" - H -2 2" BRIk BE

@m
@?Fg*

B 1 R RS P A R
Fig.1 Synthesis route of intermediates and

Ruthenium complexes

(PF,),(Rul) .[ Ru(dmb),PHIBA ] (PF,),(Ru2) .,
3 o B AR B MR B2 (MLLC) R ] 3% 5 4 (43000
I E T WA A 0t 4 9 (o A A BR i AP A
TPk, Bl 5 AT DAPT YL 0 5000 A% R % il itk 5

SIS 20 B S EEL A W LA K AR P ROS 114 1 4
SEER YR TS Y BTRE LS e Ah i
075 2870 WA S 56 D B AR A I FH S 8 i — 25 IR T
Rul MIBTRTEYE i 8 e e R &y ek e A Y
P T Rul BIARNBTRETEME

1 SKIEBSY
1.1 FEAAER S

AM-400 BY T A% e PR A ( 22 [ Bruker 2
) ; LCMS-IT-TOF %! 75 43 ¥ & i 1% N(%lﬂ
Thermo 2y 7] ) ; DM2500 Y LED 2¢5' i f#ts (1 [
Leica 23 H)) o

XPFESEEAR I IR T RRH R . =R (4t
afi 57 RRE R R A BRA ) 5 VKBS IR | R S ik
FRER (b4l VY B b 22 e A A FR A w5 2R e
N, N-ZHI S e e (oA 4l , L2 35 e A
BT ; e il B E 5 3t — 2P alife, &
(O ER B (P T B D B R 0 )
1.2 L&A
1.2.1 Ak PHIPH (& %

Hfl & PHIPH 16 BUZ MR 48 SCHk [ 18 ] i
R .
1.2.2  [Fiifk PHIBA AYE T

T£ 50 mL Y B EHIA 0. 776 ¢ (2 mmol )
rRlE]{A& PHIPH .15 mL N,N- " H 3L @ERE 0. 276 ¢
(2 mmol ) iR 0. 398 g(2.2 mmol) IR T R H f5
JEWFERIE 8 h, M4 ERH B R, A
40 mL KJEHTH K EAFE ATUIE, S IBIEEDITE
Ja B TEAF RIAR B Al R, R Wi R e
10 mLiIBBHER(VK) V(@B be)=1:1))5
PRSI =8 L BR 16 90 CHRSE M 12 hy A
ZEHE A 30 mL K JE AT IR AR B ETTTE . 1 ik
BEVENS B2 T 5] 0.778 ¢ Bk @Ak, 7=
% 82%, '"HNMR ( DMSO, 400 MHz),5:9.27 (s,
1H);9.10(s,1H);8.96(s,1H);8.09 (s, 1H);
7.74~7.58(m,6H);7.44~7.32(m,3H) ;6.83
(d,J=8.7 Hz,2H) ;3.90(s,2H) ;2.28(s,2H) ;
1.83(s, 2H), "“CNMR ( DMSO, 100 MHz), §.
173.73(s) 3159.51 (s) ;152.61(s) ;146.44(s) ;
137.64(d,J=110.0 Hz) ;134.73(s) ;130.49(d,
J=29.1Hz);128.99(d,J=97.2 Hz) ;124.74(d,
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J=54.1Hz);121.08(s);114.13(s) ;66.61(s);
29.98(s) ;24.08(s), HR-MS(ESI),C,,H,,N,0,, 52
WIHE (350 ,m/z:475. 177 0(475.177 2) [M ] ",
1.2.3 L&Y Rul MG A

50 mL JZ WL HIA 148, 68 mg(0. 21 mmol)
Ru ( dtb ),Cl, - 2H,0, 99.58 mg ( 0.21 mmol )
PHIBA .10 mL Z % £ 150 °C &SR0 F itk
M 8 h, RAZEHJE A 30 mL 4 F1 7S S R
PR AR R TIE . M= b Ek
BRFE(VOORE) V) = 2:1) s aif, et
WO T 7818 5 45 156. 08 mg 2L K, 778 53%
"HNMR ( DMSO, 400 MHz),8:9.17(s,1H) ;8. 86
(d,J=15.2 Hz,4H);8.05(s,1H);7.97(d,J =
8.6 Hz,2H) ;7.79(s,2H) ;7.76(s,3H) ;7. 63(d,
J=6.5 Hz,4H);7.59(s,1H) ;7.53(s,2H) ;7. 47
(s,1H);7.40(d,J=7.2 Hz,2H) ;7.34(s,2H) ;
6.95(s,2H);3.97(s,2H) ;1.97(s,2H) ;1. 84 (s,
2H);1.41(d,J=9.9 Hz,18H);1.34 (s, 18H),
BCNMR ( DMSO, 100 MHz) , 8: 162.25 ~ 162. 05
(m);160.59(s);156.88(s);155.34(s);154.33
(8);151.09(s);150.67(s);149.95(s) ;145.89
(8)3136.99(d,J=66.9 Hz) ;131.32(s) ;130.93
(d, J=41.8 Hz); 129.25 (s); 128.16 (s);
127.97~127.84 (m) ;126.69(d, J=117.1 Hz) ;
125.38(t,J=45.7 Hz) ;122.31(s) ;122.10(d,J =
36.4 Hz); 121.26 (s); 114.92 (s);68.51 (s);
35.98 (s);34.45 (5);30.54 (s);26.35(s),
HR-MS(ESI) , C¢s H,g NoO,Ru, SEIMAE (35318 |
m/z:556.231 6(556.232 4) [ M-2PF,-2H]",
1.2.4 LG Ru2 G

AP Ru2 A BT L S50E6%Y Rul 6
W7 M A, A Ru (dmb),CL, - 2H,0 B AR
Ru(dtb),Cl,-2H,0, 1% 259. 64 mg fb& 91, 7= &%
46% . 'HNMR ( DMSO, 400 MHz), §:9.21 (s,
1H);8.74(d,J=8.4 Hz,4H) ;8. 17(s,1H) ;8. 00
(s,2H);7.81(d,J=7.5 Hz,5H);7.59(d,J=8.5
Hz,5H);7.41(d,J=5.5 Hz,5H);7.21(s,2H),
6.99(s,2H) ;4.06(s,2H) ;2.57(s,6H) ;2. 51 (s,
2H); 2.50 (s, 6H); 2.01 (s, 2H), “CNMR
(DMSO, 100 MHz),5:172.92 (s);160.10 (s);
156.72(s) ;154.29(s);151.00(s) ;149.86(s) ;
146.72 ~ 144.03 (m) ; 137.36 (s); 131. 13 () ;
129.20 (s); 128.92 (s); 127.97 (s); 127.3 ~
127.00(m) ;126. 10(s) ;125.35(s);125.35(s);
121.81(s); 114.94 (s);66.34 (s);30.52 (s);

24.58 ()3 21.00 (s), HR-MS (ESI), C,, H,e-
NgO;Ru, S WA (35 M), m/z: 472.137 5
(472.138 0) [ M-2PF,2H] ",
1.3 HUEE s
L.3.1 S IR e ok B2 5 sk ) 75 h

Qb 0T H5 I 1 4 €5 2 BR B R B £ TSB
KRS0 B 1 000 A% J5 15 21 41 o TR B, SR 5 8
50 L SRR R B ET L A9 (0. 2~200 peg/ml)
5200 pL 4EZHIAZR] 96 fL VA, 7E 37 C
K97 20 h Ja WS B AT i ok B 4R (A

Xof S E) % A0 R 2 i 224 8 S T vk B A 4 T
&) 5 AN IR B A 37 C LRI E | fEf8 E 1Y
sk ] 457 200 TR TP TR RS 100 A5 9143 A 7E 85 5377
M b ,37 °C T35 20 h JG X TE#E T 4k.
1.3.2  DAPL/PI YL 525

Y B Y (0 SIS AR 4 SCHR[ 19 ] SE 88 T R TF R,
A T TR 1) 4 B 60 7 2 K TR S 0 ISR, PBS
THVE 3 WA H PBS ZZ Pl i B2 1x107 CFU/mL
2. Rul (2xMIC . 4xMIC) Jin A E] 41 1 1 &
Wrf 37 CWFE 2 hy 3 5IHL 20 wL(10 pg/mL)
47,6-7" bk 24K JL W WE ( DAPT) AT 20wl (20
pe/mlL) BUAL S BE (PL) i A B 40 B B, & IR
58 30 min J5 , HILRETO0L T MR RUE .
1.3.3 4 A A S e

WA X RO A= K 1 4 v 0 25 3K TR, PBS
R A BEE 1x107 CFU/mL, 1A Rul (2%
MIC 4xMIC) J57E 37 C FIFE 2 h, KRG E LI
AN, PBS YR 3 G AT PBS i+,
JIA 30 pL(30 wmol/L) DiSC,(5) Z¢ Gy kl, B
ZAFFIEE 1 h 5l RO B RE
1.3.4 WEEBEESE

SO E A ERETE S 0. 4% LB M9 B 57
Ferp R SR, B WA IS PBS 4N
B, B2 mL 40K 400 WL 25807 W LA B 100
L £B-fil§ 5L 13 -B-D-2F: FLBE 1F (ONPG) I A #] 10
ml PR, F S AN o 60 B T 2 1R A TR
415 nm A HY I OEREAE
1.3.5 KRiltER L5

WCAEXTEOA A K R 41 B, PBS PRI 3 IR
BF PBS i, A Rul (MIC ,2xMIC) %
BRI R, B R R B A 0. 22 wm (38
PR UE A0 B . 2k R VR 55 40 a3 S B I W A
260 nm Ak A EE(E
1.3.6 ROS Wi

AR EE 9 Rul (2xMIC 4 xMIC) 5 40 & 78
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37 C FIFE 2 h, 5% J5 H PBS i 3 W n H &4
B, IMATAHE N 10 wmol/L [ 2,7- &2t
E T LFREE (DCFH-DA ) YRS 7E 37 C4kLLiFH
30 min, K5 3 600 r/min B5.0> 5 min YL, ]
PBS V¥ 3 UK o SR AR 1 SUga A T
1.3.7  RETANMIA I S5

1 BE 5 Y 4H T B TSB 8% 5% LR R
1 000 fi5)&5 , INAETBE & W) J5 dh 2285 5% 16 h, &
O WSRO B 150 WL 4078 W5 A 25 ul
B G L 4H AR 1 mL f9 PBS Z& v, 37 C
TWEE 30 min J5 250 WCHE ISR, 7E 543 nm 40
DU SE 1 V5 W RO (AL
1.3.8 MLEEHLE

¥ 25 wL S AFEIHREE B Rul 25 pL AS[AR
FIBTAEZ A 200 L 41 P B 7 R (il 28 7 vk O e A1
TR IR AR 96 FLEAR P BEJSTE 37 C
TEJREE SR TR FR 20 h e L &4 F G MIC {H,
PAFPZ IR FHAICR AT FH 4 A i vk B2 H8 25 (FICT)
AT, 24 FICI<O. 5 IR B BRI,
1.3.9 KSR L) A4 P e G A A

BB A K AN, SR 5 ] PBS 28
RO A FE . OD, = 0.3, FIT A7 K i 40y ey
BEMLS R 5 20 (R4 12 5) IFH 75% B0 X
SIEBOLETE . KIS L) A 5 E R AL ST 10 L
YRR, 1 h S5 RIS B 4y A s T A2 1
10 nL (16,32 .64 mg/kg) A /9 Rul 1 64
mg/kg FIrBEEZR, Wil 7 d N RIEIE L) B 7T R

2 HR5ITR
2.1 ST TEE
ARSCLLT R A LB AR IS IATT A 4 o T A
BT PAFATAL G Y, AL & Y S5 F i i v
O B AR T A SR S M BRE HEAT T RAL,
A 3 FR AT R R (MIC) 5 P T PRl AL 5
Wns <5 €04 4 BR TR A I TR S A, AL Rul
Ru2 [ MIC {E4r 5K 1. 56 6. 25 we/mL, {HAFE
B, LB Rul WHTEE ] RS T PORE
F(MIC=7.80 pg/mL) , X—Z5RELHPA411k
EYRARFERPREE (R 1), N T8
R LAY o U 20 4 0 (3 % BR TR 1Y
AR T W
Tab.1 Minimum inhibitory concentration of ruthenium
complex and antibiotics against Staphylococcus aureus

k&Y Rul Ru2 KRE\ER PHIBA
MIC/(pg-mL™")  1.56 6.25 7.80 >200

0 15 30 60 120

t/min
25 0.5xMIC MIC 2xMIC 4xMIC
.2 Y

Ny S
| A
Ru2
7.0
o
E 2
E 6.5 3
< 4
EB -
5
6.0 1 1 1 1
0 15 30 60 120

t/min
Z5H 0.5xMIC MIC 2xMIC 4xMIC

G 3

M2k 1~5 MU BE4> 1R 0.0, SXMIC \MIC ,2XMIC 4xMIC

a.Rul;b.Ru2

2 AFEEACE YT B O R R I TR 2k

Fig.2 Time killing curve of two ruthenium complex

against Staphylococcus aureus
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WFRETL G YA TEE R B A TR B i 5T A
Y5 4 v A BR A AL R SR 6 AN [R] B[]
SO TR A0 B R AR ORI R TR G )
(0. 5XMIC ~4xMIC ) AbFH 2 h J5 | 7176 B9 41 1 K
B0, ALY Rul (4xMIC) BETE 2 h NARSE
39% 14 8 A A KT (18 2) o DL B g R KR,
HFRET AP UAT LA 0 il 40 B 1 A= 1 i
HA AT LI SRR R
2.2 EMEEWRII B
ZRFEAY) Rul A B8 00 B 15 % L
Rul W5 XS G2 i — 20 55T A6 W 0 30 AL
il e, it DAPT LA PT Y (o 5206 Woi 1 40
B AN Y 52 2 M . DAPL AR 3 DL 2 e ek,
5 DNA 45 & 3F on w200 i 0 5k, W ik
21

a

DAPI

PI

25 pm

25 pm

DISC,(5)

DAPT Zb 35 408 2= A i 5 6 . SR P YLkt
HRE SR 2 A Al L, L AN S DNA 25
BIGTAELA AT, 45 WR, Rul AbBJS )
21 52 0 5 2 A T € RN L (29Ol 1 AR Ak R4
AR W 5 X B Rul BEAT R0 R 40 1 41
MR e #E M (K 3a) . B, 33 DISC,(5) %
FCIREF HE— 5 W T Rul 40355 40 14 40 g B
LSRRG, DISC,(5) & — s 2= M Ak #4
S Y HLEBERE WL o T 2456 Ja 9O TR, S 2
L BB A3 B 2 T OB P A7 & AR 8 Ak IR I DISC,
(5) Yokl o DAt M REERA Big A3 25 rh Bkt ke i
KAELHOTEE, G 3b R, Rul 205 40 5
I I A AR A 5 1 1 BH A0 D A0 M R A R
Ja B AL

2xMIC 4xMIC

25 pm !
25 pm !

4xMIC

L PBS Ab 14 21 Ty Xof B 241
a.Zt DAPL Fil PL Y40 ;b. 2 DISC4(5) Yuta
3 A[RIVEEE Rul Kb RS 205 22 5% (05 B 56 R 1#
Fig.3 Fluorescence imagings of bacteria stained after different concentrations of Rul
MM RS N AR IZIRS R DA e B-D-2F ZLWE 1 B 19 it I i A% R
EARAES MR IS, I T AR NS (DNA,RNA) £ 280 nm AbA7 i R, T 48- i 3
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WA T T MR I RE LR BT AL S M 0 B S A B T P TS 59

1% -B-D->FZLBE 1T (ONPG) AT LU B-D-F ZLAk 11
fi M EE G L, B-F I R REME L ONPG 2k 1K
AR E T , SRR SE IR TE 415 nm Kb F KK
W, SEERE R BN, TEAE Y Rul MERTTN 4 H;
FRIRAE 415 nm LR 2 T, B85 SBHH S
B R A i, XU B B-D-2 FLBE T I E 2 A4
AR ok (8] 4a) o BESM, 246G Rul Ab
PR, A 5527 LI VCZE 280 nm A0 4 WL IR B
WG, X R A N AZ IR R (18 4b) o BLE
gE LR, Rul 38 4 5 I 200 B 400 o i ) o 3 1k 5
AN NAZIR AN B-2F UM T B s

0.8 a

4 .
0.6
H
QE 0.4f
) 2
<02
3
1
0.0[_§ ' y ¢ : e
0 15 30 60 90 120
t/min
0.08[

DCFH-DA

2h
22 xMIC

Mk 1 zs O IRA ihEk 2 T & R AL B
M2k 3.4 5 Rul AbBRZH R EZSH512 MIC 2xMIC
4 a Bt R-fiHEE-B-D-F FLBE T (ONPG) ()56 b
A SIS 3 R W A BT P B-D-F FLH T ) itk R
O b ARG FR LT R & i 5.2, 7-— 3R
P 2R (DCFH-DA) Kyl 41 Py ROS 2 i
Fig.4 a.Release of B-galactosidase from S.aureus in the
presence of Rul;b.Amount of nucleic acid leakage in
S.aureus in the presence of Rul;c.Intracellular ROS

generation was detected using 2, 7-dichlorofluorescein

diacetate ( DCFH-DA)

F 78 2 B 38 3 5 2 00 P S (ROS) By 7= A 14
ZHYREMILR Z " AT L BT
A YRS R RESS 5 7 4 ROS, FIH] 27,7'-—
A EDOEE LG (DCFH-DA) 1E A9 68
ERUETN T A0 B AR N ROS Y AR U O, 40 A P
PES AT LUl DCFH-DA A4k BoA 44 (008 6 Y
2,7 -ZRAPIEE (DCF) | R4k 8 5 G SR B 7]
DLSCR A0AE P36 P SR KO, S Es R BN, 4
Rul (2xMIC 4xMIC ) ZhHHd () 240 1 52 30 5 2 1)

ST XN AR RN ROS Y K 8 Az 1 (&
4e), I, LAY Rul [F)REBE I 5 5 40 i 1A
P ROS B A BUOR A KATA
2.3 Rul 020 TRV 100 75 2 1 40 W

ML RAE N —Fh B AR A EE 2, 7E AN
R R O 1 T R P CREE Y L AT
PP Rul J& 75 BB 40 7 A3 R 19 401, Jl i S
ZT YLV I SIS 5 T 4 0 €0 4 4 BR TR A I FE 2R
B4 TG L, S 45 R B, 48 0.39 5% 0.78
pe/mL (%) Rul ZbBRS 4008 I i W00k 24 e 21 40 i
FIRET BB N R (K 5a) . S5 A4, 0.39
F10. 78 pe/mL (9 Rul i 40 B ¥ 1075 25 19 0 o
I3 D T 58. 0% A1 87. 8% (&l Sb) . X ik HH
Rul 7 REA A5l 4 ¥ €0 3 46 BR TR 14 1 2 22 11
i, HAREREMNE, LAY Rul A5 HA R
B LE R B AR 1.5 pg/mL W TR WL
I 2T 240 R 54

a
25H 0.39

Rul
g/mL0.78 pg/mL PBS }iFEHE (1.56 pg/mL)
= X

0.5xMIC

0
23 0.25xMIC

PBS 53R Rul
5 a RIANNEAY RS DL b E T 543 nm AbAY
W' {1 S0 A 21 200 L 1 e e
Fig.5 a.Hemolysis results of rabbit blood cells;

b.Degree of erythrocyte lysis was quantified

by the absorbance value at 543 nm

2.4 BLEEHTR

2P IR PR DA Ry S IO R T 245 B TR 1)
AMFBEZ—" HTHIUEAY Rul 51645
YA R AR, PR TS B R, 25
) PR ) 44 P 308 3 410 1 R 132 46 %0 ( Fractional Inhibi-
tory Concentration Index , FICI) R #E17 HIWr, U0 f
YW FHINE Y FICT fE >4, Ui B HA 5 P0/E L ; 1o
R FICH{E <0.5 B, R EAG D RIBTRE R, 5
2R IR, Rul 5T A (FICI 25 0.50) £
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Kitd 2% B (FICI 2y 0.37) 1k fi1 2 % (FICI

0.50) % 3 MiE S w24 B A R PTRE TG BOURTRER s TR e

(F6), X—4REW ALEY Rul SELEHIR

a PR /(ng - mL) b LK EB/(pg-mLY) c RHRY A/ (ug- mL)
~[Ta] 1.56 3.10 6.25 12.50 25.00 50.0 100.0 200.0 00.05 0.10 0.20 0.39 1.56 3.10 6.20
2 [[B] 3.10
w|[c] =~ 156
<|[D] o | g 078
g |E | A i 0.39 1]
Z|[F] < o.20 [ N
e A 2 o.10 I S
B|[H o.os 1N I I O
1 2 3 456 7 8 o
OaEk QEK GBI TR %
OL LSO o‘ 50 100I 50 100
KAUEF (pg-mL)
d 0 002 005010 0.20 039078156 € 1.005 T
3.10 Mic . \ ° :
~156 PURARM  HINE (. ) FICT \ o LAV
E 078 075 R RV A
0,39 Jix  ZREHEB s00 037 & '
= & 0.50 k®
So20[ WRK  KEME 039 050 2 I\
Zo10/ E wN BRI
0.0s g LHEEE KREE 030 050 025 | °~335\\
0 o
FICI'=FIC,+FIC =C,/MIC,+C,/MIC, R0 T -
/% A B A A B B X 1 & B Bl
e 0.00 025 050 075 1.00
0 50 100 HiARWFICH

6 a MIELIKHI SIS b~ d.Rul 5 3 FhHTER 25 W01 L 6 30 (00 A BR TR R 34V
e.Rul FH0AEFIBH 5 M 4 9% (8 AR B 19 FICTAH ;€. Rul 5 3 R B 25 Wk FH RO A sty

Fig.6 a.Diagram illustration of synergy checkerboard assay;b~d.Heat plots of checkerboard assays of

three antibiotics combination with Rul against S.aureus Newman ;e.FICIs values after combination with

Rul against S.aureus ;f.Synergistic effects of Rul with three antibiotics analyzed by isobologram

2.5 Rul MIERNPTETEE
30 25 R e 2y R YR AR AR P Rul AR Y
PURTE M, KOS I 4 UYL 1 b J5 a4

I Ay v Rul 3% Tl B EWRIT
. OO e e = ==
I0 1 2 3 4 5 6 7I
o I
7 R A%
100

1

TR %
3
IN

I E] /d

M2k 1425 415 ik 2~4 910 Rul HeBEN
16,32 .64 mg/kg; Mk 5 7 64 mg/kg iR ZE 4

B 7 RESUEL) (R 12 ) BRI 4 v (0 2

FRUEJE , %M Rul (16 .32 .64 mg/ke) BT 5 &

(64 mg/kg) IGIT I BITFEIG R
Fig.7 Survival rates of S.aureus-infected G.mellonella
larva treated with Rul (16,32,64 mg/kg) or
Vancomycin (64 mg/kg)

HUE A R TEST 16,32 .64 mg/kg AN A MR (4L A
Y1 Rul J897, AR 7 d N KM I 4)) e i 72305
Ph 64 mg/kg J7 R R IGYT AAE A BHMEXT IR, 24
RE 7 froR , PBS IRYT R RIS IR 4 7SS 1 d
SFRFET M Rul YA YT RE I 2 42 T 4 R 23
., 64 mg/kg (LAY Rul JRY7 5 IR I IE %))
FIERILFY 64 mg/kg Tl B RPN,
UL LRI Rul 7 3h WA o [R) A R A 503 ol
G e AT R

3 #ig
ASORINBEHIFE T PIA LA T BRI AR TE
WAV 2 49 Ry TRCAAR 1) 37 2L 22 kW 57 A 5 00, I %
P A I IEAT TS RAL . PRI S5
R, AEME G P (Rul \Ru2) BB W24 1Y
UG PE, Rul BETE 2 h PR R SE R /> 4 8
ORIEEKE, PUREPLHIOFTERY], Rul 1 id B8
20 ] 0 L JEE ) S0 R PR DL R 57 A ROS R AE 42
BEHIAERTA . AT, Rul AN REE A0 i o 2
(0. 25XMIC 0. 5XMIC ) T A& R0 il 4 B 0 1) A Bk
PR L7528 A 200, i EL 511 PR R LAY 3 MR
R(HWNYE ZHER B LEEN) BA
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UL, e, il o R I 4y R R A —
AUESE Rul 78 3049 1A D[R] A X 4 8 €00 78] 26 BR T
A E PRI, BA B PUR R TR, 28
LRTIR AR A R R U] T MR M Y BT R B
Wit — g e AL DU & A B
PTG, O i ST BT B R I R BE T 4R T —
E BB
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2-(2-FERTE)EHKMISA(N ) BEEYWHNERRES
BSA 1E R BI L 5=

2E FRET T RF MR A RAE Bk
(CH @B A2 SR8 TR | VBT K FREE B 90803, 05 | & 533000)

FEE DL 2-(2-F AT ) ZRIFRRmE (L, ) 1 K, PrCl, Sh RN N A A BL &9 [ PL(L,),Cl, ] - H,0(L,-Pt) , 33K M5 H ik
4Ky, RS T (pH 7. 40) R HESMIBOGEE  DEEETERTSE L, A L,-Pt X4 M3 (M8 (A ( BSA) A AR 520
SERFW L, ML, -PUBE SR 20T [ BSA 9806 E MK 1E 298 304 310 K X 3 MEE T, L,-Pt X BSA 4K
BRIEKFEHIIRT L, S (AH) W22 (AS) FE R A H gL (AG) B, L, 5 BSA [ /E J1 EZ 25K T
(AH>0 AS>0) 4542 A K HEFTHY (AG<O0) ;1 L,-Pt 55 BSA 8] (1R ) £ 22 SIS 11 (AH<0 AS<0) 45 &
B A RHTIN(AG<O) , SA0-F] WO LG AR 2668 R W L,-Pt IF Al BSA MREE 4 R AE R .
KBRS 4R T A A 26 M EAE T B S RK

RESES 0657  XEARIRE.A  3XEHS:0258-3283(2023) 02-0062-07

DOI; 10.13822/j.cnki. hxsj.2022.0633

Synthesis of 2-(2-Aminophenyl) Benzimidazole Platinum Complex and Spectral Study of its Interaction with BSA YUAN
Tao ,QIN Jiao-lan™ ,LUO Cui-ping ,QIU Ji-jia,ZHONG Yu-jia ,YAO Peng-fei (Guangxi Key Laboratory of Urban Water Environ-
ment, College of Chemical and Environmental Engineering, Baise University , Baise 533000, China)

Abstract ; The platinum complex [ Pt(1,),Cl, ] +H,0(L,-Pt) was synthesized from 2-(2-aminophenyl ) benzimidazole (L,) and
K, PtCl, as raw materials.The corresponding crystal structure was obtained. The effect of L, and L,-Pt to bovine serum albumin
(BSA) was studied by UV absorption, fluorescence spectroscopy under physiological conditions ( pH 7.4).The results revealed
that L, and L,-Pt caused the fluorescence quenching of BSA through a static quenching procedure, and the quenching rate and
quenching constants of L,-Pt on BSA are higher than those of L, at 298,304 and 310 K, respectively.The calculating of enthalpy
change (AH) and the entropy change (AS) and gibbs free energy( AG) implied that the main interaction force of L, with BSA
was hydrophobic force( AH>0,AS>0) ,and the binding process was spontaneous( AG<0).While the main interaction force of L,-
Pt with BSA was hydrogen bonds and van der Waals forces (AH<0,AS<0) ,and the binding process also was spontaneous ( AG<
0).The UV-Vis spectroscopy and synchronous fluorescence indicated that L,-Pt did not alter the microstructure of BSA.

Key words : platinum complex;bovine serum albumi;fluorescence spectrum ;interaction;static quenching

AR TR N DA ] I 55 A D A BRI DK e 3R |
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2,505 | ASUBAREE . ZRIF R w5 A B AT B4 1Y
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PEIOfE, Hodn, RIRmkek & A A B ST
RS SR TR AH B EE A
FECAL, ¥ 3RAT P IR T PR L AR R T AR G Y 4
JBEE Y,

YRS BRC A Y B Y R
AR R VD RIER  ZRIREA I R N
AR AT A AR Z B8 R A28 b 24
Pyt I AR AL AT TR AT, R
FEVAYT PR TV 2 09 5 1L SR W R E IR T
AEEZ XL, 5K AP B RV H
WP R AR, U0 Tari 57 ST &
G IR Po( ID) BCA 9, I 2-4-(2-( 1H-
3-%EkE ) R Ik ) 41 (1) A& R 2-58-( 2-
(3,4,5-=HAZE) Z85Fmkm) g0 ( 1) Bl &) Bos
H LR AAAIAASE ) DNA AHEAER

NG T2 5 R AR R A Tl A LA
H— B &2 KT, T R W 2543 A i R
G, R 25 WA IR RS Ay TS B B
P AR R — A A RN A8 B 1 AR I3
HH (BSA) FUALTE H A H (HSA) BA & AR
WA S 458, BAE, 5 TR, &% g VERL
RIE M, ASCE R T 2-( 2-28 328 3 ) 58 1 bk g
() BEEH(L,-Pr) BP9 L,-Pt 5 BSA fUAHH.
VER, A2 259 Ve AL S SRt 22 A ais

1 XIS
1.1 FEAE 5

APEX T B8 fh X-HHRATHHY ( H A Rigaku
3] s F-7000 B 263 GG EE T ( H A H S22
F)) ;UV-2700 A48 50-A] UL 43 %% BE 3t | IRPresti-
21 AU R AR R LT AT ( H AR S HEA D)

2-(2-FELHEHL) FEIFkwk K, PiCl, (I i F]
LT AR A BRA W) ; Tris-HCL 22 th %W ( 1
22 W MRA AR A FR A B ) 5 AR 3 R (98
[ Sigma A H]) ;i3 R orprat,
1.2 SRR
1.2.1 [Pi(L,),CL]-H,0 &L

B2 0.417 g(1 mmol) K,PtCl, /§ 10 mL H,0
VA% B 0.212 g(1 mmol) 2-( 2-Z KK KL ) I
DKM (L,) 10 mL HEESAfE . % K, PiCl, IR TE
BT ZE A L, W, T 65 C I 6 h, %
A, ik, B S A Kk 14 d, A REEDIR

BT =L R 45% , Pk RoT &l db iR it 47
X -2 B AT SR A

IR(KBr) ,»,em™ ;3 536( N—H) ,3 457,1 598
(C=C/C=N),1 561,1 486, 1 450,754 ( 7K I
1,2-JUfX) ,449(Pt-N) ,
1.2.2 OGS

L, .L,-Pt 435 ] DMSO ¥ i Bic i% 1. 0x 107
mol/L AR , BSA FH 50 mmol/L Tris-HCI 2% i
{%{&( pH 7.40) e 1.0x107° mol/L, 7 7 R 1L
AT E E BSA IV E N 5% 107 mol/L, ¥ /il
1.0x107° mol/L By L, B L,-Pt, fiff iy & A5 fk 3T
FEl 4 0~3.0%107° mol/L, 7F 298 304 310 K J& J&
TR 10 min, W HZE00E, WA B K N
280 nm, LK 480 V BREETEEE N 5 nm, FE[A
TG B R AR AR T AL =15 .60 nm
HATIE
1.2.3  UV-Vis ill5E

76 2.5 mL(5%107° mol/L) BSA %W 1, 4351
TN BE R 1. 0x107° mol/L i L, | L,-Pt, ffi Hiifk
FEASALTEE A 0~ 1. 2x107° mol/L, )ZJ% 5 min J&,
£ 200~600 nm F AT EREFIH

2 Z#ER5WR
2.1 fbikEs

L,-Pt SRR INIEL 1 s, R A 2E 5500 M 45
B IESENZR 1 Jos, f o0 s ansk 2 fir
R Ly-PrJ@ T IEAZ M &, S W RE N P2,2,2,,
Pr( 1) 5 L, Hiyg— KM N 57 LSRR F Y
R N JFUFECAL, [R] PR B PSR C1 T, OB
APUECAI L5 . AN, L, -Pr Rl & — 45 ok
O3 KO R T SRR S — A N A
e

@

Cl1

B 1 L,-P i iniksii
Fig.1 Crystal structure of L,-Pt
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F1LPuRRSERIE R TS5 s [ —
Tab.1 Crystal data and structure refinement
parameters of L,-Pt
Parameters L,-Pt Parameters L,-Pt
Empirical formula C3H;;CLN;0Pt||D (g-m™) 2.239
Formula weight(M) ~ 493.24 || F(000) 928.0
Crystal system Orthorhombic |26 range for data 9.98~
Space group P2,2,2, collection (°) 136. 14 5000 - b 304 K
7
a/A 17.702 7(10) || Reflections 16 904 4000 - /™ \ |
b/ A 10.240 8(6) ||collected/unique ; 3000 1
~ —
/A 8.0727(5) || Goodness-of-fit 2000
; 1.063
o/° 90 on F 1000
B %0 Final R indices R, =0.0539, 300 350 400 450 500 550
/0 90 [1>20(1) ] wR,=0.104 0 A/nm
[
/&3 1463.50(15) || R indices R, =0.058 3, 5000 - 310K
7 4 (all data) wR,=0.106 3 4000 | {
F2 o L,-PUIREAME (A) R () ERa / i
~
Tab.2 Selected atomic distances( A) and 2000 \ .
7// N\
bond angles(°) of L,-Pt 1000
b2 /A b2k /A 300 350 400l , 450 500 550
nm
Pi1—Cll 2.299(3) PtI—CI2 2.308(3)
Pt1—N1 2.050(8) Pt1—N2 2.007(8)
b1 HA/(°) b2 i H/(°) 2,
ClH—PtI—CI2  90.44(10) || NI—Pu—Cll  176.5(2) Sy
N1—Pt1—CI2 90.5(2) N2—Pt1—Cl1 93.9(3)
N2—Pt1—CI2 175.0(3) N2—Pt1—N1 85.3(3)
Cl1—Pt1—CI2  90.44(10) N1—Pt1—Cl1 176.5(2) CQ/(IO’G mol L)

2.2 L, fil L-Pt 4t BSA #5565 i
BSA Hi T A R R TN R A 1 R

R AL ELA R 1 N IR 2SO, i 6 2R /2 BSA 1Y
T EEVIORE, /M5 BSA Z5H, &%
3 BSA NIRZDOGIRBE R, 7 AE RIS, B2,
343502 L, L,-Pt X BSA DG A, BSA 1
280 nm YEHII A 7 342 nm Ab A K & g
B L, Al L,-Pt WBEAEE1S  BSA £ 342 nm [17¢
TR B 5 A [F] R B b A K Ui W L, R L,-Pt AT
LIS BSA 55 R A, FETOERER
£ 298 304,310 K iX 3 NMEE T, 4L, ]

[BSA]=0:1~6:10f,L, {fi BSA 535 & 435 F
T 36.4% .49. 4% .57. 1% , H 55 K W e 4 % A=
Bl (43R 4 1.0 nm) ; 7E 298 304 310 K iX
3ARET Y[ L,-Pt]:[BSA]=0:1~6:11},L,-
Pt fifi BSA 25058 BE 435I BB T 60. 1% ,62. 8% |
76. 9% , H i KW W e & A= % 8 (43 0l %% 2.3
3 nm), ", L, il L,-Pt ¥JfE 5 BSA AHEAEH,

gk 1~7 A% L, #5109 0.5.10,15 20,25 .30
(x107° mol/L)
B2 ARERET L, 5 BSAEHRDE
JEREE] (a~c) K Stern-Volmer H1£R (d)
Fig.2 Fluorescence spectra (a~c) and Stern-Volmer
plots (d) of the interaction between L, and BSA
at different temperatures

L,-Pt 20 BSA BK# L, 302 W L,-Pt 5
BSA fEHIH 55 ,

A, L, 5 BSA R I ZE0GIE T B & L,
WERE RSN, 7 411 nm AL A2 G080 B 720 W o
SRR AL DGR Ly A AR I ' A it I
DGR IE R L, W AR i 8 E I
2.3 TOLHEKIEA

FRIEIE KB B AN [F], 9SG K 53 R 3 S 4
KMERASTER TSR E TR RIS I B PO
I35 BSAJE UE AR, S EEOGIE EER FE, m
SIAEKNEE G W5 BSA RS F K&
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a 298 K

—

2500
2000
g
21500
~
1000
500

A/nm

40 A/nm

35
30
251

F,IF

201
1.5

1.0
€, /(10 mol - L1
Mgk 1~7 183 L,-PL kB 4904 0.5.,10,15,20,25 .30
(%107 mol/L)
3 AERRJETF L,-Pt 5 BSA fEHIMY
BNETEE (a~c) M Stern-Volmer Hi1ZE (d)
Fig.3 Fluorescence spectra (a~c) and Stern-Volmer
plots (d) of the interaction between L,-Pt and
BSA at different temperatures
Bl , A FERBOETE A, ITTE/
53 ¥5 BSA MHEAE IR ZECHE KA, R B9 &
AR B AE FH L R 3h 25 8 K, 754 Stern-Volmer
DR R (1),

Fo/F = 1 +K,7,Cq = 1+ K Cy (1)
o Fo A IEHE IR (98 C00 BE 5 F A7 7E X5 IR I 14 9¢
JCHRBE ; K, SRR IO KB AR, L/ (mol -s) 37, Frn i H IR
FHIBE N T3 F fir (= 107% 5) 1875 K 7R 58 70 K % 8L,

L/mol; C, A MAFEIGN I HSE ,mol/ L,
PLFo/F X} C, BTSN G 15 B0 A [A] I
THY Stern-Volmer &, IE 2d 3 d fizn, MK HE A
B B 2T B AT R KRB K, FETTOR

KERER K, THEERIE 3, L, 5 L-Pt X}
BSA FK A H R K, BBCRE N 107 ~ 107,
PPRC R A IR 48 1 BT (AR R o3 1) de K
PP IR BUSAE (2. 010" L/ (mol -s) ) 120 i3
] L, \L,-Pt X} BSA SR K 7 OMFR ST K
L, XF BSA AR ICH B K, Bl 2 I8 B9 T = i ek
/AN RBT L, 1% BSA BRKALH JE T i A i S0
K L,-P X BSA MK HBAEESR L, A
PR (HLEAR B 2 I B A R N, R B L, -Pr
S BSA FEK B T MR RS K 2 1
WEAT ShAHE K 2 SCiR[ 24 ] ([ 25 1 4GE , /MY
T3 BSA VR TSR K O A — & BE IR B
B2 A TITR 4 N = MR 1| O 5 AN

£3 L, M1L,-Pt fEARRIEE X BSA MK H 4L

Tab.3 Quenching constants at different temperatures

for the binding of L, and L,-Pt to BSA separately

E/K K,/ (Lemol™) K,/ ( Lemol™'-s7") R

298 1.18x10° 1.18x10" 0.998 20
L, 304 7.74x10* 7.74x10" 0.996 24
310 5.37x10* 5.37x10" 0.997 77
298 2. 15%x10° 2.15%x10" 0.995 63
L,-Pt 304 1.41x10° 1.41x10" 0.999 62
310 1.93x10° 1.93x10" 0.994 86

2.4 SEEEBEEA O SEI E
X T HASTER S5 4 Scatchard 2™ (K 2)
lg[ (Fy - F)/F] = 1gk, +nlgC, (2)
Kb K, /N5 BSA IIEEGH B n IEEAALER,

02
0.0
_0_2_
-04f
-06f
-0.8}
_1_0_

Ig[(F,~F)/F]

Ig[(F~F)/F]

-0.2

1 1 1 1
-58 -56 -54 -52 -50 -48
g CQ

a.l2;b.L,-Pt

4 ARFEEET L, L-Pt 55 BSA DOLHKR
XK Hi i 22 141

Fig.4 Double logarithmic plots of the interaction

between L, and L,-Pt with BSA at different temperatures
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Plgl (Fy-F)/F1%F 1gC, fER THRE5 R0
KA PFm, R4 MK, (EATH,7E 298,304,
310 K it L-Pt 5 BSA fEHIIES S H B L, 5
BSA MZ5 & HHOR, AT IR BB & W15 5 BSA
VEHIBE 35 i BE /9 T e 45 & A T O g o, AR 4
lg[ (F,=F)/F]X} 1gC, YERITHEL L, F1 L,-Pt 5
BSA 45 &AL BN 1,

x4 AFEET L, L-Pt 5 BSA fEAMY
AR (K,) MEE S E n

Tab.4 Binding constant (K,) and binding sits

number (n) of the interaction between L, and L,-Pt

with BSA at different temperatures

IR /K K,/(L-mol™") n R?
298 4. 44x10° 0.72 0.945 3
L, 304 1. 53x10* 1.06 0.925 7
310 2.02x10* 1. 11 0.934 8
298 3.62x10° 1. 11 0.985 7
L,-Pt 304 3.01x10* 0. 87 0.991 4
310 3.09x10* 0.84 0.981 8

2.5 PYERIZEH
/N5 BSA ZIE AR 1Rl g K 7
i ) U RIUAEAE ) . Ross 4577 SEIOHA T
a5 EA B RS R TG RIS
B Z, 24 AH>0 AS>0 B, K Z 6] (9 /E H H
HEK 1324 AH<0 AS>0 B, R 2 [l 9 4E FH 1ok
BrE 1524 AH<0 AS<O B IR R I8 9 VEF &
SRR T
WA Van't Hoff 72 (A (3)) AT 2= 24
R(AR(4)) LK ik K, A5 L, F1 L,-Pt
5 BSA fEFI#A TS0,
InK, = - AH/RT + AS/R (3)
AG = AH - TAS (4)
KoK, ATETRE T RIS 658G R R ARH %, 8.314
3/ (mol -K) s AG R 754 i F B BE7ZE , kI/mol ; AH 7 I3 Hi J& 9 34
F1EEIEAE k) /mol  AS Sy SN JE AT 48725 |1/ (mol - K) 5T 2
IITHIRIE K
YR EE AR ARAR /NI AH AR R H B, DL InkK,
/T AEE, AR ARBRE H AS I AH, 1A
SERMNEL S Win, L, 5 BSA 1S5 AH>
0.AS>0 AG<0;L,-Pt 55 BSA I S1# B350 AH<
0.AS<0.AG<0, HLATIHAE, L, 5 BSA tHH
YRI5 F-184E F Ol 2R 30 s KAV 0, 45
AR H K AT L,-Pt 5 BSA A HAEH KT
B VE i oy FE B e 0 SR RNy A )y | 458
H &#HAT,

&5 AREET L, M L,-Pt 5 BSA /Y
PRI 2
Tab.5 Thermodynamic parameters of the interaction

between L, and L,-Pt with BSA at different temperatures

TR/ AS/ AH/ AG/
K (Jomol™'-K™")  (kJemol™") (kJ+mol™")
298 -20. 81
L, 304 397.79 97.36 -24.35
310 -25.55
298 -31.71
L,-Pt 304 —-428.92 -158. 54 -26. 06
310 -26. 65

2.6 L, L,-Pt 5 BSA fEHIAYEES-1] WSO

SHA] IR OGS R — R R RN T 5 R
PR B0 B 4 ) T ST A 800 5 1%, BSA T8
278 nm AbA —FFAFC0E , B I F IR AR
R (Trp) FIE R ( Tyr) K m-m ™ BRAT Pr 5|
(1), 52 FEMR IR IR B AEAT O, WO
BB BN 2 8 BSA 55 7 R S R R
BRI (0 45 P ] L A SR o S A P 348 o, (75 2
JRSE KRN ST R OGS S R
W BSA {0 2 iR % 25 Ji] [l A 35 1) s 7K A 1) 34
e S B L, L,-Pr RN, BSA 7E
278 nm LM RE R HEAR  AHEA B I I AT 5%
A Ak, Ud W IS 1% R BE R 3 L, |
L,-Pt X} BSA 2 HE iR 4k ik 1) 1wl 4 B Al M A ] I
-2 R

A062

300 360 =420

ek 1~7 fiF L, 3L, -PORBESM N
0.5.10,15.20.,25 .30( x107% mol/L)
a.L2;b.L,-Pt
5 L, .L,-Pt 5 BSA fEHIRGS5P-n] WL O
Fig.5 UV-Vis absorption spectra of the
interaction between L, ,L,-Pt and BSA
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2.7 [REBOENE

[F25 98600 AT % 42 /N oy + 5 BSA AHEAE
5 S R (A7 %o 7 ) 4 1 T 2 G R B AR
fb, MERBEKSHABERMPEEZE AL =15,
60 nm i, [7] 2 9¢ 6 43 i) 52 B 26 4 0 b g R
(Tyr) R 2R (Trp ) SRIEFFAEZEE™ . HE 6
AN Bt L, - B 0 30 ik 2 19 3 56 R €6 2
PR R FE I 9 G BE 34 & A K X AT RE R T
VR 2 W) 2 1 5 o0 T S A, A TT I8 Z T S kR
Z AR RE R RS, MR T 0O IE , (B K & bt
WA A B B AR L, XK R L,-Pt IR A 5
A BSA IR R AR R AN ah
—3,

I/a.u.

I/a.u.

260 280 300 320
A/nm

ML 1~7 183 L,-Peif 535
0.5.10.15.20.25 30(x10™° mol/L.)
a.AA =15 nm;b.AXL =60 nm
B 6 L,-Pt5 BSA fEHMFEALIFI LIS
Fig.6 Synchronous fluorescence spectra

of the interaction between L,-Pt with BSA

3 ig

ARSCLL 2-( 2-2 R HE ) FRIF R (L, ) A B
WA T HAARE &4 (L,-Pr) |, I35 Bl A 4 20,
25, H N 53F7KF EE5E L, Fil L,-Pt 5 BSA
MEAE, SCm R, L,-Pt 5 L, 3 5o # 2 5%
K7 EAd BSA 96 Kk HEFEK , L,-Pt Xt BSA %
TRFNERE R K IR T L, , 8 L,-Pt 5 BSA
MZEEERLE L, 38, L, 5 BSA fEAIAY AH>0,
AS>0 .AG<0, 1 B 43+ 8] A9 7E FH 01 22 s K
J1, 5% B K #4175 L,-Pt 5 BSA {E I AH<O .,
AS<0 AG<0, 3R B S 8 R fE 48 ) AR 45 5 o 72

Ml BRIV A K AT I ST g R
X IR e S T 5 10 1) 5 BB A L ) 2 3t
B SR,

S

[1]AKHTAR M J,KHAN A A,ALI Z, et al.Synthesis of sta-
ble benzimidazole derivatives bearing pyrazole as antican-
cer and EGFR receptor inhibitors [ J ]. Bioorg. Chem.
2018,78:158-169.

[2]WANG S X,GUAN L H,ZANG J, et al.Structure-based
design of novel benzimidazole derivatives as Pinl inhibi-
tors[ J |.Molecules ,2019,24(7) .1 198.

[3]KAUR G,SILAKARI O.Benzimidazole scaffold based hy-
brid molecules for various inflammatory targets : Synthesis
and evaluation[ J ].Bioorg. Chem. ,2018,80:24-35.

[4]ASHOK D,GUNDU S,AAMATE V K, et al.Conventional
and microwave-assisted synthesis of new indole-tethered
benzimidazole-based 1, 2, 3-triazoles and evaluation of
their antimycobacterial , antioxidant and antimicrobial ac-
tivities[ J ].Mol. Diversity ,2018,22(4) :769-778.

(5 ARELER, B0 Wk 7 DL e el i IR R i —
FIEIN[J] . 2EZY ,2013,17(9) .1 481-1 484.
L6 1R WR T 2 A ORI WKW ATT A5 W) 69 L e g 1
Lty o AW (1] [ B 25 Tl 2% ik, 2021,

52(3) .283-298.

[ 7722 3% 2RI bR msle -1 o 4 I W5 00 14 6 I B L i 9
TEPERFGE[ D] ERM L FRMI 2=, 2017.

[ 8 JELHS NG 2 1 W v/ 4 R s 453 i T8 45 400 1140 8 B 4 i
TETETEDFTE[ D] A BRI I, 2021.

(914 HEDT  MRARIR , 221 551, 3-BUR I BRIRAR I 5 )
1B B PR 76 1 & 5 DNA AH BE/E FHAIFSE () ].
fh2 89T 50 ,2018,30(7) <1 106-1 113.

[ 10T 5K IGEAL. & 8T DR FE 4% - e & W i it & it 5
Ay AR EEHMBFER D] R # L K2,
2021.

[11]WANG X H,WANG X Y,JIN S X, et al.Stimuli respon-
sive therapeutic metallodrugs [ J ]. Chem. Rev., 2019,
119(2) . 1138-1192.

[2]&RE, FF 8, T m 6 n b 4
JEBCEYI[ 1] 252701 ,2020,44(4) :280-293.

[13]QIN J L,QIN Q P,WEI Z Z,et al.Stabilization of c-myc
G-Quadruplex DNA, inhibition of telomerase activity,
disruption of mitochondrial functions and tumor cell ap-
optosis by platinum( II ) complex with 9-amino-oxoisoa-
porphine[ J | .Eur. J. Med. Chem. ,2016 ,124:417-427.

[14]TARI O,GUMUS F,ACIK L, et al.Synthesis, character-

ization and DNA binding studies of platinum( Il ) com-



68 f2:38%]  CHEMICAL REAGENTS

55 45 B4 2 )

plexes with benzimidazole derivative ligands[ J].Bioorg.
Chem. ,2017,74.272-283.

[15] EB, B8R, b /NS A58 1- (4- SRR AR ) -3- (21
WAk ) -2-P9 45 B 55 2F M3 F 2 E R A AR TS
(1] 424305, 2021 ,43(11) ;1 569-1 574.

[ 16]SAMARI F,SHAMSIPUR M, HEMMATEENEJAD B, et
al.Investigation of the interaction between amodiaquine
and human serum albumin by fluorescence spectroscopy
and molecular modeling [ J ]. Eur. J. Med. Chem. , 2012,
54.255-263.

C17 XUV T3 A% VLB, 46 B RS A S 4R g 2
AR AR IR FEL T ] 3 Rk 2412, 2020, 36 (3)
421-426.

[18]EFTINK M R, GHIRON C A. Oxygen fluorescence
quenching studies with single tryptophan-containing pro-
teins[ J |.J. Fluoresc 1994 ,4(2) :187-193.

[19] 3855 &30 5 R & A SO LB I 5 312 it 4% 1)
152 ML A A AR ELAR oA i (0] 01
25563347 ,2018,38(1) : 157-160.

(20 ] B Iels , AE0ss I 1 S5 DGR e R 5
ML F & BRI BLE ()] A2 F 58 5 0L
H,2021,33(11) ;2 179-2 185.

(21 )RR, sk, o~ , S R v g £ ( ID) e 5 9
5 M A BOAHEAE AT ST [ ] A2 058 5 0
H,2018,30(3) .319-326.

[22]TIAN Z Y,SONG L N,ZHAO Y, et al. Spectroscopic
study on the interaction between naphthalimide-poly-
amine conjugates and bovine serum albumin ( BSA)
[ J].Molecules,2015,20(9) .16 491-16 523.

[23]HU YJ,LIU Y,ZHANG L X, et al.Study of interaction
between colchicines and bovine serum albumin by fluo-
rescence quenching method [ J ]. J. Mol. Struct., 2005,
750.174-178.

[24]ZHANG J,CHEN L N,ZENG B R, et al.Study on the

binding of chloroamphenicol with bovine serum albumin

by fluorescence and UV-Vis spectroscopy [ J ]. Spectro-
chim.Acta A,2010,77 .430-436.

[25]XUE J J,CHEN Q Y.The interaction between ionic liq-
uids modified magnetic nanoparticles and bovine serum
albumin and the cytotoxicity to HepG-2 cells[ J].Spec-
trochim.Acta A,2014,120.161-166.

(26 it R BAE, T95 , 58 R M5 28 1L 1 8 H
FOAR LA FIAIE 58 [0 ]. 4k 2 30, 2018, 40(6) - 513-
517;559.

[27]ROSS P D,SUBRAMANIAN S.Thermodynamics of mac-
romolecular association reactions ; Analysis of forces con-
tributing to stabilization [ J |. Biophys J., 1980,32(1) ;
79-81.

[28 15O, FF 5, ZR0e €Ok 1 B o M o I B 4 5
AL E AR E AR [T ]. 2=, 2019,
41(4) :402-405.

(29 ] 22 #% ] DMK AR — e 5 28 L35 11 88 AR ELAR T Y
WHFE[J] Ab2EWFaR 5 W ,2019,31(5) :894-901.
[30]PATHAK M,MISHRA R,AGARWALA P K, et al.Bind-
ing of ethyl pyruvate to bovine serum albumin: Calorime-
tric, spectroscopic and molecular docking studies [ J ].

Thermochim.Acta ,2016,633(4) ; 140-1438.

(31BN, X8, B0 BT, 55 TG R T 9 f B AT 5
A L U A EAE AL BT [ )] A 2=,
2021,43(6) :820-824.

[32]SHAHRAKI S, SHIRI F, SAEIDIFAR M. Evaluation of
in silico ADMET analysis and human serum albumin in-
teractions of a new lanthanum( lll ) complex by spectro-
scopic and molecular modeling studies| J ]./Inorg. Chim.
Acta,2017,463.80-87.

[33]FU L,SUN Y, DING L, et al. Mechanism evaluation of
the interactions between flavonoids and bovine serum al-
bumin based on multi-spectroscopy, molecular docking
and Q-TOF HR-MS analyses [ J]. Food Chem., 2016,
203(7) :150-157.



a5 EH 2 fh23i85%  CHEMICAL REAGENTS 69

CYP1B1 &l 57 &f 33 i R

EERTERA
(R A GR B A FR A R TE95 BEAT 210047)

#E . CYP1B1 fif§ ( Cytochrome P450 1B1,CYP1B1) J24HE 4 P450 iff ( Cytochrome P450 enzyme,CYPs) [H—ANE %, ES:
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DOI ;: 10.13822/].cnki. hxsj.2023.0035

Research Progress of CYP1B1 Inhibitors WANG Zhi-gang ™ , FEI Rong-jie ( Nanjing Chemical Reagent Co., Ltd., Nanjing
210047, China)

Abstract : Cytochrome P450 1B1 (CYPIB1) enzyme is a subfamily of Cytochrome P450 enzymes ( CYPs) ,which can participate
in the oxidation/reduction reaction of a variety of endogenous and exogenous compounds,and is highly expressed in a variety of
malignant tumors.CYP1B1 enzyme has gradually becomed a popular target for the design and development of anti-tumor drugs.
Many scholars have designed inhibitors targeting CYP1B1 enzyme, which show good activity and great application potential , espe-
cially in overcoming tumor drug resistance.A variety of CYP1B1 inhibitors have been reported ,and the most active compound is a-
naphthalene flavone ( ANF).The review introduced several common classes of CYP1B1 inhibitors, briefly described the character-
istics and enzyme inhibition effects of each compound,and look forward to the development prospects of CYP1B1 inhibitors.

Key words:CYP1B1 enzyme ;inhibitor;a target point;antitumor ;alpha-naphthalene flavone
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Synthesis and Applications of Composite Polyoxometalates ZHAO Meng-ya ,TIAN Lu,XIAO Yu-sheng ,WANG Zhen-huan ,LIU
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China)

Abstract ; Polyoxometalates ( POMs) are metal oxide clusters formed by oxygen bonding of transition metals in high oxidation
states , which have been applied to a wide range of fields: catalysis, materials and medicine due to its rich constituent elements,
tunable architectures and redox properties.The high solubility of POMs in polar solvents give rise to the difficultly in separation
from the reaction system.By preparation of composite POMs,on the one hand,the surface areas and stability can be increased in
comparison with its parent POMs to further improve the catalytic activity.On the other hand,it can reduce the solubility of POMs
in polar solvents,which is convenient for recycling and reusing.The different synthetic methodologies , properties , and applications
of composite POMs in recent years were reviewed.

Key words : polyoxometalates ; composite materials ; organic macrocyclic compounds ; inorganic materials ; catalysts ; synthesis and
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SRGEMEE T BRI A O i, R TR
5 POMs [ fEALIE T, ASSCEZS T I AR 24
U AR B BZ A7 POMs 19 E 27 DL &
JIT 6 U AR 8 o7 FH 453

1 POM-BHKIMLEW

KIS W= 1967 4F C.].Pedersen B IR X
B G AT HGE JE D4R — RIS,
AR — R T 5T 12, RIEEYWAR
Ao T ERROQES Y, ATER KRS
POMs i 3E A B A an =L AN 222 ) 508
AL POM-KIMEAY ) e s —( 3= K AR bR
HAT G e, IR IR KA R
( Cyclodextrins, CDs) | &L ik A5 75 4& FI#G 25 [ n ] K
(Cucurbit [n] urils,CB[ n] )%,

1.1 POM-CD

CDs 2 6~ 12 > D- N I 7 26 45 T 20 BRI
PIREBT K  AMRE K BBk 2 5l AR o &
PR R M BT R R 0 &R, 6 /> % R
TG B o-CD %5 i HAR B/ s RS A 7
A K UL A OB BT R B-CD A y-CD A K
POM-CD .,

2015 4F, Wu %51 F H B-CD #1 y-CD 5
Keggin 1 24 J& A fR £k [ PMo,, 0,, ] E2 A7, 53 5]
%BET[LEK Hzo)g} il PM012040:| C [.B'CDL ! Gl
[La(H,0),]{[PMo,0,,] C[y-CD],} ,iXEHIK
£ CDs 75 i H 4% 51 A POMs, i POM-CD &
BRI A I BEE T RAl . Yang %51 8T B
4 )@ PH BS 1% POM-CD 250 U520, 176 & A A
Al B4 Jm B (Na® K* . Cs™) RYBSIRER 2% vhili b,
HIHI P2M050235 CDs 45 il & 17 7 # POM-
CD, &I T 04 J& 25+ 1 K/ H 452 1 POM-CD
AFLBE B A AR . Fan 28000 H,SiW,, 0, F1 y-
CD i 78 89 #ik & UL ) Siw,,/y-CD, Jf:
FHHT H,0, E AL IR0 By sOng v, 45 R 3k
H,SiW,,/y-CD BIfEALRICR 290 Siw |, 17 10 5,
A, POM-CD b BA R 47 1 f Ak 36 4 DL R AR
M, B2 B T YR P A Z Bek 7 Ak
B L B A A A4
1.2 POM-CB[n]

CB[n]Z&—25H 2n MW H ZEF n 4> K
TCIE R R ZERIE A . Ni 0 M6 CBn]
ANEERE R I AE HL PSR T < AMBEAE T, Hob CB
[n] 5TCHLEHE F R AMEEME A4S . (1) CB n] i

1 JEE %) 67 ey 557 1 Loy A R AT i 8 R 8 2
] AR A T2 5 (2) CB[ n ] A1 BE YR H BT R
HE5THAE FZ RS #EH ™, CBln]%
AR SF/NF POMs 43 F B RS, Tk AE 9
POMs, [Htt POM-CB[ n] fJ4 1E 2@ i CB [ n]
(R FMBEAE IS B o

CB[ n ] HA R A /KE PRI E v, Atk
W R K #E A R POM-CB [ n], 2009 4,
Fang 252 Bk Ak3E T POM-CB[ n ] 95 ., 7E CB
[6] mymtEwrh , VoSO, FIE SR IFA 4 2
BT, AT 2= &9 K,[CB[6] (H,0C
VI0,,) 1 -27H,0, Lin % L) B-Keggin %! £ 44
FRELFE HoW,,0,, 1% . a-Keggin Fll B-Keggin 1 2
SEURERSR TR [ SiW, 0, 17 VY, 5 Mey, Q
[ST/KMAMT 3 Ff Q[ n]-POM Zufb ¥y, [AlkE
b, Han 25730 33 7K #1 40 H0 K 4L R R 7%
[V, 0,1  IH, V0t L {H,V, 0,1+ Il Me,, Q
[S]AMT 3 ML =858 POM-CB[ n] #f
*Jfaﬁqj Li,(H,0) [ (H,VO0y) « (Me,CB[5] @
H,0), ]+ ~14H,0 &) WG X Y 48 i Tk 1) e
fife ks HHOE AR M, Cao 557 2L Me  CB[ 5]
R, | W0, 17 iGN T &6 MK
[[Na,(Ws0,) (Me,,CB[5]) (H,0) ] -2H,01,
FER L HPER FEIA B REAR B mT WA AR 7],
PEAL I RE 5 25— POMs 1 Me,,CB[ 5 4H Lt B &t
AR, AN, POM-CB[ n ] i H AT AT 336 AL BU2E (4
REIE T R PR 9 e R PR R R RE Y TR
PR AL, AT i T B 2 R IE TR B 16 1
e R SO AT A1V Vrek d A U L K (SR <
23K %) AT A 00 D8 o B AR 1 BT 10
1.3  POM-7Efk

AL G W e Bk 75 22Tk L AT, X
@ A+ 4 B A @R LA RE T, Rtk
POM-Jeifiit i ifF 58 22 55 16 4 J& JC R A &, 1979
4F Nagano 517K 18-78-6 5 K,Mo,0,, 454, &
BT 5% — A POM-E ik fb & ¥ (€, Hy, Oy ), -
K,Mo,0,,-H,0,

Zhang %' D) 18-76-6 Fl H,PW ,0,, A JFEL
TE LB R L i R Rk B R AR (4-
bromoanilimiun) ([ 18 ] crown-6) ], [ PMo,, O,, | -
CH,CN,JFUESE T POM-7 ik i 1A 45 440 %) e 5 1
BT POMs Fsefik 2 (0] A S0 A BAE R, &0
HH 2530 R R TR) L AR B4 e Bk 5 40 45 BOC Y
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POMs 7EH L% & & W T — & 51 POM-Ji B L
G, I UEW R IR G AR T AR I TR
POMs 14 % 7R 43 F B 7R AR 1 20 1 300
P, POMs [1 55 -t Bt 1 2 PR 58 19 28 £k 52 30 i 2R
FBE RIS Y 22 5. Xiong 55U 43I AI T H
BY BRI R K LG T [ (3-F-4-MeAnis )
([ 18] crown-6)], [ SMo,, O,, ] + CH,CN #0
[ (4-TAnis ) ([ 18 ] crown-6 )], [ PMo,, O, ] -
4CH,CN PiFh A, -8 12 XRD 4347 T B 1ANH
LR RHIE

RF TP L H,PW, 0, 18-T-6 FIL A i

oh SIS R R TR L H O YT ROE A T
( C()HS'NH;OSS )6 18-76-6) s[PW,0,] ( CeCsP)
A AR IR RO IR 4 R Rk & W e
—BIHTRA A L S A, LR B L SR T
T AT U A 0 N (., Wang %% DL OH,
[ SiMo,,0,, ] Fil 18-5i-6 &y L W ¥, 7F & W W h
i — A T [K( H,,C,04) ]3 [ K( H,,C,,06)
(CH,CN) J[SiMo,,0,, ] , HAE N HLAEILFIFE 2 000
R IE1T SR IR AR T

F1 BT H WL POM-A ALK &P 1
BT RS EEY)

£1 POM-BHLRALEYNE BT LS =Y
Tab.1 Synthetic methods and products of POM-organic macrocyclic compounds

HHRH L e =1
POMs AT : -
v s ENIWIRES 7 ik
B-CD [ PMo,,0,,]1% AP L [La(Hy0)9] 1 [PMoy,040] CLB-CD], | [14]
y-CD [PMo,0,]3 Wy ek [La(Hy0)]1{[PMo,0,0] C[y-CD], 1 [14]
a-CD/B-CD/  NayMoO, -2H,0/NaCH;CO0™/ ok Na-PMo-a-CD/K-PMo-a-CD/ Cs-PMo-a-CD/Na-PMo-B8-CD/ [15]

y-CD KCH,CO0™/CsCl . Na-PMo-y-CD/K-PMo-y-CD/ Cs-PMo-y-CD
v-CD H,SiW 1,049 FERY Ok SiW,/y-CD [16]
CB[6] [H,0C V0,1 —i%E K[ CBL6](H,0CV]0,,) -27H,0 [23]

Nag(H,0) ,,(Me,,Q[ 5 -[B-H,W,,0,,]-5H,0/
[ﬁ-HngOw]6’/[a-SiW120mJ4’/ [Nag(H,0);(Me,,Q[5]),]-[B -2 12040 ] 2
Me o Q[5] [B-SiWo,0,]* KA [Nay(Hy0)5(MegQ[5]),] - [a-SiW,,049] -20H,0/ [24]
S _
127740 [Na,(H,0),(Me,,Q[5]),]-[B-SiW,,0,,] - 13H,0
NH V,0,,) - (Me,,CB[5]@0.5H,0),]+~15H,0/
- §V4012f4_/§H2V6018}4_/ N (. +)4L (V40rz) - (Meyo GBI J 20):] ’
Me;,CB[5] LY 01+ KIE i Liy(H,0)6[ (H,V604) « (Me,CB[5]@H,0),] - ~14H,0/ [25]
27108 (NH4)4[ (HZVIOOZS) '(MemCB[ﬂ@ Hzo)z] +~16H,0
Me,,CB[ 5] { WOt KIMG L [ Nay(We0,9) (MeyCB[5]) (H,0) ]-2H,01, [26]
18-7i-6 K;Mog 0Oy WRE R (CHyO0q) 5 Ky Mog 04 - H, 0 [31]
18-5-6 H,PW,04 WHE R [ (4-bromoanilimiun) ([ 18 ]crown-6) ]5[ PMo,0,, ] -CH;CN  [32]
B15C5 [@-PMo;, 0,017 KGR [ NaL(CH;CN) ][ NaL]-[ @-PMo;,0, ][ NaL, ] (L=B15C5)  [33]
DB18C6 Na, WO, ARG [Na(DBCe) (CH;CN) 1, W00+ (CH,CN) [34]
B15C5 Mo, 0% KA [Na(B30C10) ][ MogO,4 ] [35]
) ~ B H&y s, [ (3-F-4-HEREE) ([18]7E-6) 1,[ SMo,, 04 ] - CH;CN/
5 - SMo,,0%/PMo,,03 .

18786 o1 /P2 0% FAMERY  [(4-DUEBARRRAE) ([18)5-6) 1, [PMo, 0 ) -4cieN 1)
18'ﬁ'6 PW]ZOZB H %H“ﬂ(ﬁ (C6H5'NH;.(25)6( 18'ﬁ'6)3[PW12040]3_ [37]
18-7i£-6 H,[SiMo;04 ] —HRik [K([18}—7"@—6)]3[1(([18]—%—6)(CH3CN)][SiM01204U] [38]

2 POM-LHL#t £l

AR BN, A AT POMSs A IR PR

FHT 45 POM-TCHLA B 28044 £ 22 R IRt
sk AR A PR Si0, AL O, Tio,
FAyF0f 2 45 Si0, M4y 45 ZFL A kL HA
P T AR HH S 25 AR FLBR A 8 B R 4 55
itk DLZALM BB AT LI 5 POMSs 1Y)
Fb R AR 3SR TG AL 4 e RS
PRI EEE , R B 38 Rl POMs A 2 17 1R 3R % 78

2.1 POM-SiO,

Si0, 1E A E A1 POMs Ay # FH# A, B
AR R L 2 T U A AR Y FLIE 2544 [A] i EL A%
PR M v R B 3 rh AR R
FERT DA B v ) B T, B POM-SiO, B
AL IE P, POM-SIO, & & Ak 57 78 I
rhE H DLAR SR TR AT, 76 RN 25 R )5 5 v
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A POM-Si0, & &b kil # 2k FR Bk Al
VST -BEIC 1 o 1R 5t T B VR B AT 3, POMEs 3 i
HLAE IR B AE Si0, 3R, HJ2 76 A Ak S ng
POMs 5 M Si0, #ik B4 8, BRAR AR AL R0R
Tzumi 2647 F 1995 4F 1 UCHE HY T ) e -t i
P A AL AE B R R S R H,PW ,0,0-Si0, , 4%
22 TR [ A 3 RE R TR /K A 7™ 2B 1) EL AT I 245 25
FII Si0, ZhARrf, ff o T iR ik A R POM-
Si0, TEM A I TR A [l

I, o -5 e 125 8k & i POM-SIO, 11
F 271, Reyes-Lopez LS R I 4% o B
H,PW ,0,, F1 H,SiW ,0,,73 55| A Si0, JL 5,
AT T XA WO BAT & & E B H,PW, 0,/
Si0, #1 H,SiW,,0,,/Si0, #1¥F, TG/DSC 45 4 /R
POMs H51 A B F#HE T Sio, H#EE M, Ai
AEUOUR R I - I i i & T AN TR) HL, [ Ti(H,0)
TiW ,, 04, ] - 7H,0 T3k & (30% .45% F1 60% ) &=
AFPEETIW |, Ti/Si0, , HXTYekl X-3B B AL
WM T TiW, Ti FUR B0 il 45 19 2 & R M-
TiW,, Ti/Si0, , H-EA REFIEARFAE,, LA
HH VA -G I Tk A T IR I I A T B POMEs
RS 3R T POM-SIO, RS E P, i FLE
T 2R,

2.2 POM-TiO,

TiO, J&—Ff i F 2 S b kL, B AL 2=
FRRAE | TCHE A BUAS IR A A 34 & 4 Tk
FIBA RAFE ), 5 POMs & 4 0 LI #E Tio,
T L RS S AR SRR B A U
A T B RORAR S ] B $2 5 AL
TR H SR IS5 3 R A - M 1k 1
POM-TiO,, Wang %" 5 5ot 145 2 -6 IS 125 43 ) e
K,PW,,0,,-nH,0 MZZTE + ZTHAKRGIK & (PW,-
R) M2 0220+ Z AR GK & (PW,-H) B A
Tio, H, 4T PW ,-R@ TiO, 11 PW ,-H@ Ti0,,
HEYARME K BH B Lt 9 R10F 4350 7. 28% Al
8.06% , LR A TiO, IR S 21% M1 34%

FIF R SRS POMs A4 @ sk Ak 4 @t &
B0 TiO, A POM-TiO, AT Phk— 4 Hol
PEAL I . Pazhooh %5172 SR IR 953 925 fAT 8 (0K 75
[ (PW,04,),( HOSnIVOH),, ] ( P, W Sn,) B =
iR 2 4 8 AR L 12T Ln(Nd . Sm Dy . Th)
B2 TiO, YKRLT I, A BT 5 F 43 85 A el

& 4 B POM-TiO, Yt 1k | Ln-TiO,/P,W g
Sny , FUEIA T A HY AR RN IV Y 35 0 ) i S 17
R A EAEIR TG, H Ln-TiO,/P,W (Sn, & A&+
B AL T PR W] & T — Y Tio, B¢ POMs,
Wang 555 DL -3 1 1l 4% T 42482419 TiO,
Ak i — LA B T AE H,PW,,0,,
TR (10% ~ 40%) [ EAE L] H,PW , 0,-Y-
TiO, , LA LA AL R it B HE A (50 mL, 10 mg/
L) BRI 25, Zead 8 WINAEIA IS , AL AT
TR TR A AL I MR Cao 2514 PrEUR
M [ (CHy),N], [PW,, Oy {cis-Pt (NH;), |, ] -
10H,0(PW ,Pt,) I2 Wi 7 TiO, i, & 8 T 7]
Tl Ak B &R N ) 2 48 i 16 ) TiO,-SiNH, -
PW,,Pt,. Nd.Sm.Tb. Dy, Ce Z5EHUCH POMs 1
A5 Ti0, & E A4 POM-TIO, F T F BE A ik
il £ PP R4 Y AL P 3R 00250 0 el ) I i S
R, POMs 5 TiO, AYSS A AR T M & Ak
A BRI T IR LG Tio, A1 POMs A6 HL |
ke, A WP R E e — B B4R T
HAE MBI TS,
2.3  POM-%3 ¥

G3 ¥ B LR AR IR e M AN fL
PSR SN AR F S A E 8 ERS POMs &
WE-FIEE SRR, POMs AT LI o % fiy W Fff
VB JUAEAR ) SR TG T 53 0L 1 2R 1 5
B, & L POM-43F i 52 G MBS B A
TR b T AR A8 5k 1) AR 1 TR B S AR AR R
AHLE , POM-43F 1 (0 £ 376 4 3 5 4 o, 3 U P
T POMs 7E 43U b (0 5 BE 431, 84t 1 21
REFFA A, HATHTAME S POMs 1)
51 0 £ B A MCM-41, MCM-48 | SBA-15 il
7SM-5 %[57,58] N

R BA R R POM-43 10 19 A B
%, Bandyopadhyay %7 i i1 32 1 1226 Preyssler
A H,,(PsW,) 0,0 Na 82151 A SBA-15 MCM-48
I MCM-41 ZENSLARL R iG55 A BHE
R FEVAS R AR AL TR 2B K A 1 0 1) g T 4%
HA RIS %, Hod SBA-15-P #il MCM-41-P
TR SN T 20 7 Fedge i, AT R B2 76%

SRINT IR TRIE A 5 T8 POMs N ER A3,
FEARAE P8 R 3, B 437 0 147 2 i Ak 1T 36 4
POMs 35 Hy o Ding 21001 1% Wells-Dawson 7
H,P,W O, 17 15t 1] 22 3 ik A b ( KH-540 . KH-792
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P TR T P, Wang 85 DR Y
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APTES-CeM-50 A f5 /5y 19 4 A6 15 Ve, M i 8 m)
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Tab.2 Synthetic methods and products of POM-inorganic materials

TR POMs LSy WIS 7o) 27 30k
Si0, H,[Ti(H,0)TiW, 03] -7H,0 & I-5Eme TiW , Ti/Si0, [46]
Si0, H3;PW 1,04 - BT H;PW,04y-5i0, [47]
Si0, H;PW15040/H,SiW 5049 TR BEI H;PW,,049/5i0,/Hy SiW 1, 049/510, [48]
TiO, KsPWi 0u b OCPW o-R) 7 e PW ,-R@Ti0,/PW ,-H@ TiO, [51]
K;PW,,0, +nH,0(PW ,-H)
TiO, P,W 4Sn, SRk Ln-Ti0,/P, W 4Sn, [52]
TiO, H,PW ,0,, - v H,PW,0,,-Y-TiO, [53]
Tio, PW,, P, ik TiO,-SiNH,-PW,, Pt, [54]
SBA-15/MCM-41/MCM-48 Hy,(PsW;)0,49Na Rtk SBA-15-P/MCM-41-P/MCM-48-P [57]
KH540/KH-792/NQ-62 HgP, W 5O, B KH540-MCM-41/KH-792-MCM-41/NQ-62-MCM-4 [ 60]
Ce-MCM-41 Hy y PW oy V0,0 -yH,0 Bk POM/APTES-CeM [61]
3 it ARAE (XS Z2 R B 25 ¥ 5 AR MR A BLAE

ARLER T AR POMs B4 M2 Homi A
e T AR S & Ok 2 4 % POMs 145
¥ PERESI A AL T R G R, POMs = %238 i 37
T A RC-BEG 1 K B A A5 O v [ e
TAHI T A B E G POMs, & WL
BT POMs FEA% T POMs 10 1 15 77 v 1 15 i
B AR T AR AR M TR TR AT
AL TE PR R . AW i) A B T4
TR AR POMs MZsHR etk mEritt, &
A1 POMs BOA B, AR B RS A 21 & 22 A
FERRIER, B v] Ll it 5 POMs 9 1 [ 8500 %
FEOMEAL T RE , 2 — 04 & POMs ML TE P
FOR R 22 1 HLANJCAIL A AR & BT Ve
A7 POMs B, X AU B T & & 5 POMs
BT REME , Bl HAE e fb 2 A bt b2 & R
MRRR2E A 2] T 53z N WA SRR R
A1 POMs f5e £ BRI FH 7 1]

RAEG AR POMs 16 -5 1 H 2 32 21k ok
FEZ DG (R AU AT /D 2R B 1 R A
HIEsE . EA R POMs B945F 2] DAgE i #5 To iR
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Preparation of Cellulose Acetate Microspheres from Waste Cigarette Filters and Its Adsorption Properties for Pb**
CHEN Yan-min” ,LIU Bing ,ZHAO Wen-bo,LU Xin ,SHAO Bing-qi ( College of Chemistry and Chemical Engineering,Zhengzhou
Normal University ,Zhengzhou 450044, China)

Abstract: The cellulose acetate regenerated from waste cigarette filters was modified by the combination of dual emulsion solvent
evaporation and gas foaming technology to prepare the cellulose acetate porous microspheres.The effects of the amount of foaming
agent and stirring speed on the morphology , surface area and pore structure of the microsphere were investigated by scanning elec-
tron microscope (SEM) N, adsorption and mercury intrusion porosimetry ( MIP).The results showed that the diameter of micro-
sphere gradually increased, the surface area increased at first and then decreased slightly and closed pores transformed to through
pores with the adding of foaming agent. With the increment of stirring speed ,the diameter of microsphere gradually decreased , and
the surface area increased ,leading to more through-holes structure appeared under high-speed stirring. The results of static adsorp-
tion revealed that the Ph** adsorption capacity of the cellulose acetate microspheres was up to 57. 6 mg/g, which was much better
than that of the microspheres without blowing technology. Adsorption kinetics and adsorption isotherm experiments showed that the
Pb* adsorption of cellulose acetate microsphere was compliant with quasi-second-order kinetic model and Freundlich adsorption i-
sothermal model.

Key words: waste cigarette filters ;recycling; cellulose acetate microsphere ; adsorption ; Ph**
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Fig.1 Preparation scheme of porous cellulose acetate microspheres
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Fig.3 Size distribution of cellulose acetate microspheres

with different amount of foaming agent
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Fig.5 Size distribution of cellulose acetate

microspheres with different stirring speed
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Optimization of Enzymatic Preparation of Coix Lacryma Oligosaccharides by Response Surface Methodology ZHENG
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Abstract ; Firstly , the four factors of enzymatic digestion temperature , material to liquid ratio ,-amylase addition and enzymatic di-
gestion time were selected as the raw material of coix lacryma for the single-factor test.Then using the response surface method to
establish a mathematical model.The resulting model was used to analyse the effect of four factors on the oligosaccharide yield , and
finally, the extraction process was optimised. According to the experiment results, the optimum process conditions were that the ra-

tio of material and liquid was 1:16.41(g/mL) ,enzyme addition was 0. 91 g,enzymatic digestion time was 111. 49 min,and enzy-
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matic digestion temperature was 45. 46 °C.The enzymatic digestion temperature was the most influential factor on the yield of coix

lacryma oligosaccharides.Under these conditions, the yield of coix lacryma oligosaccharide was 33. 01% , which was close to the

model prediction of 33. 19%.The process conditions were practicable and could be used to predict the extraction of coix lacryma

oligosaccharide.

Key words : Coix lacryma ;oligosaccharides ; enzymatic digestion ;response surface ; extraction process
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Fig.1 Impact of material to liquid ratios on the yield

of oligosaccharides from Coix lacryma
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Fig.2 Impact of enzyme adding amounts on the

yield of oligosaccharides from Coix lacryma
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Fig.3 Impact of enzymatic digestion times on the

yield of oligosaccharides from Coix lacryma
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Fig.4 Impact of enzyme solution temperature on the

yield of oligosaccharides from Coix lacryma
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Fig.5 Response surface graph (a) and contour graph (b)

of enzyme solution temperature and the enzyme adding

amounts on the yield of Coix lacryma oligosaccharides
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Fig.7 Response surface plot (a) and contour plot (b)
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Bioactivity and Component Analysis of Different Ethanol Concentration Extracts from Bangia Fusco-purpurea CHANG
Gao-ping' ,LIN Qiao-yan' ,ZHANG Min' ,GUO Jia-huan' LI Zhi-peng*"*** DU Xi-ping'*>* | JIANG Ze-dong'****( 1.College
of Ocean Food and Biological Engineering, Jimei University, Xiamen 361021, China;2.Fujian Provincial Key Laboratory of Food
Microbiology and Enzyme Engineering, Xiamen 361021, China;3.Research Center of Food Biotechnology of Xiamen City, Xiamen
361021, China; 4. Key Laboratory of Systemic Utilization and In-depth Processing of Economic Seaweed of Southern Ocean
Technology Center of Xiamen, Xiamen 361021, China)

Abstract : For exploring the active constituents and functions of ethanol extracts from Bangia fusco-purpurea ,the contents of total
polyphenols , alkaloids and flavonoids were determined.The inhibitory effects of pancreatic lipase, tyrosinase and acetylcholinester-
ase and DPPH free radical scavenging were evaluated.The identification of polyphenols in ethanolic extracts of B.fusco-purpurea
was completed by LC-MS/MS.The results showed that different ethanol concentration extracts from B.fusco-purpurea had different
DPPH scavenging ability, tyrosinase, pancreatic lipase and acetylcholinesterase inhibitory activity, and different contents of total
polyphenols , flavonoids , alkaloids. 100% ethanol extract from B.fusco-purpurea had the highest contents of total polyphenols, fla-
vonoids, alkaloids ,and stronger DPPH scavenging ability and tyrosinase inhibitory activity. Correlation analysis showed that the
contents of total polyphenols and flavonoids were significantly correlated with tyrosinase inhibitory activity and DPPH scavenging
ability. LC-MS/MS results revealed 37 polyphenolic compounds in 100% ethanolic extract from B.fusco-purpurea.

Key words : Bangia fusco-purpurea ; biological activities ; component analysis ; correlation analysis ; LC-MS/MS
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Fig.1 DPPH scavenging ability of different ethanol
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Fig.5 Content of total polyphenol of different ethanol
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Tab.1 Identification information of 100% ethanol extract from Bangia fusco-purpurea

i gt (L e T 2 W sm R
1 CoHO, 149.0603 149.060 3 0 105.070 1 [M-H]~ SfbAH:mR R 1 31574333.3
2 CyHyO0g 4031362 403.139 4 7.9 373.0015 [M+H]* JIREE #El 1 16653 333.3
3 CgHgO, 165.0201 165.018 8 7.9 121.03 [M-H]~ X2 g R 1 7129 866.7
4 CyH,0, 181.0469 181.0506  20.4 135.04 [M-H]~ BEARIEILMR Wiz 1 6976433.3
5 CgHO, 181.0469 181.0512  23.8 135.04 [M-H]™ 2,4-ZRIR OB MERYE 1 6647 033.3
6 CpH, 09 433.1468 433.1499 7.2 403.11 [M+H]* 3,5,6,7,8,3 4/~ L H S L 4T R 1 6412033.3
7 C;HgO, 121.0294 121.0290 3.3 92.00 [M-H]~ XA B s R 1 5249733.3
8 CyHyO0; 373.1262 373.128 8 7.0 343.09 [M+H]* & BT 1 47813333
9 CgHgO; 151.0392 151.0403 7.3 107.05 [M-H]~ 4-BHER 8 BERZs 1 4510 500.0
10 CoH, 05 165.0547 165.0557 6.1  106.00  [M-H]~ 3-(3-JR3LHIE) L " A2 1 4031 600.0
11 CoH,,0; 165.0547 165.0552 3.0 106.00 [M-H]~ 3-33AI R H I HERZE 1 3959 066.7
12 CoH\ 03 165.0539 165.055 7 10.9  92.03 [M-H]~ 4-FHEH R g WERFE 1 2534 600.0
13 Cy;5Hi04 261.1120 261.112 1 0.4 189.06 [M+H]* 18R Pl ﬂtgfjgn 1 2132033.3
14 C Hy,0, 279.1583 279.159 1 2.9 149.02 [M+H]* 482K W — T g~ BARZE 1 2064 400.0
15 CcHyu0, 279.1583 279.159 1 2.9 149.02 [M+H]" 4BK W 5 TH MifRZE 1 1938466.7
16 CiHp0, 279.1582 279.159 1 3.2 149.03 [M+H]* 485 HR-1-THE-2-5 THE " BRZE 1 18913333
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17 CyHy0, 373.1262 373.1288 7.0 312.1  [M+H]* FHEE i 1 1848 500.0
18 C;sH,0, 261.1105 261.112 1 6.1 189.06 [M+H]* BRIB RN *ﬁjﬁ 1 1281366.7
19 C;sH,c0, 261.1105 261.112 1 6.1 189.06 [M+H]* 7-F4HE-5-F UG RE AR/ G E j%igggu 1 1248266.7
20 C»H3p0y, 579.1683 579.1715 5.5 271.06 [M-H]~ Mz Z-7-0-8rE SR () B 1 1122533.3
21 C;HgO; 137.0237 137.0249 8.8 93.04 [M-H]~ Kini MR 1 935 103.3
22 CgHgO, 165.0201 165.0188 7.9 77.04  [M-H]™ 48%E_HmR* WMiRE 1 1277733
23 CoH0; 165.0548 165.0557 5.5 119.05 [M-H]~ 2,6-—HIAILHKFEE MRz 1 578 550.0
24 CyHy0,; 373.1273 373.1288 4.0 343.08 [M+H]* SRR iR H i 1 526 856. 7
25 CoH, 03 165.0547 165.0552 3.0 119.05 [M-H]~ 3-(4-3FFEEL) iR - [E | 366 893.3
26 C,HsO, 153.0184 153.0188 2.6 109.03 [M-H]™ 3, 4- " FIFHEFRR, FILAKR - e 1 251 606. 7
27 CuH,uO0 2051579 205.1598 9.3 189.13  [M-H]~ 2,4- T L5~ R 1 242 360. 0
28 C,H30y 579.1683 579.1715 5.5 271.00 [M-H]~ HizZE-7-0-Z58 0 (SFM ) B 1 235 570.0
29 CuH,O0 2051557 205.1598  20.0 189.13  [M-H]~ 2,6- 8T 3EH MR 1 225 796.7
30 CyH3Op5 609.178 1 609.1820 6.4 301.09 [M-H]™ BEZE-7-0-Z5FWETT (B LT HE i 1 216 403.3
31 CyHyOp5 609.178 1 609.1820 6.4 301.00 [M-H]~ BEE-7-0-HE TG B 1 185 790.0
32 CgH\g0, 137.0595 137.0608 9.5 119.05 [M-H]~ [k R 1 159 213.3
33 C;HgO, 121.0293 121.0295 1.7 77.04  [M-H]™ 2-BRIEZEHEE (K ) * MR 1 157 500.0
34 C¢HgO, 109.0284 109.0290 5.5 81.00 [M-H]~ &P JLAsH ez 1 82 725.7
35 CH,0, 179.1051 179.1073  12.3 123.00 [M+H]* HIETHH MRk 1 59 677.7
36 CgHgO  121.0655 121.0654 0.8 77.00 [M+H]* K2 Wk 1 4797.3
37 CoH,g0, 149.0603 149.0616 8.7 108.02 [M-H]~ 4-4HEJLRE ez 1 2925.5
TE ARG NREAR ) T TG R R B ] A R DG AR 43 R 0.7 43D L+ ORI AL R S A A
AW 1:CH,0,, FEAE FRUT BB T, HEEENE 11 Fir,
R m/z 149.059 S[M-H]~, SRJ5 % Tk — 9000 o o
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\?x B 11 IR R TS
= Fig.11 MS’ spectrum of nobiletin
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FEE 64 7 FRMEICSEA R (DES)  7EARRIRE T RGN E A R BRI Re | VP4 T RS R I 58/
HLES TR B IR AT LU TR AR RIS AR 5 R A i A M I (AL G e, 45 2R 3R I, 7 AR MR AL
VA BT (I B A R A AR E M IR B AR 7 I U P MV FR SR I T G B S B8 R A = T S LG
VAR AE ) B TR (92 DL-WATIE : LR (MAA) |, T35 (405. 94+12.90) mg/100 g ARV 0925 BE 55 B2 A ML Pk B Ak %
3 MM R RV AR BE 1 B VIAH G M 2E R B 5k 0. 99 . —0. 85 AT 0. 83, 3X A e FE AL THR IR ATAE b HIWiE
R LR R T s tE R

SEGBIA AR SLIE VAT BRI I MR 285 VA A

FESES:TQ413 XEEFRIRAD A X EHS :0258-3283(2023)02-0106-08

DOI; 10.13822/j.cnki.hxsj.2022.0704

Physicochemical Properties of Acidic Deep Eutectic Solvents and the Correlation with Astaxanthin Solubility CHENG
Wan-ting" , CHEN Shi-yu" ,XIAN Feng" ,HU Kun" ,GAO Jing*"( Guangdong Pharmaceutical University ,a.School of Public Health
Guangzhou 510000, China ; b.School of Food Science ,Zhongshan 528400, China)

Abstract:7 Acidic deep eutectic solvents (DES) were prepared,and the effects of temperature on the physicochemical properties
were explored.In addition, solubility of astaxanthin in different DES was measured and compared with organic solvent and ionic
liquid (IL).Moreover,the correlation coefficients of the physicochemical properties and astaxanthin solubility were analyzed.The
results showed that the acidic DES presented low viscosity and favourable thermal stability.The solubility of astaxanthin in all the
DES was higher than that in ethanol and IL ( tributyl (octyl) phosphonium chloride ) . Besides, DL-menthol : acetic acid ( MAA)
showed the highest astaxanthin solubility of (405.94+12.90) mg/100 g.Furthermore, the correlation analysis showed that the
astaxanthin solubility was significantly correlated with density, viscosity and dipolarity of DES, whose related coefficients are 0. 99,
—0. 85 and 0. 83 respectively.The study provides theoretical guidance for the pre-selection and design of suitable solvents for the
extraction of carotenoids and their applications.

Key words :deep eutectic solvent;physicochemical properties ; astaxanthin ;solubility
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Fig.1 Chemical structures of deep eutectic solvent
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Tab.1 Composition and abbreviation of DES and molar
ratio of hydrogen bond acceptor and hydrogen bond donor
Gi's  EHEEZA AEMA WIRAELL WK S% 0k
DES-1  HH:m® 2 317] 2 LADA  [16]

1
DES-2  HHERR TR 1:3 LANA  [16]
DES-3 24T N R 5:1 DAMA  [17]
DES-4 DL-H#filE 4K 1:2 MAA [18]
DES-5 DL-#filE R 1:2 MPA  [18]
DES-6 DL-#ifmE KR 1:2 MVA  [18]
DES-7 DL-HfflE — EFR 1:2 MOA  [18]

1.2.2 IR A 700 A 1 0 i D0

JKAM5E R ] GB 5009. 3—2016 ( £ i 42 4>
I ZARE i K a3 B I ) 5 ik« i AP R
KRR % E 101, 3 kPa 378, 15 K B REIE .
R S AR BL  f Tl S RN 5 3R
T 7K 7 < FRIASK 71100 R 5 26 B2 DU A - 0 FH e e o
AYAE 303. 15~343. 15 K FEFTHER, 50 s H E 5T
IR 5 b sz . e Ah-nT WAook B
303. 15 K, X B 3L DL N N-"—. 2 FE-4- A R
B HEE AT 1 Kamlet-Taft %7250 (B8,
7) , 15 5% Guan %' 5k,
1.2.3  INERERENE

[ 5 A IR LA A Y 2 mL B0 i AR
HR, ZHBAIES S mn, R)5EHEE RN
303.15.313.15.323.15,333. 15 ,343. 15 K, i
PE IR AR 5 A FE S48 % 24 h, f B0 HLEE 8 000
r/min 255 F 50 10 min, B F WS W 0.45 um
A HLIE T U8, TooK CBER R | 76 S R KAk
5 W R ARG ARIE IR 28, TR R IR
1.3 HdEabr

IR R 3 UK, SR A SPSS 26 4T
ZHT,P<0. 05 BF A G222 5,

2 #R5iTe
2.1 DES BY3EAM: R
2.1.1 %pF

R 75 750 1) 4% B B T 4 1) 2 SR
T A2 MR v a3 R 28 i s g >0 g 7
P g 7 F 76 303. 15 ~343. 15 K i B J5 Bl N
(R B S5 R UNE 2a s o 7 RIS 5 700 1) 2%
FEX /N T oK, % BEJ Y 0.867 3 ~ 0.938 1
g/em’ o ARYE 23 0 B, IR AE R IR B L
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2.1.2  PE/RIKFR
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K ) /& DAMA, 5 (611.72+0.72) em’/mol,
JEEJR A FH Bt /N 1) & MAA, N (147.30 + 0. 04)
cm’®/mol
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Box-Behnken M 7 [ A0 AT B A G 3 4RI 20, 10 2 AN TR] ™ 1 6 K T8 A 0 R AR BOR R b FL AR S e A i e
g ISR R R T 2 R UR T 85 °C , AT 4 60% , BHE L 1:40( g/mL) , BEBU ] 60 min, AN [ H A i
BRI R T PE B AT, 1C N 0. 36 we/mbL; S I A 2 S M B B JHAE T 1Cs, R 121,43 pg/mL, AN [R] 7= 22 7
ST A — S PTRILRE T, REE A RS B DPPH At 3, SUR S FRIMBE &M Ve, SRIEX T 24 A
il B FZ BRI 1. 66% .
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Optimization of Extraction Process of Total Coumarins from Piloselloides Hirsuta by Response Surface Methodology and
its Antioxidant Effect GAO Qi'* | LI Qi-ji'*> , YANG Liu* ,YANG Juan'? ,SUN Chao*'*(1.College of Pharmacy , Guizhou Medical
University , Guiyang 550025 ;2.The Key Laboratory of Chemistry for Natural Products of Guizhou Province and Chinese Academy
of Sciences , Guiyang 550014, China)

Abstract; Single factor experiments were carried out by choosing extraction solvent, solid-liquid ratio, extraction time and extrac-
tion temperature from Piloselloides hirsuta.Based on the results of single factor experiments, the Box-Behnken response surface
methodology was used to optimize the extraction process of total coumarins,and the contents of total coumarins in Piloselloides hir-
suta from different areas was determined and their antioxidant activities in vitro were compared and evaluated.The optimal reflux
extraction process were as follows: extraction temperature 85 °C ,ethanol concentration 60% , solid-liquid ratio 1:40 (g/mL) and
extraction time 60 min.The content of total coumarins of Piloselloides hirsuta from ten different areas are varied.Among them, the
highest content of total flavonoids is from Baise , Guangxi, with ICy; of 0. 36 pg/mL;the lowest content is from Qiannan Prefecture,
Guizhou, with ICy; of 121. 43 pg/mL.The total coumarins of Piloselloides hirsuta from different areas have a certain total antioxi-
dant capacity,and they can scavenge DPPH radical effectively,which are all weaker than the same concentration of vitamin C.It
has been proved that the process is reasonable and simple,and the extraction rate of total coumarins can reach 1. 66%.

Key words: sargassum pilosum ;total coumarins ;extraction process ;response surface methodology ; antioxidant activity
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TURFMEGY B %O, an 8- A4 F R 1L
BV RA R AR T B bR e

7R, T e T S A A e A H K
AL A T A5 Pl P 105 1P, ARG 2o S AL SRS 1, 4
PUAMLIEY S BRI X R BT T Kk

Weks B EA:2022-09-17 ; P48 B & H A :2022-11-09

ETA . 5o BHE QB RE ik L1 H (B RE ik
A:[202014013 ) 5 50 M 45 & S MR 25 G130 H (25 I 4t
[2019]303) ; RANEHE T @ HF AR O E AL =T H
(B#A KY 5[2020]018)

YEB B w27 (1997-) , 2o, NEEh AR N B A A5 07
i) A K AR 2y 2 KOs e R AE 9T

BINEE . FMEB , E-mail ; chao_sun2000@ hotmail.com,,

Sl AR ma, 250, i, 45 e B A R B R T
MHECEIRITZ EHYUEAE BT[] k2= 50,
2023,45(2) :114-120,



55 45 &4 2 W)

185 AT A RN TTE DA B R T A R P T 2 M TR IS 115

P, [R5 B A0 A SR S IO R A AL BE
PISRT Voo DNRTAR S i 280 rh 45 00, 5096
P A BRI A WA AT RS T 1
W5, B BTSRRI R AR 091z v
TR RNAS T AR B £ R

H ERRNI TR T F AP AR DIRUR
O GHARBCT 258 nl B & G R T iRk
o PRIHCAS S8 i X -$i BCPA 28 R Ay o 7 1 52 5
PLEF R RS RO R I A8 b, EE B R T #
EEERNRAERT L, FNBEERT
S EZEN DPPH A 51 ABTS™ H H1 2 975 FR
PRI, LA ot — 20 R JHE 24 B A AT M ]
PRI A,

1 XWEHS
1.1 EZUERSEG

UV-1800 HI e 4h-1] LA BE T ( H AR
) ;EPOCH B Z DI RERHR X (£ [E Bio-Tek 2
w) ) s DK-98- 1T BU7K 3 B ( T 28 R A B
4] 3SB25-12DTD R M 75 I 3 Pe#s ( T 2
YR B A B 7] ) 3 FA2004N L K
( L FE AR A BR AR o

BIFEER (M KPHE AR THEA ) ;
=% C DPPH (A 2 AL L Tl A BR A A ) 5
ABTS i 7] & FRAP %57 & (ot @ B ) TR
ST ) s Hoaxil 34 o b4t

10 >4 R T B H Bt M o R 25 K 2 PR
AR Y 5E N Piloselloides hirsute ( Forsskal ) C.
Jeffrey ex Cufodontis BT M. 2k
FRWE 1L,

£1 EBERTHRBER

Tab.1 Haryesting information of Piloselloides hirsuta

P SRAEMX 2 R AL
1 bl ke S
2 By e
3 B 5 BH o
4 TR £t
5 IV E A L RE
6 R Eot
7 =HEW AL
8 LM ot
9 W E £
10 = AHE

1.2 SEETUriE
1.2.1 FBRTHEATHEE
BB R T s, Bas T ke, il 2 S0,

DA I B A R € A B T ) e A
o AEEFEL .00 ¢ BR T H i B — 2 1R
FEImA—E W B 1 B, FE — 8 B IR T i 42
g iR b i R VR RN
1.2.2  FURREMLRH &

K55 FRAE 10. 00 mg 7-F 5L S Z XA
95% 1 £, T 4 il I 2 25 2 25 mlL, BC il % 0. 40
mg/mL 75 5 RIRAE WL, PRI AR BRAS 3 — g Uk
VR AR SRV, TE 325 nm P AR Ho
JCREAA . DIARIES MR X R A bR | W' B (E
Y YRR, £l bn i &5 B e 7R Y =
96. 92X+0. 010 9(R*=0.999 3) ,

1.2.3  HHERAR
1.2.3.1 2B R B E ORI R

FEEFRE 1.00 g BR T HM AR, 7 B & LB
W BHREE 1:40(g/mL) FEEURFE] 60 min 5%
P, 20 50 75 5V IR B I B BRI | Il A
BUEA B R T HE LR EPCRIEm, B0
AT 3 W BCEAIE,

BRTHEFEEREICE = [(CxVxn)/m] x 100%

S, € e [IE T RRebR M0 B R T R BT T

mg/mLs V REEBGE AR mLsn WREREAREGm BT 5
.8

TE LBARRU L 90% KL 1:20(g/mL) |
PEIGR B 85 C FEHUAT[H] 60 min FEHL 1 R4
P, g PR B | IR R EOk R R IR
R T B R ECR 0,
1.2.3.2  RHR X B G Z PR AR

FEEFRELS 7 1.00 g BRT EHEK, FEL
BRI R 95% FEEUF [R] 24 60 min | $2H0EE
780 °C,#RHA EE 1:10,1:20,1:30.,1:40,1:50
(g/mL) #A7 MURHRHL, BT H-F1T 3 Ik HOE

B

PIfE
1.2.3.3  CBEARAUS Houk S A 2 R ORI
AL

KEFRELS £y 1.00 ¢ BR T BR A, [F 2k
WL 1:40 (g/mL) FREUR N 80 °C | $2 AT [H]
60 min, #% Z BERFL 30N 50% . 60% . 70% |
80% 90% HEAT AL, BT H AT 3 K, B
A,
1.2.3.4 RIS RIS B R PEBCR Y 200

KEFRELS £ 1.00 ¢ BR T BA A, [F 2k
WL 1:40(g/mL) | SEEARFR 3 ECH 60% | $2 B
FESR 80 °C, & H2 USR] 24 30,60 ,90 120,150 min
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AT AR, B SEE AT 3 R BOFE
1.2.3.5  $EHOGREEXT S E R BRI 20

AR 1,00 g BR T HMAR, B e BHE L
1:40(g/mL) | SEARF SN 60% (HEHLT ]
60 min, FARBUGEE A 70 .75 .80 .85 .90 °C #E47 [A]
TP, B SEEPAT 3 Ik BCFE.,
1.3 ]y T S5

DIV R R BN SER KR L | SRR 5y
B PEICRT ] PRBGR B 4 DR EEN AR,
AR AR IR Ay e AR, e B AR SR K
P Ab PRIz FH Design-Expert 8. 0. 6 B4 Xt i 17 1f 2%
AT AT AL BRSS9 [ AR R R AR LK
Witk 2,

F2 WA SEEBI IR R 5KTF
Tab.2 Factors and levels of response surface

experimental design

A B C D

K A, ORRRIL/ O BREEHE, REBGRE/
% (g-mL™") min C
-1 50 1:30 30 80
0 60 1:40 60 85
1 70 1:50 90 90

1.4 AFFHER T EHAE TR SR

i Fe e 1, TR ST 39 1) e AR B BT 2% 10 A7
H BT REEAT [l R, TSN [ 7 M ) B
KT HE G RMERICR 75 025 i,
1.5 PrEfsLs

KPR 1,00 g AR HIF B R T B A,
PR T A B AR R T A T A R A
B, B A B B 3 i) T ) vk B2 24 0..05.,0. 10
0. 15.0.20.0. 25 mg/mL AYFESIAER , B AR
ez
1.5.1
A 5

BRTHEGEER DPPH H H 20 &
ZRSCHR[16] B 7 ik, KB AR 1.30 mg 1Y
DPPH Ttz i, HJoK & BEE AT 5 i
ZEHI A 0. 10 mmol/mL 1 DPPH 5K . ¥
100 pL HFH R LB S 100 pL DPPH 0
A 96 FLA T, PR FR 3 5] )5 = kY 30 min, fF
T BRAAE 517 nm A0 HROBREME , iC 0 Ay ; TR
i, % 100 WL DPPH 5 100 pL ZEEER A 96
FLAR A, I HOE AR, 1259 A, 8% 100 pL &5
ROBEW S 100 pL ZEE WA F] 96 fLAk
oI O EEAE, ICh A, HETERRE=[1-

BRTHEERER DPPH H %t

(A=A,) /A, 1x100% , 7T A ) e 2 1) 7 LK
WO DPPH [ H ZETH R AR A2 0, 76 LA 2R
LTV AR BE Ry o AL e | T B3 3 g G\ Al B 23 1l
WP BRR AN 2R, BH X R 4 A R R O
Bl v EIE

1.5.2 FTRTHEETRKER ABTS" A &K
5

ABTS 7£38 4 i AL VE R S AR s
(1) ABTS™  TEHU A AERT  ABTS (17 A 25 1
T, 78 405 nm A S BE A, W0 AT H 5
R B S PUEARE ) . SERRIRA R UL B kAT
1.5.3 BRTHEHEERBYUAILRES HIE

FEFRPE 50 N PLE ALY T 0l LA JR Fe™ -
TPTZ 7745 % 1 Fe®* -TPTZ , 1 593 nm AL
JERT DA R S ) ST S AR RE T, SEBR HR A E 4
UERH A3 HEA T

2 #R5ite
2.1 FREZRRE A E
2.1.1  $RBOTEREE
TECBHARF S EL 90% FHE LR 1:20(g/mlL) |
PRI BE 85 C FEHUAT[H] 60 min FEHL 1 K55
T, 548 J2 B0 | Bl B0 | 8 = 2 B0
XERT AR CRERCEMTm, mE 1A
A 1] 3L B A 5 2 AR ey, R B [l
TP UL AT IR 2L 55
0.6

R I Bt
Bl SR A R AR

Fig.1 Effect of extraction methods on extraction

rate of coumarins

2.1.2  RHE LR E

H & 2a ATZ0, 2SRHE L <1 :40 (g/mL) B, A
T 0 R MBI Bl 2 R L 1 388 g 4 n 2
W R 1:40 (g/mL) B, 35 53R 09 52 R 38 BI i
KAE, k2 R R b, B SR I—RBUCR A T T
R, MERIOA R KT, 2 0 K R R
BEOIAT (7 G R Az 2 BT, imi ELk & it
W e £ 1 MR AS G I, LA 1:40 (g/mL) fE N
RN L
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Fig.2 Effect of single factor on extraction rate

of total coumarins

2.1.3  ZFEERRRUME

11l 2b AT, 25 CEEAARFR A3 ECR 60% I, A
T DR RICRIA B i S H, ARELH N SRk B, 5
Fr U RRPCR I LR P A, X RN
T RBE ST R A K e
FFLATE Z R i 50% ETH3] 60% 0, M E &
FRBCR LI — T E e H Y S BRT
B iy, BT A R B S R
T G R U™ AR5, BT LR 60% £, 18
VEN AR BB
2.1.4  SREUSRIAO A

H & 2c AJ 41,30 ~ 60 min G N, ME T E
PRI B A (] ZE A AN 0, 32 R T BE R 1)
JEA A 24 44 493 A 5 B U SR A o in 58 e 7S
O3 AR R R T {22 60 min Ji5 kL

FEAR SRS ], B A G R BOR I —E BT
K% ; 7€ 90 ~ 150 min B[] P, B0 23R I $2 OCR#
THRRE, PR A B[] A8 b 35 4 Jo 1) 46 4 11 )
IR, 39 R 2% B B BT, 0K 60 min 1k e fE 42
s ra]
2.1.5  PEECEE A E

&l 2d A0, 7E 70 ~ 85 °C TR L I,
FERMBICREME TR, RT3
85 °C, HRMCRIA BN IR AR . Tt PRI A8 ) 4t 7 45
e il BE I 2R S e 3, By -3z 2l BB TREE 1Y T
R, AT DA A R s il . YR 4k
LeFtET, B O R PR R, R R
HBORLEE R R 85 C.,
2.2 M TR SE BT
2.2.1 AR A SE IR TG

DLFALDR 3R 55 Ay BEAl, o 7 TF S 3 M 45 2R
WA 3,77 225 M W3k 4, 12 ] Design-Expert8. 0. 6
AT A, 45 2B KT AR UOR SRR
(Y) X CBEARF R A BRI B SRR FE C 32
Berstal D Bl HJ7 #2 2. YV = 1.36 — 0. 046A +
0.024B + 0.065C - 5.000 x 107 D + 0. 092AB -
0. 018AC+0. 023AD +0. 023BC+0. 023BD-0. 14CD -
0. 099A%-0. 026B>~0. 092C*-0. 065D*

£ 3  Box-Behnken 525G 5454

Tab.3 Box-Behnken experimental design and results

A B C D

W 2B R %ﬂﬁﬁ/%ﬁﬁ&/%g%
% (g-mL’l) min C
1 -1 -1 0 0 1.38
2 1 -1 0 0 1.13
3 -1 1 0 0 1.17
4 1 1 0 0 1.29
5 0 0 -1 -1 0.99
6 0 0 -1 -1 1.35
7 0 0 -1 1 1.34
8 0 0 1 1 1. 16
9 -1 0 0 -1 1.28
10 1 0 0 -1 1. 18
11 -1 0 0 1 1.17
12 1 0 0 1 1.16
13 0 -1 -1 0 1.18
14 0 1 -1 0 1.17
15 0 -1 1 0 1.27
16 0 1 1 0 1.35
17 -1 0 -1 0 1. 15
18 1 0 -1 0 1.03
19 -1 0 1 0 1.35
20 1 0 1 0 1.16
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A € Dok
dis CBEERE, OBREHL  IRIRETE] $RBURE/ %
% (g-mL™") min C
21 0 -1 0 -1 1.25
22 0 1 0 -1 1.34
23 0 -1 0 1 1. 16
24 0 1 0 1 1.34
25 0 0 0 0 1.37
26 0 0 0 0 1.38
27 0 0 0 0 1.30
28 0 0 0 0 1.38
29 0 0 0 0 1.39
x4 L 22 000 B A I
Tab.4 Response surface variance analysis and
significance test
pe WO nmm omy o Fm i wwi
FEHY 0.31 14 0.022 7.69 0.0002 = =
A 0. 025 0.025 8.8 0.0100 *
B 7.008x107 7.008x107% 2.46 0.138 8
C 0.051 0.051 17.83 0.0009 s *
D 3.000x10™* 3.000x107* 0.11 0.750 1

1
1

1

1

AB 0. 034 1 0.034 12.04 0.0038 =
AC 1.225x107 1 1.225x107° 0.43 0.5222
AD 2.025x107% 1 2.025x107° 0.71 0.4129
BC 2.025%107% 1 2.025x1073 0.71 0.4129
BD 2.025%107% 1 2.025x1073 0.71 0.4129

CD 0.073 1 0.073  25.64 0.0002 * *
A? 0. 063 1 0.063 22.21 0.0003 =* *
B? 4.441x107% 1 4.441x107* 1.56 0.2319

c? 0. 055 1 0.055 19.48 0.0006 * *
D? 0. 027 1 0. 027 9.61 0.0078 =
B2 0. 040 14 2.844x1073

AU 0.034 10 3.449x107% 2.59 0.1858
AR 53201070 4 1.330x107°

B2 0.34 28

2.2.2 WL AT

2% 4 AT FNZBRIA 3% (P<0. 01) , R 100
AN E(P=0.1858,P>0.05) ,R*=0.884 9, {1
IR A B, W T B R T B aE Z R M
PERG T 5 43 Ar 18005 5 R 4 45 3 o B 2 A
—KI A C I 3% (P<0.01) ,B.D 5
WA @ 38 ORI A C7 BYSE I 3 D Y
M 25, B RS2 AN Bk 3 5 2 B CD 5% M Atk
% AB Wi i ¥ (P<0.05) ,AC . AD .BC .BD HJ5¢
M A2 s 1 F AR TN 4 DN XT Y 5520 /N
W R C (BB TE]) >A ( ZEEARF350) >B (R
W) >D (FEBGRFE) o s HAEIX B R T HA
FEREICRZ WK 3, mEH, B FEER

PRBCRBEHE R [R] BRI e LTS TR, Sk
A AR R E 156 I 9 b A0 BT ] ) 52 A
X S 2R R IR K

a 5 R BB /%

2100 -050 000 050  1.00
B: BHAL/(g-mLY)
b FEREBE /%

—050 000 050
B: BHE /(g - mLY)

a B L - B 1A i 7 T 2 5 o 6 9 -+ BB 538 7 T
o AR L~ B B ] 45 2 22 1A i L - B 2 e i
3 N I AAE AR AT I

Fig.3 Analysis chart of response surface and contour

2.2.3  EAHRECT 2R RHE

iz ] Design-Expert8. 0. 6 ¥ 73 Hr 45 2 19 &
KRTHLFEGENSAERB T Z %08 . ok
T H059. 95% KHE EL 1:40. 02 (g/mL) R
] 60. 06 min $RBUGEE 85 °C , W AHFTFEBKRT
HERERNRBUOR N 1.36%, NKERIZT 20
AlEEE XA T T IR, 45 A SL bR Ay T
TP B SRHE I . AR5 60% BRI L
1:40(g/mL) $RHUE] 60 min  $EHURE 85 C,
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AT 3 YOS R AR R A A B R R HCR N (1. 36+
0. 03) %o , Wi WA FHm 1o i AL 9 8 R T R PRI T
EHABGR I T REERIAT A
2.3 AFFHIERT WS R RPCRI
10 M B R T FEFr B R R BURI 45
UL 4, B AL AR R R T #EEER
RPCRA 25, AR BUR R m 2 P i @
TRE A, B BRIRHCR Y 1. 66% , FfiR Y 2 Bt
MSEBITAE AL, S L RARECR N 1. 04%,

2.0

=
[

e TR K /%
& 5

B

" 0.0

B4 AREFHERT B AR

Fig.4 Determination results of the total coumarins

content of Piloselloides hirsuta from different places
2.4 PURMLE
2.4.1 BARTHLAFERIER DPPH A HZEfE
JIHYI E

HIEL 5 A, 10 AN MU B R T HE A ELR A

DPPH HAT—E HIIE FRAE ST, HiFBR R EEH & 5
B SE G NI G 0, 54 A BE A AR RO AR
AN P L R AP AR — R B 22 5 k. 10 )7 il
FESRFIBHYEZS VX DPPH A2 5000 i vk 182 43 31)
121. 43 .24.84 ,64.36,9.44 . 0.36,4.43,30.12,
2.68.25.76.1.48 .3.57x 107" wg/mL, H i Bk
SRR P TR, T BR R R AR R Bt
S R P AR A

120 0.05 mg/mL
& 0.10 mg/mL
£0.15 mg/mL

0.20 mg/mL
(.25 mg/mL

DPPHIHBRE /%

B 5 AEPHER T EAEZEX DPPH A itk
THERAE )
Fig.5 Scavenging activity on DPPH radical of the total

coumarins of Piloselloides hirsuta from different places
2.4.2 BRTHEFTEIFERR ABTS" H M
5
Fie R G BT A5 R e B AR,

FRUERh Trolox 4 ¥ FH 7% 18 /K i B 1% 0. 10.,0. 20,
0.40.0. 80 .1. 00 mmol/L, & X i 6 min, 7£ 405
nm PAAE I E WO R, DIARHES OD {5 K
BARAR , 25 OD (B B2 R P AL bR il bR it 22, [m]
JAhZk l Y=-0.987 67X+1. 1394(R*=0.991 5) .
e FLINAS oD A AbsiEfh Zerd 115315t
10 A7 Hike i S Pt RE . B 6 B, A el ™
MR BR T B SPUA R A W B p 2 5%, Hir
YA fLRe IR n 2T P A AR, PR RE
I E A2 BN S R PN A

0.5

0.4
0.3

0.2

0.1
0.0

SYERE S/ (mmol - L)

2R LK WH SN LS
FEEH L S YK
@‘@‘@‘<®<@«;&«;&&@’§$

B6 A HEE S EX ABTS' [ L5 % 1E
Fig.6 Scavenging activity on ABTS" radical of the total
coumarins of Piloselloides hirsuta from different places
2.4.3 FBRTHLFERDPUAIEE S0 E

Foe B S vl B A5 b iR A e, A
ATECH TAEW . KB FRE 27. 80 mg FeSO,-7H,0
A1 mL 281K i, BGE & FeSO,-7H,0 ¥
P BE i 0.15,0.30,0.60, 0.90, 1.20 Al 1.50
mmol/L, 37 CH¥E 3~5 min, 7F 593 nm I K4k
W F OB, & fLii 2 2s A fL oD s, DA
FRUESD OD B A AR A, AT Ve B2 SRy A A bR 2%
HlbREd e, A2 mIH 2 Y=0. 118X+0. 115 7
(R*=0.9969) , L4, 10 4N/ i St fb
RETanE 7 Fon, S5 RRWL, TV A AT AR
SPUAAEE IR, = R T AR S bR A

AE I A5

SPTEALRE S/ (U-mLY)
°c o =
S o0 N

e
=)

E7 AF-HSEH TR LA
Fig.7 Total antioxidant capacity of the total coumarins

of Piloselloides hirsuta from different areas
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2.5 WAEFEREBRERSHUAMLTE T

10 AR = H i B R T REEAT TR HOR &
PUEALTR TR 22 5 ERT SE R I, BT & AR i
A ARV A A TR A PR BCR A 2 Bt
MR AR A 3 3 AL LI BT 5T A 2L,
BRTHEFEZRAARFMOHALES, B
PUAALRE T A5 55 5 A G R & e . HLE
T LR P UR B i ARl 1 DT R AL RE D iR, I
R

3 it

ARSI UL LR R, B g e AN ]
B KT HA R SRR T, R R
LA | N Box-Behnken 5401 H 32 BT
2B R R OO B R T R AR B R IR
T AT A, B SRR IR S AR
0 60% . REWE L 140 (g/mL) | HE B A
60 min FEPRE 85 °C .,

38 2 SCHR AT A& B, B R T wAE [V R
XD R W Az AR SE IR R AR B K
TR TR PUAIE S B R E R IR
A, ) B HC R 24 AN, £ 32F R 245 256 1 A
HEALFIRL AL, RSO T BR T HE TR
1 P2 £ vl 7 N [ Wi A O E 11 Z R A Y IS S =
KT HAE R FARPUEALT I K AL T n] 58 1y 5
IR . RIS, X R T B AR AT AT DL —
X HAT G ARSI AT B BH | s 24 1 T
&S5BS S A A B KT R B B
Iz B X — AR R ) A BN R A DR
A 2T A
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FHH XNRT, G B, EF
CFZERLT 2B AL T 525258 259 A S Ak ide s 5 sc s, Wi J61T  448000)

WE ETHEGYNESES FRARIRAIRE ), B —2H & 5O ML REAR, # 3-R PR 5 — SR
TE LT B SONE AR P A 3-IROR R TR (12) o HEEF Pl 12 550 A 4 S A5 31 v ] 4R 3-50 38 H iR
LBR(L3) et ik L3 5EMmA AL RBRNEAE T RSB G4 L4, XML A Y L2 ~ L4 317w e dR S iR
JEMA M CIE SR, FH B TFRBOGEMPOOGEM R T H WESEE T (Ca( ) Fe(I) Ph( 1) .Co( T) .
Cr(M) Ni( 1) Fe( ) Mn( 1) . Zn( ) F1 Cd( 11 ) ) X BHinfb &9 14 B9k e, 0F 55 R BArtb G953 Cu( 11) |
Fe( 1) F1 Ph( IT) B F R R EEIEH, BEELBE T Cu( 1) Fe( D) M Pb( 1) BINMA, BELAY L4 B9
R ) T W55 2 AR SR AR K T X A EE 4 A SR R RO A R B B R RS

KR N5 ELR BT 2O06E B FIRIOERE 35 L

FESHES.0621.3 XHEFRIRES A X E RS .0258-3283(2023)02-0121-07

DOI ; 10.13822/j.cnki. hxsj.2022.0576

Synthesis of 3-( hydroxyimino-methyl ) -benzoic Acid Ester and its Fluorescence Recognition of Selected Heavy Metal
Tons DONG Yan-qin ,LIU Xin-yu,ZENG Zhan-peng ,PENG Pei ,WANG Yong " ( Key Laboratory of Drug Synthesis and Optimiza-
tion, College of Chemical Engineering and Pharmacy, Jingchu University of Technology , Jingmen 448000, China)
Abstract : Oxime-based compounds have good coordination ability to heavy metal ions, and which are excellent ligands for the
preparation of fluorescent probes.3-Bromobenzoic acid ethyl ester (1.2) was obtained by reaction of 3-bromobenzoic acid (L1)
with thionyl chloride in ethanol.4-Cyano-2-methyl-benzoic acid methyl ester (1.3) was synthesized by reaction of 1.2 with cuprous
cyanide.And finally reaction of ethyl 3-cyanobenzoate with hydroxylamine hydrochloride in the presence of sodium carbonate af-
fords ethyl formaloximinobenzoate (14).The structures of L2 ~ L4 were characterized by "HNMR , " CNMR and IR.The electron
absorption spectroscopy and fluorescence spectroscopy were used to investigate the interaction of selected heavy metal ions
(Ca(Il') ,Fe(Il),Pb( ) ,Co( I),Cr(MM),Ni(I),Fe( ) ,Mn( Il ),Zn( I ) and Cd( Il )) with L4.The study showed
that L4 possessed excellent selectivity for Cu( I ) ,Fe( ) and Pb( I ) ions.With the addition of metal ions Cu( II ) ,Fe( 1)
and Pb( I ) ,the fluorescence intensity of 1.4 gradually weakened ,and even almost to be quenched completely,while it had no se-
lective recognition effect or weak selective recognition effect on other heavy metal ions.

Key words : oximes ; heavy metal ions ;fluorescence spectroscopy ;electron absorption spectroscopy ;design and synthesis

UTARSR RIS Yl H 45, B RR R ARk ROt ik S R 2 g B A
TREMPIEE G R B R, Eels )

MEMEfR 2 o 5 RS R I KIS R Ak rh Wi B 49 :2022-07-28 s I B & A #3:2022-11-15

. STE . W AL & 205 T B2 5 R BF 50 & A
E RS AU B RR T A 25 BRI T L3 WA WAL A BT R B8
i i . ) (D20214302) ;311 48 B T 22 Be 5 H (ZD202101) ; K% 44
ﬂ@%%ﬁé E]/‘J E':B' %ﬁzﬁﬁﬂ:)\/\@tﬁi%%1$@% ’ EF %ﬁ@”ﬂi}”éﬁ:ﬁ-kﬂ}ﬁ El (5202211336030) .
R R AT PR PR ARG T R 4 EE R HEH I (2002-) , 20 WALIIT T A ARVE  E T
TR BT AR n B R LA PRSI RN 4 ST LG T2
P A ERTR I £ S A ke BREERL 2 DL RS L5, Eomail:vangyong1987€ et du.cn,

o o SRS S, XTI, . 3-H1 0 I 3 Y g
e e S S ETE 370 TR 2S00 2 R FE R T 4 S T S e B [ 1) A

H Al 4 B A Iy sk A O R 224 ,2023,45(2) 1214127,
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BER R ST AR R AR SRR, SRR
TR MG FE 4 TR TS e, X A R A
o6y B A, TR Sl i R A A AR R BB VE
DT LR I 4w B T, SRR A S
{8 M fE R, N T 3037 A5G0 A A R A A
JATT WAL A S A TSR B C=N—0,
Zith R F HA IO T, "R T HARK
MHL B, RS & R B T A AR I A AR
NN B2t 4 R B A AR A VR,
oG, AR R E , B S AR BT Ut
BEFI L R AR

AU 3-H i 3628 R 16 (14) 5%
Hbs, LA 3-TR 2 F iR (L1) 3 i Be Ak Sk Bt
SERIN S T BR AT RN AT H ARG 250 A1, St
Tl SR A T R A5 A S T 7 6 A i 2
EWE BT, BRI EY 14 &4 3
B SRR AR 20 G W B A B A g
JIRmSErEe, &, A IO RS et
HCIERR T WE 482 F (Cu( 1) (Fe( ) |
Pb(Il) . Co( ) Cr(I) Ni(Il) Fe(Il),
Mn( 1) Zn( D) A1 CA( T1) ) XHEEY L4 19615
M 1 4L

1 ZEHH
1.1 FEAE 5

JACSO-V770 B2 Hh-1] UL 43 O BEAY ( H A
JACSO A7) s F-4600 KU H 375865066 83 ( H
AR H AT 5 Nicolet iS50 FI AR HLIH- 21 485G 154X
(32 Thermo 2\ 7)) ; Bruker 400 MHz B 4 34z
%A ( i+ Bruker 24H]) .

3-BORHR (L BHE A BR A A 5 oK
FALER | R — K G FALE (B R HOR
BBRAF) s IR . LR A UK AW b R ¥2 B
( B TR A BRA R s FAL 4 | Y 7k
ST IR AR B 757K A (it 28 sH B 47 ik
AT RA T s TR RN  SEACEE il R 5% i 1R
BR(I) LKA (1 2 s pRA AR AT BRA
A 3 TR R A b4t
1.2 ik
L2.1 5Ok

R T IO IR TG
LA X} 4 i B B B S i, BRI T .
HHEM—ERBE(V(ZHE) V(& H k) = 23

D) EH THEY 14 (1.0x107* mol/L) i % Wi,
[FIEFRE T 10 Fhegs UL 4 Jm i 50)  To K EAb R |
LR — K G EALH HIRER | LR UK
Y DK CR%E BRIR W KB S K A AR EE
R AR ER (1) JLK G, I 1 I ¥ W 1
BRIV A 45 8 B F- (1072 mol/ L) it £ 9

TGS A E J7 8% 3.0 mL (1x 107
mol/L) b5 1) L4 W) Bl A W % # 2 1 em
AE I ESOOGIEAGE RIS . 1 o
A 30 pL (1x10™ mol/L) Cu( 1) f# 453, Ific
HotE . FaR BRAE AR B A Cu( 1) B +1E
AT EEHT, RIEHRREE HAL 48T,
1.2.2  HFMIBOGIE

FEZMR T, FEAb-0T WA B AR5 T 1k
G LA B HOG H 4 i g oL IR MO T
LA AN ) 4 s 25 19 R I A 35 o 7 84 5
PEIITEIEAIAL
1.3 fLEWRE L
1.3.1  3-BURHR LR (L2) il &

0 F B 2 mL(27. 54 mmol ) — S AR A
# 60 mL % 5.0 g(24.87 mmol) L1 Y JC/K & 5
ORI N 6 h, ZJEHHR = =R, N
A 50 mL ff1 Fl Na,CO, 7K¥# ¥, CH,COOC,H, %
FIZEE (20 mLx3) WA AP, A PRI
7K (10 mLx2) Fff A1 NaCl %3 (10 mLx2)
PRI, T U8 BR RV, 155 4. 99 ¢ B AT
RWAA, 77 % 87. 6%, "HNMR ( CDCl,, 400 MHz) ,
8:8.17~8.18(t,1H,J=1.72 Hz, Ar—H) ;7. 96 ~
7.98(dt,1H,J=1.2,7.8 Hz,Ar—H) ;7. 65~7. 68
(dq,1H,J=1.08,8 Hz, Ar—H) ;7.27~7.33(q,
1H,J=7.92 Hz, Ar—H); 4.35 ~ 4.41 (q, 2H,
—OCH,CH, ); 1.38 ~ 1.41 (t, 3H,—OCH,CH, ).
BCNMR ( CDCL,, 100 MHz) , 8: 165. 24 (—CO0—) ,
135.74 ( Ar—C ), 132.54 ( Ar—C ), 132.42
(Ar—C), 129.90 ( Ar—C), 128.13 ( Ar—C),
122.41 ( Ar—C), 61.40 (—OCH,CH, ), 14.29
(—OCH,CH,), IR(KBr),»,em™:3 095,3 068
(Ar—H 45 ¥R 3h) ,2 981,2 935,2 902,2 871
(CH,—H 1 4i¥ksh),1 727 (C=0),1 616,
1 568,1506,1 470,1 423 ( F5 &M Ar—C=C—4
IR S ), 1 284, 1 256, 1 172 (—C—0—
C—),883,857,808,746,713 ( Ar—C—H [ #p 25
M¥Esh) ,614(C—Br) ,
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1.3.2  3-FERHIR R (L3) il

# 19.50 g(217.73 mmol ) AL 4R fin A 2]
80 mL 7 4.99 g(21. 78 mmol) L2 ¥ DMF ik,
Bl S 48 h, ZJE ¥ A 2 =0, A
100 mL 13 Fll Na,CO, 7KI&W, 7 BIHT H # € [ 14,
AR R R A EAY B, I8 CH,COOC, H
RIAEIL(30 mLx3) W AEA LA, 158 AL
JEAR K K (15 mLx2) Fl4 Al NaCl 7K & W&
(15 mLx2) PE¥&, T, o 08, % 20 45 &, 15 2
1.86 g [ €8 [ f& ] f&, 7= % 48.7%, "HNMR
(CDCl,, 400 MHz),8:8.33 ~8.34 (td, IH, J =
0.44,1.6 Hz, Ar—H);8.26 ~8.29 (dt, I1H, J =
1.60,7.96 Hz, Ar—H) ;7.83~7.85(dt, 1H, J =
1.48,7.76 Hz, Ar—H);7.57~7.61 (td, 1H, J =
0.44,7.88 Hz, Ar—H); 4.40 ~ 4.45 ( q, 2H,
—OCH,CH,) ; 1.40 ~ 1. 44 (t,3H,—OCH,CH, ) ,
BCNMR ( CDCl,, 100 MHz) , 8 164. 62 (—C00) ,
135. 88 (Ar—C) , 133.65 (Ar—C) , 133.27 ( Ar—
C), 131.77 (Ar—C), 129.40 ( Ar—C), 117.97
( A—C—CN ), 112.91 ( A—C—CN ), 61.82
(—OCH,CH,) ,14.26(—OCH,CH,) ., IR(KBr),
v,em '3 101,3 059,3 038 (Ar—H f4i4Ezh),
2.976,2 926,2 903,2 865 ( CH,—H {H4E4E5h) ,
2 228( A MAEIRSY ), 1 720(C=0),1 609,
1 576,1 558,1 507,1 476,1 435( HFHH Ar—C=
C—HEM 4R Sh), 1 290,1 192, 1 172 (—C—
0—C—),934,915,864,822,751 ( Ar—C—H [ 4h
BhiRah) .
1.3.3  3-HEEEIIE TR B (14) Wil &

B A 0.81 g(11.66 mmol) £ IR ¥2 iz Fl
2.36 g(22.27 mmol) Jo/KERFREN ) 20 mL 7KK
FIAF] 20 mL 5 1. 86 g(10. 62 mmol ) L3 [ 2 i
WP KX IR S WA 70 C AR 6 h, &
B, AR L O, w1 BB Y s a
A ELE RS 0. 95 g BRAl SR B R, PR
46.3%, "HNMR ( CDCl,, 400 MHz),6:8.44 (s,
1H,Ar—H) ;8.21~8.23(d,1H,J=7.72 Hz, Ar—
H);8.07~8.09(d, 1H,J=7.72 Hz, Ar—H);
7.54~7.58 (t,1H,J=7.76 Hz, Ar—H) ;5.78 ~
6.22(d,2H, H—C=N+N—0—H) ;4. 39 ~ 4. 44
(q, 2H,—OCH,CH, ); 1.40 ~ 1.44 (t, 3H,
—OCH,CH,) ., “CNMR ( CDCl,, 100 MHz), §:
168.20 (—C0O0—) , 165. 81 (H—C=N) , 133. 57

(Ar—C), 132.95 (Ar—C), 132.02 ( Ar—C),
130. 95 ( Ar—C) , 128.95 (Ar—C) , 128. 05 ( Ar—
C), 61.46 (—OCH,CH,) , 14. 33 (—OCH,CH, ) ,
IR(KBr), v, em™" .3 408 ( O—H 1 4 4§ 3 ) ,
3309,3 164,3 058 (Ar—H 45z 3 ), 2 993,
2940,2 905,2 970 (CH,—H #1454 3h), 1 704
(C=0),1681(C=N),1627,1581,1471,1 432
(FES A—C=C—E M4 Iah), 1 279,
1 154 (—C—0—C—), 812,775,722, 641 ( Ar—
C—H AR5 ) . UV-Vis (CH,CN), A,
nm(&,L-mol™" +em™) :201(90 010)

2 H#R5HR
2.1 A ERIE

Hirfb ALl 300 K R Ry J5kt , 7 — 50
BRI & s v e S8 AL TR AR A5 B ) A L2 2
Ja LAY 12 5EAEAR O, B #SE R
T 1 SRR, 2-78 2 H R 20T 1 (A8, 75
B AR 13 5 f5 i 70 0 R A0 0 ROk 2 10 T,
G L3 SEm RN O, FE LR EIE S
PR P2 HEAERRPE 25 11 — 2L A AE N 1) B AR 59
1AM B R DL 1

Br Br NC
CH,CH,0H CuCN,DMF
socl,
N N

HO Y0 0o 00
L1 %) 13
HO~y -
NH,0H - HCI
N%CO
’ 0o
14

B 1 3-HEEHEIEF R B0 A UL

Fig.1 Synthetic route of 3-formaloximinoethyl benzoate

EE P 12 B L3 97484k, o7 LA B Bz i 21
HMETETE 2 228 em ™ AbF 5 114 W AL 06 H B 31
DR R MLLAMRFAE P 45 R 20y, A AT DIIERA &
ZHLE Y L2 FER TIEY 13, (L&Y 13
B L4, AT LIl 7E 2 228 em ™' b UL LT AP i 04
FEAH RPN GEUE S Y L3 B &2 AR L T
&Y 14, MLEW 12~ 14 #47 T "HNMR,
SCNMR Fl IR ZE45 k) FAE
2.2 BwidbR

AW 12~14 1 "HNMR F1 "CNMR St 2
FE 400 MHz 3 3% _E K A9, LA CDCL, 1E R %
F R REAE 5 mm PIARIERER AT . 2= R LL 6
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FR, DL TMS (TMS = DU HE 3k e ) 78 R A
2.2.1 1b&¥ 12 /Y "HNMR A1 “CNMR
&% 12 ) "HNMR .S 8.17~8.18 & —41
=l J=1.72 Hz, X 2R3 I 4 Sk R AL
2536 7.96~7. 98 EPHA = HEE JE dt #i A,
J=1.2 Hz 2K 5 19 2,6 7 Bk E A4,
J=7.8 Hz 22K 10 1,2 o & A 04, X
NRES I 2 Sk B A A2E R 56 7. 65~ 7. 68
JEMLL Y E I, 2 dg #55,7=1.08 Hz &R I
12,6 AL Efx LS WHA, /=8 Hz 2R LW
1,6 P B AR A X RIS 6 Sk A
BN 6 7. 27 ~7. 33 JEDU TR, J=7. 92 Hz,
XTREARFR 1 50k B A= i #e;6 4.35~4. 41
JEDUE W X A E—CH, |2 MR
k%, FE 3 5 HARE—CH, kARG ;6 1.38~
1. 41 J& = HE g X O 5 E—CH, |3 A4
2= i ¥ F 2 5 HAHE—CH, BAERE
&%) 12 B9 “CNMR .8 165. 24 J&[E—C00
B RS 6 135. 74 X AR FR 6 Sk K4k
%56 132,54 X WK IR 3 Sk i AL 2
8 132,42 XF W AR FE 4 Sl fb 2 # ;8 129. 90
PR RIS 15k 2= 0085 56 128, 13 X i R BR
2 SEREIFOIRE 36 122. 41 SFR AR 5 SHR Y
28 36 61. 40 XN LA F—CH, Fikigfb
S ;6 14. 29 XN LA L —CH, LAk ik k2%
fiF% ;8 76. 74~ 77.38 XF R ¥ il CDCL, LAk 11k
ik
2.2.2 &Y 13 19 "HNMR Fil "CNMR
&% 13 () "HNMR 6 8.33~8.34 J& =41
PRI & od HEA,7=0.44 1.6 Hz, SN 2K R |
4 Sk E RIS ;6 8. 26~8. 20 JE A =
W di kS, J=1.60 Hz 2R I 2,6 S 1
AMFRG,J=7.96 Hz ZA LAY 1,2 f &k -
ARG, XTI E R 2 S E AL AR
87.83~7.85 JE M4l =g & dt #A,J=1.48
Hz 2850 | 2,6 Shk LS WA G ,J=7.76 Hz j&
ARIA L 1,6 Bk B A FERS, XN R L6
Sk EAR N8 7,57 ~7. 61 S = LH W
I J& od #E4,J=0.44 7. 88 Hz, R KR 1 S8
RIS 6 4. 40~ 4. 45 DU E I KR £
AHEE—CH, L2 DA 058, FE 5 5 H
HHE—CH, KA E ;6 1.40~1. 44 J2 =& Xt
N RS F—CH, b 3 ANE M=, fi

5HAME—CH, KA A;6 7.27 X N % 7
CDCl, & mfb2a0ifs

LAY 13 1) "CNMR 6 164. 62 J&fiE—CO00
FERIALEAI RS 8 135. 88 X AR | 6 S HRAY
A% 56 133. 65 X R AR FR I 2 Sk fb 24 4r
F6:6 133.27 MWK I 4 SRAIL2ENL RS,
8 131.77 XF Wi 7K 3F I 3 5 5k 19 1k 2% 17 75,
8 129.40 XF W 7K ¥R I 1 5 8% 09 1k 2% 17 75,
8 117. 97 XF 3 L ak AL A7 %56 112. 91 X
PEAIR 5 SRS ;6 61. 82 X £, 48
—CH, ERIFb2EN R ;8 14.26 XN A K
b—CH; iRm0 %56 76.72 ~77.36 X )i
%59 CDCL, kb=
2.2.3 kAW 14 19 "HNMR #1 "CNMR

LEY) 14 1Y) "HNMR .8 8. 44 JE B E I X Ly
IR 4 Shk AL 556 8.21 ~8.23 & —
HWEWE J=7.72 Hz, X W KK 2 Sk EEUT
fb2E0i 8556 8.07 ~8.09 J&— X, J=7.72
Hz, YRR3R | 6 S8 S Ik 220055 ;6 7. 54 ~
7.58 —H =g J=7.76 Hz X R KR | 1 5
W LA 56 5. 78 ~ 6. 22 43 B % B H—
C=N Fl N—O—H A M fL2A 06 4.39 ~4.44
FEDUEIE X 2R E—CH, AN SRk
Piks , R E 5 HAH E—CH, R ARG ;6 1,40~
1. 44 J& =g XN 8% E—CH, I3 A~
fe2= i #, FE 3 5 M %E—CH, kA # G
8 7.26 XRIEAF] CDCL, AL,

&%) 14 B “CNMR 8 168. 20 J&fE—CO0
R AR ;6 165. 81 K H—C=N—OH
RIS ;8 133,57 XN AR 5 SR
Tb2E S 38 132,95 KRR IR | 6 Sk (1 1k 247
%8 132.02 XN K IR I 2 Sk i fb 20 B8
8 130.95 XTI AR I I 3 Sk b #;8 128.95
PRI | 4 S hkp 700 F8 ;6 128. 05 X b 4L
W1 Sarfbz i ;6 61.46 XN £ A I
—CH, F#RAILE0 8,6 14.33 X 2 F 3 F
—CH, A ILEAI RS ;6 76. 71 ~T77. 35 Xif i I
| CDCl, ki b=
2.3 HFIOERE

EEWR T, 9T 10 w048 1
(Cu(Il) Fe(Il) Ph( ) Mon(Il) Fe(II),
Cd( 1) Co(I) Ni(Il) . Zn( 1) Cr(IM))Fn
G LA FE IR T 190~ 1 100 nm JERK T
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B IR OERE, Zo( 1) Mn( ) A1 Cd( )
T4y SIAE 196,199 F 207 nm A iz KW L 14
Fe( ) A1 Cr( 1) B F7E 209 nm A F KW
Fe( 1) .Cu( 1) Al Co( I ) B ¥4 5I4E 212 215
1221 nm A KWW ; Ph (1) B F7E 205 Fl
275 nm PIALA f R s Ni( 11 ) B F-7€ 199
234 nm A e R,

LG 14 78 201 nm A 5 KW, v] LLE
45k wom” Bl B L4 MARTR 4R B
TR TS W AT B B Cu( 1) 851
(E2) i, L &9 1A 16 201 nm 40 WS 35
EREMMNAES -2 BREaR, GlnxF
Cu( )BT, ERIMA Cu( 1) B T2 0, 1bEW
L4 7E 201 nm BRI BES Cu( 1T ) BT
B LAY L4 1 f WS 55 J32 30 4 1
I H B &AL, 2 Cu( 1) BB He BB i 3]
G 14 19 10 £5EE fLE W) LA 15 R I 4 5
R, I HoR W 2T 7 5] 207 nm, HAth 4>
JEI Fe( ) (W 2) Cr(I) (K 3) . Co( 1) F
CAd( ) B AP E,

AlS5fa

0.0x(10 mol /L)
N — = 1.0x(10* mol/L)
7N === 2.0%(10* mol /L)

. 3.0%(10~ mol/L)

AN ~— 4.0x(10 mol/L)
1.0F " oo\ —= 5.0x(10* mol /L)
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ZnCuNi-LDHs B9l 8 & E Xt MO g Bff 1% 58 7 52

ERCE RS N L
(LFEBMUILZS T PR BE ARL2=BE 0 Rg #IN 450000
2B TR EE DI REAT R B S 3208 % Tl #RJH 450000)

FEE  LUSEREE SRR FIAS R ER k), = S B AR, SR /K G 7 il 45 1) 3 F ZnCuNi-LDHs & & #K# 8}, IF
FHTF b R K B A8 B 2 W IR S . 45 SR8 W, ZnCuNi-LDHs W S P SR8 445 v — Sl o A W B 2 197
TE22 B, B RIS , SRR 4T BRI RE J1, 76 25 °C BI8h pH IFE T, 15] 20 mL(20 mg/L) F JEHS ik
$hm 25 mg 3 Ff ZnCuNi-LDHs , XF FT 2 485 14 2 B R 7T 43 B3k 98. 5% . 94. 7% ,92. 4% ; XF MO Fe KW B 4 4351 8 1 163,
12301 712 mg/g; %3t 3 WHGFAFI G , Zn-Cu-Ni-LDHs %oJ B 248 W B 2247545 B W] 35 71. 5% 61. 2% .50. 6% .

L4218 : Zn-Cu-Ni-LDHs ; B L5 W B 5 K AL BRBE A HERF

FESES X703  XEFRIZES.A  XEHS0258-3283(2023)02-0128-06

DOI:10.13822/j.cnki. hxsj.2022.0618

Study on the Preparation of ZnCuNi-LDHs and their Adsorption Properties for MO LI Yang' ,WANG Ze-hua' , TIAN Hui-
yuan' LI Ping' , CUI Jie-hu™"* (1. The College of Materials Science and Engineering, Zhengzhou University of Aeronautical ,
Zhengzhou 450000, China;2 Key Laboratory of Environment Functional Materials, Zhengzhou University of Aeronautical , Zheng-
zhou 450000, China)

Abstract . Using zinc nitrate, copper nitrate and nickel nitrate as raw materials,and triethanolamine as the base source,three Zn-
CuNi-LDHs composite nanomaterials were prepared by hydrothermal synthesis method for the adsorption of negative ions of methyl
oranges existed in dye wastewater.The results showed that ZnCuNi-LDHs adsorb methyl orange in line with the quasi-secondary ki-
netic model ,and the adsorption reaction was chemical adsorption and self-release thermal reaction.The adsorption capacity under
various conditions was investigated, and the removal rate of methyl orange was 98. 5% ,94. 7% and 92. 4% ,respectively, by adding
20 mL(20 mg/L) methyl orange solution under the condition of 25 °C and initial pH.The maximum adsorption of MO was 1 163,
1 230,and 1 712 mg/g, respectively. After three cycles, the adsorption rate of ZnCuNi-LDHs on methyl oranges can still reach
71.5% ,61. 2% and 50. 6% ,respectively.

Key words : Zn-Cu-Ni-LDHs ;methyl orange ; adsorption ; water treatment technology ; recycling
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SO, SR DL BT 0 B S AR T T Y MO
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Fig.5 Effect of pH on adsorption

&% pH MO AR R BRI £ R 45 4%

4, 2k AF ZnCuNi-LDHs i, i $E 1 h, W 58
B 7 5 E MO Fl i B, I 3153011 A
& 6 S AN  fft35) F & F ZnCuNi-LDHs X MO )
W RFFASCR 4B hnR 10 mg, K MO (922558
A, TR T B I o ) 4 T 1 W RS e RE Ak 8 42
VW BRI A 10 mg B8 A1F] 20 mg, W ffF 51
T REAS IR L L 05 22 A 06 P 7 A5, T BFF R0 X MO
DS S i NN TR 7T = N S S = ]
R T, 1T R S I A W B R R 1 8 v
T, MO e FRE I o, 2 A W B 75 R T A A AR 22
23 A% I R B0 A5 A7 08 A R R o B R L k3 4
FLRAS . WIS T4 B9 MO e B R 28 /0N, VU
K pienI WARUERAY s VAR &2 (AL A v S 2 i
LR S f ] ZnCuNi-LDHs 1Y 4% 0 & 44k
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100 40

80} ~

. 130 %
‘@- 60 hED
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Fig.6 Effect of adsorption dose on adsorption

2.5.2 MO %A B i B Ast I) Xef W5z B RE 1)
A

& 7 y ZnCuNi-LDHs Xif FT EEHE At W52 [ 2k S
B, 3 FiobAreh Xt B A% 1 8 B 2k B 0 4 R A
YR R S TS 0, ZERT 4G 0~ 3 000 mg/LL 1
Fil N, ZnCuNi- LDHs W BfF 5 43 ) BN 0 38 fin 2
1163.1230.1 712 mg/g, X &K K BEE B FLAE 4]
R ALy TR I N e T L8 DARURAY 1
7300 I T A 5 22 14 9 4 R o ) e
ZnCuNi-LDHs-1 Xt [ 2 7 2 B H 55 580 1% W [ B
41, ZnCuNi-LDHs-2 F1 ZnCuNi-LDHs-3 FY W Fff f+
X 5 T ZnCuNi-LDHs-1, 3% 36 B = 2 B e Y
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Fig.7 Effect of solution concentration on adsorption
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IR IR, OH ™ (R 50t 35 M, 355 44 R A5 250 i
o AH N b 5, B MO v FE iF — 25 3 in %)
4 000 mg/L, ZnCuNi-LDHs-1, ZnCuNi-LDHs-2 1%
A e ST 3K 2 PR Ay R 8 R0 7 WA RRE A7 A o B
SE4, SR ZnCuNi-LDHs-3 IS8 7E FTh, IR A
—5E B RO 25 3% 5 BET 45 558 e —52 |

& 8 A7 ZnCuNi-LDHs 1) W B Hsf ] X A 356
W M PERESZ MR . 7E 0~ 10 min PN, W 5 B b 3
Hahn, 40 min J5 MR IA B OF MR A ZnCuNi-
LDHs #9 1 fii M B &t 53 5 o4 15.82,15.25 #0I
14.95 mg/g., TEMZB 07 LA B Bt , ¥ W v Y A
FA) e R e, K Ay 4 TR P 9 8 1 ke
AHZERE A, P2 A A% S BRh 7 vey | AT R B 3 R A
P, BEE AT R AR Ik R AS W AT, W2 A 751 %) R
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Fig.8 Effect of reaction time on adsorption
2.5.3  WERsh i sy
%% 2 JE— B AR RN Bl A

RIRIILG 45 2R, 8 HOBE — 2R 8l ) A A B A o
B ARG TROE RE(RY)  HE )
JIAREAIT 3 SR K A W MO Ryt R 4D
BT BN MO A R 5T FCSAF, Ul ]
ZnCuNi-LDHs W Fff MO 593 i n] DL — 28 80 )
SERRIHEA | 2 R DI B A 32

%2 ZnCuNi-LDHs X MO (Wi sh 112440 & S50

Tab.2 Fitting parameters of MO adsorption kinetics

of ZnCuNi-LDHs

E— Bl 1A

T DAt R
w7 Ky 0/ Ki/Cer
(mg- R (mg+ mg'. R
g ™ g!)  minl)
ZnCuNi-LDHs-1 15.08 0.045 0.966 18.08 0.004 0.99%4
Z/nCuNi-LDHs-2 3.13 0.078 0.926 15.33 0.095 0.999
Z/nCuNi-LDHs-3  3.24 0.062 0.681 14.69 -0.267 0.999
HA SR, PRI JE S 20,25 30,35 Al
40 °C PEFE 1 h, MR 52 B 4 50 s L R A vk
BE 263 R R A 0 B IR B 45 F 45 B B ZnCuNi-

LDHs XF MO (W B 25 2880 THR T MR 2
A6 3T A B BEAZ AL (AG, kJ/mol ) (& 7% (AH,
kJ/mol) JHAE(AS,J/ (mol -K)) , 45 HANFE 3 P,
AG<O, It LUZ W i 5 RS — > H & 1 Rt 72
AH<O, 2% B 3% W B 2k 78 o8 iR F2 . ZnCuNi-
LDHs-2 . ZnCuNi-LDHs-3 ¥ AS>0, 3¢ B 0 B 1o 7
R RIRTEL A B,
#3  ZnCuNi-LDHs X} MO #0301 2280

Tab.3 Adsorption thermodynamic parameters of
MO adsorption of ZnCuNi-LDHs

W J IR/ AG/,I AH/,I AS/[J:l
K (kJ-mol™") (kJ-mol™") (mol-K) "]
293
7ZnCuNi-LDHs-1 298 =2.77 -43.02 -132.90
ZnCuNi-LDHs-2 303 -2.62 -1.88 2.42
ZnCuNi-LDHs-3 308 -2.592 -1.56 312 523.10
313

2.5.4  Zeta LA M FIE A A

h THIEAIR] pH T A HL A DL SR 75 A7 7 i
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Fig.10 Recovery and replicate experiments of
ZnCuNi-LDHs
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AJH1, ZnCuNi-LDHs 7E 2838 3 IRTEH I 2 )5,
ZnCuNi-LDHs X MO 1 W B 2 475 43 il o] ik
71.5% .61.2% .50. 6%, WZ/KWE A BA LI
PEIAFI R X SEBR R AT — € MEL

3 ig

AR = L EE AR R R, K Gk i &
B3 A R] 2R P i JE 4544 (1) ZnCuNi-LDHs, i
it XRD BIUESE T A7 76 2K W A 1) BB SRR AiF 0
ZnCuNi-LDHs Xt MO [0 B 8h 1 2= A RIS A i
G ol J1 AW SRR 6T 20 me/L A MO ¥, BE
TSI R 25543 3 18. 08 ,15.33 14 69 mg/g,
5 o 10X R o2 R 1 5 i 51 0 450 B0 2% B . 4 TR A
fFE] 120 min B, M BfF & AT 3k $) 15,83, 15. 25,
14.58 mg/g, GHIBW I 75 T AH2ZE A K, ZnCuNi-
LDHs $5z K W B & 43 %1 1 1631 230, 1 712
mg/g, HXF MO 08 ¥8 W B 5 1 HA — 2 1 &
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MnO, @Fe, O, & ##HH & R E XT3 8 &b 5 1 L B 5

HILR ,RER, ATL BT
(HFIRESHARERER AR, JLET 100020)

R SR AP R A R K B A 8K MnO_@ Fe, 0, , SR M HORLIE A 40 A R, P8 5 33 Fa 48 ( SEM) |
X-SEATT (XRD) FILLAMGIE (IR) 3 Ty i RAE GBS s WP TR E B Y70 F MnO, @ Fe O, 25 54,
RS T IZREPEAUORE G ARSI 52 RO 2R R B Tk BE X 2 G AP RHE AL PMS 23 2R B M AR 8 5% ), TR 5%
TYKRE EFE MnO, @ Fe, 0, TEAME ISR . 45RFH , 91KE 5K MnO, @ Fe, 0, J& o-MnO, I 4% U & fkak
(Fe,0,) E G WKL, EBIRIARN 247. 3 nm, BEST B TR AR B A 8L MnO, @ Fe, 0, A7 5471916 b PMS 43 2K 8 1951
He FERC BRI IR FE R 10 me/T AIIRSEIE K, AN 80 me/L i B A4k, FHRT 180 min RCR A &, ZBRFIA ] 100% ; bEE
B R T BRI E , [R— BN AY MnO, @ Fe, 0, %1k PMS 20t 2 30— 2 F [ ; MO, @ Fe, 0, i1k PMS fE ¥ FH A%
R % 10 mg/L BIREE K, LB 6 I, B 90% L AR,

FEER Wi ; MnO, @ Fe, 0, EAFEL STEHE K R AL

FESES X506  XEEFRIRAE. A XE4HS:0258-3283(2023)02-0134-07

DOI ; 10.13822/j.cnki. hxsj.2022.0374

Preparation of Magnetic Nano-MnO, @ Fe,0, Composite and Its Treatment Performance of Phenol GAO Wei-min" ,
CHENG Han-fei ,ZHU Qiao-hong ,RAN Jing (MCC Ecological Environmental Protection Group Co.,Ltd., Beijing 100020, China)
Abstract : Nano-MnO_@ Fe; 0, composite was designed and prepared by two-step method, and the particle size distribution was
measured.The structural morphology was analyzed by scanning electron microscope (SEM) ,X-ray diffraction (XRD) and infrared
spectrum (IR) three methods.The structural composition of nano-MnO, @ Fe, 0, composite was preliminarily discussed.The effects
of the addition amount of nano-MnO, @ Fe, 0, composites and different initial concentrations of phenol on the performance of nano-
MnO, @ Fe, 0,-activated PMS to decompose phenol were investigated ,and the effect of recycling nano-MnO, @ Fe,0, composites
was also studied.The results showed that the nano-MnO @ Fe; O, composite material was a composite material with iron tetroxide
(Fe;0,) loaded on the surface of a-MnQ, ,the average particle size was 247. 3 nm,and the magnetic separation was excellent ; the
nano-MnO_@ Fe; 0, composite material had a good effect of activating PMS to decompose phenol.The addition amount of 80 mg/L
can reach 100% removal rate of phenol waste with a concentration of 10 mg/L in 180 min.When the initial concentration of phenol
increased , the decomposition effect of the same amount of nano-MnO, @ Fe, 0, activated PMS will decrease.The recycling effect of
nano-MnO, @ Fe, 0, activated PMS was better, which can be reused 6 times to deal with the phenol waste with an initial concen-
tration of 10 mg/L.Over 90% removal rate was still obtained.

Key words : magnetism; MnO, @ Fe; 0, composite ; phenol-containing wastewater ; advanced oxidation
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e — M REA LY, SR BB K TR AL
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0K LA B 7 35 43 0 v AR A TR B R RN A BT -7 LR (1981-) 35 TLRAOA, WL 2 T A
W1 i, 3 BRI ) R PR B A A S bR B G AR
° E-mail ; gaowmchem@ 126.com,
W58 K% BV AL (MO, ) & —Fh bk BB 5= BURARST: 5 LR, 96 K, KI5, 4. Mn0, @ Fe, 0, 545
B 2R 1 e R A AR ), ASTR] MO, H AR (M) Tk 4 T G ok I b B GRS [ 0] Ak 2% IR0, 2023,

42 Fl+4 AN, MnO, B2 ERH 45(2) :134-140,
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5 LRAE : MnO, @ Fe, 0, B & RH 8 S OO K B b BV BERIT 52 135

A a-Mn0,(2x2 FERIEZ5H) ) B-MnO, (1x1 (1%
EEEH) (y-MnO,(1x2 BRIELEH ) S A, Horp,
a-MnO, A58 & LI fLid — B R 2 80 (PMS) 2Bk
15 Y ) (14 % L B-MnO, il y-MnO, FEH Pl

MnO, il e 5 X B A K RGE Rk
VR -BEREIRAE T FE MO, 5520 MnO,
FILLRY  SEHTE S T BALPE R I R AR £, B
AL /38 JE R A e8] | sz L R ) 3R R 3 7
Wk

MnO, CL28) {Z 1o H T8 1 WU A A% oF
A PG L pRiG gl (HJE AR SE B &
B, BT MnO, ORI /IN, AR MEDTRE 43 85, N 43
B B B, T HL R AN R AL, R Y pH
{8 B2 kAR i R s R
it 2 S, SR B = O LR A A A L R
REPERERL MR LA & o3 B, HOF AR 2 4%
AT, 15 2R

PRI, AR SCOK R R A5 0 1l S PR A oK
) MnO_ @ Fe 0, , 5 — il % 40Kk MnO,, 2 — 4
FE MnO, 2R 18 J5 AL ] 4% IF: 10 800G 1 A4 RE, DT 45
F| MnO, @ Fe,0, ZH5Y, st H RAPE L, IEH]
FH X5 2R AT 5 2 R (XRD) | F1 6 1 s
(SEM) FILTAMGHE ( FT-IR ) 254 A X Hi45 # FIE
ARINCAZRAE | R B HZ A B R, P58 T
MnO, @ Fe,0, &5 M RHE I i RIS M3 4 4 o 85 %
YK A FE MO, @ Fe, 0, T 1k PMS 43 fif 2 By
AR JFIESE T MnO, @ Fe 0, 2 &2 fd HIZUR,
PIZA MnO, @ Fe 0, 1k PMS 53 fiff 7 B3 & 7K 1
SEBR I FH PR AR S

1 SKIGEBSY
1.1 FEER G

ESJ-1000/2000 A AL A 43 4 % (i ) 5 HL
B A PR ) s LY-808 RIBRSAHL (15 1 31
PERHHABRAT]) s PM300 AU, 7 K5 (iR A
Bl A BR S 7] ) s TU-1800 122 41 73 5l ol
H(EEEAAT) S-1F 8 pH & ( F gAY
HL AR} 22 A B8 A BR2S 7D ) ;5 Nicoletd60 21 4h S 3%
A (& FE AL A T ) 5 X pert PRO B X-5F 28 437 5
S (faf 2% Nalytical 23 7] ) 5 Lynx5000 B0 AL ( 56
FE FE 2R KA ) 5 ZEN3500 HU 380 R 5 AR (55 [
AN E]) ;SU3600 FIHL T i il e ( H A H 57

~HED)

LKW 2R Ry BRI | — K B AR |
AN (S al, B 254 B R 2R A IR A
A ) 3 B R (J5 2 40 B> 98% ) | CWE (43 AT 4l
(P ALARFI AL A R A 7)) s B OB (b
afi, g RTRL T AR R A BRA R ) 3 — B
PR VB (0> 98% , B 1 R AR IR AT
FRAHED
1.2 JFAEHES
1.2.1  MnO, 4

FIFK G s 9 R Ak ™ B, 78
1 000 mL = FURR A A 258 7oK, HAERS
FIRC A pH A1, A S TH iR 15 48 RN R 55
F T K 0.1 g ROMEIE(PVA J35 2 000) %
WA 2B TR SR 5l TR A, B TR
FNZy 50 °C, [ IFJE 400 HF g 00 48 2 05 i 5 W] 20 1%
B 100 mL (20 mmol/L) 5 %% BR 40 ¥ ¥ . 100 mL
(30 mmol/L — /K fR4%E 5 65 mmol/L iR ) IR &
W MAJS R A 1505 78 100 CoK A2
R KR N2 3 hy ARG I B R &
F, B0 AL E O R A 8, IR R KR 2= b
PELKVE 3 R, A S DR 3 UK A 60 °C 1Y
25 THRAE T 24 h, SR 5 o WF B IS L 0 A5 4
KAR ALY
1.2.2  MnO,@ Fe,0, &R %

AR S 3z FH ) A A KR DTTE 57 28 00 7 1
# MnO,@ Fe,0, A MBS 15,78 1 000
mL = FUBE R A 25 B FoK, HZE B ic &
pH Kzl i1, DL FHil s PR Sk 25, 55 40,
$0.1 g BROMEEE(PVA 73 T 5 2 000) #10.6 g
YORER AL I A 25 B oK e R A 1 I
SEPN 1 L/min, IN#AE] 80 °C , TF R ikl
A I RIHAR N 100 mL( 100 mmol/L) FeSO, 7K
VWA 100 mL( 100 mmol/L) NaOH VAT , 81 1A K
ik pH 8.9~9. 1; TS M58 55 1R 5] i A 4E+
80 C TIRIRME N 3 h, T 2B A&, i
IR EAERELE pH 8.9~9. 1; R AR B, IR A
KU E Z e, K PE 3 Wk, B SRR 3 Ik 4R
JE T 60 CHYEAS THRAH T 24 b, SR 58
Je ik i, #4552 A 4k MnO, @ Fe,0,(n(MnO,) :
n(Fe;0,)=2:1),

1.3 BPRERAE

BEMEDIR B 0. 05 g A BB PRI A A

MRFE 205 10 mL K8 TR/ N, &350
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PR , 1 2 A, SR J PR B e Ak | A — BB
)it Jo WS A3 B ARE 15 A A KL H] ZEN3500
BOCRARAL, X BT AR R AR A AT 04T 5
SEM Z3H7: 5% FH SU3600 71 H, 1~ I 908 %o Fir 4542
FER T8 Y 25 DL I 45 4 647 W48 5 XRD A7 564
R A X pert PRO BT SO B A5 A4 iR B4 4y
PRGEFHEAT T DT ;IR 4387 >R ] Nicolet460 AUZT
AN BT AR ff (R 2B A T3S 24T

1.4 MnO, @ Fe,0, KbFiZERE; 525

1.4.1  ZEEYIEK bR 2

AT B ZEIRW H5 0. 05 g ZRIHA T 200 mL
KK MG, B AR 1000 mL 2l
WK B2 W N 50 me/L A ARG

7E 50 mL LA T H—E /IR N 50 mg/L
R T 45 1T, I P 28K R B E 25, SR 5 1)
PR WS A IR B 2 Wy 4.8, 12,
16,20 mg/L AW W, 38 3 58 4h-1] W43 60
FETH, AW IR 92 v i Wl 2 T, 7E 200 ~ 400 nm
AU K T PR OGS AR T i VR A o AT U
4 270 nm,

T il e BE 205910 A 4.8 12,16 i1 20 mg/L 2K
MW, £ 5.0 mL BN 2 000 WL BEIR 2%
YR (pH 4) .200 L A [a] 4 B8 Y 28 ) 1 T
30 CTER 1 min, B WO 214 92 He 66 I
D 5 AN ) e B 178 24 I 325 AR JFG AR AF O g e K
270 nm AEWE SV FE ) LAWY BE -k BE AR 18145 10 28
HIbRAERN S, BLA Lot e
1.4.2  ZREREE 5B S A

R T3 63 i P e A 2% A < FH 2R 40T D 43l
FCEETH(UV) 5 2 HAERHAE RSO K 270 nm 4k
W' L, X FOR R 1 P R s - 8 s A T 42 R4
BT AR B TR IR A G A
ATy 0 R i %

= (Cy-C)/Cy % 100%
oty WA MR % ; Cy I D) G | me/Ls
C, HVEAEIR A BRI, me/ L.
1.4.3  A[Em2y it b ¥ KA

VIR R 50 me/L 2K I g 45 WG B 21 10
mg/L, BRI J 10 mg/L BYBALE K, SR 5
SEEEN 6 DA JE T 3 150 1/min, FF
TaPHE SRS 435I P A0 0,10,20 30,4050 ,60 mg
MnO, @ Fe,0, & & # B, BN B 23512 0,20,
40.60.80.100,120 mg/L, FEMIA 1 g/L PMS, $if

FEAL PRI 180 min, 55 IEBEFEHLBEFE , HUH K
BE L IEATRESY 25, fie i Vs Vi O B VR B
1.4.4  A[A] pH T AbEE 5 % /K5

U Ry 50 me/L 119 2R 1 fith 45 VR BB 21 10
mg/L, B 500 mL R R 10 mg/L (AL
I AT 6 ARt it T A 10% 51 vk FE
R ER BRI TR FN 109 J5 2t vk 1) 0 480 A 0 AR 7
WEpH 1.3.5.7.9 11, BF%EH N 150 t/min, IR
S BIE N 40 mg MnO_ @ Fe,0, B & #EL, BN
1 80 mg/L, FEATA 1 o/L PMS, $if &b B i
4 180 min , f5 IEFEFENLIFE U KA, AT 0L 43
B, a0V E MOR B R
1.4.5 N[y K T iR e B Ak B

A8 1 it A W o N R BE & 5,10, 15 A1 20
mg/L,ﬁi}‘jnjUEz 500 mL ZE A 6 ~BEdf ,Z‘Fglﬁﬁﬂ?ﬂ
TE 150 v/min T, #0180 mg/L ) MnO, @ Fe,0,
EAAMEL BN 1 g/L PMS $tREALBE 4351 b 34
20.40.60 .80, 100,120,160 FI 180 min, H i} 7k
BE A TRESY 5, IRV T ROR B VR B
1.4.6  AEFRALLBEE R /K5

PEIR % 2 AR FE 2 10 mg/L, B 500 mlL %%
AR B o, B ol P AE 150 o/min T, A
80 mg/L [ MnO,@ Fe,0, E &K FIA 1 ¢/L
() PMS, B PEAL BRI N 180 min, £57 1R B FEALEE
FEBCHIKAE AT 3 B8, I 8 T R AR I Wk
I MnO, @ Fe,0, & & M EMESE A F] 500 mL
(10 mg/L) B 2 i B 7K vh, % 3 SR 150 1/ min,
A1 g/L 1) PMS, #i #f40 BRI Ky 180 min, F
TTE 4y 25 I3 78 T VR B VR B e R A
FMnO, @ Fe,0, A HE 6 Uk, AL B 5 2K 1

2 HREITE
2.1 MnO,@ Fe,0, A MEIERIE
2.1.1 @S

it FHRE R AT A R 5 | 9 7 =2, ke A 36 45 3] 44
BHORETE 22 A M RHEK Y B 5 A IA—
AN B E 30 s 5, WA B ISR | %
S MR IR B ) T A LR B — 0], P AT DL
S A MR RE e 1 R 52 B A A 7 2 o A% 1Y
EAMBHEA RIAFIRETE, 45N —A g i R
PRAETE B 3 5 I ARAS ARk [l 34
FIH.
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2.1.2  RIEEST
MnO, @ Fe,0, & #EHERLAE 5341 WLIE 1 F0
1, £ ) MnO, @ Fe,0, & & H FHE 5
BB AE /N T 460 nm, HH B /N B4R TE 100 ~
120 nm, FEPRAR A 247. 3 nm, kiR Ir A 2 1Y
J& 220~295 nm, /i LIS 60% .,
251 a
20

15

200 400 600 800 1000
Rif%/nm

FiHEBILL /%
33

0 200 400 600 800 1000
B4 /nm
a.MnO, @ Fe; 0, &AM EHRIAE;
b.MnO, @ Fe; 0, A ERITRIAR 11
B 1 Mn0.@Fe,0, 5 & MR 5016
Fig.1 Particle size distribution of MnO, @ Fe,0,
composite
®1  Mn0,@Fe,0, A MEMRLAR > i Kichi

Tab.1 Particle size distribution data of MnO @ Fe;0,

composite
Ki4E/nm <122 <142 <164 <190 <220
ARSI/ %o 1.8 7.3 16.2 26.8 43.5
Hi4%/nm <255 <295 <342 <396 <460
WG/ % 64.1 87 98.2 99.7 100

2.1.3 SEM 7#r
B 2 JEAK MnO, Bk FIZ0 K MnO, @ Fe,0,

a KA AL ;b.Mn0, @ Fe, 0, A KL
2 412K MnO, Al MnO, @ Fe,0, & &R
SEM [4]
Fig.2 SEM of nano MnO, and MnO @ Fe,0, composite

BAMERY SEM &, XF H & BE, 38 1 K Gk A Rl
MIAK MnO, 22 —4EQ0KRBRIR 5, &t B
oEHE A, S a-MnO, fb B T R A 1 4
%) MnO, @ Fe,0, &M EHH, Fe,0, JF A A AL
FJEH A EAE a-MnO, |,
2.1.4 XRD 4M#r

AR XRD B3 T A, X a-— 4R
fb4 (JCPDS65-3107 ) A1 U 4 4k = 2k (JCPDS44-
0141) BIrHEEE  Fe,0, HUFRIEIE (260 4 30.2°,
35.5°.43.1°,57.1° . 62.7°) , a-MnO, HJ 45 1iF i
(20 4 12.6°,18.1° ,28.7°,37.6° 42° 49.9°
56.3°.69.6°), & 3 A[%1, MnO, @ Fe,0, &
PEHE a-MnO, Fl Fe,0, 14 &, A MnO, @
Fe,0, & & MBI IEN B 5 Fe,0, & a-MnO, 5
HEEVIA , AL 58 5 SEM Z5i8W) & .

10 20 30 40 50 60 70 80 90
20/(°)

B3 MnO,@ Fe,0, AR XRD

Fig.3 XRD of MnO,@ Fe,0, composite

2.1.5 FT-IR /47

K 4 ) MnO,@ Fe,0, ZLAMEIE, Horp i B0 H
UCRFIEIE 53 5I14E 1 6503 450 em™ &b, A AT G
BN NS W s i 0 e £ | 26 & e R G B
3, HATLABEI 22 A A R R LB T K 4y
¥, Mn—O & 3l i R AE I 7E 730,470 em™ Ab,
i FFe—O RSN, ATBEH B 590 em™ AYRFIEIE
& 4 53 Hr vl F1, MnO, @ Fe,0, /& Fe,0, Fl

MnO, & &1 B, 45 55 SEM F1 XRD 451t

I\
H o

100
95
90
85
80 |
75 +

79100 ‘ 12‘00 ‘ 20‘0() ‘ 28|00 l 36|00 ‘ 44‘00

v/em™

4 MnO,@ Fe,0, A BILIMER
Fig.4 IR of MnO @ Fe;0, composite

R e
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2.2 MnO,@ Fe,0, ZbBRRHEERERF ST
2.2.1 RPN AR v 2k
Wt 1. 4.1 B A [R] v R 0 2R 0 A U, R
FHLEANA IR TE 270 nm T 45 5100 52 W% 56 B
8, I IBEIR 22 vh Vs R S b W B A T A
TnLAo3#r , 2k B S5 W e B G R K an el 5
No WRUERZ T FE A A=0.015 29C-0. 000 476 2
(R*=0.997 9) ,iZ iR BEJE R A 4~20 me/L,
A035
0.30
025
0.20
0.15F
0.10 |

0.05
0.00

0 4 8 12 16 20 24
KB /(mg - L)

B 5 WO SIRBMRE R CR

Fig.5 Relationship between absorbance and

concentration of phenol

2.2.2  HIEX MnO, @ Fe,0, &AM RAb S
P3P fE Y52 1

WCEWITAARIHE J9 10 mg/L, %557 MnO, @
Fe,0, AR AR 20~ 120 mg/L 5 FINAEfk
BF, AERH A BT A2 G AR 3R B 1 RE 52 R
SERILE 6, S5HRFI PMS HA A L, gk
15 X A A — 2 B 0 AL PRALCR , 4B FE 180 min
(LB E N 36%, 1 MnO, @ Fe,0, & &+ RHiE
EAER T, PMS Afbae 1 KT, HBE A
MnO, @ Fe,0, & & # Bt FH & (% 34 N, MnO, @
Fe 0, 2 AFHEHE AL PMS %2 1 4 22 3 SR S 1
G 2218 T, M8 A4 R 20 mg/L B,
180 min Y EFRFR T EHETE 64% ,BiE MnO, @
Fe,0, & MR & 10, Ab BEALCR e Pk 42
=, JA SRR B S8 N R D R AT g 2
Bl 25 i LA R BE I B 57, T R B 6 Ak PMS 774
MY BT AR 2 1R o T R
ORI 2 Bt =, E R B A A Ak B i
TG4k PMS = AR I Y B R 2 i 2 5 | ke T
P9 5 B0 A 48 o 7 A %) T 1 0 o YR K, AT
1R T WAL B R, BT LY MnO, @ Fe,0, Z &
BERLER N 60 mg/L B, 03 2K B vk BE N
0.5 mg/L, L EBRFIEF] 95%; UM B =R
| 80 mg/L i}, 180 min J&5 7K By 5B R 155 100% ,
B JE AR Rk — 20 P i R LR R A e T
Fefash, RIS A a0 R R 2] 120 mg/L B,

MR e B 0.4 mg/L, HRBRBE TR
96%

EERE %

100 120

20 40 60 80
MnO,@Fe,0 /il /(mg - L)

6 MnO,@ Fe,0, 54 PR IR )
Ak B BE AR IR
Fig.6 Effect of adding amount of MnO, @ Fe,0,

composition phenol removal

2.2.3  I4h pH Xt MnO, @ Fe, 0, & &+ BHiE L
PMS Ab FHA 3P4 R 114 52 1)

BBV G RN 10 mg/L, % & T ¥R
JEWAE pH 1~ 11 J5 B X MnO, @ Fe,0, & & #1
RMEAL PMS A 21 1 8 B 52 M, &5 SR LR 7,
SERRW Bt R R E R A AT MnO, @ Fe,0,
RAMEMEIL PMS 151, BRPESE A FI T MnO, @
Fe,0, AW EMEAL PMS 151, 78 pH BRPEZE
HIREET ,Mn0, @ Fe,0, & A EHEIL PMS 53
R FROR T OR BB, /b P 180 min AR
BRI BB 3K B 100% . 4 pH A Gl ME FR B8 T,
MnO, @ Fe,0, & & M EHEL PMS J3fiff b 355 1
AR B TR, LS pH TH, L RE it —
SRR, SR pH 11 B, 4038 180 min B9 2K
ZERFAN 23%

LR/ %
38

2 4 6 8 10 12
pH
7 pH X MnO, @ Fe,0, B &M kML
PMS 7 [ b 24 R 1) 52 1
Fig.7 Effect of pH on the performance of
MnO,@ Fe, 0, composite activated PMS

2.2.4 AR HIEXT MnO, @ Fe,0, 4B}
PERE R

SEAFHRNE AL PMS XA [A] e B T By 28 0% 7K
AL FRSCR, ILIE 8, 45K W], MnO, @ Fe,0, &
GAPEHEAL PMS XF 01 46 W FEAIR T 10 mg/L K 13



5545 B4 2 W)

5 T4 . Mn0, @ Fe, 0, 52 bhRHil # 2 LA M A TR R 5 139

RE PR, AT 60 min Ab B B b, A R
5o FIRARE R 5,10 mg/L B}, 60 min 5 A9
KU FE R 0.35 1. 15 mg/L, BB 340511k 93% il
88.5% , ZJG KR ACRIF I A8 2%, A0 3 120 min
Je R KBRS B I8 2 100% F1 99% , 180 min
5 RESEEE 100% KBk, Bl 256 00 U 2 1 Wk 5 1) F
— R, Mn0, @ Fe,0, B A #BHE L PMS X 2K
P Ah RS T e, 24 2K Iy B 90 B R B 4 S 15
20 mg/L B}, 2805 180 min FALFE 038 Lok i
SR 1.5.3 mg/L, KBRFES I 90%F1 85% . R
I 2. 2.2 BIBFFT A S, X5 T v vk B A 2 M 1 7K T
DLIE 480 MnO, @ Fe,0, 8 &k R Ik 2
o X AR B AR FRARCAR

110

100

90
80
70 - =5 mg/L
60 [ —o— 10 mg/L
50+ —a— 15 mg/L
40 + —v—20 mg/L
30+
20 -
10

0

LR %

0 20 40 60 80 :;')0'1'20 140 160 180 200
8 WAV ERXT MnO, @ Fe,0,
A RRNEAL PMS P RE R R
Fig.8 Effect of initial phenol concentration on the
performance of MnO, @ Fe, 0, composite activated PMS
2.2.5 MnO, @ Fe,0, &AM REFREH
9 J& MnO, @ Fe,0, &2 & #1RHIG ER 8 FH 76

1 PMS JMR I AR . S5 R BoR , AL BRI %)

AN 10 mg/L BEIK ,MnO, @ Fe,0, B & #1
BEET 3 UG R 1 3% 46 PMS 5 fif 2R T 5501 B¢
I, R 25 B AR HE 100% , 2 30 1 8 5 1 &b
BRCR T 3 WR BZRFIT IR 9248 T 1, 2176
M6 AL B S W 0.9 mg/L, LBR%
BREOREFE 90% LA 1 |y AT Wi 52 5 A1 R AT L)
FEMH

EBEI%

1 2

3 4 5 6 7
E787¢ ¢

B9 MnO, @ Fe,0, EAHHK
PRI KRR

Fig.9 Removal rate of magnetic nano-MnO, @ Fe,0,

composite for recycling

3 &g

AR FH W 2B 1 ) A M 9ok B A R R
MnO, @ Fe, 0, , Fifi 5 D3 R A28 (9 23 A 15 100, I
3 P SURAE LA I 40, [ B B 5 A4 RS |
AN H9) 46 2R T Wk 3 O B B O B0 MnO, @
Fe,0, EAFEHE L PMS £ K K th A M RE R
AU
3.1 MnO,@ Fe,0, E&MEEHEAMLY (a-
MnO, ) F#E Pk U 42 fk = 8k ( Fe,0,) & A& 100 K,
(n(a-Mn0,) :n(Fe,0,)=2:1), H Fe,0, #12] b
FHRTE a-MnO, FY LI, MnO_ @ Fe,0, & &+
FRREAR B MR AE 220~ 295 nm, i T 60%
SEHPRIAE 247, 3 nm, BB
3.2 EEMEYOKRE SR MnO, @ Fe,0, ELAT 34T
35 1L PMS 3 A RCR | B MnO, @ Fe 0, &
A MR I 4 & %A PR A B 1 Ak
RO B SR 2 N R, YN 80 mg/L
B, SEEL A BR 100%
3.3 BREFTHESREA T MO, @ Fe,0, B &
MEREAL PMS J3 50 AR RREE T MnO, @
Fe, 0, &AM HEALIE 1 B A 5 Bl B 90 16 2R 1
WRE 2 5 R — TR 1) 2 A M ORHE 1L PMS
Oy FRARCR 4 T B, AT LLGE S 1 0 A ek R
R RBRR B A M B EA R n &S M,
PEIME A 6 YR 2Ry (1) 25 5 R ATS BE AR 3F 90%
1500

Sk
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BREMNEEGEIERKAEEZNETHEHBMEBMBEELSY

LA E—8 s RR, R
CLARETI ECA 25 SR B R o IR 2640005275 By AL BHERISERE IR 1565 266100)

FEE ST T R R AROBAH 35 = DU AR B B R TR U R A P 18 T I AN M B R k. B R AR &
0.22 wm PTFE JERIS 385 ERE % F ACQUITY UPLC HSS T3 A4 (2. 1 mmx100 mm, 1. 8 wm) , L 0. 1% (V/V) HIRZ
NEHE-0. 1% (V/V) R ER/KIEBCRH TSN , SR FHBS B Vel 7 =X, X By 2 B b A7 40 89, e PR miss B TR (ESL) , R 2
SN W (MRM ) RS, AL B iS50, SCUR 2 SRR, 18 ol I 1R 01 0 2S00 Jo A 45 10 1940 o0 A 1 PRl P 4 2 R 41
LR AIHBRAE 0. 2~4 weg/L Z ], EEIRAE 0. 8~ 10 wg/L Z [8], SE B RN 75. 0% ~98. 8% , K& B E N 1. 68% ~
6. 19% . FIF _F3R 5 B X AN AL S AT o0 A, 5 R BT A A AT v 3 SR I T IR L R IR T A R L X R R R
B2 T HIR ARG YT, R R LR IR BEAERR JKAG IR A RAERR ST 38/ RE TP T IR . 1 7 L RE I
AT 250 T T R R T P S 0y S Ay U 194 R R R R EEOK

SRR R = OBORE (- FR R BT W AT T s TR RS s T 288 5 2ok U

FES S 0652.63  XEFRIEGA  XE4HS:0258-3283(2023)02-0141-07
DOI:10.13822/j.cnki.hxsj.2022.0757

Determination of Phenolic Acids and Phenol Aldehyde Compounds in Wine by Ultra Performance Liquid Chromatogra-
phy Tandem Mass Spectrometry MA Yan-ling'”> , WANG Yi-ming' , CHU Kun',CHEN Chen' , WU Shuai*' (1. Yantai Testing
Center for Food and Drug, Yantai 264000, China;2.Qingdao Academy of Agricultural Sciences,Qingdao 266100, China)
Abstract: A method for the separation of 18 kinds of phenolic acid and phenol aldehyde compounds in wine was developed by ul-
tra performance liquid chromatography tandem mass spectrometry. Wines filtered after 0. 22 pwm membrane were analyzed using
ACQUITY UPLC HSS T3 (2.1 mmx100 mm, 1. 8 pwm).The composition were isolated by the mobile phase of 0. 1% ( V/V) formic
acid acetonitrile and 0. 1% ( V/V) formic acid water using gradient elution.The qualitative and quantitative analyses were operated
under multiple reaction monitoring ( MRM) mode using electrospray ion source (ESI) mode.The test results showed that the com-
pounds to be tested presented a good linear relationship in respective mass concentration ranges.The limits of detection ( LODs)
were between 0. 2~4 pg/L and the limits of quantification (LOQs) were 0. 8~10 pg/L.The average recovery was in the range of
75. 0% ~98. 8% with the precision from 1. 68% to 6. 19%.The above methods were used to analyze the wine samples.The results
showed that gallic acid, caftaric acid, p-hydroxybenzoic acid, syringic acid,vanillic acid and other phenolic substances were found
in all wines.Ellagic acid,3,4-dihydroxybenzoic acid,salicylic acid and cinnamic acid were not detected in wine.Sinapic acid was
detected in a few wine samples.This method was proved to be accurate for the analysis of phenolic acid and phenol aldehyde com-
pounds in wine.

Key words : UPLC-MS/MS ; wine ; phenolic acid ; phenol aldehyde; filter

CEES S Nel SN ST LY

IEAER, PR ELAT B B B DR D, 52 3Ok Yr#m B33 :2022-10-10; M4 H % B #:2022-11-10
M E I E IR, WA S A ML EA E& WA [E K i U RS R A
PURR EHER ST WA R o (2020MK061) ,
WAL A IV R R 9 B U A AR R4 EEREIAT: AR5 (1987)  Z WARME A Bk, TRIW,
W E T, B AR —REA K A

G : 52, E-mail ; wushuai97@ 163.com,
ML A 5, Mﬁﬁ;ﬁ%%ﬁﬁ( X fgﬁ;ﬁiigig ,:nm??i%.l;ﬁmﬁwaﬁ%aaﬁ%
FOTE ) FHEEA — kAR s I S R0 P R 20 1 A2 S,

Y, Z WY e A B BE Y R, B3 2023,45(2) : 141-147.
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S 2 T B R AR, 5 R PR |
PRAERFPE R S AR A B VI G R, wa i
Y B2y o 2 n) 43 S S R TR AN AR 2R B, AR 2R
B2 RN AT 2 8 i C6-C3-C6 4544, i
FEMR AL & W (2 30K B iR 28 72 O IR R TR
B BRI R T B4 2 A SRR
LR JIA  FER W R B R R hin s 5 2
Ffr S Ak IA S 07 FTAE A8 K2 R ik R |
1% 4 R 50 A R A (0 R 245 6 LIl A TR I , 52 1)
A A A R R R E R — BB R 2
BRGS0 T A A B A5, R T LA > 7
A IR A N, R — Y B
FU7 R A B R XU B R R T
WA R A EEERS, WA Z
MR R Z B AR — FEANE AR AT
FEH YRR BRI AR AR BT R
[F] , A1 4 2 26 109 v P S 0 o ) % i R T
B,

H TEE X B 2 BT i R & A7 — LB i, &
BT T A AR (A ik (APLC) T B
H0AG L IR AT (CE) 2 | R ROBOMH (335 - I 35 Bk
FH¥: (HPLC-MS/MS) M2 4 - Goncalves %512 %
FH HPLC 7£ HSS T3 43-HrkE 43 i 451 v 16 F
A=) T R Y 2K 0 43, Budié-Letoa 25 SR M
HPLC-MS/MS TE I 29 ot (%) B Al -, X 58 27 i v
TR 2 T R A TR AT O DA Sk R R R
F ,HPLC Rl i sl e T HA AR iz AT )4, 5
WA N R 2%, FRAL S 5 T 0 A 8505y
BT EME A T AR RS RS D 25 MR, AR
PR T RE . CE A2 5 45 T A & 56 T 1 52 i =B
K, REPEAR, SETPIRN 240 b, HPLC-MS/MS
HA M bR e RS RS>
Z BRI N O . H RS A T
13 2 0 19 1 26 Ak 5 9 B 2 R HPLC, i F)
HPLC-MS/MS #F5EAH I N A 1 SCREIR AR WLARIA

AHIGE ST T A R RO - — DU AR AT
FP IR BT 3 1 [ 000 e 8 2 Y9 v I PR R I Ak
Wi 7525, 91 S B b A s

1 SEIEBSY
1.1 FEEERSHEG

TQ-S A = A5 AH €035 - = 5 DU AR AT £ 6 Jo
TEI A (SE[E Waters 23 7] ) ; CR18RT Bl &5 014
FRE DL LA RLR 364 A]) s Multi Reax 122

IR ENR % £ (15 Heidolph 23 H)) ;N-EVAP 112
AR WAL (3£ [E Organomation 23 H ) ; AR224CN #Y
HL - ROF (SR ST 2 W) ) 5 Milli-Q Y8 2l 7K Bl
( 3£ Millipore A F]) .

WET-FR W HE B A R o R L P R R
(ERE TR A B ARARA ) s THKR AR
SRR WA SRR AT R (52 [ Sigma-Aldrich
N SRR PTELIR 5L IR BRAEIR K
R LR R A R IR (3, 5- R OR H iR
(BERE B R T R A BR A W) 5 T A i (12
Dr.Ehrenstorfer GmbH A #]) ; iR H I LG (&
jkal | 3 [E Merck A H]) ; MR LR LBk (437
afi | [ 2 E 20 B | 5 S50 K B
B LEK A5 09 A 3SK T T
1.2 SEE A
1.2.1 @i

ACQUITY UPLC HSS T3 @i 4 (2. 1 mmx
100 mm, 1. 8 pum) ,FEik 35 °C ;i shAH A 0. 1%
(V/V)WRR- KW, B N 0.1% (V/V) HIR-C N
VTR, T 0.3 mL/ming FEREREE 2 pl, BEEEVENL
T2 :0~3 min, 5% ~20% B;3~4.3 min,20% B;
4.3~9 min,20% ~45% B;9~11 min,45% ~100%
B;11~13 min,100% B;13~13.5 min, 100% ~ 5%
B;13.5~15 min,5% B,

1.2.2  Jik i

H I 25 2 5 T B (ESI) AT 1Y 6 4
EHLURN 3.5 kV, B B I B 1 (ESD ) A%
KT EBMERERN 2.9 kV,; BEFSEE N
500 °C, B S HE A 1000 L/h, HEFLA 7 3
4150 L/h, flEFE S 0. 15 mL/min,

1.3 LB
1.3.1  BRUEE A EC T

PARRUEV TR (1 000 mg/L) : FREX 10 mg b
din, FH R BEEE FH AR OT 2 45 2 10 mL AR (25 i
BT -20 CIRIEE

IRAPRERE S (50 mg/L) - 43 B 250 pL
FARMER IR, I B E A 2 5 mL AR, & T
=20 CHRAFEHI,

1.3.2 AL Ay i ol

B 120 mL & SR AT 5 o & 5900 A TR,
BB 1 LA, L s FKE s, B 3|8
PUPGHE
1.3.3  FbFE ik

VR A BRI 20 10 mL BT AL A
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10 mL ZMR LPRETCK LBk, i iedki )5, B L
B, AR IR 3 W, B IR A AL, AR
ZIET, 0 1 mL R R AR DR, 1AL
T

FRPERR A A TR 22 0. 22 pm GLFLUE
J B, PEA AR AR AR T AT

2 #£R5iTi
2.1 JREEAF R

eI 2 B T YR (EST) |, 2R JH 22 52 107 W il
( MRM ) B 18 0 40 1) S0 % & AR ik AT A, HE
IEBEF MR R, LU shE 57 20K Al
WAV TR A TS G AT A A0 4

R, BT B AR T AR AR
SRIFRR FIT TR 6 AL A7 0 A5 T i
B e FLIGEIE BE 4 (SR [ M-H ™) , i 3
H kA Py an i R A iR o SR K R A AR
TEES TR B e (B B R (SR [ M+
SRR R o B2 T Sl B S = X W L8
VEES A BIRFES T, 78 MS/MS K= T 0 Hotk 473
T T E T BTN (50 R T
Xof pEA T W A MR X
B4 HEAL A B URTRLEE VA AR R
TR R AR LR S A S L
kA, N TTBf S i e 1T S 8. Bk
SR 1,

R BRABEERA DTS

Tab.1 Mass spectrometry parameters of phenolic acid and phenol aldehyde compounds

Lay P4 B AL REAERERL/V  HEALHUE/Y
g FEF
WETR gallic acid 169 79* /97 -22/-18 -26
WA 4 1 7R caftaric acid 311 149* /179/135 -15/-12/-30 -30
X PR BN R p-hydroxybenzoic acid 139 77% /65 16/25 30
THR syringic acid 197 182" /123/167 -15/-22/-15 -10
T HIR vanillic acid 169 93* /110/95 14/15/20 20
X7 R p-coumaric acid 165 119* /91 17/22 25
R 22 ferulic acid 195 145* /117 16/21 26
WM RR caffeic acid 181 163.4% /117 10/20 30
JRLZETR 3 ,4-dihydroxybenzoic acid 155 65%/93 18/20 30
LR ellagic acid 301 145" /185/173 -35/-30/-30 -30
KR salicylic acid 139 1217 /65/93 12/15/18 30
R chlorogenic acid 353 191*/179/135 -15/-20/-32 -30
IFFIR Sinapic Acid 223 208* /164 -14/-14 -30
PR cinnamic acid 149 131* /103 12/18 20
A vanillin 153 93" /125/65 15/10/20 25
T syringaldehyde 183 123 * /155/95 12/10/18 25
Pl 2, 5-dihydroxybenzoic acid 155 137 * /81/109 18/22/18 30
3,5- TR AR 3, 5-dihydroxybenzoic acid 155 93* /137 20/18 30

Ve ORERB T
2.2 (OiSHERERE

FRPEFREI B 73 9 45 1, #6488 ACQUITY UPLC
HSS T3 f4,3%4E (2.1 mmx 100 mm, 1.8 pum) F
BEH C18 {6 #: (2. 1 mmx100 mm, 1.7 pm) Nigk
IR S I FE P S A o
BOR S5 R R AE A L 53 B RO A
ZEAK X LEAH [ I 0 7E HSS T3 (0335 43 A
C18 gk A - N 1% LU, T 25 R 0L 36 2,
A0 FRI M AE HSS T3 (A4t b it ma i {8 2

T C18 (il A: . 5 BEH C18 (i htAd L, winmE
TP 41 TR MK B R 7E HSS T3 (4384 b iy ni 17 i
1 100% VL b5 % R IR | I LS R W
M AL SRR JeIRRR 3, 5- R B IR LE
HSS T3 354 F e W AR =29 51% ~ 100% ; T 7
TREE 4 M 15018 1 SR IR, R 24 17 %, FLAx 8 ]
A3 ERINE A 25 2 30% ~ 50% . % 1 3 15 I 1 1
HSS T3 (i A - A i J07 45 5 B 4, A S 56 1 4%
HSS T3 A= AR A RR ) AT FH s
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®2 BB G Y E HSS T3 M C18 @it b
Wi 555 BN 12
Tab.2 Comparison of response signals of phenolic acid and

phenol aldehyde compounds on HSS T3 and C18 columns

T3/C18 il i T3/C18 M3
=¥ HAE/ % featn LA %
WEFIR 31 AL 60
WA PO £y 1R 159 KGR 106
pope S 7 78 LR R 52
THR 47 T 28
R 43 REERR 49
Xt 7 3R 60 F 37
R 22 49 TR 17
WM AR 49 Je iRz 58
J LA R 78 3,5-RIIEHR 73

2.3 UishHHmBERE

DL HSS T3 g AAE R 408 FH AR 43 ik
H0.1%(V/V) BR G HH-0. 1% (V/V) FHRIK
W) ZHE-0.1% (V/V) B KEw (1) 1
CHE-K M) AER A, Fd 3 F it shAH X £y
Y Bk , S5 Bon, 280 B ARG AE iR f5
BT SR H HE e A5 SR T A, DA RS ORN T R/ R A
B, AR A T, I R i 38 X FR, &l 1,2

4?(“5":%6?0?“{?6‘ “450 3};?3.” 550 450 tslr(r)l(l)n 5.50

a

‘.
|
|

a.0. 1% (V/V) B BR ZIEHWE-0. 1% (V/V) B BK 5
b.Zi5-0. 1% (V/ V) WK HE 5 . ZIE-K
1 RIS [ i S AR i (i e
Fig.1 Chromatographic peaks of vanillin

in different mobile phases

3.98 b 3.97 c 3.31
||
| |
|
4.00 4.00 3.00 3.50
t/min t/min t/min

a.0. 1% (V/V) MR ZIEHE-0. 1% (V/ V) WKW 5
b. ZJ5-0. 1% (V/V) MKW 5 0. ZIFF-K
2 T AFRRAEAN R S A i i i
Fig.2 Chromatographic peaks of syringic acid

in different mobile phases

Fiw s NUETRBUR B BR T & MR Ak, Hofth 17 Fhfs
WIAE T ShAR T AT i o 07 4 2 8 38 v F i
SIAH

R SAR T AT Al 2 B 8O R S BAH
o, (Hm B (EAF 7R 22 5%, 8 Pk S TE Wi R i 3h
A AR S (EAE 22 10% LA -, Hodh 3% 8 72 o
MEREPS A R | R LAS R IR A1 3, 5- R LR
HR A i s AH T v %) e o7 1B LE 9 30 4R T &5 24
20% ~50% , T BLIR K R MY R AE i sh AH 11
e R AR F S AR T 20 10% ~20%

ZEATFINYIAE 3 it shAH v v e 7 (L F0 43 25
WRRFE e FE 0. 1% (V/V) B R Z NG R -0. 1%
(V/V) WKW R T shiAH
2.4 JEIEM B I

B TR A B AR e p R B Bk 22
S, AN TR) A JB 0 BT 53 A 400 ) R A i 0 A AR 3¢
KSR, L UG, Y82 N [ A 3 Hh ok 2% 43 At
IR I | DA 5% W 4G D0 7 v O HE R 0 . ASIF 9 3
FEATRI A (1 e S SR I L 25 - R U 9 2 M
(PTFE) I 2K (PVDF) ) & ( Nylon) , B
B M 13 mm FLEEYIN 0.22 wm, AFF5E I8 BTG
HUWsRER OB AT

FEHEFE N 1 000 pe/L BITR S PR UER L, 55
AR A ERR S BE AR 1 mL, R —
D UBIEAR 3 A FATHE . AR I U8 A S AR 5
IR 2SR 3, FHACHE TN R D R
) J5T 1 W oFE AR R A AE 25 . BB BSA Nylon
B, ORI £ R R AE IR A R R 1) 2o JE 3R 41
T 50% , & TR MIMERR It 7R 3,5- AR
PR B 3 B R A 60% ~ T0% 22 [8] ; 5t 44 5t 5 PVDF
I SEAERR AN SR Ty 17. 4% |3, 5- 1R I R
(L B3R 51, 7% ; F BRI 3 BN 63.3%,
HATRM Y 3 B AR AE 70% L) b5 B 41 i 9 PTFE
BF, T A R D0 4 1) 3k B3 4 70% LA b R,
T B H B R o 0 R A E BT
ARSI P, PTFE ViR 56 I

3 URARON T R N 2 Ak B W sk B ) 5
Tab.3 Effect of membrane on the transmembrane rate

of phenolic acid and phenol aldehyde compounds

ooty M
PTFE PVDF Nylon
WETR 90.9 90. 6 88.9
Wi Y £ PR 96. 5 98.9 41.9
XPEEEAR R 97.9 87.6 89.9

TR 93.8 85.5 82.2
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o JH R/ %

PTFE PVDF Nylon
HHIR 97.6 63.3 83.7
X7 R 96. 4 90. 1 64.9
(TN 98.8 92. 4 72.2
e R 98.2 93.6 63.4
JRJLZER 86.6 71.6 74.1
AR 84.9 17.4 3.5
KR 85. 4 98.2 35.6
i 74.3 96.9 81.9
T 89.3 74.1 61.9
REERR 94.0 86. 3 75.9
B 78.3 79.3 99. 8
TR 94.9 93.2 98.8
TR 95. 1 87.7 24.8
3,5- IR HI R 98.9 51.7 66. 5

2.5 TR BEIT T R 1
2 0 Iy 2R B ARG Ty vk ) AL B 0 &
MR CERHRIBUE | L B4R RO A B e R, TEA
FUTBRE FP 25 0 T 5 e B8 O B o i, LA [) T4k
HO7 AR AR R 45 R LR 4,
R4 AL BTy 1 BRI AL B 4 [ SR A 5
Tab.4 Effect of pretreatment on the recovery rate of

phenolic acid and phenol aldehyde compounds

e _ IEILI&Z%/% ‘ \
CMROWBRY: LRk HAE
BETFR 69.9 52.1 91.4
P R T R 52.3 40.2 96.7
POEZE S ) 92.8 69.5 92.8
TR 85.0 60.3 91.6
HHIR 93.5 72.5 95.3
X7 R 89. 1 81.4 97.0
(GE7 A 82.7 76. 8 96.7
e R 82.9 76.6 97.4
JLAS R 60. 4 62.6 91.1
AR 70.2 60.7 80. 4
KR 72.3 84. 4 83. 1
SRR 67.2 12.8 75.6
T 58.8 58.9 84.3
PIFERR 80. 8 9.8 94.3
o 81.6 82. 4 80.3
TR 89.2 79.7 91.6
e IHfR 94.6 77.6 94.9
3,5- IR HI R 73.3 71.9 92.8

i A, R 2R B PR B B TR
WP B A R SR LS R MR AE R KA IR | R iR
R IF TR Al 3, 5- 5 3L 2K R 1 o] e R A8
50% ~T4% 2 8] 5 5% FH . Bk 2 B i vl ot 7 1 i
FNERERR A [ R AK T 50% , B & F R 4 F2 3k

KHR 3,5-RERTR | THR JRILRR 7
AETRFNIT B2 1 ESOR AR 50% ~ 72% 22 1) 5 2K H
BT LA 2% R 1 RIS R R AR, K 75. 6%,
HoAh A3 1 [BLCR B 7R 80% L b, 2% R 3 ) i3k
V) VRS RTG53k o8 3 ot L 3 D S
Je , B
2.6 ARifETAERMZ T

FEIR G BR A 2 VR R AR R 1 © VR BBEK
SRR T AR, $2 BECES TAR SR A A i
FEANURIE M 3 44T, DG AL Y o9\ bn
VR X AR AR bR, PR R AR M 4 s AT
SV AREI AR M S E A 1R O R B Y R 2
RUFLrEE 2, 90k 3,10 5 5ME L (S/N)
TS H B BB, S5 R L3 5,

5 RMEMIEIIRE ZEVE R ARG R B K R A
SEAIR

Tab.5 Linear regression equations, linear ranges, correlation

coefficients , the limits of detection and quantification

etk . e PR/ s B/

k&Y 2 doysg 25 (hgs (pgr

(ng-L™") - Ly L™

EETFRE 100~2 000 Y=239 194X+32 165 0.911 1.0 3.0

rﬂJuﬂif%HPE 100~2 000 Y=120 125X+90 483 0.9904 4.0  10.0
iR

A
R 100~2 000 Y=25395X+9 747 0.9989 1.0 5.0

R

T 100~2 000 Y=85420X-2607 0.9971 0.4 1.5
FHEFR  100~2 000 Y=101 081X+70 624 0.9908 0.4 L5
M ERR 100~2 000 Y=103 446X+89 630 0.9958 0.8 3.0

S

FAIBER  100~2 000 Y=148 795X+68 659 0.9938 0.5 2.0
WIRERR  100~5 000 Y=164 755X+69 087 0.9904 0.8 2.5
FULER  1~100  Y=4 017X-737 0.991 1.0 4.0
AR 2~100 Y=1017X-54 0.9983 20 6.0
KGR 1~100 Y=8808X+1356 0.998 1.0 5.0
SRIFR 1~100  Y=5951X+121 0.998 0.2 1.0
IR 1~100  Y=2 804X-426 0.9983 10 3.0
IRERR 1~100 Y=14224X+7862 0.9924 0.4 1.2
FHEE  1~1000 Y=61480X+1498 0.9989 0.2 1.0
THEE  1~1000 Y=67 463X+567 0.996 0.2 0.8
ALl 1~100 Y=78 717X+1832 0.9953 0.4 L5
3%;;% 2~100  Y=16 315X+631 0.9937 20 50

2.7  [DSCRANE %

O BIAERLF AL H E N 10,100, 1 000 pe/L
X3 AR, i IR AR RN B | R
SIS T , BRI, SEATIE 7 W, T
R ISR, 15 0 0 A 4 35 L H AR o s o i 22
(RSD, %) Fok, 25 B WL 3 6, 453 o, 4y ]
R A 75. 0% ~ 98. 8% , 45 14 ] 49 1)+ Xt A o A
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22 1.68% ~6.19% , 4 RFRW] % Tk M HER gk

JE RAF AT A R A I I 2R

TREBRBTHIRE/ (pg- L")

F6 [HISCRFRG B % 2% 3% 4% 5% 6% 7%
Tab.6 Recovery and precision BTERR 506 420 410 440 647 604 492
- : — MNHERZ 2546 1129 1440 2182 1134 1647 1970
. 1{”% I % W&/ % EJLZM ND ND ND  ND ND ND  ND
&ﬁ“?iﬁﬁ ) 90.5~92.8 2.12~3.18 WAL ND ND ND ND ND ND ND
Wﬁmﬁ(ﬁaﬂf 93.9~97.2 3. 08~5.20 IKIGTR ND ND ND ND ND ND ND
X‘Jﬁ%zﬁmm 90.9~95.1 2.57~4.46 SRIER 0.8 37 25 02 09 04 06
Tiéimf 88.6~93.2 3.64~5.09 HFH | ND ND D D D \D
%wﬂf X 90.8~95. 3 2.08~4.37 PIRERR ND ND ND ND ND NDND
X ‘Tﬁ%mﬁ 93.7-98.0 1.68~3.07 T HE 105 49 95 86 55 o) 100
WM& 96.1~98.8 2.68~4.98 T 138 41 50 9 13 9% 183
R 93.2~98.1 2.50~4.08 SR ND ND ND D D ND \D
JEILZE IR 87.6~93.4 3.21~4.95 p—
BEAERR 75.6~84.3 3.56~5.94 SERH ND ND ND ND ND ND ND
KGR 80.7~86.8 2.01~4.85
1R 75.0~79. 1 2.25~3.65 T :ND 2R S BANT R TR,
PR 82.7~86.3 4.69~6. 19 F8  HAh SR B ER A EE L S Y
PEERR 92.6~96.4 1.65~3.19 ) 55 4k LI
L 77.3~83.6 2.62~3.95 Tab.8 Determination results of phenolic acid and phenol
TR 86.0~91.8 2.70~5.13 aldehyde compounds in other varieties of wine
pAEA 90.2~95. 4 3.99~5.07
3,5- TRHEHE IR 91.6~93. 8 4.51~5. 64 Bt/ (pg-1™")
NN . k&Y FER L) R [EEAT HHES
2.8 STRREREIRKL e e n 1% an a9 aw
EE2 =2 EE2 EE2 =2 Es2 Es2 =2
T R A AR Y b R
WSk 15 Byt E/?ﬁ%@#”” ’”‘qjj?%‘ﬂ?$ BETMR 15733 42606 31 048 13219 14745 2177 1370 953
EURIEIE T 8, SR AR 3 67 SERIRT 40 LTS 11696 12133 7633 13931 13425 12908 3 170 4754
s o s _ h 1 7 1 70 47
I 2 BRI 2 0y, F A AT HE £
e by N S N N NITR R W
A 10y, DIOH &L 09 7 38 AR St AT 4 Bt ;3%; Rl 712 675 154 1485 287 16 ND
/H\:EF‘ 5 7&@?@?*[@[]”#@%@5%%@%3@% ,){%‘ﬁé Ti@g& 343 204 223 3174 2352 116 74 68
i A R A A B, L AR R S b 4 FEER 2732 1777 2213 6262 4691 161 588 84
CR P TR P L 4 BT IR ERE AT SR AT SFEERR 2624 3741 4222 2759 2514 1803 3027 2501
VORTOINEIN (A 340 413 525 368 448 523 690 574
EROLE T MFE 8, 4 H b T
n%fi%% . & . n%%‘ﬂ’ﬁzﬁﬁ%@ﬁm WIEERE 1039 1165 1328 2594 2554 4338 1859 2850
l""li/;:] 3 ﬁ‘&%’:?@ﬁ\UJJHWIFM‘{@E@&\XU#L%ZF'? )EJL}J\*\‘M ND ND ND ND ND ND ND ND
TR T &R AFHEIR S E G STERR  mnHEmR 2t W/ ND ND ND ND ND ND ND ND
R AR T AR, BULKR . BEER KB KB XD NN N D ND DD
S L AY é‘ )75 R . ). . . . . . o
R7 AR LTI T R AR RN 08 61 8E a2 2l 12 L2 06
i 2 T ND ND ND 14 6 ND ND ND
S WEF ND ND ND ND ND ND ND ND
Tab.7 Determination results of phenolic acid and phenol S e 19 27 4 261 ND 2
aldehyde compounds in Cabernet Sauvignon dry red wine THm: 20 41 148 1037 498 7 ND
Wty TREBRTFEE/ (pg-L) JefJEE  ND ND ND ND ND ND ND ND
i .
15 2% 3% 4% 5% 6% 1% 3’5.?9% ND ND ND ND ND ND ND ND
HIRHR
WETRE 15277 28729 23890 23807 36062 36495 29 266
IR HND FR TR R,

b 13150 5441 4700 4052 3363 3604 6668 " L L L e P T -
i MR PRUEERR g BE R I 3, 5-— F2 30K FF R 7 4 4
§§%$ 1513 438 65 619 99 548 846 R RK . RERR T AN 1 ST T

2y A EL N P IS e ey = (=
TR 2339 1173 2072 1147 971 1098 94 RA TN 1 pe/L, MEBRT LI 15 2 54
FERR 5092 1414 2787 2047 888 1165 139 rn IR PR & 4 N 14,6 wg/L, HATEFE R
XIFERR 4008 3719 3914 5149 4943 4648 4167 oA L
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R RO G- B BGE Mk . IR R R
BB 75 ik HA D R AR e AR S T
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—WEIPZNEEZRNERIPSHEBETSE

M R mE B FERE RER FAL?
(LBRERIRS: 255 B8, B B AT 8300112 B siRHE bt B2 b, Bt FE/RH) 841000)

FEE 7 B RO L — D £ 3F 7L (HPLC-QAMS ) 5 JR AL /INBE RS ep 5 IR L I &, R Welch Topsil™ C o2
TEFE (250 mmx4. 6 mm,5 wm) 5 FEBSAHN B EE-2. 5% PR /KA TR, A0 B DR s R I D 4 520 nm; Ji 4 0. 8 mL/min; £
TR 35 °CbRER 10 pL, DIRFHHER-3-0 WA NS, 2 IR R -3-0- M A BT 5 242 4 3 -3-0- 7 4 b
T AT -3-0- R B ME T LU 25 2 -3-0- B AT A A IE IR, T 14 i o it TR 55 A ik DU 7 285 SR kA7 %)
Lo 5 BIAE (0T 23 26 45 1 Ve B 3 T P 5 04 TR AR I R PG R AT (0. 999 4<<R*<0. 999 6) 5 F-BIIIAEE M i 3224 99. 44% ~
101. 72% ,RSD 4 1. 32% ~2. 59% ;6 HLAS[R] 7 b 8 BB S /NBE SR FH QAMS 72 5 AR vk i U % & T8 i 3 1 25 5+ (P>0.05)
AT TR NEER I 5 ARG H 1 S EIE .

KABIA L B/ NEE A A — I 2T AR IE T 5 S B E

i E 535 R284.1 MERFRIREE A XEHRS:0258-3283(2023)02-0148-07

DOI ; 10.13822/j.cnki. hxsj.2022.0666

Determination of Five Anthocyanins in Berheris Heteropoda Schrenk Fruit by QAMS Method CHEN Ling' ,BAO Hai-yan',
YANG Ying' ,LI Min" ,LI Hui-min' , KANG Ying-ying' LI Jian-guang™'(1.College of Pharmacy, Xinjiang Medical University,
Urumgi 830011, China;2.School of Medicine, Xinjiang University of Science and Technogy , Korla 841000, China)

Abstract: To establish a high performance liquid chromatography-quantitative analysis of multi-component by single marker
(HPLC-QAMS) method for determination of five anthocyanins in Berberis heteropoda Schrenk fruit. Welch Topsil™ C 4(250 mmx
4.6 mm,5 wm) was used as the column with methanol-2. 5% formic acid water as the mobile phase by gradient elution.The de-
tection wavelength was set at 520 nm, the flow rate was 0. 8 mI./min, the column temperature was 35 “C and the injection volume
was 10 pL.The relative correction factors of delphinidin-3-0-glucoside , petunidin-3-0-glucoside , peonidin-3-0-glucoside and mal-
vidin-3-0-glucoside were established with cyanidin-3-O-glucoside as internal reference.The contents of each component were cal-
culated and compared with the results of external standard method.Five anthocyanins showed good linear relationships within their
own ranges( 0. 999 4 <R’< 0.999 6) ;whose average recoveries are 99. 44% ~ 101. 72% with the RSD of 1. 32% ~ 2. 59%.There
was no significant difference between QAMS method and external standard method in the results of 6 batches of Berberis heteropo-
da Schrenk fruits from different producing areas ( P>0.05).The established method can be used for the determination of five an-
thocyanins in Berberis heteropoda Schrenk fruits.
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H i H FH pH 718 2855 s ROBOH SR 2 % 46
AT R E , SR pH 78 22 AU T S AE
OH A LA B2 A, SR FH AR ik T[]
I SE Z2 A8 T Y 35 i (A TE SR A B AR A
DA KX et A A% 5 5 At PR T R 9 —
RUPRAE AR BAS B9 5 10 O7 i, — I 291k
( Quantitative Analysis of Multi-components by Single
Marker, QAMS) 71| FH H 2 4% 1l 4347 7F PN 7E PR A E
F, HENT Y ] A AR AR IE D 1, DAH M B
T BN S A B O NS, S o3 Y T
At IR AR TR ) A i
Xof BN R SANEERE 1 T8, T L4 R 1 G2 I )
FIA], $ i 17 i S e, ARSI SE e A fi
H S Cy-3G NS, HE5 QAMS % [H] i
5 SR NBESR 2 5 R AL U S i U SE
PSS b0 BRR/ NBER SRR T 2248 B o0 75
ERH I,

1 SEIERS
1.1 FEERS5EH

LC-20AD 7 = 50 W AH (0 3% A ( H A 8 HE
A)) 3 Agilent1220 7 S0 AH (L A3 (35 [ L4 S
FBHEA D) s AB135-S 50 M K- (His AR 24
) ; KQ-500DE Y 7 g 1 vk i ( B Ll i i A Y
FABRZA T ) ;Phs-3E B pH i1 (_E AR} AL
A A BRAT)

De-3G( 4l 100. 00% ) .Cy-3G (4l 99.8%) .
Pet-3G ( 4 98.5%) . Peo-3G ( 4 £ 98.6%) .
Mal-3G (46 98. 5% ) (#2184 B H A R A
A 5 I EE (O34, 52 Sigma A F]) 5 HR ({43
afi, RE T R AR T ) s L5 K oA
4K,

6 Fit SRR /N BE SR S 4300 R BT SR A [R] M X
Z TR R R R 2 2 2 B 2 A O = R YRR
YEE R/ INBERL/NEE i B L /NBE ( Berberis heteropoda
Schrenk ) WA SE A E B ILER 1,

F1 REREE

Tab.1 Information of samples

s gt SRUCH )
S1 AL 2021429 A
s2 AL 20194:9 A
S3 e AR 2020 49 A
S4 B SEL Ry 2% 2020 49 A
S5 HiaEEg L 2020 4£9 A
S6 R Ik 2021 459 A

1.2 Sk
1.2.1  aResm

3% H: ;. Welch Topsil™ €, (250 mm x 4. 6
mm,5 pm) ; FSIAH: A (A)-2. 5% HIRIK (B)
FABEVER (0 ~20 min, 15% ~20% A ;20 ~40 min,
20% ~25% A ;40 ~47 min, 25% ~30% A ;47 ~55
min,30% ~35% A ;55~65 min,35% ~15% A ;65 ~
70 min, 15% A ) ; K 9% 4. 520 nm; Ji K. 0. 8
mL/min ; #3535 °C; #EFEE 10 pl,
1.2.2 IR XRS5 T i A5

4y ) B De-3G. Cy-3G. Pet-3G., Peo-3G,
Mal-3G XJ i i, K % PR, BT 10 mL A8
e, H 80% W B (& R FL 4> %X 0. 5% 1)
HCL) Fi B R 2 B2, 4257, i O B2 4390 R 0. 432
0. 430.0. 276 ,0. 380 0. 888 mg/mL A& X 1R i
AR
1.2.3  IRA XRS5

Ko B 1 mL R A X IR 0 A% 25 9, T 80%
R (S AR 0800, 5% 1 HCL) B A ZE 25 mL, $2
A1 e BE 439k 17,28 (17.20 11, 04 ,15. 20,
35.52 pg/mL BYTR G X BRI TR
1.2.4 ARSI A H 4

B2y1.0 g BE/NBEM R MG HFRE, BT
50 mL HIEHHIE I K 2% A 30 mL 80% H it
(BR800, 5% 11 HCL) 5250, FRoE e, 2
T 30 min, B 5 FRRE AL, H 80% HY
(B R R 80 0. 5% 1Y HCL) #b 2 &, #557, ot
UE,ONRESAE L, B mL BE R BRI E R E
5 mL,H 0.22 pwm FfLUERRETUE Bk UEH , BITS

2 #R51He
2.1 JriEsEER
2.1.1  RGuE MRS

i 2 T EBCTES A5 o R o Y VRN LK TR TR A%
10 pL, 4% 1. 2. 1 @35 S5 R sERE DN 22 | & 3L 45 H b5
WU TE KL AT, SARAR I A 2 B B > 1. 5, FRIE AR
BORT 3 000, (k& LA 1,
2.1.2 MR E

K22 8 0.1,0.2,0.4.0.6.0.8.1.0 mL
1. 2. 2 IR AN IR A AW, 40 0 BT 10 mL AR
I, H 80% W B (7 R R4y 41 0. 5% 1)
HCD) PR 2 ZI B, 850, 4% 1. 2. 1 (6 38% 5c Ah EFE
MSE TSR AR, LA R S Bk B b B Ak b
(X, pg/mL) T BN RABFR (V) AT AE R,
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1.De-3G;2.Cy-3G;3.Pet-3G;4.Peo-3G ;5. Mal-3G
B i Rl HPLC
Fig.1 HPLC spectrum of reference substance and

sample substance

GRRW] 5 ML A TES AT FINZE LR R
I, HEC1.2.3 IR A X R, H 80% H
(EIRFU 8 0. 5% 1 HCL) SEA7 4% FL 6 BR, 0
DA 3 A% A M LU 10 5 15 M8 b 2% A6 T R R A2
PR 25 ILER 2,
T2 LT LRGSR B R PR
Tab.2 Results of linear equation, linear range

quantification limit and detection limit

LML KRR s B

4 e 2
% ek R (ngeml™)  ng ne

De-3G  Y=32744X+19762 0.9995 4.32~43.20 1.25 4.37
Cy-3G  Y=41530X+17317 0.994 4.30~43.00 1.19 237
Pet-3G  Y=36 526X+9 836.4 0.9996 2.76~27.60 2.19  4.38
Peo-3G  Y=30900X+13 531 0.9996 3.80~38.00 1.37 3.43
Mal-3G V=19 159X+18 228 0.9996 8.88~83.80 2.08  5.80

2.1.3  EEERE

KB 10 Wl 1. 2.3 TR % B8 SA T, 4%
1. 2.1 RS S i 2 b bR 6 WK, i sk g T AL IR I
BH RSD, 453 De-3G ., Cy-3G , Pet-3G , Peo-3G .
Mal-3G W i F2 i) RSD 43 %1 K 1.07% . 0. 81% .
0.67% .1.82% 1.22% (n=6) , 75 WAL 2545 2% F
R4r,
2.1.4 Rt

FERE W 10 L [F]— 3 (s it 5 VR, 0 ) 7
0.2.4.6.8.12.24 h % 1. 2. 1 (6 35% 2 00 BEARE D
A IC SRR B IE T L RSD, 4551 De-3G | Cy-

3G Pet-3G . Peo-3G Mal-3G W ALY RSD 43514
1.04% 1.30% 1.22% .1.31% 1. 68% (n=7) , %
B A TR TE 24 h MR ETE R,
2.1.5 EEHKK

B2y 1.0 g BAEV/NEERIR (S1) KEEFRAE , 3%
1.2.4 J7idfil & 6 i s i, 4% 1,21 (A
FAFUERENE 0 Sk T AR THIED S RO A 1
7 N H RSD, 45 3R De-3G . Cy-3G, Pet-3G ., Peo-
3G Mal-3G V-3 & & 43 5l 2.39.2.89 1. 67,
2.15.6.00 mg/g, RSD 434} 0.56% 0. 81% .
0.92% .1.19% .1.30% (n=6) , £WiZ T EELE
PERLT,
2.1.6  [NSCRIRE

B270.5 ¢ QA B/ NEER AR (S1) 4
BRRE  F7 1. 2.4 J7 ikl & 9 D Bk m e, 1%
50% . 100% . 150% 1 Lt il A % n A5 FiAe £6 1
X HETA T, 1. 20 1 3 SR R E AR I a2 I0 SR
WETE AR, THEE 5 B AR G S 34 0 AR TR R R
RSD, %55 RSD #1/NF 5% , & 1% 07 15 e 1%
RIAF, 45003 3,

3R ORI 4

Tab.3 Results of sample recovery rates (n=9)

SRR/ AR/ WfRE/ FEEL SFEIEE RSD/

gy mg mg mg /% FICR/ % %

0.6748 0.3756 1.0553 101.29
0.6396 0.3756 1.0091 98.39
0.6896 0.3756 1.0565 97.69
0.6811 0.7512 1.4045 96.30

De-3G 0.6730 0.7512 1.4231 99.86  99.68  2.59
0.6859 0.7512 1.4100 96.39
0.6943 1.1268 1.8537 102.89
0.6734 1.1268 1.8280 102.47
0.6981 1.1268 1.8458 101.85
0.6948 0.3751 1.070 6 100.20
0.6630 0.3751 1.0461 102.14
0.6900 0.3751 1.0798 103.94
0.6866 0.7502 1.4231 98.17

Cy-3G 0.6913 0.7502 1.4261 97.94 100.66  2.21
0.6889 0.7502 1.4233 97.88
0.7026 1.1253 1.8424 101.29
0.6917 1.1253 1.8417 102.20
0.6893 1.1253 1.8393 102.20
0.4362 0.2385 0.677 1 101.03
0.4293 0.2385 0.6664 99.42
0.4423 0.2385 0.6840 101.36
0.4228 0.4765 0.8893 97.90

Pet-3G 0.4320 0.4765 0.9025 98.74 100.71 1.63
0.4146 0.4765 0.8997 101.81
0.4440 0.7155 1.1708 101.58
0.4325 0.7155 1.1693 102.97
0.4315 0.7155 1.1581 101.55
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CHE/ AR/ WAEE/ AR SEEEE RSD/

s mg mg mg  WE/% BICE/ % %

0.4905 0.2625 0.7559 101.10
0.4667 0.2625 0.7350 102.20
0.4851 0.2625 0.7573 103.69
0.4857 0.5250 1.0179 101.36

Peo-3G 0.4940 0.5250 1.0237 100.90 101.72 1.19
0.4959 0.5250 1.0205 99.92
0.4983 0.7875 1.3017 102.02
0.5076 0.7875 1.3024 100.93
0.504 0 0.7875 1.3177 103.33
1.5205 0.8124 2.3414 101.05
1.496 1 0.8124 2.2920 97.97
1.523 1 0.8124 2.3374 100.24
1.5141 1.6248 3.1004 97.63

Mal-3G 1.4904 1.6248 3.0943 98.71 99.44 1.32
1.5299 1.6248 3.1338 98.71
1.5754 2.4372 4.0456 101.35
1.5732 2.4372 4.0113 100.04
1.5700 2.4372 3.9891 99.26

2.2 MIXIEEF (RCF) i

Iy KE B E 2 4.6.8.10,15.20 wl 1.2.3
TR N IR VAR i 1. 2.1 A% SR EREN E 30
ST AL R 2 R IE R IRAE AR £, =f/f. =
AXC/(AXC) (Hr £, AR 5 NS
FHXRIER T, A, AN ST, C h NS
WeRE, A, SRR 43 0 TET AR, €, SR R T 2 43 Wk
FE), LL Cy-3G H NS, 155 De-3G ., Pet-3G,
Peo-3G Mal-3G AR IEH T, 45 R L3k 4,

KA HBIHIXI R E R T

Tab.4 Relative correction factors of various constituent

R RCF(HEHH Cy-36)

wL De-3G Pet-3G Peo-3G Mal-3G
1.203 1.136 1.316 2. 147

1.237 1. 135 1.330 2. 158

1. 248 1. 136 1.338 2.162

1.253 1. 137 1.338 2.173

10 1. 256 1. 136 1.339 2.178

15 1. 260 1. 137 1. 342 2. 165
20 1.263 1. 137 1.342 2. 166
YI(H 1. 246 1. 136 1.335 2. 164
RSD/ % 1. 66 0. 04 0. 69 0.47

2.3 RCF S
2.3.1  A[REMXER i B s m

I 8 1 LC-20AD | Agilent 1220 3% P Ff
IS Welch Topsil™ C,g (250 mmx4. 6 mm,
5 pm) Agilent C (250 mmx4. 6 mm,5 um) LA K
HAHE BDS C4(250 mmx4. 6 mm,5 pm) iX 3 Ff
g RCF (520, 33158 RSD, 45 5% RSD
INTF 2% , FEPHEE ST 1 RCF 76 A [] €0 35 A (6 3

BB R SRR 5,
RS ORIV G A ) A X A% R T
Tab.5 Relative correction factors at different

instruments and columns

RCF(NZWh Cy-3G)

EREZIG CRE e

De-3G  Pet-3G  Peo-3G Mal-3G

P Welch Topsil™ Cig  1.237 1.133 1.340 2.161

;C soap . Ailent Cig 1,238 1.134 1.340 2.162

) WHFHE BDS €, 1.236  1.133  1.339  2.162

Asilent WelchTopsil™ Cps  1.266 1.137 1.344 2.167

12%5“ Agilent C g 1.266 1.108 1.344 2.167

WFIHE BDS €,y 1241 1137 1.344  2.167

M 1.247 1.130 1.342 2.165

RSD/ % 119 0.99 0.16 0.14
2.3.2 Ay R WK WS pH (A1

A

K H 5 LC-20AD AMA (L Welch Topsil™
C, (035 FE (250 mmx4. 6 mm,5 pm) 735 % 2R
[ (0.7.0.8.0.9.1.0.1. 1 mL/min) &
(25.30.35.40.45 C) I (518.,519,520,521 ,
522 nm) BHHH(2.2.5.3.3.5 4% P RRIEW ) pH
{EXF RCF 520, 31158 RSD, 45 5 RSD ¥/ F
1% , 2 W #5711 RCF 78 AN [A] S 56 45 440 T A9 it
PERAF SR 6~9,

R 6 AN[R) XA  OE P T  R
Tab.6 Effects of different flow rates on the relative

correction factors

Tt/ RCF(NZ¥h Cy-3G)

(mL+ min™)  De-3G Pet-3G Peo-3G Mal-3G
0.7 1.236 1.131 1.328 2.150
0.8 1.251 1.136 1.338 2.162
0.9 1.254 1.142 1.344 2.171
1.0 1.246 1.136 1.337 2. 161
1.1 1.243 1.135 1.336 2.158

¥IfE 1.246 1.136 1.337 2.160
RSD/% 0.55 0.33 0.43 0.35

®7 ARSI IE T B0
Tab.7 Effects of different column temperatures on the

relative correction factors

HeiE RCF(NZWH Cy-3G)

< De-3G Pet-3G Peo-3G Mal-3G
25 1.250 1.138 1.339 2.162
30 1.253 1. 136 1.339 2.162
35 1.253 1.137 1.338 2.162
40 1.255 1.139 1.339 2. 166
45 1.250 1.134 1.336 2.159

YA 1.252 1.137 1.338 2.162

RSD/% 0.17 0.15 0.11 0.12
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Tab.8 Effects of different detection wavelength on the

relative correction factors

B/ RCF(NZYH Cy-3G)

nm De-3G Pet-3G Peo-3G Mal-3G
518 1.256 1. 140 1. 346 2.167
519 1.252 1. 136 1.337 2. 161
520 1.250 1.137 1. 340 2.163
521 1. 250 1. 136 1.338 2.158
522 1.255 1. 138 1.344 2.165

¥iH 1.253 1. 137 1.341 2.163

RSD/ % 0.22 0.17 0.29 0.15

RO AIFERRLBIAN pH EXTARXIEIE K5 #5H
Tab.9 Effects of different mobile phase pH on the

relative correction factors

RCF(NZWH Cy-3G)
Pet-3G Peo-3G
2% (pH 2. 07) 1.247 1.135 1.339 2.163
2.5%F R (pH 2.01)  1.250 1.133 1.336 2.158
3% EZ (pH 1.95) 1.251 1. 134 1.339  2.193
1 1 1 2
1 1 1 2
1 1 1 2

WBhAH pH

De-3G Mal-3G

3.5% MR (pH 1.91)  1.248 136 .340 164
49% W% (pH 1. 88) .257 138 .341 . 165
¥IfE .251 . 135 .339 . 169
RSD/ % 0.31 0.19 0.15 0. 65

2.4 RN B 3 06 S o

AR B A TR R B R R Y
W 5 M 7 B, AR WFSEAE B HE LC-20AD | Agilent
1220 PIFP 35X 43 51 3 A [ 66,35 1 2% 48
TSR I 0 i 0 AE X DR B B D EE B, PR
10 AT AT, £ B TR] 5 17 00 €0 33 0, S0 R 75 0

1 B4 05 (8] B AH X 5% 25 ( Relative Error, RE) 46 %} {H
FEXF /N, 2 A HER , T R PR LR B e ) v
A7 3 B4 B B} [R] 52 5 1Y Peo-3G  Mal-3G 8,35 4 114
TR ZEMR K, B4R B B TR HE AR 22 2 min DL I X
DAMERGE T, T e B A0 B A [ R o i 2 1
T AE B A 35, & 80 0y Of B I E] A7
FERRTHRMESC R, AR5 R D BT fRL ) < 7
SUBCIER:” 8 A 35 6 | S DR T 53 45 R 09 E i
PETERT G (54 1 5, LN S Cy-3G Fillx
Ji— % Mal-3G ARG A7 W0 A IE , 5
Welch Topsil ™ C il 5 1% 195 35 £ B4 B[] Sy 4 A1 A
(X)), HoAh €335 {5 4 335 A 0 5 1% O B IR 8] S 0
ARBR(Y) JENT R IE 7 R, PR i HE Welch Topsil™
C o 77 B 45 3 I O BR B TR A T R | 4647 4H ;£
TEIEREN . FHZ 11 AT, SR B WSS IE 3R De-
3G B2 SRR LIS, A 1S3 B B[] £ S 0
T RE 48X (B 31/ T 2% , 1 s 52 0 (6 3% 016
XF T De-3G, H T H: WA SE R, AT Foph >R FH AR X O
iR IR VA
2.5  AMRES QAMS BEZER LA

FERFRAE 6 AR/ INEE #2 1. 2. 4 7kl &
6 Dr LI SR, FEHLEAT 3 00, e 1. 2.1 A Sk
PRI E | 0 SR TR, 23 51 LA 5 FT QAMS
BATEA WO AR L3R 12, R SPSS 25.0
B RPAMREE R QAMS 51045 1 45 5 947 52 31
SEOYHE, SRR P>0. 05, 3 B W AR 7 v I
ZHT R EER,

FR0 AR A i) PO £t B e ) A € 3 0

Tab.10 Retention time to locate chromatographic peaks predicted retention time

EREZIY i PR EE B e De-3G Cy-3G Pet-3G Peo-3G Mal-3G
Welch Tonsi™ ¢ FRELR R I (2 ) 27.063 33.965 41.077 47.955 52. 449
oo 18 BRSO A I ][] (R, X) 0.797 1. 000 1.209 1.412 1.544
S £y 24. 407 31. 105 37. 886 45.935 50. 414
. ilent C Gl ¢ (V=31.
50 LC-20AD Agilent C g jml 15 ( - 31. 105X) 24.784 31. 105 37.618 43.917 48.033
SEW ¢ ST ¢ 19 RE% 1. 545 0 -0.707 -4.393 -4.724
S 1 28. 586 36. 190 43. 381 50. 601 54.352
KFFE BDS Cig T 1, (Y=36. 190X) 28. 836 36. 190 43.768 51.096 55. 885
S 1, ST ¢, B RE% 0.874 0 0.892 0.979 2. 820
S 1y 26.323 33.070 40.013 47.773 51. 800
Welch Topsil™ C 4 T £, (Y=33.070X) 26. 350 33.07 39.995 46. 691 51. 067
S ¢ ST ¢, B RE% 0. 102 0 -0. 046 -2.264 -1.415
S 1 24.013 30. 333 36. 897 44. 550 48.907
Agilent 1220 Agilent Cyg T 15 (Y=30. 333X) 24. 169 30. 333 36. 684 42.827 46. 840
SEW ¢ ST ¢ 19 RE% 0. 650 0 -0.576 -3.868 -4.225
S £y 26.997 34.213 41.127 48.103 51.777
HKFIHFE BDS C g TR ¢, (V=34.213X) 27.261 34.213 41.377 48. 305 52.832
S e ST ¢ B RE% 0.976 0 0. 608 0. 420 2.038
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Tab.11 Peak time to locate chromatographic peaks predicted by two points correction method

(ENTENG ik 14 B st ) De-3G Cy-3G Pet-3G Peo-3G Mal-3G

Welch Topsil™ C g FRUECR BB ] (eg ) 27.063 33.965 41.077 47.955 52.449

S ¢ 24. 407 31.105 37. 886 45.935 50. 414

Agilent Cg U 1 (V=1. 045X-4.376) 23.894 31.104 38.533 45.718 50. 412

1,4 LC-20AD S ¢ ST 1 19 RE% 2,102 -0.004 1.708 -0.473 -0. 004

S 1 28. 586 36. 190 43,381 50. 601 54.352

HRAE BDS Cq T ¢, (Y=0.983X+2.817) 29. 409 36. 191 43.179 49. 937 54.353

S e ST ¢ B RE% 2.878 0. 002 -0. 466 -1.312 0. 002

S 1 26.323 33.070 40.013 47.773 51. 800

Welch Topsil™ Cyy I 15 (Y=1.013X-1. 347) 26.076 33.070 40.276 47. 246 51. 800

SE ¢ ST ¢, B9 RE% -0.939 -0. 001 0. 658 -1.104 -0. 001

S 1 24.013 30. 333 36. 897 44. 550 48.907

Agilent 1220 Agilent C g T 25 (Y=1.005X-3.797) 23.398 30. 334 37.481 44.393 48. 909

SEW ¢ ST ¢ 19 RE% 2. 560 -0. 003 -1.582 0.353 -0. 003

S ¢ 26.997 34.213 41.127 48.103 51.777

HKFIHE BDS C g M 15, (Y=0.950X+1. 939) 27. 654 34.212 40. 970 47.505 51.776

S ¢ ST ¢ B RE% 2.433 -0. 003 -0.382 -1.242 -0.003

FT12 5 MR E RN E SR
Tab.12 Results of content determination of five constituents (mg/g,n=3)
e Cy-3G De-3G Pet-3G Peo-3G Mal-3G
7 — — — — —
PN RS PN RS QAMS AR QAMS VIS RES QAMS FIN RS QAMS
S1 2.723 2. 656 2.637 1.828 1.826 2.026 2.031 6.243 6.233
s2 1.047 1.782 1.736 1.070 1. 047 0. 674 0. 693 2.029 2.046
S3 1.982 1.822 1. 821 1.374 1. 370 1.642 1. 645 2.799 2.847
s4 2.343 1.816 1.824 1.297 1.302 1.379 1.398 4.226 4.248
S5 2.020 2.010 2.001 1.329 1.328 1.588 1.593 4.512 4.507
S6 2.368 2.282 2.270 1. 464 1. 465 1.587 1.599 5.049 5. 050
2.6 it VM43 B RO 3 b, Ho P Peo-3G I Mal-3G 5 AN
2.6.1 WSS FH B E BN 25 30,35 .40 45 CAEIRIEFT

Cy-3G fEN EBIE M2 —, A M As(E
B OEEAE S A MR R RS S AR
R HT S5 Pl A, AR GE LA Cy-3G N
WS, 3T — I P4 % 9RRh T % BE
ASJE SIS BB AEELN, AR T QAMS AR AL
A
2.6.2 M

AW i Ak 38 5 3 B 1 IR A i R Y
L 80% i (A IRFRA3 85 0. 5% 1 HCL) g B B
), & R 30 min, BHE L 1:30(g/mL) , 424 1
WA RTAL B LT IR BB A LA 5
Pl oy, W IE AT % s b
2.6.3 OGBS

DL IR/ NEESL Sz e 5 e T B B RICR A
T EEARAR, BRI B | o 33 R 4 T
FRAEIR R 45 51 PR R -2, 5% HP IR 7K V5 1o

T R LGS 4 i AR 1 R i) B R A A
A YRR N 35 C , BERS SE L& A
ROy RS . BAHE DL 1. 2. 1 Hokh B R X
S/NBESLSE 5 P O & s [FIREIEA TA I 25
ISR T, & 00 o0 B RO AT, (03 R 2R
e, 2Bt H AR LA I E TP/
2.6.4 RCF i HM:HE

AR HEET ARG 35 il A
T DK DL R S A pH X RCF AS2N |, 45 52 1
SR AE R B X RCF B2 48/ R QAMS
AR AL/ INEE S D oA R AR AR R I
DB
2.6.5 (AifigEE

QAMS L RENS S A8 An ) A0 2 i 1) S H 2
Xof T 4% B A3 €0 T e () VRS A2 A5, FRL XA B B i) 92
AR QAMS ¥ e Y (i e 1 7 vk, B
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T AL @AY 22 5, I 45 2R 5 52 bR
BERAFARRORZE 5, L0l A P B I 18] 5 RiF A (3%
W, 7S 7 FH H A PR AN R0 AR O SRR AE
(I E 3 D7 1 R BTG, e B RS IE G
TS R BRI ) (23R AR SR T
FIEVE i i 2 il 1 £k, HE S BRI H e 1]
T S B €00 T D T PR PR R 6, SR B,
BRER 1 A~ i igedh, FLAr (03 e 2 m o < £
PR, ASBIESE AFR R E B I 6] 35 7€ 37 De-3G, LAY
R TE A A 3% 0, T AT €00 e 000 A1 52
PR BRI AL RE 28X (EX/NT 2% M RTA (i
W X2y T S A S A

3 &g

AHF5E R HPLC-QAMS 35 /] I 2 28 51 /)N
BERLSLh 5 e (A & il AR AR MR
AT PR i R | €835 068 2 57 LA S e 24
BroME L QAMS 35 BT I 75 & it JC 25 5, 1iE
HPLC-QAMS ¥ 76 & & W & v (19 n] 47 P A0 3 H]
PE AR gD T 85 X BR S ASERE DL AN By 3k
1R Z AR R 38 T A DU A R | Sk 2
F/NBERL ST G A S I AR T —E
PR FEA

SEH
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9 BB AR R — EAL FARE SRR S AR 5

Bk B0 A Ahsam ' AT
(1L AESIREE R K J DI BEARERR A5 i, AL 100029
2. E RGO T5 Ye it AR AR AT BT S50 = , db At 100029)

W SRR R 2 U 0 B 25 AN BE JR 2% (50 nmol/mol ) B/ — B AL BARESR,, R F LGRS AS P —5A
AL RARHEAR , F552 T il a2 1 SO P B T SR A I 1 P O P 38 50 MR B DR e 1 R T LU X A i 3, &R 3R
B 36 SO PTG — SR SR T SR A 4 T oK, — Sl A U AR A0 G S PR B 1 2 ik R A FH T D 2B AN T
K24 50 nmol/mol MYV T —E AL B AR R EAT RAFAIHI& EE M RN S R e, S5 A EER
FRERE & G5 AR TR [F]— e BE AT B — S AL FARME SR B AP i — B, i R AT A IR = LA AL
WE TR HE AT SE AR SR

FABIA AN EEIR G5 — FA L AR UE AR 3 5 s B M 5 LU X 0 B

FE 425 X830.5 XERFRIREE A X ELRS:0258-3283(2023)02-0155-06

DOI:10.13822/j.cnki. hxsj.2022.0662

Preparation of Nanomolar Nitric Oxide Gas Standard GAO Bing'” , WANG Shuai-bin'*> ,YANG Jing'"* ,FENG Yue-peng'> ,NI
Cai-gian*"*(1.Institute for Environmental Reference Materials Ministry of Environmental Protection, Beijing 100029, China;
2.State Environmental Protection Key Laboratory of Environmental Pollutant Metrology and Reference Materials, Beijing 100029,
China)

Abstract : The nanomolar nitric oxide gas standard material with concentration of 50 nmol/mol in nitrogen was prepared using a
four-step weighing method.The gas standard material was analyzed by using chemiluminescence method, and the preparation re-
peatability , adsorption and desorption effect of the inner wall,in-bottle uniformity and time stability of nitric oxide gas standard
material were investigated.In addition, comparison analysis was also conducted.The related results demonstrated that the polished
cylinders can meet the preparation needs of standard nanomolar nitric oxide gas.The adsorption and desorption effect of nitric ox-
ide on the inner walls of polished cylinders can be ignored.The nitric oxide gas standard material (50 nmol/mol) in nitrogen had
good preparation repeatability ,in-bottle uniformity and time stability. Moreover, it had good value consistency with the standard ni-
tric oxide gas along with the national standard sample number diluted to the same concentration level.The gas standard can supply
the standards support for the nitrogen oxides determination in ambient air.

Key words : nanomolar ; nitric oxide ; gas standard ; homogeneity ; stability ; comparison analysis

Cob = A R RS B B A FRIT, 9 R0 30k T A 2 < s 00 o RS AL
FCORATRMERR TR B2 ER, 2 Y8 PR KE— B8 JL A nmol/mol , 5%
S AEYH 38% ByLLE K DL IR PM, de s i DN R AR AR R T B e R AR X
AR, B R TG G AR T B O 4

EHGESRENEER R REALYEN ~
75 B #7:2022-08-30 ; M 48 B & B #7 :2022-09-23

(PRI SBTRBRE) (GB 3095—2012) HALE iy BSTRE . H A b SRR LR 0 e % T~ 4
WA Y5 Ye gy 2z — 12 e R AR A R AT A i R S — S RURR T SR I AR TIFSE ™ (202012)
3] LN, (A AR [ [ R A EHE BN =K (1989-) , 2, LR WA, 1, TAR UM, &
. - WG ) AR R R AT
e g . e kR ,
Z{%%_Fm ! ﬂﬁz*)ﬁzq%n 2035 ﬁi%}?\ EbT’mg>> BIESR i A , E-mail ; ni. caiqian@ ierm.com.cn,,
P AT 2 S T 5 4 SR 4 R R AR5 G B R 1 B RIARST : F K, TS, B, 25 40 AR 9 — AL U o

KITWHEE LA P AR A . SRR S ARTRIE [ )] A2 A 2023 ,45(2) 1 155-160,
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IR Bl ARSI — R 9 R A5 Y B
Jit R 2SR 0 R AR HIE 3 Tt LA SR 1) A S, B
2R 5 IR S S 2 R B
o IR 2% AT G far oAt e ) 2R SE A Y 1)
RRR R TR . AR TR B2 1) — 48T AU
SR 2 B 25 W WA BRI A AR VR FE T 3R LT
nmol/mol , (HIG /N T ALESFRREIA AT | AL 25 T ol i
JITHE IR AN 2 BE TG S 23 52 e RS AR P ik B T of
WAE . ONBE IR 9 — AL A bR MR TR &
P RV AT i T 2B 25 SR A A W o i
P AR, BE T 47 b v 2 R A S I A Y
Reeiti sk

ZJHOE N SRR DG hR E SR IR & B, 26 [E
[ b 5 HOR IS B (NIST) BIF i 4 40 Ik 2 —
EAL AR UESAE Y 500 nmol/mol , AH X AS 4y 7€ B
H1.6% ., JelE [ 5 B SE5 % (NPL) B
100 nmol/mol ¥ B 7K - 1) — S8 A0 U HE AR K i
B 23 ST W A S 5 K, AR AN o B A
4.4% . PE BRI BE O T 58 Ok B
100 nmol/mol FJ — %8 16 %0 AR — Z b i 1y It
(GBWO08200) , FHXT AHHERE N 10% ., BKINF,
iy N SMIE & B 290 P O 2 — 4R A BB i A4 T
Kb PRI AR SO FR 2 125 ] 4 B oA Y
JEEETY I R ZKSF A 50 nmol/mol i —
AL ERRESA T R A% B A M SO 2
PSP I RIS 1 B e X A3 o LAk
A S A o 5 ot 4 ol B A o AR IO AR R 2 4
FU 53 PR DS R P

1 ZEHH
1.1 FEER S

XP26003L %Y 1 5t Lb 8 #% (i -+ Mettler-Toledo
o)) s ER R R S ARIEAR RS &R
SR E S 345 ( H AR Stee A7) 86 4
SR AR A A OGSO (PRI RE R A
BT ) $42i-TLE B R SA ALY 93BT AL (1461 Rl 5
A BAL (L Thermo 23 ) ;9NP100 HP #l &
PERES AR Llifb % (SE% 2 AR H R ( 1) AR
NP

—HMA (HARBER A4 s maiA (A
AT TR T ABRAH])
L2 FEAH SRR

il A8 A R IR G — S A R M A i FH 1 s

RAGF MR UARLA AR AT T P840, 2k 5 =ik
4l a] 35 %) 99.999 999 9% , A& S I K /N T
1 nmol/mol , /S ] BE I /> Tl 2 7K N 48 % 44 B8 IR
P RS E S E (IR E PR 2

AW FE ] 28 0 BE IR ] — E AL B bR AR BT
TEFH AR = PRGBS, i B R 4 i M Re UMk 2lifb
v A Al Al A N 0. 003 wm A S0RL L U8
o SR RN 100 L/min, e K SEKE 10
18 MPa, MR & RAALA BT 15 A
OE D A#EE 1 MPa, K AR S H/NT
1 nmol/mol , /X T] B FEAK T # A< P il & 7K 43 F1
EETRER R A Rk AR R
— LA A A RV, MR O TRRBER,
T PO A R, B 2 £ A5 2 W B K OF R 50
nmol/mol MY/ H — S Mk B bR AR, B il £
TARWE 1 PR,

9% ¢/g | 1% 1% /g 2% | 105.4 ng/g | 3%
NO NO/N, NO/N,
2.273 pg/g | 4% | 50 nmol/mol
NO/N, NO/N,
B A ARRHE AR (50 nmol/mol) 2k il

A
Fig.1 Gradual preparation flow chart of nitric oxide gas
standard (50 nmol/mol)

1.3 FEa Tk
SRR B /R — A A bR
SRIEAT T, ST 7 EE B M LR 6 IREE
253 T 45 R B AR s Al 22 R R, o A 7 s
BHEWMER 1 PUR,
R1 HWOTEELNE
Tab.1 Reproducibility of analytical method

il g/ ST 4R/ (nmol < mol ™) HfEs
RSD/
(nmol - (nmol «
mol™") 1 2 3 4 5 6 mol™) v

48.15 48.2 48.1 48.0 48.2 48.1 48.0 48.1 0.19

FZE 1 Al g0, e BE 7K PR 48. 15 nmol/mol —
SAACEBRIE AR 6 YRE S 70 B A A X i O 22 4
0. 19% , 73 e 7 vk B S Pk B4, Bl SR I B 55K
L4 FEREEN I

RS T I PEAN R 00 i
VR AT AR ASBIEE T 25 S o e B P A
FEIH AR A | I X BRI N 28 20 1k A7

VA
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19 UKAE AR IR R — S AL SR AR ] s BRI 5 157

LSRRG B0 ik oK A 10
MPa DL A A — % AL A (50 nmol/mol ) A A4k
K&, P BIHE 10 .8 .6 .4 .2 1 MPa JE /1 F il &
BB, A R ER R W 3k, TR
SRR R R B 3 U E 45 R R R &
J7 2T 7 Bt AN TR R ) (8 D 2 25 SR 1 3
(MSyy) F A — & J7 {6 8 2 W & 25 5L 09 ¥ 07
(MS,,) , o BT HRRE i R S AR A 5 | A B AS
6ﬁﬁ_’5§( Uy, ) o
1.5  HEaERE R ik

ATIFGY H S S S i (A (R4S () AR 1L
i, IR S R RR S PR T IRAN , DA O AR 1fE
SRTESL PR TAEP RS LA R Y,

R PN i) Sk 2 43 B — 22 R B ] ]
b, LUl a8 i A b — LA (50 nmol/mol ) 1
R FEWEAAR, SR RS A HEXT 42i-TLE BUA A b
Yo B ASGHEA TR, X iR AT RS B 2R I R AP
— LA (50 nmol/mol ) bRUESARHEAT 43T, M
BERRUE SR 1 52 {8 5 it A7 I B) 22 R G 2
KR,

Y = by +bX (1)
At Y FR R T W R IS5 SR X R R P
(ORI () b, FRBAERPR by FURAPERIE,

T LR R LEXTEL 1 b 1 F 4,05 o %5 (b))
BRI, 5 RER by B 535, ok FIMT R & i i
BB R R HER N A& AR e, Hp,s(b,) R
RER b, IIATRERE . #5716, 1<t 5,,%s(by) IR
TNBR ISR B (L B P[] 9 4 % TG W 3 AR 4 B
LA RAF IR E TR 45 1, 1 >t 45, %s (b)), T
PRI AR E A R A [R] (4R A T BB Y
Ak R RS R 2E

2 #ERE5IHR
2.1 UHE

AW 5T R PR i s A D — SR
(50 nmol/mol ) AR A4, S P BE 1Y DG BE LN
B A PR R 355 PP S5 2 0 s e A ) B
kA g R R B
FEZH 7 5 A0 N BE 15 23 R A RO, 2 7 2
R Tag R, ARSI L+ 2 JLE pmol/mol A<
b — S AL BbR HE AR B 4l AR A 4 3 58 SO,
il 5 B L B R4 i) ¥ S S E 1, JF 2
PAFE R bR UERE S PRI, AR AR

G ARG AT 6 MR EEKSF24 50 nmol/mol
RS —SE AR ER, e E R TIHEES
TEAMTEEE 50 nmol/mol —FE AL E RS AR
A, YA AT T T 20 s R
Ve A SR AL AR 6 R SRR
20 d JE R Es Rk 2 B
R2 RO & W RE S ECE 20 d J5 Y
M2
Tab.2 Test results after 20 d of prepared samples by

ordinary cylinders

i [k 5 fE/ w2/

FE (nmol *mol™") (nmol +mol™") %
1 46. 63 4.5 -4.57
2 51.19 46. 8 -8.58
3 52.89 48.4 -8.49
4 54. 64 52.4 -4.10
5 53.42 50.3 -5.84
6 56. 17 52.3 -6.89

2% 2 AT, SR HER B 4 38 SO & 19 6
H—% AL A (50 nmol/mol ) ¥ TE 20 d )5, =
EH LA T AR B B R (-4% ~-9%) ,
TR A 43538 ST 50 nmol/mol — &AL A K,
AR i 0 R B P A e, AN FH T 11 % 40 B R 0
(50 nmol/mol ) — 4 AL AARIUESMA . X 1 [ 8
28 SCHRPITOR N BE A BB R A 05, K BN 25
AR B EA T AL P | B P R I RLRE T s
PR TG SR A W BRSO PRIk AR 5 3k
A e L AOm 7% — A AL A (50 nmol/mol ) X,
PRBER , 8 HGE R, R FHI G SO 4 1Y
6 AR R CE 20 d J5 HEATAG I, 3l SR an
3w,

F 3 CRHOGAIESI MRS CE 20 d B
i ss
Tab.3 Test results after 20 d of prepared samples by
polished cylinders

b IR 5 fE/ T2/

B (nmol -mol ") (nmol -mol™") %
1 52.09 51.8 -0.56
2 50. 81 50.5 -0.61
3 51.60 51.5 -0.19
4 50. 63 50. 6 -0.06
5 48.15 48. 1 -0.10
6 54. 65 54.4 -0. 46

3 a0 R AR A S TOE S0 S 4 19 6
Hi—% 1L A (50 nmol/mol ) #E Fhik E 20 d 5, &
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E W 2Z 78 1% LA IR & A B i 28 1k, &
BSR4 06 SO mT T 7 78 2 9 B R 9 (50
nmol/mol ) —F L EARESM, Rt — %5
JEAURAE P, X 9l SO T e T S0OR N e i
MPEFTEMNY . SRAPRE 724 10 MPa AP —
P RARAESAR (BRI ) % A28 3 9 ' A 31 SO
(FI) v, RS IR AR iE 48 h S
35310 5 BRI B WE RS AEL ( €y, nmol/mol ) K HEX i
3 B e A ( C,,nmol/mol ) , 4T L #E , 115

ZEBINE 4 PR,
Ra YUPE IR BRI SR A SO N B I o

YEHISS
Tab.4 Result of cylinder inner wall adsorption of

nanomolar nitric oxide gas standard

e T
\‘ﬂ E=N \‘n =N
UJJEE{E U»UE%{E (CI_CO)/COX
. (Co)/ e
i /ine2 100%
(nmol - (nmol -
mol™") mol™!)
211605017 50.6 90410143 50.5 -0.20%
203016042 49.1 90410146 49.0 -0.20%
202615024 46.3 90314145 46. 1 -0.43%
203016072 45.5 90314014 45.5 0. 00%

H 2 4 AT 0L, 05 BRI Y 2 1 0w 25/ T
0.5% , W # Z M ANAEAE B B 22 55, R — 44k
RAEA GO PN BE 1 W B VR T AT LA Z AN, i
YA IS A T &k E 7K S 50 nmol/mol i —
FALERRES MR, X F R PO SO P BE 2
ABRIE  F AR ARG RS B R HCRRAIC, DA 17 sk
AT R AR
2.2 FEMAYH & E B

ARG A I SO 6 R B Ky
50 nmol/mol JE J1} 10 MPa Ay A S —F AL A
PRIESAAR 0 S L RC IR BE ( Cy ,nmol/mol ) ; TR E
48 h J5 I E HAE 42i-TLE B SA ALY /3B A F iy
W SEAH ( Cy,nmol/mol ) o A it i 46 7 B L B4

5 PRSI & E LR

Tab.5 Results of sample preparation reproducibility

bR ECHME(Cr)/  DEME(Cyy)/ . RSD/
v o R=Cyy/Cy
B (nmol-mol™") (nmol-mol™") o
1 51.03 50. 8 0.995
2 52. 68 52.3 0.993
3 50. 39 50.3 0. 998
0. 40
4 50. 86 50.3 0. 989
5 48. 14 47.7 0.991
6 50. 96 50.9 0. 999

W BEASER I 2 E (R) 0 AH X s 1 Al 25 5k o |, 4%
RN s s,

HH 3R 5 AL ASHIE ST 45 1Y 6 MR B2 Ky
50 nmol/mol — AL AFRESIA R A A XS Hr 1 I
220 0. 40% , 3% FREAMIT T R F 4 ] 45 07 1 3
PR AT, BEH 94 B JR 9 — S A bR A 1 16l
Ko
2.3 RSN

AWM 25 T 4 B K4 50 nmol/mol |
FJ179 10 MPa By &S — AL A bs HE <K, H
FHEFEMBIRNI S, B 2 A& —81k
FARUMESARTE 10.8.6.4.2.1 MPa JE /1 T B9
ALK, K 6 h—E AL A ER AR A5 A
AN 2 B

52t 4 2
v — 2 = ,7‘

—’%‘51— M3 #ﬁ‘{

f 50}

549-

%48- w2 M1
g . e e
0 8 6 4 2 1

JE1/MPa
B2 ERG—FA R AR R IME T
HEARL

Fig.2 Figure of concentration of nanomolar nitric oxide
gas standard under different pressure
RO NEEIRY— A RARE R 2 PS5
Tab.6 Result of homogeneity test of nanomolar nitric

oxide gas standard

BRAERE MSp MS g /%
1 1.02x1072 2.22x1073 0.11
2 8.56x1073 3.89%x1073 0.08
3 8.56x1073 3.33%x1073 0.08
4 8.56x1073 2.78%x1073 0.08

i & 2 e 6 nI g0, ARWF T BC Y 4 RE &
FEAF ) ST B AR Y B R AW 22 4k, B
4 AR & PO P R 38 50 1 B R S B o B 38 TE
0.10% /& 47 W% 3l /N T 43 8 J5 36 ) & 2 1
(0.19%) . VA 25 RW A58 il £ 10 94 B IR
R—FAL BRI ERR B RN S5, H
AR 35 1 MPa,

2.4 WFEIFREHIEN

AT 28 T 4 I K4 50 nmol/mol |
JEJ124 10 MPa A S — S8 AL B s HERIA, %
KT 4 MFETE 3 N H N R EAR SN, 4



55 45 &4 2 W)

19 UKAE AR IR R — S AL SR AR ] s BRI 5 159

N EE IR G — SR A PR ESUARAE 3 1 A R R AR
AR 3 froR , i RS E PEVE O 25 R n ke 7
B

el
g1 Mia v
g 50
£
B e
® 48

47 i 3 3

i /A
B3 EERY—E I EFRHESATE 34 H Y
wE{HALE N

Fig.3 Concentration trend graph of nanomolar nitric
oxide gas standard in 3 months
RT NEEIRH BRI TR I [ RS E
WAL
Tab.7 Results of time stability of nanomolar nitric

oxide gas standard

F5 1 2 3 4
1,1 1.00x1072 4.00x1072 1.00x107% 6.00x1072
s(by) 5.20x1072 1.31x107" 5.20x1072 1.06x107"

0.05.2)%s(by) 2.24x107" 5.64x107" 2.24x107" 4.55%107"
Flgh R TREER RUELS TRELS RREER

& 3 FNZ 7 AT, A ST 45 1 4 AR i
TE 34 H N A T s WA AR A a5 H ARk
R A /IN(=0.49% ~0. 66% ) . MAM, 4 kLS Y
16, 1 35/NF 1,5 0 %s (b)) , FWTE 95% & 15 /K-
PR bR AR 19 2 Bt P ) () SR T8 A P i A
b, VA ES5HRERIT ARG £ 1k BE K- 50
nmol/mol [ — %&b FARMESARAE 3 4~ H 15
BN EA RIFRRENE, 5 E0Rak s eta e Pk
5T TR,
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Preparation and Characterization of High-purity Sodium Tetrathionate Dihydrate LIU Hong-mei*'?  GU Fang-fang"’,
WANG Bao-jin'* , LI Bing-hua'"*, DU Rong-guang'*, CHEN Mian-bin'"*( 1. Guangzhou Chemical Reagent Factory, Guangzhou
510288, China ;2.Guangdong Guangshi Reagent Technology Co.,Ltd,Zhaoqing 526238, China)

Abstract : The high purity of sodium tetrathionate dihydrate was prepared by the reaction between iodine and sodium thiosulphate
at low temperature.lt was recrystallized from a cool aqueous solution by the addition of ethanol.lts structure was characterized by
XRD and IR.Based on the experiment results, the best preparation method is that the addition of oxidant iodine was slightly exces-
sive than the stoichiometric ratio,the reaction temperature was below 10 °C ,and the recrystallization was required at least once.
The XRD pattern showed that the XRD diagram of the products prepared by this process was basically consistent with the standard
diagram of sodium tetrathionate dehydrate.The IR spectra showed that the impurity thiosulphate in the product had a great impact
on the infrared spectra.The content of thiosulfate becomes lower along with the less absorption peak in the wave range of 1 238~
1090 ecm™ ,as well as the smoother the curve.

Key words: sodium tetrathionate dihydrate ;high purity ; preparation ; characterization
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Fig.1 Structure diagram of the tetrathionate anion
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Tab.1 Effect of the purity of Na,S,0,-2H,0

by recrystallized

P TWH AR £t S1 S2 S3
1 T/ % =98.0  94.73 99.43  99.49
2 K5/ % 10.5~20.0 W&kl 12.81 12. 49
KRR RN A ~ ™
(M,0:50 L) ki  ww o
LG <0.050 0.580  0.110  0.024
(8,05)/%
5 #A(Cd) /% <0.005 <I1x107° <Ix107 <1x107°
6 i (Co) /% <0.005 <2x107° <2x107° <2x107°
7 Hi(Cu)/%  <0.005 <3x107* <3x10™* <3x107*
8 B (Fe)/% <0.005 <3x107* <3x10™ <3x107*
9 #(K)/% <0.010 <3x10™* <3x107* <3x107™*
10 B(Ni)/% <0.005 <I1x107™* <Ix10™ <1x107*
11 #5(Pb)/% <0.005 5x107™* 5x107* 5x107*

12 #E(Zn)/%
13 #5(Ca)/%  <0.050
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