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Research Progress of Piers’ Borane TAN Jing-jie' ,LUO Yong-an' ,WU Yi-le*' ,ZHAO Yu-fen'*(1.Institute of Drug Discovery
Technology, Qian Xuesen Collaborative Research Center of Astrochemistry and Space Life Sciences, Ningbo University, Ningbo
315211, China;2.College of Chemistry and Chemical Engineering, Key Laboratory for Chemical Boology of Fujian Province, Xia-
men University , Xiamen 361005, China)

Abstract : Main group compounds play important roles in the modern chemistry including catalysis and small molecule activation.
The strong Lewis acid HB( CF5),,known as Piers’ borane,can activate inert gas molecules such as carbon monoxide and nitro-
gen monoxide.Meanwhile ,the B-H moiety is highly reactive and good for the introduction of a B( C4F; ) , moiety into variety unsat-
urated compounds via hydroboration.Thus,a series of boron-containing chiral catalysts and frustrated Lewis pairs have been syn-
thesized from HB( C4F;),.In this review,the use of Piers’ borane in organic catalysis and small molecule activation was discussed.

Key words : Lewis acid ;organic boron compound ;organic catalysis ;small molecule activation ;frustrated Lewis pair
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Fig.18 Asymmetric hydrogenation of 2-H-1,4-
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quinoline catalyzed by chiral binaphthyl bisborane
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Fig.21 Asymmetric hydrogenation of enol catalyzed by
chiral binaphthyl bishorane
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Fig.25 Asymmetric vinyl Mannich reaction of o,83-
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Recent Progress in the Applications of Cu-MOF-based Materials GAO Chun', WANG Jia-jing” , GUO Xiao-tian® , LI Wen-
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Abstract: In recent years, MOF materials had been widely used in many fields such as electrochemistry, biomedicine , adsorption
and separation due to their unique electronic structure, easily adjustable and regular pore channels and high specific surface area.
However , the poor electrical conductivity of MOF materials had limited their applications. Therefore , the integration and comparison
of MOF material modification ideas and compounding strategies could provide a reference value for the wide application of MOF
materials. Taking classical Cu-MOF as an example, this paper focused on reviewing the preparation routes of Cu-MOF-based
materials reported in the literature in recent years and their latest application progress in the field of electrochemical energy stor-
age ,mainly including batteries , supercapacitors , electrocatalysis,,and so on.Finally,the problems and opportunities in the research
of Cu-MOF-based materials were summarized , and their future development directions were prospected , aiming to provide theoreti-
cal references for the design strategies and practical applications of MOF materials.
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Tab.1 Performance of Cu-MOF-based materials in LIBs
CDh/ SCs/
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Cu-BTC 100 100 626. 4 [37]
[ Cuy(BIPA-TC) (DMA), ], 100 500 ~53% [38]
Cu-TCNQ 100 500 280.9 [36]
rGO/Cu-BHT 500 300 1131.4 [26]
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AN-Cu,_,Se@ C 1 000 1200 1452 [39]
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Fig.5 a.Schematic diagram of the synthesis of Cu-Co,S,'*’;
b.SEM image of Cu-Co,S, before cycling™’ ;c.SEM image
of Cu-Co,Sy after 5 000 cycles **/ ;d.Cycling stability of
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of Mn/Cu-MOF-rGO and PANI composites'*
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Abstract : Compared with small molecule drugs,peptide drugs had been widely used in the pharmaceutical field because of their
high selectivity and efficiency. However, due to their poor kinetics and limited biological barrier permeability, peptide drugs had
low oral bioavailability and were usually administered by the parenteral route.This review focused on the oral administration of
peptide drugs,introduced the challenges faced by peptide drugs and strategies to improve their oral stability,such as pH regula-
tion, enzyme inhibitors , penetration enhancers and chemical modifications,and elaborated on the nanoparticle carrier delivery sys-
tem,to provide a reference for the future development and design of clinical peptide oral drugs.
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Discussion on the Innovative Development of Chemical Reagent Industry WANG Gang ( Sinopharm Chemical Reagent Co.,
Ltd. , Shanghai 200002, China)

Abstract ; The research and development ,as well as production of chemical reagents not only play a leading and supporting role in
scientific research and technological innovation,but also affect various fields of the national economy.Aiming at the construction of
an innovative country and realizing the self-reliance of high-level science and technology,the chemical reagent industry should fo-
cus more on key areas,follow the national strategic development needs, promote core technology research, further develop high-end
reagents ,and transform scientific and technological achievements through the innovative model of enterprise-led , industry-universi-
ty-academy collaboration. At the same time, it is critical to strengthen the development of innovative, application-oriented , and
skilled scientific and technological talents,and improve the diversified assessment and incentive mechanism.As the main body of
innovation , these are important missions and responsibilities for state-owned chemical reagent enterprises in the new journey of
building an innovative country in the new era.
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ST RAEFIRIIEGE BT, il (8 R IR AN AR
WEZD MM IERHE A A Bl R
IO 25 Jy T ke =2 JSCAAR 3 1 ) B k22, FHE )
B A AT & TAE BT 3845 B9 BF & SR 30
H 2 HEAS B [ Ja 0, %k oA~ Ay i b e b
P B G TE AR 22 HE Rl 2 PR PE A iR
THOHT A R R b 52 Wi A A AR A3 B AR
FBHIF SRR A AT IHE A A0 - 58 A Bl
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HE . JHFE A=Y ( Disinfection By-products, DBPs ) /K FRI5E H— 2 FE B 1975 Ye 7 , PR LG 0 26 05 1 b A1 £ B XU G T
SISz, 4 iTE R H (BSA) EN KRR KRR A, it 57K DBPs & E45 & /E M IR T . 1
BURACIFF % DBPs 4-JR A (4BPh) 1 2,4- VR KW} (24DBPh) | 18 I 9¢ 6 1 | 8 4h-TT TG T vk A4 7 X | AF
52T H5 BSA AR AR FHMLE] . 4558 B, ARG DBPs HAES BSA Z5& e K BSA BN IRDEN , H-l BSA 4 %
A | ELVRARFR B BR 2 45 VE TR 5290 K 4515 ,4BPh 1 24DBPh Xt BSA HIZ54 4 5040510 5. 391x10° 2. 644x10°
L/mol, 4> F X455 BR 4BPh 1 24DBPh 5 BSA M45 &0 S TES IR A b, S R AW EE/ER T, IRs
RAE B TFIHRABR KA R T40 BSA Xt DBPs P17 4 52 I HLH]

K TR AR A LT A A A EAE A

FES$S.0657.3  XEKARIRAD. A X EHS0258-3283(2023)01-0037-09

DOI; 10.13822/j.cnki. hxsj.2022.0574

Study on the Binding Interactions between Bromophenols and Bovine Serum Albumin LIANG Wen-jie®, YI Jia-ying®,
ZHANG Zhen-xuan™*" ,YANG Meng-ting ™" ( a. College of Chemistry and Environmental Engineering, b. College of Mechatronics
and Control Engineering,Shenzhen University , Shenzhen 518060, China)

Abstract ; Disinfection byproducts (DBPs) in water environments received great attention due to the frequent detection of various
water matrix and potential health risks to human beings.Interactions between bovine serum albumins ( BSA) , the most abundant
water-soluble protein,and DBPs possibly occur,which as a result influence the environmental behaviors of DBPs.The binding in-
teractions of 4-bromophenol (4BPh) and 2,4-dibromophenol (24DBPh) with BSA were investigated systematically in this study
by using fluorescence spectrometry, UV spectrometry and molecular docking. The results indicated that both 4BPh and 24DBPh
could quench the intrinsic fluorescence of BSA through binding interactions,accompanied with the conformation changes of BSA.
The binding effects increased with the degree of bromination.24DBPh (K, = 2. 644X 10" L/mol) showed higher binding affinity
than 4BPh (K, =5.391x10° I/mol) , which determined by the binding constants (K, ) at T=290 K.The docking analysis sugges-
ted that hydrogen bonding was the primary interaction forces and both of 4BPh and 24DBPh were located in the subdomain Il A of
BSA.The results of the present study were helpful in further understanding of influence mechanisms of macromolecules such as
BSA on the environmental behaviors of DBPs in water environments.

Key words : disinfection by-products ; bromophenol ; bovine serum albumin ; binding interaction ; molecular docking
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\ o e o s B . 2022-07-27 ; M 48 &5 % B #.2022-08-18
HHLY K A= A 1 B @I 77 9 ( Disinfection

BHETH . ER A RE#H LT H (51978405) ; TR 4tk

Byproducts, DBPs) , #2240 5% i 7k DBPs H AT WS F (JCYJ20170818091859147 ) ; ™ 4545 HE Rl 7 J1] 4

1] R e PR R S B G nga ol I YN RFSE5 H (2020B15115120092)

20 42 70 £/ Richardson 1 K & ¥l = i HH 452 TEER N 2 (1998-) , %, ARl A B4, R 20

5 . F DBPs BIBTIERIHEA , BT 58 AR 42 7E FEITFNIRIL I )
. e s BIN1EE . Sk IRFT, E-mail ; zxzhang @ szu. edu. cn; 1 2 1
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(ThEE BLOP 5540 00 ) #5477 PRI AT, 4-TR R T
(4BPh,LC,, =3.08%x 107 mol/L) .2, 4- Vi 7 iy
(24DBPh,LC4 = 1. 09x10™° mol/L) {2 Jil 75 1 J2&
SIS 129 £5F0 363 £ L PR, SEAER Y
F = X DBPs ik K B8 AL 25 F 58 i U 2
—, AR T (R K kK K S ) 5
J% X DBPs ¥ B2 7K ST S H X AR 118 Vs A7 fi
JRUES: A= P A0 R R B A A KU 45 K
A LA e ol i 5, LU BE J5 DBPs 1Y AR
K- (/L) 8 F B AR K (ng/L) , K
W E 3 = 1% DBPs HA AT REXT /K AR 2E W 7 Ak
YER, anSCHER[ 6 ] WF9E 2B DBPs X BELh fa i Jig Jix
R 52 shBE I fFAE B, Bk, K 9
BRI ) AR D5 % DBPs (8 EHL ] S
DRSS PF-Aik 25 1 75 Ak v B EE AR

B FRE KR EE RS2 —, 4 10
i F1 ( Bovine Serum Albumin, BSA) /& /K% M f kK
R o , Westgate %[71 RIE T HimKAb T —
g H K R 2 H K e BSA ¥R 43 Ik 29,7 ~
59.8.3.4~47.4 mg/L, DBPs 5 BSA # 4 fl fig 1t
FET92BrK B v {H BSA 275 % /K i DBPs 4
R S AW TR AR, B RN
. MO AT RS E BSA(10 120 mg/L)
X5 Y ) 4 ke Ak & W #E K B & (( Daphnia
magna ) R I 4= 90 SREAEAE SR VR F 100 26 ARV
FE (1 mg/L) BHUSEEAI R a3 e, K 3R 8
h BSA JE el 5 Z3AEH DBPs (AR EEAT A AF
T M (E 15 3 — DR T, Ak, L3S 2R
1 (Serum Albumin, SA) & A5 3 L H H 22y
WIRE A, BA A7 5128 Fi 45 2 R PE Fn A IR
& W EAE . BSA 5 A I i & A
(Human Serum Albumin, HSA ) 42 & % F 89 % #
SA, Hivh BSA HH5 HSA S5 FHHML (AL F ik
76.5%) M A& AK B J7 B AR AR SN R 1 2
WF5E N A 5E /N F A LY 5 8 0 AH BLAE
R E AR L, 55 DBPs 5 BSA
Z 6] B AR A 8 fE 5 X DBPs 7£ 24E ¥ 7R N 1)
TERSARI | 35 R R 5 R XU I 4 A A i
HINE%,

AR SCHR DI SR Ah-n] WGk
O3 FXFHGEME R AT 7 % DBPs (4BPh #11
24DBPh) 43515 BSA BIAHEAEH , XF 28 SR K AL
il M EAEH 1 S5 A0 s S TR ARG, AR

A 98 45 T X T IR A8 7R K B35 K437 4 BSA
Xt DBPs BIFAEEAT R 52 ma AL DL A E4r DBPs 7
WA NI BRI RN B S 2% 5 L,

1 SKIEBSY
1.1 FEAER S

Lumina @%%ﬁ%%gﬁ‘( ESEEE S NI /N
F)) 5 UV-3200 96 B 40-1] WA BT E (i
LGB T]) ; BSA224S-CW 43 B - (4 [ 2%
ZFII AT .

A M98 F 25 A (BSA, 4l 29l 98% ) | Tris-
HCl Z2 A (1 mol/L, pH 7.4) (db 5T R 5
HABRAT]) A8 (NaCl, 43 B ok, FigBTRr T
AR B AT IR A ) 5 ook LB (@i al) (4-
TR} (4-Bromophenol , 73 #140) (2, 4-— I8 2K
(2,4-Dibromophenol , 737 4l ) ( 5% [ 75 4% 35 B
HAAHE]) .

HF BSA I T Tris-HCI 28 vhiA T, e S0 7
5%107 mol/L Y BSA 113, # 4BPh 5 24DBPh
BT IR S, A B Hl R 7x10701.2%x107°
mol/L FE , S5 /K B aiK
1.2 SEETTik
1.2.1  ZbiEne

PO SEOR BN MR K
J7 280 nm, PMT HiJE A 500 V, PMT FH43 it [E] Sy
50 ms, FATHHFE N 600 nm/min, & 5 Kk $pe 4%
SEEYIN S nm, 7E 3 AN AS R TR EE (290,300,
310 K) 7,300 ~ 500 nm % K 78 [l P9 2 17 % 335 )
60 nm H17 RGN E

DN T 4 R 9 e AR 5 2 1 o 22 )
AR EAEF , 9 e RIS W) L T B — e e
JEMBCIR S A RS G, 0 TS50 1Y 45 R ]
7E 0~ 10 mg/L V& B2 A B P AR DBPs RER
WA BSA BINIEZE G, tAh, K DBPs &7
Ol E LS P E T Xie S AF5E R I
JE KA BRI H K B A BT IR 1 2R B K-
1.3~302. 5 mg/L, X5 fig B U000 581 7€ S0 K B
B FE RN K 7K o BSA Y vk BE #R Ak T[] —
W, P, 2t E i T A e rhd A Y BSA
WL R 5%107° mol/L, fif 4BPh 5§ 24DBPh F) ¥
FEAS AL JE R 22 5 0~4.9%107° 0~8.4x10°°
mol/L, Xf IV ¥ FE A6 4 0.7x 107 mol/L, 1.2 x
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GEARTHAE R 5 28 0L 118 1 A AR AR IR 39

107° mol/L,
RFALA T AR X P IR A TAL IE
Fop = Foy, x 10Wexen)? (1)
K F 5 F, AR IE RS MBI 9 ERE A, 5
A, /3 %2 BSA 7F 4BPh B 24DBPh f77E M 7E K (280 nm) FlK
S 300~500 nm SN
1.2.2  55h-A] W IBOG IS &
S8 A0-AT UL W WSO T A Y R 4 B R R
1 nm, 7E 290 K JEE X 190 ~350 nm 7 Fl N 3
A7 22 A=A WSO T 2 Pl A58 Ah- AT UL i
e 52 o Bk 24DBPh Y ¢ AR AL YL LA 0 ~
8.4x107° mol/L, ¥ JEREE N 1. 2x107° mol/L, H
KRB HIOOCIEN 2
1.2.3 SRS
iz AR F Autodock 4. 2 7543 T /K EWEFSE T
4BPh 5 24DBPh 1 BSA Z [AIAH EAEH . 1%
iz A A Gaussian 091 i fil 25 i
12 BRFEIE I AE B3LYP/6-311+G(d, p) K [ %F
4BPh 1 24DBPh i 5 I € i FL LA 4544 47 10
fb. M\ RCSB [ 5 £5 4 2 vh K & BSA 11 = 4k
455 (PDB 085 .3V03) , I KBk, 5 AR
SETF 5 M, #H Autogrid 4.2 & —4 LU
BSA Ny w .y 2 T I b A R Y
126, [ >h 0. 700 A FIXHHE RIS, HefEfnh vt
BB X R B BN 50 ¥R, AutoDock 143
THREFT LAXS 43 X e 7 A 1 B~ 45 R AT 941
13 BN EE G R AR AR AL 25 S 1 U5 | A1 TSR
4 Pymol 1.7 HATRHZE5 R AW AL RIS

2 #R5TR
2.1 4BPh F1 24DBPh %} BSA %66 15
2.1.1  BOEHEKIMG

K 1a~1f &R T 1E 290 300 #1310 K i E
ANIEHE DBPs XF BSA A% 61 fy 52 m , Herp
WKW B30 280 nm B, U K3 s SR 300 ~
500 nm, HiEIFTHT, 340 nm A4 BSA HIRRAEDE G
U AT LAV A5 S| % 4BPh 5% 24DBPh ¥k i
38N, BSA F92 05 B 34 M s 55 , iX 32 B 4BPh
1 24DBPh %f BSA f£ 167 4 KN4, 4BPh 5%,
24DBPh 5 BSA Z [AI{FEAHEAEH
2.1.2  BOEHEKALE

DR KA 8 F L8 T AT K S S B
KABF GO ZF A B, 38 BARA N X 5

TETHRSPER MR R KR e 5 BA YR ER
KT FICAEG 2R BB E 59, i
T D' B 55 1) o R 5 7T Bl 28 D 2 i Ak T
PR S B 58 KR kAR S 5
WA R A EAE AR ZERHLRI AT LA
MRYE LIS 50 B RS B R R B 0 9 e F A 4
ZIE SR IAT RN B, bR AR 2 R
FEFHETE K, BREE S WA S e, H s
AR H R R U B T v T3 K AR K R
Z o WA UPEIGHAE B (k) IR T3 B4 K
(¥ fc KB i 48 £ (2% 10" L/mol - s) B, R W7
FERATER
K2 Stern-Volmer J7 2 X 5¢ Y6 B
HATHLE .
Fo/F = 1+K,[0Q] = 1+quU[Q] (2)
ot Fo R F 58500 SR8 RIAEAE T 9 1B 22 119 96 5638
5K, i Stern-Volmer 28 K 5 £, L/mol; [ Q] A 8 3K 5 V& Ji£
mol/ Lk, WHENCH I AR, L/ (mol +s) 570 g TR T A K
O T34 A Ay BSA B DEN I iRy 1x1078 1157
TERLG Z 10, A 9O E s 75 2 28 =X
(D RIELL LB N UERON I sZ ), 8] 1g A1 15 @
RT3 FR[ERJE R 4BPh 24DBPh ¥ & X} BSA
P K Y Stern-Volmer $L5 2K, £ FM
BRI R HARPRAER K, NEIH AT L
THAEWEER K BEA B A T =g s/ Rt mp
PLIKF 4BPh 24DBPh 5 BSA #H H 1E ML & T
EAER . ANFEHRJE T 4BPh 24DBPh % BSA iy
K, k, FEERINZFE 1 R, 45238 B8 4BPh Al
24DBPh Y k, fH#BIL KT 2x10" L/mol -s, LA A
UEAH 4BPh 24DBPh 5 BSA AYAH B4 i 7 i i
SRR A AL R B S et g e =
GUE A5 BSA A HLE -t REAE i A TR K AL
il o AHB, PG TG Yy 3R S PR R i bk =
YR A A | 1-T 3= 1-HH -2 S0 n s VR Ak 6 25 1
WAk £ A5 BSA WM B AE AR th sh &8 K &
S0 XA RE SRR TG B E R,
Wt e = T RR A B 1T R - -2
TR B B W AR T R A PR ES -, e R =4
AT, Bl BB T B R DB Y 7145
FaXF 25 A VE FIAFAE 2, U0 Yang AEIORE T 4
AL G5 N HUR IR R 3 456 59 1 S5 R
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a~c:290,300 1310 K {LEE AR HKEE 4BPh 5 BSA 99865615 & (0~7 43 4BPh Ak BEAE L5 0~4. 9%x107° mol/L,
He R TR R 0. 7% 107° mol/L) 5 d ~ £:290,300 #1 310 K i & F A [l #e & 24DBPh 5 BSA #3566 6i% B (0~ 7 1R 3%
24DBPh K S ALTE E 0~8. 4% 107° mol/L, ¥ B 46 B [A] B& 9 1. 2x107° mol/L) ; g~ i: 4BPh-BSA 14 & ¥ Stern-Volmer [&]
Lineweaver-Burk [E15 Van't Hoff [l ;j~1;24DBPh-BSA & & ) Stern-Volmer [ | Lineweaver-Burk [€55 Van't Hoff [&]
1 4BPh/24DBPh-BSA A £ 7¢I 6% E  Stern-Volmer & Lineweaver-Burk &5 Van't Hoff [&
Fig.1 Fluorescence emission spectra, Stern-Volmer plots, the Lineweaver-Burk plots and

Van't Hoff plot for the 4BPh-BSA and 24DBPh-BSA interaction

=1

4BPh 1 24DBPh 7E A [FIIRLEE F % BSA %

iR S AVIE = 2l

Tab.1 Binding and thermodynamic parameters for the interactions of BSA with 4BPh/24DBPh at different temperatures

g SemVolmer RE SOBRK MAWHC R WEAS/ HIDGEE AR
[IEN ;‘”Z VERFERK,,  FHL HRER K,/ B3 (ijl - (Jomol™ - TASY/ AGY/

(%10° Lemol™) R (x10" Lemol ™ +s7™")  (Lemol™) R " K™) (kJ+mol™) (kJ+mol™)

290 4.84+0.14 0.994 2 4.84+0. 14 5.391x10%  0.997 0 -13.73  -15.26

4BPh 300 3.72+0.13  0.9920 3.72+0. 13 4.035x10> 0.9752 -28.99 -47.35 -14.20 -14.78

310 2.81+0.08 0.9935 2.81+0.08 2.476x10* 0.9854 -14.68  -14.31

290 25.7+0.05 0.9975 25.7+0.05 2.644x10*  0.998 2 6.61 -24.62

24DBPh 300 21.5+0.04 0.987 6 21.5+0.04 2.232x10* 0.9991 -18.01 22.80 6.84 -24.85

310 18.3+0.04  0.996 6 18.3+0.04 1.630x10* 0.994 8 7.07  -25.08
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107% mol/L, ¢ BE RS BE[AIFE M 1. 2x107° mol/L)

B 2 4BPh 24DBPh Xt BSA [R5 EIE HISE M
Fig.2 Effect of 4BPh and 24DBPh on the synchronous fluorescence spectra of BSA
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Fig.3 Effect of 4BPh and 24DBPh on the UV

absorption spectra of BSA
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Fig.4 Docking resulis of BSA-4BPh and BSA-24DBPh
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Tab.2 Estimation of binding energy for the interaction of

4BPh/24DBPh with BSA
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" I, il #
I Gl (ke ity OEK
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Study on Decolorization and Deproteinization Process and Antioxidant Activity of Alhagi-Honey Polysaccharide CHEN
Ying-ying' ,LI Jie' , SONG Jian-zhong'? , CHEN Zhang-hao' , LI Gai-ru', CHANG Jun-min"'(1.School of Pharmacy, Xinjiang
Medical University,, Urumgi 830000, China;2.Department of Pharmacy, Tumor Hospital Affiliated to Xinjiang Medical University,
Urumgi 830011, China)

Abstract : To optimize the best process for decolorization and deproteinization of Alhagi-honey polysaccharide, the static and dy-
namic adsorption-desorption method was used to screen the resin with the best purification effect from eight resins with different
polarities ,and the best purification process was optimized by the single-factor experiment combined with the response surface
methodology.The characteristics of UV and IR spectra of polysaccharides before and after purification and their ability to scavenge
DPPH free radicals were compared.The results show that XDA-1 resin has the best decolorization and deproteinization effect,and
the optimal process conditions are: the concentration of the sample is 0.03 g/mL, the elution flow rate is 2 mL/min, and the
amount of the sample is 0.5 BV (1 BV =100 mL) ; under these conditions, the decolorization rate was (72.93+0.54) %, the
deproteinization rate was (74.72+0.37)% ,and the polysaccharide retention rate was (88.89+0.84)% ;the characteristic ab-
sorption peaks of proteins and other impurities disappeared after purification , the infrared characteristic absorption peak of the pol-
ysaccharide did not change, and the antioxidative activity of the purified Alhagi-honey polysaccharide was enhanced. XDA-1
macroporous adsorption resin can be used for efficient purification of Alhagi-honey polysaccharide ,and the preferred decolorization
and deproteinization process conditions are stable and feasible.
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W O AT KSR 1.5 b, BEBORECH 2 K
GBI MR AR E — B R BUE IR TP ImA — &
O T BT, (i A 2 BEUR B 3K B 80% , VKA
FRE 24 h S T8, UITE FHTC/K s PSR | £ k4
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50 mL 95% ) L EERS W, FEIA 100 mL 85%
IBERRVE TR , FH L 28K RE2E 1 000 mL 1%
L5 i G-250 W & M. Bl 0.1 mg/mL 1Y
B AR 6] R A 5 T U, RS B B 0. 1,0, 2,
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PEYEH 1.92~15.43 pg/mL, X4 Y ARG, Z
AP BTREE B AR R LT AT,
EGBERE (%) = (BUBRZE F1RT &bt -

TERR R TR SR/ A E FURRT & & x 100 (6)
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A 4 mL/min , FHZEB KGR, WCAR VR, in A
W H,S0, A a-Z85 1y i (2 58 S5 A B, 1 o A AR
6 BV(1 BV=100 mL) , Vel ¥ 4f & 50 mL,
THAZHE IR B 3 ISR AR 38 AR R4
SIS 0.4.0.3.0. 3, % M AESEAT IR AN, i % i
R RRHLS
1.5 JsEZ el n T2
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2 1. 4. 2 e th i E A BE R AR ik
N 50 mL,%%ﬂ/}ﬁﬁﬂﬂ 4 rnL/lrnln,1&XHI§J_1EIQ%z
FE43 5 0. 01 ,0.03,0.05.0.07.0.09 g/mL, ff

At FREH
1.5.1.2  PRBERERHE

¢ 1. 4. 2 e i Ee AR BE R A ik 4%
L5 1.1 HPOfisk i e i D AR VR B LA, DREE N
50 mlL, B PR A8 1.2.3 4.5 mL/min,
i 1 e A R IS I T
1.5.1.3  [FERAEEE

i 1. 4. 2 Gk 0 S LA BE FLREAT T3, DA
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J S A T S0 A 10 mL YA 145, S dkikgE 9
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HZE KRN 1 s,
1 R AT

Tab.1 Response surface test factor levels

KT S 279 v VML i IS v
(grmL™) (mL-min™") mL
-1 0.01 1 25
0 0.03 2 45
1 0.05 3 65

1.6  ZHEAiALHT I L0 M5 B AN CIERRE 3

UV G REAE 23 A7 . BU20 A0 Hi I 9 A 2 b
FEG FHZEKBCR 1. 00 mg/mL W, #EA7 440
Bt EEE N

FT-IR JEIERFE M7 PRI 3 mg 26 47 2lAL Hif
J B Z2 05 R SR R, s RS 7E 4000 ~ 400
em” BILLANX A EATLL AN OB BT
1.7 Sifbmn e RS M S AT X L S5

S 3CHR[ 18,19 7%, FREL DPPH #K , H
TooK Z BB HIHE A 0. 1 mmol/L ) DPPH fifi £
W, 4R C RIS 20 o 0 78 o0 i i T 2%
MK BE IR R 0.2.0.5.1.2.4 .8.10 mg/
mL VR, SR T BN 2 mL ASFEVE Y Ve
oURBE 2T, BN 2 mL DPPH %453, %
FEAd 7843 ST ,%ﬁ%‘lﬁéﬁ‘f}fiﬂ 30 min J57E 517 nm
S TE WG BEAE, #5% AX (7) 315 DPPH H H 2
THERE,

DPPH HHFEIERE(%) =
[1- (A, —A4,)74,] x 100 (7)
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DPPH B Z2 5% B £ i WG RE
1.8 Gl

ME LR E AR HE2E (n=3) KR,
FH SPSS 23. 0 A4 X 52 56 H5 4 1047 B 1R 2R 40 AT
p<0. 05 FonA B EMEZE R R Origin 2021 #17
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Tab.2 Static adsorption results of Alhagi-honey

polysaccharides
” Mk EZ I e, L
MR g wy e DOFO R
H % %
(m?+g") % %

550~  74.72+ 24.26x 70.12+ 53.16%

HPD600 SRMtE  ~ 1.94 7.8 1.85 4.23°

100~  73.85+ 33.85% 59.53+ 53.56%

> B g 0.82 2,55 20.10 5.24°
b Bk e T o
wa s
R IR v
H103 ekt 100~  76.36x 37.45+ 87.53x 65.81+

1 100 2.79 2.16 8.97 1.74

73.05+ 16.67+ 70.49+ 49.73+

D101 AEBME 400 2,29 3.28 6.26 3.58°

800~ 79.94+ 57.02+ 91.74+ 74.31+
AR A

XDA-1 1 000 2.11 1.56 5.46 2.64

T INBGESr M (83, 5 XDA-1 HEE a #5 p<0. 05,

2.1.2  MHRAY SIS R S g4

RIIRI S A B SE g 25 R WL 3R 3, itk 3 7]
N, SCHREE | EE R AR AN B R AT AR R
PR G YRR XDA-1 B INAPESr M A PE 5
i, H103 IR IR e 25 RO E 22, 5 XDA-1
FbA, st B B 14 AR D301 XJ 228 ) £ B %
Be2E RIS ATIIT ST, R BE 2 B 2253 DEAE
sepharose CL-6B 41 &3 4li{b ) 224 20 70 5 A i A b

TR AN FUBEERR > | R A 00 55 B 1) g
Jig D301 Xf 224 0 B A 22 Y Dt Rt — Se i &2
VR PR TR T e AT I RS 535 B BT g 4 i |, =
HO SR BIREEOR . 2345 % )8, e Jr ik XDA-
1 N E AR S AT IR S5
R3O R Zh SRS g R
Tab.3 Experimental results of dynamic adsorption of

Alhagi-honey polysaccharides

Wi ZHEREE, Biaks  BEAR IEGEs

S % % % M/ %

XDA-1 90.24+3.95 73.53+4.80 58.90+4.53 75.83+3.02
D301  76.70+1.00 71.15+1.84 61.92+8.84 70.60+2.53
H103  90.42+0.99 30.92+5.19 20.34+5.40 51.55+2.62

2.2 EERTEEER
2.2.1  DARREEXTINBGTS> M AERISE

FEL T ATHL Y EREVR S 0. 03 g/mL B
WO 5, 1500 M (71.33+2.60) % , AR 5 S 56
SRS AR B3 N ) — e RS AL
TEAT M AEREAR, B RE T 224 1) JE €2 S5 0 It 2 1 o
A, A0 L R R BB 2R i o i Wk B R
B, Z2 BT 3R 1T R P 5 LR iR 2 o 1 3
K, ZWMEEAR . AR —LHAM S AETER
B3 4 O 2R, DRI > 20 0 1 o A R 4 n 31—
TR LR, LA His 2 T P PR A 23 38 380 1 0 6k 3 €5
R AL, H Lk #E 0.03 ¢/mL 1E
R R BRI

~
W

~
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IS MAEL %
o
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W
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1 EREREEX IG5 M {ER R
Fig.1 Effect of loading concentration on the

weighted score M value
2.2.2  BEBEGEXTINAGT 53 MAE R

P 2 AT 2SR A 2 mL/min BSPNAY
PRI, 4550 (79. 86+ 1. 62) %, Fifi % Ve Ui
AN AT 5> M AEAS 3 AR, HE D 45
A B BE A VR I I T8 A B8, BT s [) P 22 B A
it KA R 2 THBRPR | 22 W53 TR AT S A B Al %
Vi T B 0 T TR S s e (A 1 G
MAEBREZ FEAR, PRI ESE 2 mL/min £E 2 20
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g0l O W 213 FVi RS VA o = 55 7 M/
s -1 -1 P
® 75+ (g-mL™") (mL+min™") mL Yo
ig 70} 12 0.03 2 45 80. 42
§§ 65 13 0.01 3 45 67.52
& 60r 14 0.01 2 25 64. 89
_ 55 -
ol 1 1 ‘ ! 15 0.03 2 45 80. 98
1 2 3 4 5
PR/ (mL * min) 16 0.03 3 65 71. 83
17 0.05 1 45 69. 86

B2 RBLES Ao M AE R0
Fig.2 Effect of elution rate on the weighted score

M value

2.2.3  _DFEED B SRR R

B 3 AT, 5 5 48 B OF 3 68 R
(70.60 + 1.34) %, fE565 5 4 DL G B €6 R /N F
70% , e 2 AR AR — o R R IR XA 3R
A W BT e TR B AR R, 238 i L A g R 3
B R, Rk ERERE R 0.5 BV (1 BV =100
mL ) B AR LA

100

s 80f

‘BE- 60
g

= 40+

201

2 4 6 8 10
VEBLE R

B3 AR AR
Fig.3 Effect of sample loading on the decolorization rate
2.3 Box-Behnken {56285 5 5 4047
A o 7 TR SR B T, A5 ) DA i iz T
Kol , VEAE W2 4, AT HUMABCIE 53 M8 B & ol
81.64% ,
Fz 4 AN ESEIAE R

Tab.4 Response surface experimental results

e R/ WTE,  bRER M/

(g-mL™") (mL-min™") mL %
1 0.01 2 65 66. 52
2 0.05 3 45 64.43
3 0.05 2 25 70.76
4 0.03 2 45 81.45
5 0.03 1 25 63.74
6 0.03 3 25 71.13
7 0.05 2 65 73.99
8 0.01 1 45 50. 94
9 0.03 1 65 64.77
10 0.03 2 45 81. 64
11 0.03 2 45 80. 73

XTER 4 1 SE B E i A LA 5 | A5 2 LU AL
VESr M A 1 R (B A 1T S 5 B Y = 81..04 +
3. 65A+3. 20B+0. 82C—5. 50AB+0. 40AC—0. 082BC~
8.34A%-9.51B*-3.66C>, 7 M {& kWi b {EL A el
IR R R P <0.000 1 R B E, P<
0.05 IR %, M5 AL AR P {E<0.000 1,
JAUIT P {4 0. 092 3>0. 05, i BB R A 4005
By, HLR AR B R4 R [ AR i 2 (0] 30 45
TR R (RP=0.996 1), [FIH AR RS Al 440
2 PRGBS 2 B G625 11 T2 20 RS M S Pl &
(%), e, TS 78 o ) I 22 A I € 38 2 1 ) e
FET MR FE W B R 0. 03 g/mL, Vi Ui
BWR 2. 11 mL/min, FAEE R 47. 44 mL, T £
KR M 255 TF53 0 81. 61% , % JEE| 52 b5 R
B AR AEIE G 1) T 200 R SR EE 0. 03
g/mL,‘?JﬁEHf‘”ﬁﬁ 2 mL/min, P A&~ 0.5 BV
(1 BV=100 mL)

RS R I RS LA

Tab.5 Experimental results of response surface

methodology analysis

TEKE CFHAR HHE  HHEE FM PAH
B 1 118. 54 9 124.28  198.94  <0.000 1
A 106. 36 1 106.36  170.26  <0.000 1
B 81.92 1 81.92  131.13  <0.000 1
C 5.43 1 5.43 8. 69 0.0215
AB 121. 11 1 121.11  193.86  <0.000 1
AC 0. 64 1 0. 64 1.02 0.345 2
BC 0. 027 1 0.027  0.044  0.8406
A? 293. 01 1 293.01  469.02  <0.000 1
B2 381.16 1 381.16  610.14  <0.000 1
c? 56. 46 1 56.46  90.38  <0.000 1
B2 4.37 7 0.62

AT 3.36 3 1.12 4.43 0.092 3
gl 1.01 4 0.25

B
FIIFH Design-Expert 8. 0. 6 TAP g ) 7 T 4
BrIEL 4, AT 185 R X IBGT-20 M AE 52 i AR IR

1122.91 16
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S ¢ L R R R I 3 T 14 58 A > R
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VEHT, PRLIH A 52 e PR R X IASGE 3 ML 5 e
UCIRAF Al > VR LEE > E AR

TGS MAE % AR MR/ %

IALT4> MAE 1%

a. VRIS 5 L R VA (S TV ;b 1 J 5 RV 2 1
O T . Rk 5 A 5 D 1 i P
B4 REREE SRR R
ST 43 M AR 90 57 7 )

Fig.4 Response surface graph of loading concentration,
elution flow rate,and loading amount to the weighted
score M value

2.4 UESLE
GAMEMERETZE N, LEWE
0.03 g/mL YEMBEH#E 2 mL/min, FAEE 0.5 BV
(1 BV=100 mL) , ¥ f et T 2 &4 P47 3 Ik
9 AR5 M A4 (80. 18+0. 66) % , It (1% H
(72.93+0.54) %, L& 1% (74.72+0. 37 ) %,
ZWEIE R 2R (88. 89£0. 84) % , ZHEANIG RN
(86.84=1.23) %, B T Z B i 25 R R A e,
FACIET
2.5 WAL E WO SRR S BT
UV S % B s fios, £ alifk 2 b
400 nm DL HATBER A AW | IF HAE 260 il

280 nm AbAT B9 A W WA | 2 WKL 22 B AR it T A
TERZ A UM IR ™ & e — s i, 4l
AEJ5 400 nm LLT KA 1 AR 2% i B 420t
XDA-1 BURAL W A% g 4l A6 )5, 25 1 B A% TR
HEZR P E R TR IR .
A25}
20t
L5

1.0F
0.5

O-O_ 1 1
200 300 400

500 600 700 800
A/nm

5 ZifLHETG 2 SRS B
Fig.5 UV absorption spectra of polysaccharides

before and after purification

e 2 B L TS A9 FT-IR YEig R e 6 fr
N, HiAE A ST TS 7E 3 400 em™ 22 47 B I IR
g —OH HIH4R R Sh,2 930 F1 1 415 em™ ALY
WG fy C—H 3R B g™ 1 602 em™ 22 44
AJREN—OH M MR sh"™>, 76 1 100 em ™ HliE
I i 1 o C—O B B Y Ik 2 W e i, i
FT-TR 48535 B AT LB 22 05 4 45 1E W i 0 7 4
AT A 5 oA & 2B 0 3¢ B 4l Ak i I o A
W E BT RS AR s i HLAB Ak SRR A )
WS SR, F B Al A 5 52 2% TR0, Bl
THIBEZ 2N T A a5 ARaERR T2 H 2
WEEE R A KA R

20
4000 3500 3000 2500 2000 1500 1000 500
v/em™

B 6 LifLhim Z LR E
Fig.6 Infrared absorption spectra of polysaccharides

before and after purification

2.6  4lifbRiE RSN AL TS TSR

FIEZ A G B DPPH Bty ZE G & 7
7N, AL TR 2 W R 10 mg/mL 15X DPPH
H H ELATER R N (73. 77£0. 47) % , 44k )5 il B
ZHEARE R 10 mg/mL B X DPPH [ H 2 A9 3 bR
M (88.97+2.93) % , 1 UL AR 22 4 25 3k 1ot € i
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HE AP SRR DPPH A LSO R 4T X 5
R PR 55 1 4l Ak )5 5 AR Z2 B 15 B DPPH
L RE IR A 25 R e — 80U . LT RERY
J R S i Ak 5 200 A B R v, 2% 5 1Y) i BRI
iR DPPH H iy aE R 8l &, 45 R 5 2
WA H BT B AL TE VAR AT T A AR T R
RS EN LA S AMENERENA
FP 0 SHEIE TR R A Ve Huig, difk ) B
ZHELEMR I} 10 mg/mL X} DPPH H i 5L (191H
BSR4 Ve, BB R € 25 1 )5 1) i A 22
HA R r &S AL RE

00 .

¥ 80

& o0

£ s} —— Ve

E 20l —— Al

& —— dlifb)5

0_

1 1 1 1 1
0 4 6 8 10

2
SRR/ (mg - mL)
B 7 Ve NZsifbEi)axt DPPH A mEEmEEH

Fig.7 Scavenging effects of Ve and polysaccharides on

DPPH free radicals before and after purification

3 Fig

WD 7 TR A3 B LA 22 90 R 7 R4 R A
AR | BEAE AR ) DR 28 RS2 565 235 R 14 O R a4 7 [l
IHAELE, % b TE B2 52 5, 25 %831 il B fin 4 T, 7 5
5 UL AT I S B SR K R R, A
SCHR 3 0 1 B AR AR S8R B R LR B ARl XDA-
1, R FH AR 3R S g A 7 [ E AR S G DAk T et
R T2, 3 WO AT S5 I AR 43 M B
(80. 18+0. 66) % , 51 B FMAE 81. 61% Lt 45
RN, R AR e AT g, 5 HAh ALy
ARG, T 245 R B X 220 i O BE e hE s 2]
(88.89+0.84) %, Al WL XF Z Wi FE w45/, HoK
FLI B4R i P26 A 3 e AR A IS 38 B A T
WA PR, ARSCIFSR M T 2 4lifk 5 2 b
FILTAMEFIE SO A i A AR | AN 23 i 3K 22 A 1)
SR B T ORBE 28X DPPH B 300 T 5
B L, T2 FRE S 1 B — 20
BRI PR 5T L BT A A DR A i Y e B

SE 3k :
CUTRRASER, A= ety , o 4% R Bk 4% 24 00 Ak 27 i o T 50
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BXT I R R, RER, 2, AW, TR
(HTVTITAE R 5 ARl Ao el (AR AT A S0 W 24 321004)

5}

FEE . i A0 BB LR s e A BRI M UM . SR P ROABRCELIR I 1 %45k NaYF, 1 Yb, Nd, Er@ NaGdF, :
Nd, Yb AlZER 2 1 (PDA) I B 3 £ 45 W e (PED) |, il £ T AZ-72 45 48 4 K 63450 NaYF, 1 Yb, Nd, Er@ NaGdF, :Nd,
Yb@ PDA-PEL, FAE T P YITE A A B DG AR BT DGV 25 38 B2t Rt . 45 R B W LI By A AE 77 B PDA
SEHETIIGR , 76 PEL RS  SERGIAEK T i /- BOSUR IR s, (R R AR Tl 55 , % b R BT 85 38 ( DOX) [ 28,
iRk 26. 6% ARSNGB REELA pH ARIGURNIT LT AN B FRAE 7 £ R DU 35 2 1 99 KO IR ZE 808 nm G
R R X KA 8 A S PR TG s b R DU SR 3R WP 2R & S o ] T e e sl R A 97 IR A0 DK DT 3R] 42
BET BB .

KEBIA : B R 22 U R HRYT s 25 1 2 pH RN ; B T PR e

HESHES . TB34  XEAFIEE.A  XEHS:0258-3283(2023)01-0054-08

DOI:10.13822/j.cnki. hxsj.2022.0465

Preparation, Drug Loading and Antibacterial Performance of Upconversion @ Polydopamine Photothermal Nanoagents
CHEN Wen-xue , JIN Dan-dan ,ZHU Liang-liang , YUAN Shan-rong , WANG Hao ,YU Bin, GONG Pei-jun” ( Key Laboratory of the
Ministry of Education for Advanced Catalysis Materials, College of Chemistry and Life Sciences, Zhejiang Normal University,
Jinhua 321004, China)

Abstract : Cancer and pathogenic bacterial infection have become serious threats to public safety and health.Core-shell photother-
mal nanoagents NaYF, :Yb,Nd, Er@ NaGdF, :Nd, Yb@ PDA-PEI, were prepared by coating NaYF, : Yb,Nd, Er@ NaGdF, :Nd,
Yb with polydopamine (PDA) via reverse phase microemulsion method and grafting with polyethyleneimine ( PEI) subsequently.
The morphology, chemical composition, optical properties, photothermal and drug loading/release performance of the obtained
products were characterized.The results showed that the photothermal nanoagents with thick PDA shells had enhanced photother-
mal performance.After grafted with PEI, the nanoagents showed improved particle dispersion in water and slightly decreased photo-
thermal performance.The drug loading of doxorubicin hydrochloride (DOX) for the nanoparticles was up to 26. 6% and the in
vitro drug release from nanoparticles was pH-dependent and near-infrared light-responsive. Moreover, the tetracycline hydrochlo-
ride-loaded photothermal nanoagents exhibited better antibacterial activities against Escherichia coli compared to both the nanoag-
ent and tetracycline hydrochloride under 808 nm laser irradiation. These results provided new insight into the development of pho-
tothermal nanoagents for anticancer and anti-infection treatment.

Key words : upconversion ; polydopamine ; photothermal therapy ; drug loading ; pH-responsive ; antibacterial activity
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WRICE A 1 Reti@ SR 2 I AKOERGR Y il o S 25 S Bk g 355

RESARIE A B o, B A W AR Ay T
PRI A R B DY FA G 4 B D0 SO0 A, AT LA SE
SUE N PEARNIVERIASE Sep ¥ NIEE S5 ioESiT5IA
R EE R [, FIFH PDA S b A9 5 0 25 0 1
FE 5 O E IS S 1 DI BE A 2 B I R
I 5 S AR ISR, AT DL S EE PDA [ )
REALBME ™ LRl PDA 9K A R 3
RGN FEAR NPT RE T6Y7 rh R  H R A 1Y
PR RE A A kO A 1 Bh DY B IR 2 )
() - AR RN, LS5 PE B RE A Z [ i =
SEVEF  BFFE A ATE PDA JE40K b8} I 2o by
YT R BRIT CRT P R TR sl bt
B H B T ER AT R S 2
RO, N8 8 A T 2O 4 F s % R
PRICHAK 25, 18 By s B= 2% L8 4 AR Wil
YK 2P AEAAR DY 22 b i 43 A 17 O AR R R
SR, H AT DO IR A A e R 4 A 5
BANCEE A | TR A% 2 A A D03 i 1T
a9 ANV -8

i +45 44 1 1 5 3 95 K ki F (UCNPs) & —
AT LA NIR D't &5 58 Sl ml DO i) 2 RE 4
BEARE B ROGHET | RAF IR N & 2P DL NIR
SR 21 58 7% BE 1 fd UCNPs 1& F T o2
B B, L UCNPs #l PDA f i & 4
AR A e EL RS TR 25 DI RE R EIGR] AR
SCLA 808 nm NIR ST A% 72 4544 NaYF, : Yb,
Nd, Er@ NaGdF, :Nd, Yb( UCNPs) 4%, 18 1 £, 78
PDA il %5 T 44 KL #457] NaYF, : Yb, Nd, Er@
NaGdF, :Nd, Yb@ PDA (UP) , | F UCNPs () % 5t
Stk 5 PDA MM IS 1S 1 B S 51 k1Y BE i iR
AR UP IR, B PDA HA TR
SR PR R BRIl UP R A SR R B | et H
TEAK TR, i — 0 R IER MR TR
W RE (PEL) X UP $EA0ct:  WF9Y T e S o Fisf
) X5F B A5G #4457 NaYF, :Yb,Nd, Er@ NaGdF, :Nd,
Yb@ PDA-PEI( UP-PEL) ) 5% i B v K428 43 A
DA B AN A B AR T 24 1) 3 R Bl 55 3= ( DOX)
A R rs e DL 4k DOX 6 A5 i 44 41
iR ERE TS B 2R IR U PR 5 (TC) B
PFNFE 808 nm NIR YIS T X KT B 19 4% K
BCRAIL VAL T A TGRS A 1T

1 CIGERSy
1.1 FEUER 55
JEM-2100F #Y3% 5} B, F & 7 8% ( H A JEOL

N s PA B AN AT LAy G B T (i SR A
IS A RN ) s NEXUS670 RLLT AMEREAY (£
Nicolet 23] ) ; 7000 5% HE 35 ( H A% Hitachi
N 3 Zetasizer NanoZS 90 44 KA FE F Zeta H,
B (Fe [ Malvern 24 7)) ; MS7-H550-S #4743
FEES (AU K IR 2400 S IR e 28 7] ) 5 TG16-
ws R O AL (I A A B O DL R A PR A
H]) ; MDL-H-808 %! 808 nm J:Z4F A0 48 (K
BN R FEARAFBR A ) ;UT320 ALFF =00
AP E ORISR B A PR A o

NI G B (99.99%) . 7N K & EAL B
(99.99%) FS/KEAAEL(99.99%) A EH AL
EALEE . AL B 24 WK (PEL, M, = 10 000,
99%) . R BT 25 & (DOX, 98%) | h R £ 1 ik
(DA,98%) FhBRIUIFZR (TC,96% , bR T A
TeRE £ By 45 BR 22 ) 5 Lgepal €O-520., i 2
(90%) . /\J#5(90% , & RIGEFHEAHRAF ) 5 H
B LB ROk EUK =R R e
(Tris) - FVAR (S0 #r i, [ 25 42 A b 24500
FRAHD
1.2 ARSI
1.2.1 UCNPs B4

2% T [ 16 ] & 6l % NaYF, :Yb, Er,
Nd 2K T (n(Y) :n(Yb) :n(Nd) :n(Er)=75:
25:0.5:1) BB 1 mmol HF 43 HILE 20 mlL
W ke, 285,45 0. 130 1 g(0.35 mmol )
ANKEFEAEL.0.019 4 g(0.05 mmol) NIKEH
ALEEF1 0. 0359 g(0. 1 mmol) N/KEAIEE T
100 mL = A, A 15 mL + /G F1 6 mL
FiR , APl 28 AR SE 2, A 10 mL NaYF, :
Yb,Er,Nd B e5r B, 85 C M2 LT be,
P& 2 50 CJafmA 2.5 mL % 0.100 g (2.5
mmol ) AL HHFI 0. 092 6 g(2. 5 mmol ) FALEL Y
F AW, TR R 30 min J5THIRZE 110 CZE %
HE A 25 JEAE N, P9 F FHE 2 310 °C, fiift:
N1 h, ¥H N B REARTRE V(B -
V(AT L) = 4 1R G MBI A 2 1, A
10 mL ¥R Ot 2 HICRE 1% | 1800 25 BNV P [ Ak, 759
] 808 nm NIR Y4 M N i) NaYF, : Yb, Nd, Er@
NaGdF, :Nd, Yb( UCNPs) (¥R 2 ke S B
12,2 FOREIG il %

] 50 mL BB PRI A 8 mL 34t |
0. 65 mL Lgepal CO-520.2 mL UCNPs 175 pL %
7K, 30 min 2R A GLEL I, FH 80 pL /KA
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fi#% 20 mg DA, HF DA WA RN Ak 2L 38
SN 24 ho A SRS P W00 0, 2.0 3F H S
UK VEGEE R A 2 R, 15 298K B4R NaYF, :
Yb,Nd, Er@ NaGdF, :Nd, Yb@ PDA, iy UP20,
MUAE DA B FH R 4350 R 40 80 mg, K FH IR AE 7 7k
il 25 (4 7= W 43 HE > UP40 AT UPSO.,

7 mg UPSO 43 H{E 6 mL( 10 mmol/L, pH
8.5) Tris ZZ P, IMA 1 mL 1% 10. 5 mg PEL /)
Tris 28 WPV, mEGCHERE 1 h, B0 25 13, K
Ve 3 Wk, 15 E] PEI B ) 40 oK e G, e R
UP80-PEI-1 h, VAR R BT EIh ¢ b, BT 15~
¥1ic A UP80-PEI-¢ h,
1.3 AR
1.3.1 Stikdg

S5 SCHR [ 6 ] BT FH 5 3 000 8 o 1 O Bk
T, PR R A HE K T A5 2 0. 8 mg/mL
43 B0, 3 FH 808 nm (IR R 1.2 W/em?)
W LT MO G R 43 B0, A B 50 00 i A 5% et
TSR IO A IR B AR Ak
1.3.2  Se#GRIXF DOX B f 2k ARk

DOX 148 ; LABFIRER 22 A (PB, 10 mmol/L,
pH 7.4) % f# DOX, 15 2| ¥k B2 4 0.3 mg/mL 1)
DOX % W, i1 A UP80-PEL-+ h i i ¥ ¥k Ji& Ny
1 mg/mL, #OGCHEFE 24 h J5 2.0, Fl PB (10
mmol/L,pH 7. 4) WEH A 2 W, 13 3] 71 4% DOX
HIZN KOG F] (UPSO-PEL- h/DOX) ., & L1
TRFIVE O B i I 7 HEAE 480 nm AR AWK '
FE AL R DOX ¥ W AT T2 (A =19. 685C+
0.090,0<C<0.12 mg/mL,R*=0.998 8) K15 &
IR DOX HVEEE C, IFHKHE T =R R A
Ha,

(%) = 7K DOX Fifit /DOX EFifE x 100

HhE (%) = AN DOX Fifs / HAFE x 100

DOX Bl . UP8O-PEI-1 h/DOX LA 2 mg/mL
B S BUEE AR R (pH 5.0.6.5 F17.4) Y
PB( 10 mmol/L) " 7 37 °C F #EGHE £L B, 16
— R N [EDRE A 0 W 4 VW, I LA
480 nm AL HYIROGEE B LU DOX AR EE
i FH A5 R B PBH BT 43 UKL 1, 4k 21 40 P R Tl
DOX, 153k % 24 h IiY DOX BFBEHE, It
AT pH 5.0 BRI &, AE T B () 8
808 nm (2.0 W/cm”) NIR J¢ 8 5} 43 B 15 min,
DR HE AT S B BOR A9 DOX ¥R B, X L 76 BRI
WE 9 BB, PEAE NIR % IR 5 % DOX

5545 B 1Y
23y E Aib-A
1.3.3  ZKEGRINT TC B9 & 28 Fide M e

] 4 mL(0.2 mg/mL) i TC ¥R (i V(2
BE) V(oK) =22 1IRGE R ELH]) A 4 mg
UP80-PEI-1 h,$i#¥ 24 h J5 &.00F 0k, 155 TC
ARG UPSO-PEIL-1 h/TC, &7 FiBWK 5
VRGBT R, I HLAE 360 nm bR A,
i TC B4R IR (4=30.69C+0.077,0<C<
0.06 mg/mL,R*=0.998 2) {5425,

K FHF- M 32 0F B 5 i BT TR R RF 100
pL(4 mg/mL) UP80-PEI-1 h/TC Jl A 400 pL 7
KIGFT I ( Escherichia coli) 1 (3x10° CFU/mL) LB
PRI RGFRHETTIR ST, A0 TR 5 W rh 4 K B v 77 ) v
FE4 0. 80 mg/mL, KR A T AE = I 2B W PR
I E 20 min, 485K A 808 nm (1.2 W/em®)
NIR SCHREHE G WM, 7EGHRAT DGR 15,30 min
I3 B HURE 20 WL, HIBE SR 3RS 60 %, B0 40 pL
PR IR A 7R LB BEhgA b FATi 3 4y, 7
37 CHEFRFA N RIS FE 24 h J5 LI B& 75 0 A5 1%
#, XFHEIE UP8O-PEI-1 h(0.80 mg/mL) . TC
WA (22.4 pg/mL, 5 UPSO-PEI-1 h/TC 41 fit
T TC W FEARIR] ) B TRV 4341 17 O, AN B I
b AR R AE R 2s 4L, 9020 VAl UP8O-PEL-1 h/
TC MHTEMERE

2 #R5ite
2.1 UP &5 EIME

TESAR LA Z 55 8P 7K A ) DA
B 0, F Ak, fEFRE G M Leepal CO-520 /775 T
RETEMEEE UCNPs W3R 1, Fi & SN i E1 T,

HE

a.UCNPs;b.UP20;c.UP40;d.UP80
1 HEhHE TEM K
Fig.1 TEM images of the samples
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Y HOBGE T R L PDA BRI AR, 1 SRR
mm i) TEM &, UCNPs ki ¥ 5 BG4 1 #F PDA
WEE, 26 uP B4 W W52 45, % DA
FHH M 20 .40 F1 80 mg i, PDA 3,78 )2 i) - 44 &
FEAZ9h 3.4 5.7 A1 10. 8 nm, UP AYTE S5 i 1k
PR KT

& 2a HFESAY FT-IR %, UCNPs £ 2 923,
2 852 Fl 1 560 cm™" Ab W WAL 43 S31) X 7 2 1T ¥ PR
BEAAR G C—H X BRI R 48 3% 3l SR R AR Y
4EPR5h, UP 7E 1 606.1 511 em™ ' AbHYFFER C=C
45 & sh f1 N—H 25 #8317, 3 300 ~ 3 700
em WEEFZ N N—H 5 0—H {45k shig, ¥3F
B UP &4 PDA, &l 2b MHES Y UV-Vis 121K
6%, UP 7 200 ~ 900 nm 315 [l &9 W% i 3 58 T
UCNPs, Fifi5 PDA JEEE IR, UP B BE
BWIETE . IR 2c AT, 7E 808 nm NIR Y& A&
F,UCNPs 7E 410,523 543 #1658 nm AbAY |54
RS X N F B’ Y 2F,,, CH 'S, Al

T/a.u.

NCH 54
O-H C=€ N-H
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Fig.2 UV-Vis absorption spectra, infrared spectra and

upconversion luminescence spectra of the samples
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Fig.3 Temperature curves of H,0 and
UP exposed to 808 nm NIR laser

CFo, I L, BBREEN . MIELZ R, UP Y & S
S RE B W 855 EL B PDA 5% J2 il 48 J5 52 i s/
R PDA 3 2 AT DLW I SE £ Y NIR OB
UCNPs #2067 501 i /> 2 3 80 UP & 1 ik
55 ; A, T UCNPs B9 & 55145 PDA A9 I
A AL 2s A ARG, — & Z R 50
i IR At 2 S8 UP A & a8 B ek 55
A IR B B8 1 FH A 5 1 WU BE ) Bk
UPS0 17 B 2 B 4 i et fig

& 3 Sk UP 438U ALE 808 nm NIR YEHE S FAY
FHE R ZEP . £E 15 min Y, UP20,UP40 F1 UP8O
STECR IR 20 °C 4351 7] 36.5.50. 9 FlI
53.2 C, W& T/KAYIREE (25.8 C) , RRSFHY
EAYXT NIR 60 Wl BE g 5o | R 808 55
15, FLR L PDA 56 HAT B0 0 G I T, 3 2 [
FALFPLE T UPSO HA we ki ge >,
1T UPSO 430 Ay il B 0 8 2k 4% M ygs &4 e Fn
21 BT 255 SRR BT T ) R IR e R UPSO fE
PSRRI S SANI SES R T
2.2 PEIH2kO B [R]6 SRR P R 1) 52 i

5 B RS SR8 0 55 v /R N BLS  #E UP 38
T F2 5 B S SE 0 PEL B BT T 354 S5 0 i [A] ¢
XK ) ¢ WA AP RE RO AR RE Y
s, & 4a 2 UPSO TEHEAL PEL HiJE A ¢ HLA
UPSO( XTI, T ¢=0 h) i { FLAI{E A +16.7 mV ,7E
PERURN 1 h 5, 728 UPSO-PEI-1 h ) ¢ HL A7k
F]+50. 6 mV , 328 5 T KA H B ES E 43 HIGH # 7
BEAH CHAE (+30 mV) . Y gE— It K
it , UPSO-PEIL-¢ h 1Y { FANA{EFEATRE , KU
1 h 2P A S50 19 PET &% 4245 7E UPSO 1)
R, =Y L AL B T 3R A
HeR 71, A B TR A R & 4b WoR
HLL UP80, UPS0-PEI-¢ h 7E 7K " i £ 43 1l R 8
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(PDI) BE# ¢ my3E B A2 /N, I i UP8O-PEL-
t h 7K 128 RiAR o3 AR 1B AR 78 SRR A 43 AR
RAATE, T PEISERIBIIE K TR F A T
Ao RN SR T 1) LF HL A7 5 B2 TR T LA Y s TR]A7 B
BN, i EL HE R 7 R BHL SO ) ] Bef & FE 4 = T
UP80-PEI-¢ h B4 #UHCR | i FoF- 347K T 2= ki e
(D,) % UPSO Y D, A sk \DPL g/, &l 5 9iE
SRR B ] () 2E K 25 T2 2L UPSO-PEL- h 43
W FHR IR FERFZE AR, BT PEL IR 2]
A UPSO-PEI-t h 7 808 nm Ab i YEWE i BE

P BEA R B8 T PDA 43 14 1 e 905 45 #g il
HEGA 7, S5 5% W SRR i 2P fE

sor* 2 .
40t
C
gl 30F
2 20}
10-
0% 1 2 4
t/h
300 50
/{ —e—PDI
250} T
i/I E loa
£ 200} a
S { =
{03
150} /{\{
100—5 i 3 3 02
t/h

a.{ AL b PR I3 SR AR R 22 53 BOR BR
B 4 PEI RSN I AR GG Y
¢ ALK g 27 RiAR 53 A1 B 5 IR
Fig.4 Effects of PEI-grafting reaction time on { potential

and size distribution of the photothermal agents
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&40
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30
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Fig.5 Effects of PEl-grafting reaction time on

temperature curves of the photothermal agents

2.3 GUREHFINT DOX [ 25 Behl kg
2.3.1 Ziytnadiae
DL DOX AR BIIGIE T 44 K 56 #4003 /N9y

iy sk ae 1, B 6 R, 24 DOX 5 UPSO-
PEI-1 h 3L0FF f5 , L+ DOX 7 480 nm Ab (1)
FRAIE W Wi s B 055, 7 W) kL F- UPSO-PEL-1 h/
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Application of Covalent Organic Framework Materials in Drug Delivery GAO Jia' ,DING Xuan-kai' ,HU Jia-huan® ,WANG
Yi-feng® , WANG Yan-fei*, FU Yong-gian™> (1. College of Life Science and Medicine, Zhejiang Sci-tech University , Hangzhou
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cal Engineering, Nanjing Normal University , Nanjing 210023, China ;4.Taizhou Institute of Product Quality and Safety Inspection,
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Abstract ; Covalent organic frameworks ( COFs) are a new class of porous crystalline organic polymers formed by covalent bond-
ing.They have the characteristics of a large specific surface area,adjustable pore height,and easy chemical modification,which are
the research hotspots in the porous material field.The characteristics of high drug loading,low cytotoxicity, good biocompatibility,
and high drug release ability provide COFs with good application potential in the field of drug delivery.In recent years, the re-
search progress of drug delivery carriers was briefly summarized, the synthesis methods and characterization of COFs and their
composites were introduced ,and COFs were listed as carriers of several model drugs (such as doxorubicin, 5-fluorouracil , etc ) .
The application of COFs materials in the field of drug delivery was proposed, and finally the challenges and future development op-
portunities were summarized and prospected.

Key words: covalent organic frameworks ; drug delivery ; anti-tumor drugs ; biocompatibility ; synthetic method
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(PXRD) 4 H + W fU5E (SEM) Flif 5 H F i
e (TEM ) 25525605 36 1 s HOB 4 iff e L4
FRRGEYE, FT-IR AT T 2 W7 =9 v i 1 3 141
(2T ) K S o A 3264 2 B 25 s SSNMIR. 3 4 Fb %)
COFs 550> F LU K 2 BR ) o0 F B9 1% T i o %oF
ILTCER Y 5~ 7% 4 J7 205 SEM H] T WL COFs 1Y
AL FLIB AR LA B HL 2R 4544 45  PXRD
iR COFs By MR 25 44, 38 3 737 5 06 15 5 9 ik 55 0
WAL B} 45 5 BE 0 AR, 8 O PR o B S
(TGA) K560 COFs A48}y #AFE 1 5 3 12 PXRD
DA N, TR B A5 R B0 A 560 COFs M4 RBHE K I TR
ol FR A VB B e MR i R Ah-T L4 ot
JGEERE (UV-Vis) id sk 2 PRt 26, ke ff v #12h
BRI R (F2) P,

A YA AN — B R R — B 2 i 2k
T2 [B) ) (T A BAVE R, AT e SRR R T 25
TR 53 B RN S AE AN TR B[R] H 20 A 22 4 it

F®2  COFs My HRMBL fLAE A2y it
Tab.2 Specific surface area,pore size and

drug load of COFs

REB, A/ wHER 2%

i

(m?>-g™") A wt/ % SCHR
TAPB-DMTP-COF 1 000 32.98 32.1 [44]
HY/SS-COF 328 25 18 [45]
PI-3-COF 1 000 11 16 [46]
PI-2-COF 1700 14 30 [46]
COF-HQ 80.478 1 37 — [47]
PI-COF-4 2 403 13 24 [16]
PI-COF-5 1876 10 20 [16]
PCTF 703 8.18 .27 19 [48]

7.14 17

PCTF-Mn 1089 53\ﬁ2\ 23 [48]
TTI-COF 2197 23 — [49]
DT-COF — 30 31.32 [50]
COF-5 1622 26 — [51]

FBUAADG . PR AR A A 25 P i A &
SPEFN A WD e WA B G LA I A e =
PRI S, TR 7E R 2 B 00 T REAEAG 2 Hh i &
BUARAHR B ERE . PAS AR W AR 25 k38 w5 A TR S
AP BB a5 AR SMIESE AT LASE 3 MTT
IR DNA A5 B AR B I et B 5 T ek
200 60 B S R I A ik AT H AT R R
K- (HE) Yt a5 U) i SR OB S A
LU N AT A YA AR BT, Al
25 T 400 L i A 25 g (0 20 e 5 s 4 i 2
S5k ) s S R (g R T BRAC I ), &
HANMLAETE S5 DIREEEAL . A AN i B J2 e
A A0 0 S 1 R A R e AR R MTT e
I E A0 BTG SO WA Al A o
B2 5 AR 24 ) ) A s >

3 COFs FEZ5 iz 15 R i Bz
g2k ik R R H 2 5 %525, %259
I3 AN A B X Rl g 245 05 T Re R A ™ A RIAE
FHANZ Wy 10) BT 5 240 B i i 16 B N L I B sl . 245
IS A 5 25 i 2% 7 XA R KL &R
(% 3), ATLLRH] DDS MU AL G 25 i % R EE 1)
AP IR —ATB 45 RA YT 5 59
(2R 50, A RCHEE 24 4 2% ) B AR XSUR 259
IR IR bR, AWML COFs 15
BRI TT DL R A 2 i R 2 ) A TR
B BEAR AN B, A HL A TR G 25 2
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15 R G HLAL
Tab.3 Comparison of COFs material as drug delivery

systems and traditional drug delivery systems
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KA B R A W)-COF 99k & 4 K, Bl PEG-
CCM@ APTES-COF-1( [ 2a), it 25103l J12%
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THIMWEEREE, 5 APTES-COF-1@ DOX #
Zik I, PEG-CCM@ APTES-COF-1@ DOX H. A B
T R R 4 A B RS T R R G g ek g 1 £
BOR o 25853 A FUR SN o3 A0 9 UG S5 R BoR
PEG,-CCM@ APTES-COF-1@ DOX 7 ift 53 20 41
YRR 2 R BRI — 2 ]

T PEG,,-CCM@ APTES-COF-1@ DOX EA L
7 1 ek a4

TEEIR R ,1,3,5-= (4-F A HL) H (TAPB)
5 2,5- VAR AR I ( DMTP ) 38 52 55 5%
ARG RN B BT B e 2R TR RN LR i e i
43 B i TAPB-DMTP-COF 44 >k i %" | Liu
SR R o — R R K DOX R B 4 7
TAPB-DMTP-COF H1JE i, DOX @ COF & & #1 ¥}
(& 2b) , v] LA 45 55 25 9 ) W W it 1), 45 s 2k 2
J1, pH 5.0 B 6.5 i}, DOX fEf#] 2 h &
B, 7 24 h N SE BRI BRI R A e i —
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Fig.2 a.Synthesis diagram of PEG-CCM@ APTES-COF-1@ DOX" ;b.Synthesis diagram of DOX@ COF™/ ;
¢.Structure diagram of HY/SS-COFs'*! ; d.Structure diagram of SS-COFs *!
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Fig.3 a.Synthesis diagram of PI-3-COF&PI-2-COF'**1 ], Synthesis diagram of COF-HQ'*®
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Research Progress of Luminescent Metal-Organic Framework Materials in Environmental Detection ZHAO Yi-ming,TAN
Wei-giang , GUAN Jing ,LI Yu-jie ,MA Yu-xin , CHAI Hui-ning " ( Department of Environmental and Municipal Engineering, Qingdao
University of Technology, Qingdao 266520, China)

Abstract : With the improvement of industrialization and agriculturalization , the resulting pollutants have seriously harmed the eco-
logical balance of nature and risked human health. Developing rapid, sensitive ,and accurate detection methods to strengthen envi-
ronmental monitoring are of significant meaning. Luminescent metal-organic frameworks (LMOFs) combines the characteristics of
MOFs materials, such as large high porosity, surface area, structural modification and photoluminescence characteristics, which
show the good application prospect in the field of environmental testing because of the advantages of high sensitivity , good selectiv-
ity ,wide detection range and strong anti-interference performance in fluorescence sensing.The luminescence types and lumines-
cence mechanism of LMOFs were introduced ,and then the research progress of LMOFs in fluorescence sensing of metal ions,inor-
ganic and organic pollutants in the environment was reviewed.Finally, the future development of LMOFs in environmental detection
was look forward.

Key words : luminous metal-organic frameworks ; fluorescent sensing; luminescence types ; luminescence mechanism ; environmental

detection
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Fig.1 Application of sensors based LMOFs in environmental and biological detection
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SR 5 R R JE A RN/ R S K. Lewis B 57 A
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@i,
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(1): hydrogen-bond interaction .,
(2): m-m stacking Py
(3): inner—filter effect

-

& : NH,-Ui0-66 /: PVP (): QCT
L O 7o g, O
¥ . \

Bl 2 a.MIL-101( Al)-NH, Z0KREH4HF EA 986
NN R b T QCT Kl i £ i Ak
KA MRENUZ-8 7R B
Fig.2 a.Schematic diagram of fluorescence sensing
mechanism of MIL-101( Al)-NH, nano probe for FAM,
b.Schematic diagram of polyhedral composite NUZ-8
for QCT detection"*!
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Cheng %1 F F TCPP Al ZeCl, & T MOF-525,
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22 R RN Y45 1/ A SIS NV TN S = ]
IRER G RE N A KW E , & FEILER 5
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FE R Zn-MOF il Cd-MOF , FH T4 /K H Y Fe®t/
Pd* PHESF, TR B T3k K 5 LMOFs 3%
R T B 1 Y T 4 WO, e AR W TR K (
3a) . SuZEPIA A (Cd(BIM),CL), , SEH T X
Fe™ MR, HAEAE Fe' B, Fe™ (1 52 5h-1] DLW
WOEIE S5 (CA(BIM),CL,) , kRO & AR E S
FEHE NN, 3 LG TER K, LOD R 2.51x107°
mol/L( & 3b), Liang %" ¥ Eu® &3 7E Zn-
MOF | 4 i LMOFs ( Eu@ Zn-MOF) , i T %5
Cu™ ., HT Cu™ AI LLIE I MOF H (1) 22 Ff il 43 37
5i,5 LMOFs [ BH & 77 £ 284, Co® F Eu™
Zn* WA R DK (F 3e)

Eu@1|Mg> | Zn?
v
NN Ca W Ag JCrfico ficu

Sensing metal ions

\

@ |

Cu?* ° °
& °%
: Eu?
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Fig.3 a.Schematic diagram of “fluorescence switch” for detecting Cr**/Fe* /Pd** in aqueous solution by

Zn( 11)/Cd( II) based LMOFs'™’ ;b.Structural diagram of ( Cd(BIM),Cl,), and fluorescence quenching

diagram for detecting Fe**™
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°1 ;s ¢.Fluorescence diagram of Eu@ Zn-MOF detection for different metal ions
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50 nmol/L( &l 4c) . ARRER (CIO™) R AN
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AT R R IN , A ERARFH 274 5 Eu-MOF 11y
FREFN R Y i A5, 358 T LMOFs 1 Wil 45
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PR

. Fu@UMOF
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SN
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Fig.4 a.Structure of Eu@ UMOF-Eu-LAP?
b.Fluorescence sensing of CO, by 3D Zn-MOF with

1D channel”™ ;c.Mechanism diagram of Ce-PA-Th

detection of SO,
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Fig.5 a.Schematic diagram of FA detected by Eu** @ Bio-MOF-1 sensor'™’ ;b.Fluorescence detection
mechanism of HAHs by UiO-67(1),'™ ;c.Schematic diagram of preparation process of Si NPs/Th-MOFs

probe and sensing process of DPA) ;d.Detection of picric acid in water environment by C-CAU-10'%"
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Preparation and Photocatalytic Application of Cadmium Sulfide/Metal-Organic Framework Composites CHEN Lian-
fen' \LING Yang' ,LI Geng-yang' ,LIU Zi-jian' ,XU Xiao-lei* ,KANG Jian*"'(1.School of Environmental and Chemical Engineer-
ing, Zhaoqing University ,Zhaoqing 526061, China;2.Pingmei Senior Middle School , Chifeng 024076, China)
Abstract ;: Metal-Organic Frameworks (MOFs) are a kind of porous material that has attracted wide attention in recent years.They
have the advantages of large specific surface area,high porosity, diversified structure,,and easy adjustment and modification. Due to
the poor absorption of visible light and low utilization efficiency of photo-generated electrons, the application of MOFs in the field
of photocatalysis is relatively limited.Combining MOFs with Cadmium sulfide semiconductor can not only broaden the light absorp-
tion range of MOF materials and avoid the accumulation of CdS nanoparticles, but also promote the transmission of photogenerated
electrons and reduce the electron-hole recombination, thus improving the photocatalytic activity. Preparation methods of cadmium
sulfide/metal-organic framework composites and their applications in the field of photocatalysis were reviewed , the existing prob-
lems were pointed out,and the possible development direction was forecasted.

Key words : metal-organic frameworks ; semiconductor ; cadmium sulfide ; preparation ; photocatalysis
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Covalent Organic Framework Material TpPa-NH,-D-( —) -a-Phenylglycine as Chiral Stationary Phase for High Perform-
ance Liquid Chromatography CHEN Zheng,YU Zi-yun ,DUAN Ai-hong* ,LIU Hua-Lin,YUAN Li-ming* ( School of Chemistry
and Chemical Engineering, Yunnan Normal University , Kunming 650500, China )

Abstract: COFs are an emerging class of porous crystalline materials formed by covalently linking multidentate organic building
blocks with tunable composition, structure , and function. Due to the increasing demand for chiral porous materials and the many
advantages of COFs such as large specific surface area,and ordered and permanent porosity , COFs have attracted more and more
attention in the field of asymmetric catalysis and separation. Enantiomers usually have similar physical and chemical properties,
which has always been a difficult point in the separation field.In this paper,a CCOFs material TpPa-NH,-D-( —) -a-phenylglycine
with high crystallinity and porosity and high chemical stability in strong acids and bases was synthesized by the solvothermal meth-
od.TpPa-NH,-D-( ) -a-phenylglycine chiral stationary phase was prepared by “net-encapsulation method” ,and it was used to
prepare high-performance liquid chromatography chiral column,and its racemate resolution and benzene series position were in-
vestigated Separation ability of isomers.The TpPa-NH,-D-( —) -a-phenylglycine chromatographic column separated 11 chiral com-
pounds and 7 benzene-based positional isomers with good reproducibility , indicating that the separation effect was well.

Key words: covalent organic framework ; high-performance liquid chromatography ; chiral compounds; chiral separation; chiral sta-
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NH, F1 156 mg DMAP [ 4 d,¥545 2 #9749 H
100 mL K BLUERZ R/ D-(-) -a- K H &R 5
AR E T TpPa-NH,-D-( -) -a-# H & W T 1 7~
Y, 6 s anE 1 s,

1.2.2  “Ma k" 6l 4 TpPa-NH,-D-( - ) -a-Z& H
SR [ 72 A

4 TpPa-NH,-D-( -) -a- K H &R K & T
PRI TS 14 d ZoAy, SR 5 (8 Bl R Al LR AR A
B RS IR RN e = O IRk RN
Mt 3 PPV BR K FRELIN 4.0 ¢ REIRIR A& H
100 mg TpPa-NH,-D-( ) -a-#% H Z #2 A 50 mL
(0.05 mol/L) 1,3,5-% = H B 0 1E O be iR Ik
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0 HZNJQ/NH (0] HN\@[NHZ 0
wHN AN N AN
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(4] | 0 O |
NH HN
H,N NH,
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NH HN:

[0) | 0 [0) | 0
Z AN 7 AN
~NH O HND\ 0 /@iNH O HN.,
H,N NY YN NH,

O | 0

NH
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H H
07 o
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SR e ol pes
0
NH Hne N
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7 AN 7 AN
~NH 0 HN]@\ o /@ENH 0 HN.,
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H H
NH H,N

B 1 TpPa-NH,-D-(-)-a-# HEER MG U2
Fig.1 Synthetic route of TpPa-NH,-D-(-)-
a-phenylglycine

B 30 min SR BR KA i IE OB TR, A
SRFER 5 min J57, %% 50mL(0. 46 mol/L) WE ()
IR (b2 2 mL oK = 2 ) R 18 B 7E ik
I L B A 30 min JEHEH 2R, PR HE T
110 CHEAS AL HE 15 min, 15 %] TpPa-NH,-D-
(=) -a- R H AR E EH
1.2.3  TpPa-NH,-D-( -) -a- 4 H & R Wi AH {03
ISR

FREC 4.0 ¢ il & 4 H E 05 (250 H) B
TpPa- NH,-D-( - ) -a-4& H & W F ¥ B & 4 T
50 mL FRERRH REH M HEZE 40 mL(V(IEC4E) ¢



BASEEH L PREGE I A HUESLSTEE TpPa-NH,-D- (- ) -4 H &M IR AR (1 95

VISAE)=9:1) MIRA W, HHERY S Z
JE P B AR B VOIES %E) V(HA
B) = 9 1 AIR G N TN, JFAE 35 MPa R 1 F
W22 VR WO T B — A 2 0 A% A (250 mm x
4.6 mm) RLREE S mln,lgﬁjﬁﬂ%}fjjﬁi 25 MPa,
PF5 30 min, ZB12 IR 2 5 S K HEUT , FRe s by
A RIAE Sk A5 2 T TpPa-NH,-D-( -) -a- % H &
PR A (54
1.2.4  TpPa-NH,-D-( -) -a-4 H & R Wi A1 {6 3
FEA> B PERE I
TEREIRAR TR N 25 °C W sh A4 9k v (iF
Che) V(O RNBE)=9:1 V(HEE) :V(K)=9:1,
T 0. 6 mL/min, 58 FMRG I 25 46 DU % 1 43 0 4
254,230,205 nm Y 55 AT X5 ST E 1A A7 v 43
S X R R A R AR R AT 43 B S5 5, TpPa-
NH,-D-( =) -~ H 2 2 Wi AH 0 15 41 53 23 2 hE
AT b S EET a,, /3 BE R, VY.
ky o= (1 —ty) /1
ky = (1, —ty) /1
@y = (b = 1)/ (8 —ty) = ky/ky
R, = LI8X [ (1, —1,)/ (W) + Wipnmy) ]

Aot seg AT HEHE B € A FER ], mins e, il 1,
SR A A 1 B R i W, ) 0 W) MBI A
X BRAAR Y 2 1 B8, min,,

2 BRI
2.1 TpPa-NO, TpPa-NH, K TpPa-NH,-D-(-)-
a- R HZARRMLINERE T

HERIE A TpPa-NO, FZ38 U Fr 51
TpPa-NH, DA K 477 4E 5 BT 4% 19 TpPa-NH,-D-( -)-
a- R H R R T KA RN, AT T 20N G5 34T,
ZER LK 2, W JFC4 TpPa-NH, J& , TpPa-NO, f{
EHE(—NO,) 7E 1 511 em™" 42 f0BRAF 4 45 % 3 e
Wi oee it 2R 5, X R W] T AR T A iR e, E

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

1.TpPa-NO, ;2.TpPa-NH, ;3. TpPa-NH, -D-( - ) -a- % H & R
2 TpPa-NO, TpPa-NH, J%
TpPa-NH-D-( -) -a- 4 H &R AMEIEG R
Fig.2 FT-IR of TpPa-NO,,TpPa-NH, and
TpPa-NH,-D-( =) -a-phenylglycine

HELDAMEIEER M Z D-( =) -a- R H &R T 1EE
M J5 B COFs ANAE 770 em™ 4b 28 3R (1 R AF 187 g g
BEHR, ATRERN D-( =) -a- K H &R S TpPa-
NH, FRAEIR e &5 s i b iy T H IR 4D, 75
G X BT SRR — 38 R UE W] TpPa-NH,-D-
(=) -a-AH @RI A L
2.2 TpPa-NO, TpPa-NH, f TpPa-NH,-D-(-)-
a- R H AR X FHEATH (XRD)

Xf TpPa-NO,. TpPa-NH, & TpPa-NH,-D-
(=) -a- K H BRI FT XRD F£AF, 25 R WA 3,
COFs & L 1 %5 5 (1 45 5 B2, TpPa-NO, i TpPa-
NH, 7EMKABE 4. 7° 40 1 BEE — 58 A AT 5 06 | 3%
WX I T (100) TG, T 7E 8. 1°F1 27° 4k (AT 5 1
A3 IR T (200) F1(001 ) T, {H & H & 3b 7] LA
i LT D-(-) -a- K H & BRATA Z J5 , CCOF
(AT ST WA 4. 7° 0 8. 1° FRAVT ST e ot 7 5 s A7 ik
AN SRR RESEAEM [ L) D-( ) -a- R H AR T
PERE A Z Z LA B A T 52,

4 6 8 10
20/(°)
1.TpPa-NO, ;2.TpPa-NH, ;3. TpPa-NH-D-( -) -a-# H &%

3 a.TpPa-NO, TpPa-NH, X TpPa-NH,-D-(-)-
a- A H &R XRD [ ;b.XRD 7£ 3° ~ 10° KUK
Fig.3 a.XRD of TpPa-NO, ,TpPa-NH, and TpPa-NH,-
D-(—) -a-phenylglycine ; b. Enlargement image of
XRD betweem 3°and 10°

2.3 TpPa-NH,-D-( —)—a—%ﬁﬁ@ﬁﬂ@[ﬁl:@%{i
(CD) 73 #r

Xf TpPa-NH,-D-( =) - H @R HEATIH —
T AR LR 4, R BT AR ( Cotton )

250 300 350 400 450 500 550
A/nm

B4 TpPa-NH,-D-(-)-a-#HEAMRIF — kK
Fig.4 CD of TpPa-NH,-D-( -) -a-phenylglycine
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RONE, iR TpPa-NH,-D-( - ) -a-4 H & iR B
A FE B — U A B
2.4 TpPa-NH,-D-( -)-a-2H & 2 [ 5 A 1Y
HiHL 8 (SEM) 43 #r

XF TpPa-NH,-D-( —) -a- K H &R [ 5 A1 7
SEM RAE, 25 R UNIE S s, Bl Sa WHERE, 5 &
5he WL #4519 TpPa-NH,-D-( —) -a-2K H & R
[¢6] 7 AH 14 49 4 H B RS W], 27 H TpPa-NH,-D-
(=) -2 H SRR A R R 1) e 1T, 3% Wb L
T AL R A R A 1

%

a MG 3 b. TpPa-NH, -D-( - ) -c- 2 H- 28 R [F1 5 A
B 5 EEAN TpPa-NH,-D-(-)-
oA R I AR AT L
Fig.5 SEM of silica gel and TpPa-NH,-D-(-)-
a-phenylglycine stationary phase
2.5 N, W R R S3Br
X TpPa-NH,-D-( =) -a- K H&RTE 77 K T
AT AW, MAZ A, AR S 7R AE 120 CH
~ 3001 a
=5
& 250f
" 200}
ms 150f

=

% BEHABL/(
o &

00 02 04 06 08 10
HIXFES(p/
0.0}, (p/p,)

)
S

0.03f

0.021
0.01-
Q\.W"“*%“‘-M..

S T R T}
42 /nm

a.Ny W/ BR A5 R 2%, ik 1.2 232 e
JBERR i 2R 5 b, BIH FLAZ 2315 i 2k
6 TpPa-NH,-D-( -) -a-7K H &2 [ 2 # 1
N, W2 B st B o3 B R LA 43 A it 2k

Fig.6 Nitrogen adsorption desorption isotherm and

[dV/dlog(D)]/(cm?®+g™)

)
3

aperture distribution curve of TpPa-NH,-D-(-)-

a-phenylglycine stationary phase

AT ALPE 12 h, G5 R ILIE 6, i i P A5 3]
HHRHBUE 232 m*/g, fLIAFUR 1. 084 em’/g,
i3 BIH W B R 43 A A5 B ZR R Y FL AR RN
J& 1. 87 nm, JE FRAELAEL,
2.6  TpPa-NH,-D-( -)-a- 4 H &R (0 3% 4 X} &b
HE) R LNE

N TG TpPa-NH,-D-( —) -a- 4 H 2R (41
XS AR BER 4R Zr B8 . A — ST, DA
VOIECKE) V(R = 9: 1A EIEHE 3,
TN 0.6 mL/min, K P K 230,205 nm, £
TRARIREE R 25 C , FZ GRS T & Wik T
Peor, SR P K 230 nm IR 3 1, 1-B%-
2-ZEMWY 1,2- K I-1,2-2 T 1K L 4K
P KA 205 nm PR I73 5] 2-CL B, 76— 5%
PR LA VOREE) <V(K) = 9 1N A5 FE R i 3h
A, R 0. 6 mL/min , K 4 230,205 nm,
ISR 25 C, HIZ GRS TG it
974, HAGME A R 230 nm 4R 4345 21 05| 9 1%
IR KISy 205 nm BSR40 15 3 14601 75
B 1,2-T T 1, 2-BR AT b 2-F R U L 1-
(1-Z53%) Ol 8-, 25 R WK 1,

%1 TpPa-NH,-D-( -)-a-2EH %R @54
XA YIRS O
Tab.1 Resolution of separation of chiral compounds on
TpPa-NH,-D-( =) -a-phenylglycine column
SIH e by kz

1, 1-6-2-Z5 0.78 0.93 1.19 1.33

LI R,

1,2-2 0851 2-2 28 0.46 1.73 3.76 8.36

1T 0.29 1.28 4.46 7.31
2-CBE 0.23 0.36 1.57 1.22
| 7% /R 0.52 0. 68 1.31 0.91
1231 N 0.85 0.86 1.01 0.07
1,2-T 0.88 0.99 1.13 0.74
1,2-3R450 T ke 0.79 0.98 1.24 1.15
2- L i 0. 86 0.97 1.13 0.44
1-(1-253%) 0% 0.88 1.03 1.17 0. 61
5-CL N iE 0.90 1.13 1.27 2.02

MAF 5> 45 R 0T LLE ), TpPa-NH,-D-( -) -a-
FHARROGEAER 1,2- 28 -1, 2-2 Z % 1-5
LT 5-CL TR 3 P F-PEAb G ik 3] T 344 55
ZERNP 7 iR, WA 1, 1-BE-2-Z5 W 2-CU i)
WIS R V1R -1 I 1, 2-T /1, 2- 050 T
Pt 2-HI LR LR 1-(1-283%) 2B 8 Fh FHEfL &
Yk s TSR EE 53 B
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WRIELAE - JEA AT DLHEZR AR} TpPa-NH, -D-( —) -a- 2% H 2 /R R 80O €3 97
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SRR BRI 2,
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TR FAE SRR AT B TS [ R B Y 4 B, X
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Fig.7 Chromatogram of separations of three chiral
compounds by TpPa-NH,-D-( -) -a-phenylglycine column
2.7  TpPa-NH,-D-( —) -a-#& H & R {0, 3% A3 % 2
FALE SR 73
TpPa-NH,-D-( —) -a- A H & R 35 41 X 4K &R
FLE AR B 3R oy BEAT AR TN S50 . V(IEC )
V(SNEE) =9 1R GG FE IR S 4], A 0. 6
mL/min, KM A 254 nm, FERARTREE N 25 C
FMT OB R R AL E S AR TR 43 I
T o,m,p-MIRRE o, m,p-—HEEIH o, m,p-
FAARNE o, m, p-tHFEKIE o, m, p-iF 3= K Wy |
£2  TpPa-NH,-D-( -)-a- K H &R (0354
POE A DA (N NIRRT
Tab.2 Resolution of separation of benzene series position

isomers by TpPa-NH,-D-( —) -a-phenylglycine column

o,m,p-TRARE o, m, p-T5HH IE R IR B HB 43 HL LR o1

BRI 8 iR,

1500
1200

a

0 10 20 30 40 50

t/min

t/min

0 20 40 60 80

100 120 140

t/min

1 L L L i

0 10 20 30 40 50
t/min

FER TR ky ky ks Oy Qp3 Ral,2 R52,3
o,m,p-MIZEE  0.97 2.81 3.71 2.89 1.32 3.18 1.09
o,m,p-_fHIEK 0.59 0.99 3.89 1.69 3.91 1.22 1.33
o,m,p-AXNME 0.92 2.50 3.41 2.72 1.36 3.31 0.72
o,m,p-HEHFEME  1.13 5.41 15.21 4.78 2.81 1.51 1.35
o,m,p-TEFERE  0.81 2.43 2.89 3.01 1.19 1.27 0.25
o,m,p-TRZERE 0.85 2.66 3.93 3.14 1.48 2.96 1.47
o,m,p-IRIEFHEFE  0.47 0.86 3.64 1.81 4.26 0.56 1.88

a.o,m,p-MERRE s b.o ,m, p-EHAENE s c.0,m, p-FE LN 5
d.o,m,p-IRARE se.0,m, p-TRAHFEA
8 TpPa-NH,-D-( -)-a-HH & B (6 A
Pror 5 MR R i ik g 5]
Fig.8 Chromatogram of separations of five benzene

series position isomers by TpPa-NH,-D-(-)-

a-phenylglycine column
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F TR B , B 12K Z AR A A A It
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-

S
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t/min

B9 TpPa-NH,-D-(-)-a- K HEMR
EEREXT -8 0 E A PR ARG 3 4
Fig.9 Reproducible detection of 1-Phenylethanol on
TpPa-NH,-D-( =) -a-phenylglycine column
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Bi, S, /BaTiO, € & X ELFIHHI &K X EL TR R

T RA, Eeme RRES 2EY ALY A
(PLE2EBE a 208 b G T REM L T SE 0 2=, o KAB R0, 5o LA 556011)

FEE . th T BaTiO,(BTO) Ml 2 A BHREF FHRAR A 40 it 3 20 AR 1 22 1 fm) At 77 o R o HL 7 ] I % T g A
FHIGHY ., DL BaTiO, JyBE{AR FH 187 B A /K B ik 6 HC J) Lol 4 T AS [R1 490 I 1) 2t LE 19 B, S,/BTO p-n 5204, DL
BaTiO, GHEALPERE, 455K H] XRD SEM (EDS ' TEM ,XPS PL UV-Vis DR EIS B2 6 HL 0 7 25 F AF T BEWHRE & 10
Sk JEAR RN A LSO REIETT /00T, LA RB SABHTS 4 b LA T 82 & MR G M AR e k. S5 R 3R
W, 5 02 S AR FRAR EE L Bi, S, /BTO & A MR ML PE EAS 2 T B 3T, 7600 WG T IR 150 min J5 , XF RhB A R4 i
RIIE 98. 7% 3 4 5 MEIF , EMRFRA R 86% ., Wit xH el bl AHLERIE 7% £ E 5L A th 3k A H 3 Db s /e
Stk R HER AR IR T —Fh T BB R p-n FRRAS G HLEE,

K817 . Bi,S, ; BaTiO, ;p-n F 4G ; B A GMEALR] et byLEE

HESHES.TQ579  XEMRIRFE.A  XEHS:0258-3283(2023)01-0099-09

DOI ; 10.13822/j.cnki. hxsj.2022.0454

Synthesis and Photocatalytic Properties of Bi,S,/BaTiO, Composite Photocatalysts DONG Wei**"  LIN Li‘, LI Xiang-
yang® ,GU Huai-zhang"" ,WANG Lei*" ,LIANG Chun-hua"" ,FU Ding-mei*( a.College of Science;b.Key Laboratory of Advanced
Functional Materials ;c.College of Big Health, Carey College,Carey 556011, China)

Abstract: BaTiO;( BTO) faces the problems of low solar energy utilization, rapid recombination of photogenerated carriers and
poor stability , which seriously limits the degradation of organic pollutants under visible light.To improve the photocatalysis per-
formance of BaTiO,,Bi,S,/BTO p-n heterostructures with different material ratios were prepared around BaTiO, in simple hydro-
thermal method. XRD, SEM, EDS, TEM, XPS, PL, UV-Vis DR, EIS, transient photocurrent response and other characterization
methods were used to analyze the structure , morphology , surface valence,and photoelectric properties of the samples.The photocat-
alytic activity and stability of the composites were tested with RhB as a simulated pollutant. The results showed that the catalytic
performance of Bi,S;/BTO composite had been significantly improved compared with the single component catalyst. After irradia-
tion by visible light for 150 min,the degradation rate of RhB reached 98. 7%. After 5 cycles, the degradation rate was still 86%.
Through the mechanism study of photocatalyst, it was showed that hydroxyl radical , superoxide radical and photogenerated hole all
played a role in the photocatalysis reaction,and a possible photocatalysis mechanism of p-n heterojunction was proposed.

Key words: Bi,S, ; BaTiO, ; p-n heterojunction ; composite photocatalyst ; photocatalytic mechanism
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BaTiO,( BTO) J&—F HLAl () B £k 1™ 7Y S Ak 4
1 T AR H Bl e 0 AR OB 2 o BB A R
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Preparation of Paraffin-based High Thermal Conductivity Phase Change Energy Storage Materials WANG Ruo-yu", LI-
ANG Bin"" ,ZHU Ying-ming" ,LU Hou-fang"" ,WU Ke-jing **""(a.School of Chemical Engineering,b.Institute of New Energy and
Low-Carbon Technology ,Sichuan University , Chengdu 610207, China)

Abstract ; Aiming at the problems of phase change point adjustment and thermal conductivity enhancement of phase change energy
storage materials,a kind of C14 ~ C18 paraffin-based eutectic phase change material with low phase transition temperature and
high latent heat was fabricated by melt mixing method.The C14 ~ C18 mixture was analyzed by DSC and Taman diagrams,and the
composition of the eutectic was determined to between 84. 4 wt% C14 and 15. 6 wt% C18,and the melting point and phase change
enthalpy were 1.0 °C and 205 kJ/kg,respectively.C14~C18/EG composites were prepared based on C14~ C18 paraffin eutectic
as phase change energy storage material and five kinds of expanded graphite with different compression densities as adsorption ma-
trix. The microstructures and morphologies were characterized by SEM, FT-IR and XRD,while DSC and HOT-DISK thermal con-
stant analyzer were used to evaluate the energy storage performance and thermal conductivity of the composites.Moreover, the rela-
tionship between expanded graphite with different compression densities and the phase change enthalpy and thermal conductivity
of the composites was discussed.The experimental results indicated that within the range of the experimental conditions,the phase
change enthalpy was proportional to the compressive density,while the thermal conductivity was inversely proportional to it. After
100 endothermic and exothermic tests, the sample morphology and thermal properties had not changed, evidencing good cycling
and thermal stability of the composite material. Composite phase change energy storage materials have potential applications in the
field of low temperature storage.

Key words : paraffin eutectics ;phase change energy storage material ; expanded graphite ;thermal conductivity ; stability
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Fig.3 SEM images of uncompressed expanded
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density of 300 kg/m’*(¢)
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composite phase change material (E300)
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Tab.2 Basic thermal properties of each sample

o/ H,/ H/

Fefh o (kg- (kJ- (kJ-
m?)  kg')  kg!)

E240 240 154 158 0.87 3.62 0.85 -1.44
E260 260 147 151 0.88 4.35 0.8 -1.98
E280 280 137 139 0.88 3.69 0.8 -1.87
E300 300 130 132 0.93 3.92 0.92 -1.73
E320 320 118 121 0.85 3.25 0.83 -1.20
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Challenges and Potential Negative Effects of Biochar Fixation of Heavy Metals CHEN Xiao-ging', LI Ya', GONG Guan-
qun*"*(1.School of Chemical Engineering & Technology, China University of Mining and Technology, Xuzhou 221116, China;
2.Key Laboratory of Coal Processing and Efficient Clean Utilization, Ministry of Education, Xuzhou 221116, China)
Abstract : Biochar has been widely studied in the field of remediation of heavy metals contaminated soils due to its superior ad-
sorption capacity ,wide range of raw materials and simple preparation process. However, the immobilization effect of biochar on
heavy metals was influenced by the type of feedstock , preparation process and other external conditions.In addition ,the heavy met-
als contained in biochar carry the risk of causing potential harm to soil ecosystems, environmental safety and agricultural produc-
tion.These challenges and risks had seriously hindered the practical application of biochar. Therefore , this review provides a de-
tailed overview of the current problems and challenges faced by biochar in the field of fixing heavy metals in soil , explores in depth
the mechanisms of action that contribute to the limitations of biochar,to provide suggestions for future research directions of bio-
char,in order to realize the efficient production and safe application of biochar.

Key words : biochar ; heavy metal pollution ;negative effect;soil remediation ; environmental behavior
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Tab.1 Species of raw materials and physicochemical properties of biochar
SR/ % PR
okt \ ° %3k
YR AREE 0/C pH BET LR EAY (m?-g7")
FEE 5Ki5 0 17. 81 16. 64 9.43+1.67 0.25 10.93 5.50 [14-16]
RIAR HER 44.12£11.96 14. 81+7. 07 0. 14 7.90 12. 90 [14,17]
F&FE Aot Fh 1 44.16+10. 89 14.23+6. 21 0.25 10.23 23.12 [14,18]
Wk — — 9. 40 22.72 [19]
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Study on Adsorption of Cr( VI) on Magnetic Biomass Carbon Modified by Diethylenetriamine YANG Xin-yu'", ZHANG
Quan-yue®* ,WU Zhong-hao® , ZHANG Na'* , ZHAO Jian-bo'* | HU Li-bing*"*( 1.Engineering Laboratory of Chemical Resources
Utilization in South Xinjiang, Xinjiang Production & Construction Corps, Alar 843300, China;2.College of Chemistry and Chemical
Engineering, Tarim University , Alar 843300, China)

Abstract ; In order to solve the problem of environmental pollution caused by heavy metal Cr( VI) in water, biochar (BC) derived
from cotton stalk was prepared,and then magnetic biochar (MBC) was synthesized using the precipitation methods.Diethylenetri-
amine (DETA) was used as modification reagent to aminate the surface of magnetic biochar (MBC) ,so that amino modified mag-
netic biomass carbon material DETA@ MBC was prepared. DETA@ MBC was characterized by XRD,SEM,FT-IR and VSM tech-
niques, which confirmed that Fe;0, was successfully loaded on the surface of BC.The amino modification of MBC did not destroy
the crystal configuration of Fe,0,.There were abundant amino functional groups on the surface of DETA@ MBC with high satura-
tion magnetization. The adsorption properties of DETA@ MBC on Cr( VI) under different conditions were studied, which showed
that the pH value of solution,the amount of adsorbent,competitive ions and temperature all affected the adsorption effect.The ad-
sorption of Cr( VI) by DETA@ MBC was more consistent with the quasi-second-order kinetic equation.The isotherm adsorption
process accorded with Freundlich model , K, =25. 287 mg'™ """ «L""+g™" ' n=2. 538, adsorption process was easy to proceed ,and
the adsorption of Cr( VI) was a spontaneous endothermic process.

Key words : biochar ; amino modification ; adsorption ; Freundlich model ; kinetics
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a

I/a.u.

20 30 40 S0 60 70 80

B 1 Fe,0, MBC fl DETA@ MBC A XRD i[5
Fig.1 XRD spectrum of Fe;O, ,MBC and DETA@ MBC
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MBC 1 DETA@ MBC 7£ 26=22° (Ui 514 )8 T-4=
Yy (AR SR AT ST 06, S A7 SRk 19 (002) i IfT, 22 B
il 8 B A= W ok B — e RERE B2 b ARk
2.1.2  FT-IR 77

2 N it AT DETA@ MBC HY414MGi% K,
578 em ™ ARG R Fe—O HEVE SIS, 1 614
em” BT R B A 04 g N—H R A0 s i e | 3
16 Pk Bk A—NH, B & i 3 8 v A Yok b
3393 em™" Ab 1Y 4 AT BE S e H—OH B % K 4
FA W S0 5 0t b 1 N—H AR AR I B A S 30,
W2 [t Cr( VI) 5 ,DETA@ MBC-Cr FY R U6 5 5L
AT, U] DETA@ MBC W[5 8cka & , (H%
FREIG Y N—H SRR R 6 5 3 A BT AR A1, 2R BH A2 T
Wit R A BB N—H BRI Cr( VD) % 4 50 T
BIHFE ' BUE A T

S % Bt 5 fIDETA@MBC /WV"\'
4 H

\ " H !
J/\/ i :

578

I/a.u.

W HATADETA@MBC 1614

4000 3500 3000 2500 2000 1500 1000 500
v/em™
2 DETA@ MBC Mzt Cr( VI) B J5 BT 4G &
Fig.2 Infrared spectra of DETA@ MBC before and
after Cr( VI) adsorption

2.1.3 SEM 43#r

%} MBC #1 DETA@ MBC #E47 T 4 i 4% 3
fEo AT, &l 3 fron, &l 3a /R T MBC K H
SERARE 5 FLIR R 2%, 2% 1 AN R
TSR A 7Z T Fe,0, HI/NEURL, 1 A 3b Him]
LI DETA ZIREfb&1fif5 , DETA@ MBC B 5%
TR B AP 7E SR ARG 5] A B
FIZERE AT AR Cr( V) B W AR TE M3

bl

3 MBC(a)fl DETA@ MBC(b) f434 4514
Fig.3 SEM images of MBC(a) and DETA@ MBC(b)
2. 1.4 [EEE LSBT

&l 4 2y MBC 1 DETA@ MBC /R M1k [
MBC 1 DETA@ MBC F)40 A58 B2 4351 fy 48. 45

F141.36 emu/g, LT MBC, 24 3 D) Be b &1
J& ,DETA@ MBC 1 Flfg 9 B A /)y, X2 T
X A ) I R AT S PR, DETA 9 A
TifE Fe,O, I, NI HISS 7 HBREE, Bl 4
AR B FE SN INRE S T, DETA@ MBC 1] Fl 38 A
I B o

60

MBC_|

HEALTRPE / (emu - g ')

PE &N DETA@ MBC Sl f# 71 AV A7 43 1
B4 MBC Il DETA@ MBC B 7] 2k 1% %]
Fig.4 Magnetic hysteresis loop spectra of MBC and
DETA@ MBC

2.1.5 HEFRmEBSHr

MBC F1 DETA@ MBC Fi4 W Bk} 5 B il 2 an &l 5
fiR. MEIRTHEI,MBC 2 1 A4k, =20 MBC &
FRMALLEH) , DETA@ MBC 3 IV 8t £k 2 1A
HEANLA B R, D4S MBC fil DETA @
MBC [ Lt 2 18 BL50 008 72,17 1 119. 48 m’/g,
SEALAR S I 6.19 1 19.42 nm, DETA @
MBC {9 b 2 i BRI MBC A HL A AT Fr i K, 76 %
Bifid A2, DETA@ MBC 1] % 58 5 22 A4 W FFH
BT WS FE, FEXT MBC #4742 35 ol M i 72
o T E AR DETA A9 %, 76 MBC 2 1
FERGHERFLT R LM S5 A9 DETA@ MBC
LA —E R REK T B i A S )
B 2 A, 2 e I BT RE

=~ 250F =
by DETA@MBC
& 2001 i
S -
3 150F b

= o f
S 100} Vs’ I
z =" MBC 4
> 50 . i ./:
§ ot 7".5 s s . .
& 00 02 04 06 08 10

Relative Pressure (p/p,)

5 MBC F1 DETA@ MBC (¥ N, W% BRI Fi il &
Fig.5 N, adsorption-desorption isotherms of
MBC and DETA@ MBC
2.2 MR PEREVEAN
2.2.1  N[EWZBAFIRT Cr( V) W BRASCR YT EE
HEW pH 2 BRI 0.4 /L Cr( V) H]
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AYE R 50 mg/L 303 K, 43 %]l DETA@ MBC .

MBC A1 BC %F Cr( VI) #EATWE M, HIE 6 AT LLE
LR IRz B 500 A9 T B AR S DETA @ MBC >
MBC>BC, ¥l BC W% fff 8 4 J& (UMK EE BC
A 1 B4 HL 3 T RRLE A A B O R R AN
MBC (25 BBURAE T BC, £ Fe,0, 5] AR
IUET T BC REYE, I8N T BC MM E 1, 2h
BEAKIEME JS 19 DETA@ MBC % Cr( VI) 1 P-4 1%
BFHE O S P TR SE TR MR AR Cr( VD) REEAT
N, 24 T % Cr( V) B W Bt 22 BT AR
FLF MBC 1 BC W Ff 57, DETA@ MBC f4 W2 B A
AR,

100
o DETA@MBC |
T S T .

£ Bee 5 3 . MBC
< 60 ¢

]

£ 40} P : BC ,
X -

S 20}

=

(&} oF =

0 100 200 300 400 500 600
t/min
6 ANIEIMLBR AT Cr( VL) 475 BRICR
Fig.6 Adsorption effect of different adsorbents
on Cr( VI)

2.2.2  WIHR pH X BRGS0

WAL 0. 4 ¢/ L WA R 50 mg/ L,
303 K, &l 7 AT, %W pH B 13K % 2.5 B,
DETA@ MBC X} Cr( VI) AW fff 2 52 T 24
pH 2.5 i, ek B oK, 2 JabliE pH 4k22i
K, W B 72 T /N, DETA @ MBC 26 1] 42, 3t fiE
AW P Y H & AR AR VE Ay e e,
S A L B HCrO, 77 A SR I R S I
B Cr( V) Bt pH A9 Th i, HY ¥R B /N, &
BT RS , %t Cr( VD) B L 5 14 /1
AN R, W B 2 /N, T pH<2. 5 B I AS
Cr( VD) fE¥ W P UL H,Cr0, 70 T 9 EEAFTE B
3, TS 0, N R TR, S S Y A

pH 2.5 ZAF FHATIR
pH

100
B7 pH
Fig.7 Effect of pH on adsorption capacity

e

o
=3
T

2

[}
(=]

Cr(VI) W Bt 2t/ (mg + g7)
IS
(=]

=]

2.2.3 W PRFFRIARE o £ %o R o £ 5 i)

VS pH 2.5 IR R 50 mg/L 303 K, HH
Pl 8 T I B S fin 3 S S50 B A
BE B I, R B R R, H R )
T B RGN, FTRE T AT B 281K B 14 W RRFF i JER
KW B3] DETA@ MBC 2 i W Bt A9 Cr( VI) 21
W, % Cr (VL) 19 ~F- 185 1% B i 28 7 9 /)N, DETA @
MBC fFI R BEAL , #m A 0.8 /L 34
1.0 /L, ZMER i 77. 35% 14 = 83.97% , 5
YRS RN, % Cr (VD) 9 22 55 3R 14 i 2 22
P PR, J SR S50 1 FH IR R R4 1.0 ¢/L
5 R AT,

o ——quo _
< 8of * T 120w
2757 ¥ Cr(MEBE 1,40 &
g 701 1=
H# 65F 180 g
560— \j 60 =
5 55t P T, Cr(VI) MR =)

50+ }/‘/ \i\i 140 -

a5t I3 ©

02 04 06 08 10 12
B/ (gL

8 WL BFF 300 45k 4 S

Fig.8 Effect of adsorbent dosage on adsorption
2.2.4  SEAMEE I R Y S e

VW pH 2.5 WSRO 1 g/L . Cr( V)W)
T A N 50 mg/L 303 K, WKl 9 s B Cl- .
SOT Al PO, ¥k B 9 34 Jin, DETA @ MBC X
Cr(VI) AW BRI W ) PR R 3, R
pH 2.5 B, Cr ( VI) 78 7K ¥ W 32 22 DUBH B 7
HCrO, MIEAELE , I PR i €17, S03
FPOL K o 5 U8 5 700 2 1 %) WA A7 2, DT 55750
Wk R AT A R B T 1 H 3 b e vl B 1 o
L B T2 AT IR R F51 AT [ B 8 1 2 ) R AT R
Bl , DT 5 I W B 6 PO Al 3 AN B L AT,
W 6 i 2 o 4 B 22 A RO RS TR HE S 4
PR F (SO, Cl 1 PO} ) i, PO} X%f DETA@
MBC BB Cr( VD) P52 M e K,

50
‘hD
= 40r a-
g
ﬁﬂ: 30F

S0 iy
EE 20+ 4 POi
X
= 10+
L]
(&}

(=}

000 005 010 015 020
B B FHe BE / (mol - L)

B9 Sagrih By MR A R

Fig.9 Effect of competitive ions on adsorption
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2.2.5  EIFIFHUREO W B 0452 il

P [ S B DETA @ MBC BE4y 55, % T 0.5
mol/L ) NaOH ¥ , ¥k i 2 h pe = b T
W5 AR5 9 DETA@ MBC PR GEA T i 52 56
(VW pH 2.5 WFHF 1 o/L IR B 50 mg/L,
303 K), & 10 7T, 203 6 IRTEH [T 2 J5
DETA@ MBC (W& 41. 43 mg/g [ 2 29. 85
mg/ g, A HEJE T2 e 3T DETA@
MBC ZIfi B REFA 04 551k, fift AR B>, (H2
Ze it 6 W B-JBE B -F2E JS , DETA @ MBC X}
Cr( VD) 3 REARFE— 2 (W B &, U6 PR i 4 B LA
R AF G FHE

g 35

<30

I 95

§20

215

=10

S O : . . ‘ . .
% 1 2 3 4 5 &6

{[E787% ¢

B 10 ARRAIFHUCEO B 52
Fig.10 Effect of the number of cycles on the

adsorption capacity

2.2.6  WRHBh I 2ERER

75 pH 2.5, WIHRHEE 53510 50,70 100 mg/L,
MR 1 g/L,303 K Zf4F F oEA T 55, an il
11 Bz, 15 30 min W [ 3 32 ARt DETA @ MBC
XF Cr( VD) EA 8 I B0 R Ay sttt s 6 55)
R P R B A A O B R LA AR R Y
R, Cr( VI) gt g i A DETA@ MBC Wi 5
BN, IR HR A i A S 45 G, 1 h
i R o o U e | AR 0k 38 W P SR R
Cr( VL) Ve 2R B AR 980/ IN 2 15 2 86 80 g sk 555 , VR f
A58 . DETA@ MBC Xf Cr( VI) A9 W Fff 2t 2
A%, T 25 B B ATLEE R L — Bl )

100
= 100 mg/L
w 80 P — -
. { _ 70 mg/L
g 60F £ oo * ¢
g $ 50 mg/L
nﬂ 40+ P - .
14 R?=0.999 »
& 20 12 -
= lg 7 R*=09%
50 mg/L_~" :
g o & 6F omgi
= = Azt X R=099
S -20f oF o 100 g
—40}+ =20 100 200 300 400 500 600
ll/min

0 100 200 300 400 500 600
t/min

BV e PIE S i Py
Fig.11 Fitting of adsorption kinetics model

2L 3l ) 22 BL AL XS DETA @ MBC 12 fff
Cr( VD) M BRI TRLA 2 R0 B 2 N2 1) 3

AR A ISR 1 PR,
DETA@ MBC % Hh Cr ( VI) 4% [ 58 A 45 &
P sl Sy B X AR R EE R Cr( VD)
TRV, FA B 3l 3 2 o W B RS A g 4L 2 R A
LA —B 3l 122 A 40L& B8R A, U — 2 50 ) 45
RITHEAS 2% Cr( VL) P4 B i g, 5 S8 BR St
KeE R AR, £ T DETA@ MBC XF Cr( VI)
PR R o 1o e s A Ak 2 R B kg 3227

%1 DETA@ MBC XF Cr( VI) Wzt sh Jy2gitl &7

Tab.1 Fitting equation of DETA@ MBC adsorption kinetics

for Cr( VI)
WIkh Qe Geexp”
(mg-L™") g gh

P~ HFE 0.916 k =9.30x107 min™'  — —

50 k,=9.68x107

W =I 0.99 ., 40.48 40.515
¢/ (mg+min)
Bl—%FTHE 0.874 K =1.09x107 min™"  — _
- -2
O g 0009 F2=312X10 64.103 64.032
g/ (mg-min) ™’
l—2%F7H 0.895 k;=1.08x10% min™!  — —
— -2
00y —gim 0,099  F2=332%10 81.301 81.503
¢/ (mg-min) !
2.2.7  RFEAEIRZR

BRI EAE 10 ~ 300 mg/L 78 [l N A8 1k
XTI B R s, 2 SR A 12 R, 4351k Lang-
muir 1 Freundlich J5 FEHEA7 W FHLA, B4
KB F 2, Freundlich A5 R (1) £ P AH 5 1 57
- (R*=0.993) , it ¥ 4f Mo $fi it DETA @ MBC X
Cr( VD) PO BFF 2 L K 2 P OHe i S TR o ) R e
PERERI S, B UL M RE AT . Y 1<n<10

160F .
~ 1400 -
t 1201 .
£ 100p 22p
& 80f £ 18}
2 60r » Sur
= 40} i i‘;
F:ZO‘:'- 1:0—,-,,,,,‘
(] oF - -1.0-0.5 0.0 0.5 1.0 1.5 2.0 2.5
I C,
204730 40 60 80 100 120 140 160

C,/(mg L")

12 R R4S I 2 B R B 45 R AU S
Fig.12 Adsorption isotherm and adsorption

isotherm fitting
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i}, 20 Cr( VI) % F 8 DETA@ MBC W}, 4R 35
Freundlich 75 231815 8 K, = 25.287 mg"™ """ -
LY"-g™" ,n=2.538, RIS FEE 5 4T,
%2 DETA@ MBC XF Cr( VI) FIWZ Fi SR 2405 58k
Tab.2 Fitting parameters of adsorption isotherm of
DETA@ MBC for Cr( VI)

Langmuir vl Freundlich A7

K/ 1w/ o Ke(mgte o,
(Lemg™) (mg-g™") L7"-gh)
0.106  158.731 0.987 25.287 2.538 0.993

2.2.8 WL T2E

5 B AE 20,30 .40 F1 50 °C 2544 %t
W RFFA RE e, 45 B an i 13 s, Bl A TR B T
15, DETA@ MBC Xf 7K H Cr( VL) 1) W it A Jor 1
K, HHEIR A Gibbs HHBE AG®, 54 AS® K
FaAs AH® 25 R AN3R 3 iR

L 50°C
50 i < N é
40F FIs i s / /

5 400(:30"(: 20C

w
=]
T

Cr(VI) Bt it/ (mg + g7)
s 3

(=]
T

1 1 1 1 1
0 100 200 300 400 500 600
t/min

B 13 R U B 1 5 i
Fig.13 Effect of temperature on adsorption
&3  DETA@ MBC W Cr( VI) #4724 %L
Tab.3 Thermodynamic constants of Cr( VI) adsorbed
by DETA@ MBC

AG*/(kJ*mol ™) AHY/ AS'/
20C 30°C 40C  50°C (kJemol™") (J-mol™'-K™")
-3.83 -4.59 -5.93 -7.39 31.32

DETA@ MBC X Cr( VI) Y W& B & Bifi 15 B B9
Tk, FHERE T FRs s g &
ST TE W B EE 431 Sl 20,30 .40 F1 50 C 5%
#F ,DETA@ MBC %} Cr( VI) YW B 52 0 i AG®
B/ Ul W2 W B s v 14 RE B R AT, i AR
AS® R 119.32 J/(mol - K) , S48 5107, W BT 7
AH® 2y 31. 32 kJ/mol , & WM B 2 W A ST, 7E
BEIRE T ART Cr( VD) BRI, 5525045
—3,

119. 32

3 #ig
SEM XRD . FT-IR Fl VSM 43 #r B, i 3h i
2 B AE G M A= W e 3R T, ) #5159 2 ) DE-

TA@ MBC Wt mE vk BE K4, e liR TS E 4R
A AR XEE LA M YRR v 3 5 B E L, DETA @ MBC
XFES U Cr (VL) R B B 4545400 — B 3l 7 22 A
AU Freundlich 5 HY | 2% B WG B i 78 02 DA fb 27
B R AR 22 )20 [, DETA@ MBC Witz i
1 Cr (V) S B & W W R, AS® 2 119,32
J/(mol - K) %678 AH® 2 31. 32 kJ/mol , F+il A F|
T B i kA7, 2t 6 Uk Wk B BRE-FE AR R,
DETA@ MBC /3 RE R 35— & B W B i, BA R 4F
PG BT P I 2 — v 7 1 B R 8 A ) I o 4
i 2 B A

5% 3k
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INERBELT 47 & S0 E F8 5B U R S E ER R

K2 HER RS, FAE RRAE BEHR 2T
(1. FIgASE K 25200 FIE 200240;2. FIGWAREAE MR A BRA R, B 200331)

FEE ST IMRARET U4 (A K B 204855 ) HPLC T 20 RS W ik B F IR ¥ A1 SRR AT N ER T %
BT H AR A AT BTEIR N E NI T BEAERR 1,4- [ 4- (AR "R ] -2- 55 T HE SR Mg o8 W AT
SHAFFIEA Y TELL 12 FhRB E i, (3%AE R (250 mmx4. 6 mm,5 pm) Shim-pack VP-ODS £, #1130 °C ; L) 0. 05%
TR - P B2 A 3 AR B R, PR R TR 1. 2 mI/min , %4 43314 210,225,280 nm,, 10 HEANBRARLE PUAZ4E 6
SrE R EARE 26 NI g AR FEHEREAIRUE BT 0. 96, BT A A TE4 A I B L PE X R BRI (R =0.998) ,
SEH BN 98. 03% ~ 101. 43% ,RSD 4 0. 72% ~ 1. 93%, [RIA, X ARk LL 00 3% (5T AL T M b 70 1 |, 45 3 BoR
I B% DPPH ABTS S 2 4E F B LMY 1C,, 4370120 51. 11 44. 13 275. 39 pe/mL, %77 kUi 68 P, 7T THi b im vk
RAF A IR B 21 DU 37 () S e i il

SRR ARET DU 5 48 SR 5 = RO (R 5 B I s B b T

FE 525 R917.101 XEAARIRES A XELHRS:0258-3283(2023)01-0129-07

DOI; 10.13822/j.cnki. hxsj.2022.0573

HPLC Fingerprint and Multi Components Determination in Modified Taohong Siwu Decoction and its Antioxidant
Activity ZHANG Hao-zhen' , YANG Ai-gang™*, ZHANG Yan', WU Jia-jia', CHEN Yue-long®, YAN Shi-kai', JIN Hui-zi"'
(1.School of Pharmacy, Shanghai Jiaotong University, Shanghai 200240, China; 2. Shanghai Songhao Biotechnology Company,
Shanghai 200331, China)

Abstract: To establish a method for HPLC fingerprints and simultaneous content determination of gallic acid, amygdalin, chloro-
genic acid , albiflorin, hydroxysafflor yellow A, paeoniflorin, ferulic acid, senkyunolide I ,verbascoside,militarine , benzoylpaeoni-
florin and ligustilide in Modified Taohong Siwu Decoction.Shim-pack VP-ODS column (250 mmXx4. 6 mm,5 pm) was used and
the column temperature was 30 °C.The analysis was performed with methanol-0. 05% phosphoric acid, flowing at 1. 2 mL./min and
the detection wavelengths were set at 210,225, and 280 nm.Among 10 batches of samples,26 common peaks were identified in the
HPLC fingerprints with similarities of more than 0. 96.Twelve constituents showed good linear relationships ( R*=0. 998) , whose
average recoveries were 98. 03% ~101. 43% with the RSD between 0. 72% and 1. 93%.The antioxidant activity was evaluated by
the scavenging ability of DPPH, ABTS and hydroxyl free radicals. The 1C5, of DPPH, ABTS and hydroxyl free radicals were
51.11,44. 13 ;and 275. 39 pg/mL.This rapid,simple and precise method can be used for the quality control of modified Taohong
Siwu Decoction with good antioxidant activity.

Key words: Taohong Siwu Decoction ; fingerprint ; high performance liquid chromatography ( HPLC) ; content determination ; an-

tioxidant activity

BEZL P99 ( Taohong Siwu Decoction, TSD) F Rehb. f. (9 1B 28 AT -FUcSb o 3 b A= L,
ZI4E B CYIE A JNE M 6 BREG M AL AL, AL A R, 1 S SR ) R 2 B
ELA W M AZE SR Z TR, 207 1 H s AR —E BB EAL TR e kLT U B i
(QErERC S VRIE AN K AR LS Ay S S

e ARSI B X 1% 07 2 FRAE A IR ARTSE, W B #:2022-07-27; W 48 B % B #1:2022-10-17
RIRGAL G Tha Z 4h , M2 DU 4 17 74 A] 6 30 1y — BB IRRW(1997-) 20, IS RER W2k, EEAF T
PR S R e N (S R (IR Y zﬁiﬁfzf S
5 Juun S g N : 48 L T, E-mail ; kimhz @ sjtu. edu. ¢n; =] ,
S WL DU T 2B — i T AL A, o A A ! "
H57 P R RSO By SEBRZL P SRR I, B, IR B D5 2 B
FEYUEACNE B 2R B R Rk A &k W5 | He 5P L B S AL PEBF 52 [ 0] AL 270, 2023,

=B A & JE A Y 1 M Bletilla striata ( Thunb.) 45(1) :129-135,
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it 1 BC AT 1 K ] 453 BAT SEOLHT AT PRy ik
BEZL DU %37 ( Modified Taohong Siwu Decoction) .

252 05 R A A 2k 2R R BUEIEH R
VR 24 BLOh S 46 T DR — Bk R pe e v
ARG kD A T — B R R s
475 MREL DU 0 i R ISE BI04 T b Jre B rh
2552 77 IR 288 L 22 03 W N R R AR
S T INERBRLT VU7 () HPLC 88Ul 35 A
DZE BB TR v A 07 BRI RAE 12 Fh a4 1
i PR AR TE T, DU IRk 2T 0
) o B 4 i 4 R B I 5 B, O — 20 B ) H
2530 BRI ST .

1 SEIEBSY
1.1 FEEAER 5

1200 #9755 20 AH €435 A (36 [ Agilent 2>
#]) ;Shim-pack VP-ODS (a3 4E ( H A Shimadzu
A KR TR (LR A A
SK250HP #4 i 75 B0 vE AL ( BiEFRF S F))
Synergy LX %I Z I REMEARIX (56 [E BioTek A7) .

IR B PR Y Bk (b SR AR AR
BBRAR ) 1, 1- 2K F-2-= 434 (DPPH, -
TR A RHCA BRA T ) 52,27 -BRE M (3-4 5
ARG W Bpf- 6~k R ) — e £R ( ABTS) | HL IR 1 iR
(BB R T AR A A R AR 5 K R
(_EiRTA I A AL R A | 5 i AL (BT
TR R Ay A R A BEA R BB AE b
1 SRR W E TR (LS AR AT ;
1,4-Z[4-(H A B4R ) W Bk ] -2-5 T RS R R TR
(BT-BJO1) A4 N1 (BT-SY12) B &R ( BT-
CQO2) FE)II= Mg T (BT-CQ17) AV =4 (K-
001-150825) 4 H Bt AT 25 1 ( BT-SYO01 )  Aj 245 1
(BT-SY09) FRAHELI AL 2 A(BT-HHO2) (b3
FERF R A W) BE 2GR0 |) ) 5 R Ak 21 10 4 17
( i habs A R AT R AR ) |, DL B 25 53 R oy
Mrati,
L2 @it

3% H: . (250 mmx4.6 mm,5 wm) Shimadzu
Shim-pack VP-ODS #3:; Jii sl 4H . H1EE ( A)-0. 05%
BRI KIAM (B) . BREEVENARIF :0~5 min, 5% ~
10% A;5~15 min,10%~22% A;15~25 min,22% ~
23% A ;25 ~30 min, 23% ~25% A;30 ~45 min,
25%~30% A;45~50 min,30% A;50~55 min,
30% ~ 32% A; 55 ~ 65 min, 32% ~ 35% A; 65 ~

70 min,35% ~50% A ;70~110 min,50% ~70% A;
110~ 125 min, 75% ~ 100% A, KR H & 1.2
mlL/min; A3 30 C ; SAMRE I K UI#e dn 3% 1
10 uL #EFE
F 1 DAD Kl i
Tab.1 DAD testing time table

I E]/min A/ nm Wl /min - AR/ nm
0~25 210 61~92 225
25~50 225 92~125 280
50~61 280

1.3 IRAXRSER

A3 1~ 12 5 B AR o i (B TR
T SRR AT N ER T R LA AR
A TG BTERIR PENE R T EEEAERET
1, 4-Z[4- (A pEAR0) WAL ] -2-5 T SR R IR TR |
R EEAT G AR ) 1 A B BT
RO 0 P B T A, A3 A B o vk
43.33.5.72.2.86.3.16 2. 68 3. 33 .3.39 3. 18,
2.95.3.23.3.29 .4.00 mg/mL 1%} B8 54l 45 W
A3 A 2 e B 12 Fhovt BE i A TR L TR A, T
BCIR A T BEHRT, H
1.4 2w

B 112 g IBRBREL IO 43 br o ROR,
ARG 7 T, 15 58] 5.1 ¢ TR shtEiR#.
K% FREL 150. 0 mg Bk #, BT 5 mL 2l
O 90% W AR G W R R T A B 2
28,48 0.22 um BB BRELIEW , & H .

2 H#R5IHR
2.1 NiEEE
2.1.1  EEMEE
BUIMBRBRZL DU P A i, o AR 3 1.4 oy
BoPATH 5 6 i ., R 6 IIEA
HPLC 3, (3% 45 A 1R] 1. 2, 43 B A O 5k
B B 18 SR N 2 il | 45 A 16 HH X £ 7Y
B 1] 9 RSD A 0. 01% ~ 0. 88% , AH X i 1 FH (1)
RSD 7 0.70% ~2.87% ., &BUEHITE 3% LT, %
W7 R B AT
2.1.2 KRS
BUIMBRBRLT DU P i % i, AR T 1. 4 7 il
LR AR, 1T 6 IIEA HPLC @i, @
TR 1.2, AT RE S IR SR 18 0
YE R 0, 4% LA e A GF % B8 15 [R] 9 RSD
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0.03% ~0. 96% , FHXF W T ALY RSD 4 0. 73% ~
2.76% , $5HUEIITE 3% LR, e WAL ES K % 1
R4f,
2.1.3  FREMETR

BUINBRAR LT DU P A i, AR 1. 4 TR 7 il
AR ATR 1 O, s TER, 0 T 0.2,
4 812 24 h BRI, (A5 S5 PR IA) 1. 2, 10 5%
3 K 18 S WA Ry 2 Lo | 4% SL AT I AR G 28
i8] B9 RSD A 0.05% ~ 1. 36% , AH Xt I 1 5 Y
RSD 4 1.36% ~2. 84% , SHUEIIFE 3% LT, %
I A R TTE 24 h IR
2.2 [EEA B AR PE

FRAE 1. 4 w7 ikl 25 10 HERE S (G 5
S1~S10) , i 1FR 1. 2,30 8%, A2y
s FR S A U PR R 4 ) |, ok v B0k

K22 S AGIE B E] S8 BE 0.1 min, A B R RT3

A T 26 N IEA UL 1) HRAEXT IR S s
N 12 A EREE B 1~ 12 S R5Y) , 450 1
SUECRETIR) S5 SR (6 TSk
JRIR) (8 S (AT NERE ) |9 5 (R ELLL AL
BFE A) 10 S (ATZGAF) (11 S (BB ) |
13 S (N NE T ) 14 S0 (BT |
18 G (1,4- [ 4-(HAHHAE) "N Ak ] -2- 5 T AR5
R ) (20 S (AR HBEATZ5 1) \26 S (AR
TR o 10 HEINBRBRLT U417 B R AR BLEE 43 531)
J90.99. 0.969. 0.999. 0.997. 0.991, 0.999
0. 998 .0. 992 .0. 972.0. 997 , F W Ik Bk 21 VU4 7%
AN [RIHE IR (R ARARLEE R4

18

26

Ny
20 22 24
112 1314 I OS 21237

5 15 25 35 45 55 65 75 85 95 105 115 125
t/min

B 1 10 JHEAEGL HPLC 5280 %
Fig.1 HPLC fingerprints for 10 batches of samples
2.3 BENT
i | Heatmap Ilustrator 2K {4, AR 4 # iy I 22
SR AT RIS, K 10 HEmRBkLL a1
25 €83 W T AR 1Y SR R B S AR LT

Euclidean FF B N 845, #4057 1 3% 32 B 45 R 2%,
BOREEBNE 2 Fras, 10 FILEE 5 B 2505 7T LL4Y
225,81 ~S7 F—,S8~S10 Jy—, LHIFE

AR R O B 2 R (R T
&
=t
2 g2
8 T
&= g =¥ g
g & N X EIm©
R o RTS8
& K | ® \ = # 1 LB
2 od %k N oW T %

S1
S2
S3
S4
S5
S6
S7
S8
S9
S10

2 10 HERESR 12 BT S R T LA
Fig.2 Heatmap visualization of cluster analysis
of 12 components in 10 batches of samples

2.4 OPLS-DA 7+#r

AT DA RO B 12 g BR
(R ELAR S i 25 57 AR it 0 2 285 SRR A T 1 32 At e
INTFH H 43 BT (OPLS-DA) o ¥ 22 Bt S A
SIMCA 14. 1 #44, 4%#,:,: S1~S10 &R H Y, 12
Tl ) 5 A AR 2 X, 4T OPLS-DA Ab 3,
ST E R ILIE 3 4, TEEEIEH(%%) W, 10 4t
FEMAFTE—E 25 50, RPES, R e i i o3 A
ALEE 10 #HEEESR 43 M S1~S7.S8~S10 P2k, 7B K
FEEMRRE (VIP) (H - 5180 SRR i 70 28 DTk R
BERAE L, RAEE 4 g R B B VIP>
1 BB IR A BEAS N IR AT 25 N R 1 AT 28

AT H SR BB AR A, RPIIX 5 A
1
0.10 | m2
0.05 | @510
= @s1 8572
f 0r o ®59
= 005} udP’ g
- ~0.10 }

-0.15

—0.68 I—0.I04I (I) I 0.I04 I 0.68
1.00132#[1]
R2Xo0[1]=0.385 Ellipse: Hotellir
B3 10 fLFEA ) OPLS-DA 1353 [4]
Fig.3 OPLS-DA score plot of 10 batches of samples
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25l No R IR AVE BN IE R R R
g 23| 2 EMALIELR
:E f(s) Tab.2 Linear equation of various constituents
& o
555 d]d]dﬂd]d]dzéaﬂm Lot CIEvg R fﬁﬁég
e e m o E csE- = g 8 = 8 BT Y=21 820X+101.39  0.9992 0.02~0. 11
E % § # % gﬁ % % % § ﬁ 2,} WA Y=8257.2X-148.71  0.9997 0.14~0.58
® ﬁ = ?5 gfﬁh i:”' ﬁ § . LRI Y=19 126X-6.2258  0.9994 0.02~0.14
% EE G # ISESTAI 3¢S Y=5668.5X-86.173  0.999 2 0.03~0.32
* L.] i FILAEREOR A Y=20328X-452.34  0.999 1 0.07~0.34
Var I;(Pﬁmm) At Y=10 444X-450.61  0.9992 0.25~1.10
H4 12 A VIP (i [BE Y=39 189X+14.131  0.998 6 0.04~0.29
5 R Y=42 576X-517.03  0.999 5 0.02~0.16
Fig4  VIP value of 12 components B Y=13 411X-83.26 0.9995 0.02~0.10
532 AT REFE /R AN [ U [RI A it Jot o 22 S 1Y) 32 A 1 4-— [ 4-(CHi%H
A3 AT LIVE J 98 S 00 R Bk 2T 10 499 ) 5 36 v I ggﬁggéﬁT Y=21268X-585.26  0.998 6 0.09~0.22
SR AR R 0 A -
AT H Y=18 736X-283.99  0.998 7 0.03~0.26
2.5 ZW R o
AR Y=48 499X+1239.6  0.9992 0.03~0.39

2.5.1 REERAMHEE

U & S o B X BRI TR AS 10 p, 4
BITEA HPLC (A%, % 1. 2 (3% 4 F AT 2
G WL 5, 4550 B8, 1~ 12 S (i ig o) 5
JFE R A, S AREIIRT A 2 R

12
6

a
) | 10
1 ’ |7 1
| R LJ‘%&’_J_J_JL o
WW”’“IM“ nAa's! ‘f’“\mﬁ“ﬁ\m vr\rr**imf*‘n, ‘”—“*n"'"v—w-
o |
L 1 1 1 1 1 1
0 20 40 60 80 100 120
t/min

VBRI 2.0 A 5 3. 4R IR 4. AT 2SN BR
5L AR A6 AT 7. TR 8- NI B NER 1
9. BREALMEF 5101, 4- 2 [ 4-(RIRIHEAD) 2L ] 2- R T 3%
SRR 11N BEATZY T 5 12. 3R
a JR AT B b N BRBREL U4 it
B 5 IRA R B AR ZL g R i 5]
Fig.5 Chromatograms of mixed standard and

Modified Taohong Siwu Decoction

2.5.2 LM RREE

BU1.3 i 1~ 12 55 B i il 2 VG i,
S 0 0 R, A5 810 s 32 R JRE 190 % Rt 7
W o A0 R A3 S BBURE J3E 3 Y FE A3 BT, 45
AT ER 3K, H% 1. 2 AR SRR IE IR
SRR, DA RV FE AR AR bR (X)) |, W TR
PNARHR (), o0 0 T 5 A5 B 2k O B i 3% 2

2.5.3 EEMIKARK

BUIMBRBRZL I Pz A i, o3 AR 4E 1.4 oy
BoPATHI 5 6 (b W, R 6 WIEA
HPLC 354, i 25 R 5] 1.2, 20 Bk b 91 %
K, I E S S R 1~ 12 5 B4R B e T AR
RSD 73 9l K 1.82%. 1.25% . 1.66% . 1.40% .
1.93% . 1.57% . 1.56% . 1.39% . 0. 84% . 1. 48% .
1.61% 1. 72% , R Z T ik EZ M R,
2.5.4 HEEEIAE

IUIBRBRZL U Pz A i AR 1. 4 o7l
RS, PAT 6 IRIEA HPLC (L, @
TSR] 1.2, A B AR S OT I SR B, D e 25 2R
BN, 1~ 12 5 543 %5 N (7 W 18 AL RSD 433l oy
0.37% .0.09% . 0.56% . 0.76% . 0. 62% . 0. 41% .
0.58% .0.38% .1.17% ,0.97% . 0. 74% . 0. 54%,
TG B AT
2.5.5 Fuetkilsm

BUINBR KL DU P37 A i i AR AE 1.4 P
Pl A A L M, E TR, 0 TR
0.2.4.8.12.24 h BF#EFE 37, (35 2540 [F] 1. 2,
SRS, MRE LS SR BIR 1~ 12 5 B4 0 1 A g
T AL RSD 43514 0. 84% 1. 85% 1. 66% 1. 54% .
0.43% .0.75% .0.94% . 0. 44% . 1.94% 1. 20% .
1.55% 0. 21% , FR AP 35 AE 24 h NRRE
2.5.6  hkERDSCRIA L

K2 I 9 17 4% B4y Fr 18 © A AR i
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W,E TR, B RBORFERE 1~12 %5
Xof BRI VRS I I, IR A E A 90%
B e R BN LR, WIRHERE , (3 55 A F) 1. 2, 4y
BERE S I SR B, TH A% o0 1 IRl 2

R, 12 FlRE 43 09 57 X0 RE 1810 R 4y i R
100.96% . 99.15% ., 100.73%. 100.56%
100. 69% . 99. 02% . 98.98% . 98. 03% . 101. 43% .

99. 86% . 99. 89% .98.49% , RSD 43 %} 1. 66%
0.93%.1.93% . 1.91% . 1.17% . 1.28% . 1. 40% .
1.44% 1.81% 1.83% .1.79% 0. 72% .,
2.5.7  AS[FEHEUEAE A i i e

B 10 41k Jin R Ak 21 0 91 3% KE 5 (4 5 ST~
S10) 4% 1. 2 (s S i AT 0 I 0 T 548 i &
4R LR 3 K 6,

®3 10 HEAEA T 12 RO
Tab.3 Contents of 12 constituents in 10 batches of samples
B 5MH %
bk wr ks SEs 2y NS BEE ST A- (AR pi i
S1 0.035 0.828 0.067 0.865 0. 346 1.401 0.114 0.123  0.088 0.572 0.125 0.209
S2 0.035 0.808 0.066 0.925 0. 354 1.352  0.116  0.128  0.089 0. 544 0.127 0.206
S3 0.038 0.795 0.071  0.940 0.358 1.437 0.128 0.120 0.080 0.591 0.127 0.234
S4 0.045 0.859 0.077 1.063 0.371 1.463 0.130 0.131 0.097 0.592 0.134 0.255
S5 0.044 0.711 0.066 0.874 0.339 1.463 0.118 0.131  0.082 0. 575 0.121 0.205
S6 0.044 0.725 0.070 0.949 0. 346 1.497 0.126 0.132  0.093 0.615 0.135 0.262
S7 0.039 0.779 0.067  0.900 0.327 1.392  0.115 0.135 0.076 0. 558 0.124 0.241
S8 0.044 0.710 0.067 1.042 0. 336 1.522  0.130 0.141 0.097 0.584 0.134 0.342
S9 0.045 0.758 0.060  0.966 0.314 1.360 0.126 0.142  0.087 0. 554 0.134 0.404
S10 0.038 0.735 0.060  0.959 0.310 1.319  0.119 0.123  0.098 0. 548 0.126 0.242
6% i SPSS 19. 0 HEATHHH, IRBELL U 4%
5% e N W DPPH [t 3569 10, 51. 11 pe/mL, FITE
= 1 4-Z[4-(RIBIBEAR) Rk 250 T A AR S
4% el XTHRAY 1C4, oM 3. 69 pe/mL,
3% i 2.6.2  ABTS H 2L BRAE S
- paerens SR 7 ) I I W0, 4 AU
1% v HEREALIE T DMSO Hf il A A [R] oA e BE (0.1 ~
0%s1 52 53545556 575859510 e L. 0 mg/mL.) S m%ikgﬁ&@{ﬁlo -
6 10 HEBEE 12 R AL F 96 FLAR, I ABTS TAEW 100 pL, VAT 3 K,
' ] 37 CEESE N 30 min, 7E 734 nm A0 % FLK S
Fig.6 Contents of 12 constituents in 10 batches
- BE 00 A, BLSCIRILAR (V) Jy BIHERT B8 A,
2.6 AL (LIS ﬂajT:ﬂ?Z}Ei*é?ﬁ ABTS\?@T&E‘JWJ“EF{ A, jy Dli.
2.6.1 DPPH [ i ELI54 e il SO A2 X BRI IO B 5 (2) THEE T

S SCHR [ 6 ] J7 1 T BE AR B, K %% B ELE
HFESHEE T DMSO il 45 A5 [6] 5T 42 Wk 32 (0. 1 ~
1.0 mg/mL) FEAIA IR, HL 10 pL 45 ¥R BEAE 5L IR
T 96 FLA, BIIA 190 pL(0. 1 mmol/L) ) DPPH
LRI, AT 3 R, 37 °C G 30 min, 7E
475 nm ﬁ(ﬂﬂ%ﬁ%ﬁﬁ'ﬁﬁ,ﬂﬁﬂ A, VAT IR Mg
(Vo) RBHMEXT A, S TEK B DPPH ¥
I OGRE LA, S DMSO B %8 FA BRI OG B
Fe () A RER

DPPH H HFEHRFE(%) =

[1- (4 -A4,)/4,] x 100% (1)

ABTS HHETEBRFR(%) =
[1- (A4 -4,)/4;] x 100% (2)
fdiFH SPSS 19. 0 #EATIFE, IBRAB 2L U 4 %
B ABTS A H13E 1C,, h 44. 13 wg/mL, BHAE X} IR
1 1C,, 4 3. 90 weg/mlL,
2.6.3 FEELF WAV RRAE S
S SR [ 8 ] J7 T Mg AR e Bl K 2% B BUE
HEFEAA T DMSO H il 45 A ] ot & vk B (0. 1 ~
1.0 mg/mL) S W, B FeSO, WK, /K47 R -
QA A SR A T DA B A W B R S T TR A
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50 pL, #OEEMETT 37 °C RV 30 min, K5 1
510 nm Nl HWOGEE D8 A, DABTIR Il R
(Vo) RPRMEXT R A, 28K A AL
JEEE A, Ry DMSO 1Ry 23 O BRI . #2248
K (3) THAEWERREN .
B A HOLTE R (%) =
[1-(4; —4,)/4;] x 100% (3)

fdi ] SPSS 19. 0 #EATHH54, vk Mk 2L vu 1%
TR [ 4L 1C,, M 275. 39 wg/mL, FHEXT IR
(i) 1C4y M 27. 32 pg/mL,,
2.7 hHE
2.7.1 S

SEHRT, 27 A B 28 T KA A HUARFRSS A
WA A EBUR S 2S5, e
AR RE KA HE3E T 0. 1% R 0. 1% B iR
0. 1% W52 0. 05% W52 LA I 0. 1% B2 , A HLAH N
T OB B Ve AR, ARl S e 1 1 A
T A5 U P 5 B 6% 1 0. 05% T R - Y BEAE R AR
AR A, R 52T 0.8.1.0,
1.2 mL/min 3% 3 Ry, 45 5 3R I S R R
1.2 mL/min B}, J5 DRI AL I7 450 B Wb ekt AR AR
TR 2T DU 437 02 85 1) Vs i e | 20 3o 900 5 6 1 o
90% H FEAE A FIZ T e e . i FAR it
T R A A R R A%, LA [ 1 e K
WO BA R 2257 el DAD #6017 4
WA ATAH AR 25 €0 1 0 ) 17 P9 SRR 77 326 535 1Y)
K B e st 1] i, o 2000 58 22 I D04 1
BRAKZT DU 7 R S A T DU
2.7.2  fEFREUAT I E

S5 MR LT DU 3% 16 AH OC SCIR R 8 B WF 9T i
JE) SR E 24 80 2020 B B A RIS RNk
BRLL U7 WO 48 B oy R AT R E T, R aT A
WOR A WA ATAAT 1, 4-T [ 4-(H AR
S0) W] -2-5 T HENER MR R o0 Bl Bl R e i qe
YRS LTINS DS A IO E2TE Seg eI DAEE =7 795 a0 el I
2 R N5 IS 256 1 24 B B e T A i oy, HL
T 5% 2 BH BeT 20 25 B TR 2 A 2 155 1) 2 2341 4R
R oy B ALY R B b S R
H WARKR ISy, B8O RAaHrds R s £
PR B — R BT E RIS P> B A YR
RN E R i Ry, B BEIE R, AR
PRI AT A Sk 224 U 3 2 9 o 1 3 BT AT
Y SRIRERAE A 24 A 25 B I Y H DL F
PRAL , B B BT EATEPE S R LR

2 pp i B i SO 2T E R R 12 Al
AT Er I
2.7.3  HPLC 541 K i o it

R HE B 1 €60 33 2% 1, ke 10 HEJnsipk 21 g
WIm AT T3 E . HPLC $e 8t Bl dpngE T
26 NHCA g FEIA L H A 12 B gy, Sk ] AH
BETE 0. 969 ~0. 999 Z [H] , F MK BELL U A A
LR AR AL AT, SRS HrFE 10 HHEAE & 43
2 25 R o oy & mAFE 2R, OPLS-
DA S3Hras e R AL 5 BEAS R AT 245 R I
ATEHTE I LA BRI AR A FEN )
5 B P BE AR R 7R AN [R) SR TRD A o Joi 2 25 e 119
31 i L B BIT11 7 R SARUE Y/ R 7R = BT
AL TS PRI A2, 25 A R i R Bk 21 DU 9 3% 3 R
DPPH ABTS M¥23E F H 3L 1C,, 43510 51. 11,
44.13.275. 39 pg/mL, R MEBRL WY 1% B A
—E P ALTE M, B B DPPH DL J& ABTS
H AR R TR AL [ 3, AT A e
W E— 5T

3 it

ABIFGEHEENL T IRABREL DU HPLC 45 80K
W FRHE T BRI A SRR AT Y
NEEH RIELLAE (R A ATEGH PRI )1
SNEE T BT 1, 4-Z[4-(H AR ) F
B ]-2-5 T HSE R R AT 25T SEAS N R
(5 R T ARG 1k, A TT R R L
P R 1k S RS R AR A &, W IR 4 SRR W]
HOy BB R A5 B, Xt insRpkar
VO AT R T A I S e HE P A o 2 5
DR PR T R RS TR
NI TTREL Y AL GEIIR 2 SN T AR
PR HE PSR

SEHk .

[1]#H3%, XUE R, E iR, & W2 ke Wy s
WA SCHR A AT [T ] S8R R 2 A R 2021,
27(13) :10-20.

(2] FAkH, i Ut , 22Ty as ) 46 B2 I 37 19 25 B
FoEib [ )] 3R BE 2 ,2021 ,41(2) :22-28.

(3RS, B4 B, B 51, 25 M 20 DU i it A AL 3508 9
SR AT [T P E 2247, 2011,36(12) : 1 591-
1595.

(41X G A, %2 2% 2% XRS5 1 Bk il 43 Fn 25 3R
WFFE ik e S i A A A T A AT [ ] R e R 2 o
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T],2021,39(6) .28-37.

(S TRUIZTy B 6, 2= e, &5, v 24938 20 [ 35 1R 1 iF
gyt KN [ T]. %2 ,2016,47(22) .4 085-4 094.

[6 ] FAROOQ M,MUMTAZ M,MUKHTAR H,et al. UHPLC-
QTOF-MS/MS based phytochemical characterization and
anti-hyperglycemic prospective of hydro-ethanolic leaf ex-
tract of Butea monosperma [ J]. Seci. Rep.,2020,10(1) ;
3 530.

[ 7]MARFIL R,GIMENEZ R, MARTINEZ O, et al.Determi-
nation of polyphenols, tocopherols,and antioxidant capaci-
ty in virgin argan oil (Argania spinosa,Skeels) [ ]].Eur.
J.Lipid Sci.Tech.,2011,101(12) .886-893.

(8] FMesfs. 7 HE 7 fb 2 o3 L S8 AL 1k S T P
WEFE[ D). L. A KA, 2008.

[OTMESY  TLARLR, 0k, 55 2 M4 J7 Bk 20 iU 937 fh 2
T BCIE 15 K 9 Ty & M E MRS ()], PR EY,
2020,51(3) :653-661.

[10] F R 25 2% G2 e N REEFIE 2580 [ M ] bt h

[ B2 25R1- H AT, 2020 106-290.

[ 1] RIRIR, B PG, T4, 45 36 F £ il i A Ak
MR N BT 2B I 5 [T ] WL AR e 2y
K247 2021 ,45(4) 1 540-546.

[12] 5k B, A, B8 0 4, 46 HPLC [F) Bl o b i v 5
PR A R[] KRR s 591 & , 2017,
29(1) :87-90.

[13]IKIEME , T3 , R, 55 3L F HPLC R 8L BligH
AR b T HAR BT A TG IS e RAFIE [ T]. KT
YIrsE 597 & ,2019,31(11) 1 864-1 872.

[ 14 TR AA, X3k e , BB , 55 2 I 4 A bt Ak i 2%
KR [T] A2, 2020,61(4) :280-286.

[1S] 5 R, 3t , RUBEHE, % 40258 5K A 7 Bk
O30 R B A ARG [ )] v [ rh 24 4%
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[ 16] TWéty, B Spot, 5. SRR 14 £ M) A R At
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Identification of Citri Reticulatae Pericarpium Form Different Scales Geographical Origin by Hyperspectral Imaging
Combined with Image Segmentation Algorithm ZHANG Yue'* WANG You-you' , ZHANG Ting', QIN Yu-chu’>, NAN Tie-
gui , YANG Jian® ,LV Yan-jie***( 1.School of Traditional Chinese Medicine, Yunnan University of Chinese Medicine , Kunming
650500, China ;2. International Research Center of Big Data for Sustainable Development Goals, Beijing 100094, China; 3. Key
Laboratory of Digital Earth Science, Aerospace Information Research Institute,,Chinese Academy Science,Beijing 100094, China
4.State Key Laboratory Breeding Base of Dao-di Herbs,National Resource Center for Chinese Materia Medica, China Academy of
Chinese Medical Sciences, Beijing 100700, China)

Abstract : A hyperspectral imaging method combined with an image segmentation algorithm was developed for rapid nondestructive
identification of Citri Reticulatae Pericarpium samples from different scales. Hyperspectral imaging of Citri Reticulatae Pericarpium
samples from different scales was collected ,and the relative reflectance data set of samples was quickly obtained by using self-de-
veloped image segmentation algorithm. After denoising the spectral data by various pre-processing algorithms, the classification and
discrimination model was established by combining partial least squares discriminant analysis ( PLS-DA) , random forest ( RF)
and support vector machine (SVM).The accuracy of prediction results was used as an evaluation index to screen the best model,
and the performance of the model was evaluated by Confusion matrix.Compared with the conventional manual extraction method,
the time of the image segmentation algorithm was reduced by 80%.The PLS-DA model based on the fusion spectra was the optimal
identification model for Citri Reticulatae Pericarpium samples from different scales.The identification accuracy of Citri Reticulatae
Pericarpium samples from provincial administrative regions was 98. 41%.The identification accuracy of Citri Reticulatae Pericarpi-
um samples from different areas in Xinhui was 99. 05%.The new image segmentation algorithm can achieve rapid and accurate ac-
quisition of hyperspectral region of interest information, combined with hyperspectral imaging can achieve rapid identification of
Citri Reticulatae Pericarpium samples from different scales.

Key words : hyperspectral imaging; graph separation algorithm ; chemometrics ; Citri Reticulatae Pericarpium ;origin classification
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Fig.1 Region of interest recognition process based on graph segmentation algorithm
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Fig.2 Test for exiracting spectral information from

regions of interest with different sample densities

1732 G, 45 TR 10 MRS (K] 2a) AL BRHE] Ky
195 s, 19 > T AL W AE i (181 2b ) 4b 3 8] S
242 5,79 FESL (FE 2¢) AL BREF ] R 370 s, & BH
1207 R BEAE I WA [RJRE AR 2 B R AR /M R
T PRGBS 48R X OG5 B I, HL P 0GR
FEPR AR 3 T R T A 1 Ak P
2.2 Rttt

AT iR Bz 00 0 1% il £k (181 3) e AT WL-ik
24N (VNIR) % B A % B 8 19 X 51, 76 600 ~ 700
nm AL T AHT SR PG G R B RE A B S I
PEAT , T LA 7= b AR VA XA BH S R AIE 38 B
Al 4 > 7 Hi A ' 1 2R A A 8 B 8
1,600 ~ 700 nm J& 5 2 1 2% R I B,

1.2

1.0f
o
208}
g
Bos6l
%
0.4}
0.2}

1600 2000 2400

/nm

0 1 1
800 1200

00550 1500 7000 7500
A/nm

B3 ANFEF=HIBR 2 TE (ac) AT LT 4040
(VNIR) F(b.d) 214 SWIR ) I B Al 61 il 28 &
S i 2k

Fig.3 Raw spectra and mean reflectance spectra of

Citri Reticulatae Pericarpium from different origins in the

(a,c) VNIR range and (b,d) SWIR range
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Fig.4 Raw spectra and mean reflectance spectra of Citri
Reticulatae Pericarpium from different producing areas of

Xinhui in the (a,c) VNIR range and (b,d) SWIR range
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Tab.1 Classification accuracies of pairwise combinations
of pretreatment methods and classification models for VNIR,
SWIR and fused spectral of Citri Reticulatae Pericarpium

from different origins

43¢ Figgm  VNIR fEH SWIR Tl LW
B TNk g WG UIgE BOUGE VI TS

SRR 0.9384 0.9212 0.96996 0.9484 0.9836 0.968 3

MSC  0.9384 0.9378 0.9696 0.924 0.9859 0.9762

PIS- —HS 0.9863 0.9378 0.9953 0.9444 0.9977 0.984 1
DA K% 09201 0953 0.9766 0.9563 0.9977 0.9802
SGH 09292 0.9163 0.9672 0.9405 0.9836 0.968 3

SNV 0.9452 0.9295 0.9766 0.9405 0.9813 0.964 3

JRUEEHE 0.9833 0.6778 0.988 1 0.7444 0.9928 0.711 1
MSC 09833 0.7222 0.9905 0.8222 0.9857 0.744 4
—BrF 09976 0.8889 0.952 0.7833 0.9952 0.883 3
R 0976 0.8111 1.0000 0.7222 0.9976 0.8167
SGFH 0.9786 0.7378 0.9786 0.7667 0.9952 0.6667
SNV 09738 0.6500 0.9881 0.7167 0.9928 0.700 0

RF

JEIABHE 0.9405 0.9000 0.9452 0.7833 0.9642 0.84 4
MSC  0.9262 0.9278 0.9428 0.9111 0.%429 0.8889
—FrE 09428 0.9167 0.9381 0.8889 0.9571 0.91 1
K& 07143 0.7056 0.4762 0.4778 0.7643 0.722
SGVH 0.9405 0.9000 0.9476 0.7833 0.9643 0.844 4
SNV 1.0000 0.4722 10000 0.5778 10000 0.3742

SVM
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T35 Ak B 75 v . PR BCHE SR TE VNIR B BC R PLS-
DA #571 (98. 63%,93. 78% ) MER F AR T RF
A (99.76% , 88.89% ) F11 SVM Hi 7Y (94. 28%
91.67%) ; £ SWIR I Bt PLS-DA £l (99.53%,
94.44%) F % RF £ 7Y (99.52%, 78.33%) #lI
SVM #55 (93. 81% ,88. 89% ) , [alFEEA T ALK 43
B,

T LRI Y AL B 5 s AN T Xk
A A B R il s 1 B 23 SR R M R A 3R 2
7, MSC FiAb B 77 75 3 FhAS [ 1 3 25 0 v 3
s B HER . 7E VNIR J£ BT, PLS-DA
AL (96. 41% ,95. 24% ) HE ALK T RF A
%1 (98.09% , 88.89%) Hl SVM # &l (96.67%,
64.44%); f£ SWIR U Bx T PLS-DA #i A
(100. 00% , 98. 02% ) #E i & I & i T RF 5 AU
(97. 14% ,78. 89% ) 1 SVM £57(96. 67% ,83.33%) ,

A LUE Y S L AL 3 7 X 45 A PLS-DA #
FIZE VNIR JEBOF SWIR I B 4 i BUIS 48 44 3
FRCR R, 430 3 B — B S B0FT MSC it b 2
YRS J SR AN 7 b SR 23 AN [R) DX B il 5 Dt

K2 ORI 25k VNIR S8
SWIR 3 Be B 4 Bl £ Y05 FRL ) T b B 77 35
AT ) R A PR R
Tab.2 Classification accuracies of pairwise combinations
of pretreatment methods and classification models for VNIR,
SWIR and fused spectral of Citri Reticulatae Pericarpium
from different producing areas in Xinhui

3% FighsE  VNIR Y SWIR il Exl &
B ORE iggE w1k BUNSE UIZE T

JRHAKIR 0.9538 0.9524 0.9755 0.9688 0.9795 0.961 9

MSC  0.9641 0.9524 1.0000 0.9802 0.9%49 0.9810

PIS- —HS% 0.9852 0.9588 0.9749 0.9109 1.0000 0.9905
DA THH 09608 0.9375 0.9846 0.9619 0.9897 0.9810
SG YV 09557 0.9278 0.9799 0.9307 0.9804 0.968 8

SNV 0.9692 0.924 0.9755 0.9479 0.902 0.968 8

JEUAEHE 0.9762 0.8667 0.9905 0.7000 0.9905 0.8778
MSC  0.9809 0.8889 0.9714 0.7889 0.9952 0.777 8
—BE 10000 0.7556 0.9952 0.8333 1.0000 0.744 4
TS 0952 0.7667 0.9809 0.844 1.0000 0.7333
SGFH 09952 0.8333 0.9905 0.7333 0.9809 0.8000
SNV 0.9762 0.8444 0.9905 0.6889 0.905 0.867

RF

JEIABHE 0.9905 0.622 0.9905 0.6889 0.9952 0.5000
MSC  0.9667 0.644 0.9667 0.833 0.9952 0.511 1
—H&E 0967 0.722 0.9857 0.7778 1.0000 0.7667
K& 03333 0.3333 0.4238 0.5444 0.5000 0.5333
SGH 0.905 06111 0.905 0.7000 0.9952 0.500 0
SNV 1.0000 0.4667 10000 0.4000 1.0000 0.3556

SVM

HRR L KA RITEAS A4S VNIR B, AN R R 7=
i) 5 B2 B AR SWIR 9% B A 37 Al 43 455 70 ofe
WA, AR B XA P A5 55 s , PLS-DA
BERUAH X RF AR SVM AR 6 IR HS B 4 14
EE,
2.4 VNIR Fl SWIR fil& 432

B Al R — X AR AR A R A A B
(A A BT R A [ Sfe U5 A 30H T LS B R Y B
N, R = 2 A B R PERE , DT 2 e AR Y
AR RIER R L 2GR B A AR R
AR B TSR B A A — R, SRS T AT Y
TR S, A5 R HRZ Al & 0 s, B [m]
—FEAAEPIANEE S (VNIR 48k F SWIR 853k )
ARG 1% B A — R, Y BB Y il D 1 L
PRk HA RS BRE ] B B0 T, X 4G B
F—B £ Hi H A B0 sm 19 38 P, VNIR HT SWIR
P BOGTE b5 BB A% $it 5 A 7R 43 2% 4 1) A off 1 o
(1.3 2), MR XA ™ Hi i) BR Bz F 4 2%
Y] SRR A Z R, — B S AL BEZE A PLS-DA
R4 73 2R R (99. 77% ,98. 41% ) HXT VNIR
B (98.63%,93.78% ) A1 SWIR % B (99. 53%,
94. 44% ) BIA BRI HE T, R RLA IS T Ll
I B — e B P i 2 55 A ARAT BN A4 T Y
FEa R S SRR (Y HERA M
2.5 pMEREITAN

TEArZE R rp YRV %5 B4 ( Confusion matrix )

a
J-—;{F 27 0 0 0 0 0 100%
N 110.7% | 0.0% | 0.0% 0.0% 0.0% | 0.0% 0.0%
r‘ﬁ 0 25% 0 0 0 1 96.2%
0.0% | 99% | 0.0% 0.0% 0.0% | 0.4% 3.8%
?E.[:"ﬁ 2 0 47% 0 0 0 95.9%
0.8% | 0.0% |18.7% | 0.0% 0.0% | 0.0% 4.1%
@ 3 0 0 0 53% 0 1 98.1%
'g ZI:E‘ 0.0% | 0.0% | 0.0% |21.0% | 0.0% | 0.4% 4.1%
ﬁ IJJZF 0 0 0 0 43% 0 100%
N 0.0% | 0.0% | 0.0% 0.0% |17.1% | 0.0% 0.0%
E J ” 0 0 0 0 0 53% 100%
0.0% | 0.0% | 0.0% 0.0% 0.0% |21.0% | 0.0%
93.1% | 100% | 100% | 100% | 100% | 96.4% | 98.4%
69% | 0.0% | 0.0% 0.0% 0.0% 3.6% 1.6%
b

%_, 35% 1 0 97.2%

33.3% 1.0% 0.0% 2.8%

%—‘ 0 27, 0 100%

@ _— 0.0% 25.7% 0.0% 0.0%

ﬁ %m 0 0 42% 100%

0.0% 0.0% 40.0% 0.0%

100% 96.4% 100% 99.0%

0.0% 3.6% 0.0% 1.0%

e
HAE

a. AR ] = LB Bz 2504 5 b 2 AN ] X S Bz 25 44
5 PLS-DA ZrJSAs I &5 5 il TR VA FE 1

Fig.5 PLS-DA prediction result confusion matrix raw
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CHR& 7= 5 i W B I I aT be , Bl 22 730050)

FEE . g7 2P0 LA IR ARSI fr o A AH € v, Sy 2L B F Lo L 2 1 9 A0 B A R Ty vk O or H e e AR 2L R
SUEIE BT OR S8 M (o 2R AR AR 1 | SR S OB 535 R, ZORBAX 300SB-C8 354, 4l I K 4 214 nm, 4
i 40 °C ¥ 0. 6 mL/min, BEEEVEML, Fra ik B2l i - B N o- B 1 BB M a-FL A B-FLIE R
M, W OR BB ] RSD<1. 3% , W T AR RSD<3. 3%, 10 fit H Eg 44 FLAE A5 B 0y 8 SU IS ARBUE KT 0. 99, 45N T HH 9
AFLE A AR, 20T IR ERERE B RAFAE IR L E o S TR RELE R 2R L C Ao B, BT ST
1 R R FLAR SRS AR FLN BT R R SRR

SRERIA  FLAE 1 AR (A3 s A AR 2L HE SRR s BE AR 1 5 o FL VAR 15 B-FLIE AR

FESES . TS252.7 XEARIRAE A 3ERS:0258-3283(2023)01-0144-06

DOI ; 10.13822/j.cnki. hxsj.2022.0380

Optimization of Detection Method of Milk Protein by High-Performance Liquid Chromatography and Establishment of
Fingerprint of Gannan Yak Milk ZHANG Qi-wei " ,QIAO Zhi-gang ,GE Jing-wei ,MA Rui-ping ( Gansu Provincial Institute of
Product Quality Supervision and Inspection, Lanzhou 730050, China)

Abstract: A high-performance liquid chromatography method for the simultaneous detection of multiple milk proteins was estab-
lished to provide a method for the separation and detection of milk and dairy products,and to establish the fingerprint of Gannan
yak milk for the quality control of Gannan yak milk.The sample was dissolved and denatured by buffer solution,and detected by a
high-performance liquid chromatography.ZORBAX 300SB-C8 chromatographic column,the detection wavelength was 214 nm, the
column temperature was 40 °C ,the flow rate was 0. 6 mL/min, gradient elution.The established method can separate k-casein,a-
casein,3-casein, a-lactalbumin , B-lactalbumin.The repeatability and precision results showed that the peak retention time RSD<
1. 3% ,and the peak area RSD<3. 3%.The similarity between the characteristic chromatogram and chromatograms of 10 batches of
Gannan yak milk was greater than 0. 99.Nine peaks were identified.The method was easy to operate ,had good reproducibility and
specificity ,and was suitable for the separation and detection of various milk proteins in milk and dairy products.The fingerprint of
Gannan yak milk can provide a reference for the quality control of yak milk.

Key words : milk protein ; high-performance liquid chromatography ;yak milk ;fingerprint; casein ; a-lactalbumin ;3-lactalbumin
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FR A
W E RS F 2 A0 TH 1 VO RS
PR M X AL i R P SR
L EAS RS T E AR, B AR Bt
Py BT O R AR Y A (E
XL A b B AR WA FLEL &
e S EEHRGE . A S0 R = S0 A (i ik
XA FLE AT 08, F SO @ R kAT T
Ptk A58 2R 2L & A4 BRI A HPLC 35, FEX%F
HEFEA LA TR, 38 o LA P 2 A T
BOUEIE YRR FL A O B s ] A e T
PEALR ARSI

1 XWEHS
1.1 FZER 5

1260 BV ZHEAS B AU AR (LA (B A H shilk
FERS DAD K48, 55 [ Agilent 24 7] ) ; ME204 %Y
Ay Z —H T K MS205DU + 74y 2 — Bl H 1
R (L E MRS 7)) 5 Centrifuge5424 T = 3 55
ML (1% [ Eppendorf 23 7] ) ; VORTEX-5 KI5 Jig
TRAIA QT MR DR AR il A PR A FD) o

CNE (g, 75 E Merck A F]) ; =9
TR (TFA) ERRRIN( A4l ,99. 0%) W (2-F2H
) E - = (W L) W (Bis-Tris ) 22 vl i W
(0.2 mol/L,pH 7.0) ( 2 7 MR AL B A R
NTD) 3 R IRBEEE (DTT, Lot 161025,99% , I 1§
WP A IR ) s AT B IR N (7 B4l [
R AR BRA H) ) 5 5256 HI7K (Milli-Q il
KHLA ) o

47 E H AR fE A o-F H O (Lot
M16HS178372,85%, BR) . B-FL Bk % 1 B ( Lot:
M16HG178369, =90% ,PAGE , KI5 T-4-15) k-
FE 1 (Lot: MI6HG178371, K IE T4 4%) , K I T
IR AR A BR A

AHFFERE S T 7 W 22N H
O IR M T
1.2 @ik

a3k . ZORBAX 300SB-C8( 150 mmx4. 6 mm,
3.5 wm) ; s s A A MRS 510, 1% —
T FR- KV TSI AR B AR FL 40 0. 19% = 5]
Ik 40 °C ; #EFE R 10 pL; K4S 214 nm; BB BV
AR QN 1 TR

R TSRS LA

Tab.1 Mobile phase composition for gradient elution

B} ]/ min TshH A/ % WiEhHH B/ %
0 67 33
5 65 35
9 63 37
18 60 40
22 59 41
27.5 59 41
28 57 43
36 55 45
37 67 33
50 67 33
13 e
1.3.1 WL

WU T PRI 28. 659 ¢ £RFRNT 0. 058 05 g #7
BEIREN 0. 150 4 ¢ 73 BEBE, 15 mL(0.2 mol/L)
BisTris 28 i .10 mL #4E/K & T 50 mL & &
iR, K 2 2 % 50 mL (% 0.1 mol/L BisTris,
6 mol/L Eh B2 A . 5. 37 mmol/L 7 & B2 &M, 19.5
mmol/L Hi R ) , BB,

Ve I FREL 21. 494 g EHERAK, A 50. 0 pL
=R, HACERZE 50 mL( &40 1%
LR 4.5 mol/L ERFRAN) , BLFHBLAL .

1.3.2  RifEE Y B il

WERRFREUE (PR T 5 mL =2, R
Al KR B 2%, IR FE 298 10 mg/mLL B
il W, T 2~8 CAE.,

1.3.3  FEMETALEE

HERAILIL 400. 0 L VR AARZL (1A AR 2L RS
FREL 100 mg 2245, A 1. 00 mL #B4liK IR 5
M HL 400. 0 wL) , JILA 400. 0 L (54 5 45 (AR R
BT RBEIRS), IR E 1 h KRG H W
14 000 r/min 4 °C 25.0> 10 min, Ak F)ZH
BERSTT , W UM JZ2 1 9 300. 0 wL T8 8 045
B 600. 0 L I IR BEIR 2T, 1 0. 45 um
IKAH I B e A
1.3.4  FRifETA/ERANRE

YR I — 7 2 A B MEA 250, TR fh i Ak
PSR,

2 #R5ite
2.1 FEAWNTE

] P A1 L 8 1) 7L FOBORE €S v R B
], AR S 2 W SCHR [ 5-8] 0796, FIF AFLEE (B
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BRAEE AL 2 AR, IR T AR S B B
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L 1-CN|
2 600+ ﬂ—ClZl A2
£ 400} | p-onmi B-Ls A
< 200 “ k-CN2 - as2-CN | : B-leb {‘
i | kvt |k-cns A || p-cns||| nz—Lah “w
Op— m‘_,\-v\. v—/‘\f’ w-/l \_4\“‘ - '\'J\—.“I_
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t/min
a-La
o 600F [\
< [
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< [ [\
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B1 AEAERE
Fig.1 Chromatogram of milk protein

2.2 (iR
2.2.1  A[EE XS FLE S B S

T RO (o R I B W | 3 B XA S
FLEH R T RBOR, 7E OIG A L BEE i s AH ot
AT R BRI, 38 S A T IR AEAS S B FLAE
S R(5,7,9,10] 5k, Bl B BOR B0 1Y
A (KRR 40 °C i 0.6 mL/min) B ¥ (FER
45 °C R 0.5 mL/min) #E47 A, R 5T
LA ISR LI DL 2, d 18 2 AT, B 5 ik

TR F RSO B I R AR S, R B-CN Y 2 5 1
H%ﬁj"‘,fﬁﬁ: a-La S,B-Lg B Mo AR 2% M H. a-
La FUEIEAT T sl , o LA 1 A I I #7015
M E, %R a-la 5 B-Lg B 9538, ARSL
Rk B 7 A R GEAEAEIR Y 40 °C JHEH 0. 6
mlL/min .
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Fig.2 Chromatographic comparison diagram of

milk protein with different chromatographic methods
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800/ 214 nm
700} n
600}
2 so0f ‘
£ a00¢ |
< 300} M
-~ IR
o—wwu\/\\—r"w"/. N. I L.b‘
5 10 15 20 25 30 35
t/min
280 nm
80
o 60f
<
£ a0f N
<
" ‘w"
O_QLKJ\JL_,J\__M,J -
20— —0 15 20 25 30 35

t/min

B3 AR FLE A @i

Fig.3 Chromatographic comparison diagram
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ZEA HRRPIRIIR R, PEH 214 nm AREEN K,
2.3 RUEMEMEE LG

i %t HR]) — 3 2F L W, 4 1. 3.3 il £ it
ARV, H 2. 2 OGS SRR SRR 6 IR, He T
TR RSD /N T 2. 12% , HoAR B4 f 6] £ RSD 2
INF0.95% ALHAE % R AT, K % B — 4]
FEh 6 03, 4% 1. 3. 3 A5 it i, J0g AR Y
RSD #/NT 3.23% , H AR B8 B[] () RSD ¥/ T
1. 24% , B 5 2% 10 T A2 Pk - A 4% 3 A i &2 1k
THEE R 2,

2 FUEAMKEE THE IR

Tab.2 Precision and repeatability test results of

milk proteins (n=6)
R R

FUEA ggmmbE 0w REEE WA

RSD/ % RSD/ % RSD/ % RSD/ %
k-CN1 0.96 2.13 0. 68 0.84
Kk-CN2 1. 14 1.57 0.70 0.98
k-CN3 0.55 1. 68 0. 65 1.28
as2-CN 0.79 0.95 0.54 1. 15
asl-CN 1.01 2.88 0. 65 0.77
B-CN B 0.94 1.54 0.62 1.33
B-CN Al 0.73 1.92 0. 64 1. 46
B-CN A2 0.85 1. 15 0.72 1.28
a-La 1.24 3.23 0.85 1.31
B-Lg B 0.99 1.47 0.95 2.12
B-Lg A 0. 89 2.82 0. 64 0.79

2.4 SEBRREARAYINE
S35 T @ UHT FL 30K Wi 4 32Lis
PR T5 kAT R, R i 2L 2 P 3 DL R 4

i UHT 430 FUBHY as1-CN 18 & A28 1k
2.5 HEEAILIRSRIE R T
BEALBERU T B A 10 HE4EFFL (45 R ST~
S10) 4% 1. 3. 3 il & Bl i VA, 2R DS A4
)08 (1 A T 24 a3 i S0 1R RS AR DL EE AN R
7 (2012 4F A RR) FAE#EAT 504, L5 ST 1Y
FEARFLRE S % RN S BRIEE  as1-CN FRic ol
Mark U6 | H 037 B0k A2 B0t 1A PR3 | i Ja] 25 9 %
0.5 s, %% S K OE | H sl VAL S A T B F5 20 F
TEAT 10 HEAE A= FLAE & 8 0B Y DT L R UL
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Fig.4 Milk protein chromatogram of actual samples
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Fig.5 Control fingerprint of yak milk protein
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HH/as1-CN 8 gy B-% # H/B-CN A1.9 5
UKy B-MiE B F1/B-CN A2 .10 5168 a-FLHE A/
a-La 11 SR B-FLERE 1/8-Lg B 12 5N B-
FLERE M/B-Lg A, FIH 2 35 46 S0 S AH A
FEV A (2012 Bl ) #4743 0, 115 10 #E4E4
FLHE T (S1~S10) (48 8L RIS 5 0T 14 S0 E 1S i
AEARLBE , M & 2t 55 L 3 591 R 0..992,0. 995
0.991.0. 993 .0. 997 0. 993 .0. 996 .0. 995 .0. 994 ,
0. 995, #&7~ 10 HEAE 4 7L A 8 SIS 5 0T BE A48 2
PRI A AL B 5 e
2.6 HEAFLAAE A FLA AU PR

BEALE BT ) 4 HEEEAFL (Hi5 o S6 ~
S9),6 Hitali4FL (w5 A S1~S5.S10) , LK f5
g e ] e A< v 24 e i 0 TR A AL EE A
RGL” (2012 4F A W) BAF AT 5007, 15 B4 2L
Said Ly S W 7, JEXFLL L 10 bR S
TAARLBE A S5 L3R 3, Fiae 3 ml i, S1~S5,
S10 Ay AH LB & v, &R AE 0. 99 LA b, B 5 4l 4
FLIFLE AT AL S6 ~ SO AT BLEE HI7E 0. 99

PL b, fH S S1~S5.810 5 S6 ~S9 Fy#H L) J3 78
0.92~0.96 Z I, ¥e4FLAsid 2L FLE m i
FEAL, T B B AN TR 3 3 S0 R A ARLBE R —
HIATIX Gy, BANHIE 7 A A L B = AR
BAISEIE] R 10. 1 min (4 &35 06, B k-8 25 1 (&-
CN3) , Hk 4 54 7L L, 78 15.8 min &b
A — AN | PR AR 52 565 5 YR £ T A
AYHT, MARRESE A UE X BN g N FE A LS R L
(bREY) , 5 5 22 RE SO IR IE

A/mAU

B7 eIl SsihILE ARSI
Fig.7 Protein fingerprint of yak milk and

pure cow milk
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Tab.3 Matching result of protein similarity between yak milk and pure cow milk

S1 S2 S3 S4 S5 S6 S7 S8 59 S10
S1 1. 000 0. 995 0.992 0.993 0. 996 0.961 0.954 0.958 0.942 0. 991
S2 0.995 1. 000 0. 994 0.997 0.993 0.957 0.968 0.947 0.942 0.993
S3 0.992 0.99%4 1. 000 0.991 0.992 0.942 0.958 0. 949 0.940 0.99%4
s4 0.993 0.997 0.991 1. 000 0.995 0.953 0.944 0. 926 0.937 0.99
S5 0. 996 0.993 0.992 0.995 1. 000 0. 945 0.918 0.931 0. 940 0.995
S6 0.961 0.957 0. 942 0.953 0. 945 1. 000 0.993 0.992 0.991 0.953
s7 0.954 0.968 0.958 0.944 0.918 0.993 1. 000 0. 987 0. 996 0. 962
S8 0.958 0.947 0. 949 0.926 0.931 0.992 0.987 1. 000 0.995 0.970
S9 0.942 0. 942 0. 940 0.937 0. 940 0.991 0. 996 0.995 1. 000 0. 960
S10 0.991 0.993 0. 994 0. 990 0. 995 0.953 0.962 0.970 0. 960 1. 000
3 #Hig AT P 25 2R O W B I R] RSD 7E 0. 55% ~

ARSI T T LR 1 AR i Y A B
e U 3 = B I T8 A 0L b/ B N O B R e
BRI A B T e RO A R oy B FL AR
B4, B 0.6 mL/min % K 214 nm  H iR
40 °C RAVBBEE VR 7 1%, BBAE A0 BS LR 1) w186
E 11 (k-CN1 k-CN2 . k-CN3) . a-F& 1 (as2-CN .
as1-CN) B-B&#E1(B-CN B %I B-CN Al %! B-CN
A2 ) a-FLHE M B-FLIEHE I (B-Lg B.B-Lg
A) o I RL AR A 0 TR ARRLR B R T R X A
WEM 25T A5 0 00E T 7 vk AR 2 8 e & 1k

1. 24% W TR AR RSD 1E 0. 95% ~ 3. 23% ; A5 %% BE 4%
SRS B8 I 1] RSD 1E 0. 54% ~ 0. 95% , W T FR
RSD 7E 0. 77% ~ 2. 12% , L FRAE R E 4G % %
K GG d T 3L e S b FL R Y
0T B FZ T oo R R A LR T A I, T
THMEA LTRSS W 54 FLE AW
L, S8 H e A FLM AL & A ik B E k-
BT (k-CN3) , HE B I EAAEEH Z T
15. 8 min AYRHMIE IS | H TR WAHSCHRIE |
FA LG A I i AE € R A Iy ik iR AT A AT
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Development of A Certified Reference Material with Four Gaseous Components for Automotive Exhaust Monitoring
ZHANG Ti-giang"* , HU Shu-guo'*, ZHOU Feng-ran'* | YANG-YANG Zhong-fu®, FENG He-ping'”, LIU Zhi-yong'?*, WANG
De-fa*"*(1.National Institute of Metrology, Beijing 100029, China; 2. National Quality Inspection and Testing Center for Gas
Products, Beijing 100029, China, China;3.Chinese Society For Measurement, Beijing 100029, China)

Abstract ; With the introduction of China’s XI vehicle pollutant emission limited standards, exhaust detection required more strin-
gent, which rely on the appropriate reference materials to make more precise measurement results.In this paper,the development of
a 4-component gaseous certified reference material was carried out, the certified value of gas concentration was assigned by the
gravimetric method ,and the preparation of the mixture was achieved by filling parent gas into cylinders step by step.The mixtures
contain carbon dioxide (100~18.0x10*) wmol/mol, carbon monoxide (100~ 10.0x 10*) wmol/mol, propane (50.0~ 1.20x
10*) mmol/mol and nitric oxide (50.0~0.400x10*) wmol/mol, nitrogen does as balance gas.The analysis methods of the four
main components were developed,which gave good precisions.The homogeneity , stability and uncertainty of the characteristic val-
ues of the standard gas were evaluated.The results showed that the gas reference material had good stability within 12 months, and
the relative expansion uncertainty of the characteristic quantity value was 1% (k=2).

Key words : vehicle ; emission ; gas ; certified reference material ; carbon dioxide ; carbon monoxide ; propane ;nitric oxide
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MG T hsiE FURRSE SR X HL8) 22 1 HE R
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Tab.1 Information about the gaseous standard material

FH5y WRETLFEL/ (10" mol -mol ™)
AR 100~ 18. 0x10*
— S Abhk 100~10. 0x10*
¥ 50.0~1.20x10*
—SH A 50. 0~0. 400x10*

2 H#FREWHE
2.1 BRE BRI R AR R 0 T ik

il 5 BOIR A SRTE AT L0 3 ik, 2R A
TPIRIIT T o o SR @I (GC) K AL
AR LT AN GIE VL (FT-IR ) S G5O T4
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N,:

2

+838.048 ¢
NO: +61.756 g

N,:

2

+1034.191 ¢
CO: +114.976 ¢

N,:

2

+1114.552 g
C,H,: +54.303 g

6.4% mol /mol NO/N,
¢=6.4214% mol/mol

pn=15 pmol/mol

10% mol /mol CO/N,
¢=10.0064% mol/mol

p=11 g mol/mol

3% mol /mol C,H,/N,
¢=13.0021% mol/mol
p=7 pmol/mol

N,: +1077.735 g

2

6.4%NO/N,: +71.901 g

N,: +1091.903 g
10%CO/N,: +57.629 g

N,: +1111.866 g

2

3%C,H,/N,: +38.981¢

4000 pmol /mol NO/N,
¢=3998.7 pmol/mol
p=1.1 pmol/mol

5000 pmol /mol CO/N,
¢=5016.6 pmol/mol
p=1.1 pmol/mol

1000 pmol/mol C,H,/N,
¢=1000.2 gmol/mol
p1=0.3 pumol/mol

¢=50.14 g mol/mol
1=0.02 pmol/mol

¢=100.24 pmol/mol
©1=0.03 pmol/mol

0.4% NO/N,: 0.5% CO/N,: 0.1% C,H,/N,:
+14.355 g +22.866 g +56.987 g
v v v
50 pmol/mol NO/N, 100 g mol/mol CO/N, 50 pmol/mol C,H,/N,

¢=49.79 pmol/mol
©=0.02 pmol/mol

100 gmol/mol CO,/N,
¢=100.65 y mol/mol
1=0.05 pmol/mol

2

A

a JEMEESIRA SR (RASA)

1%C0,/N,: +11.597 g

N,: +1038.935
1.0% CO,/N, N,: +1137.739 g 2t ¥ 358
¢=0.9990% CO,: +18.036 g
—

p=3 pmol/mol 43,0, HRN,

4iNO

N,: +838.048 g

NO: +61.756 g

6.4% mol/mol NO/N,
¢=6.4214% mol/mol
p=15 pmol/mol 4iNO

HECH,

6.4%NO/N,: +72.012 ¢ CO: +114.959 g C,H,: +21.541 g

0.4% mol/mol NO/N,
¢=4035 pmol/mol
p=1 pmol/mol

10% mol/mol CO/N,
¢=10.0799 mol/mol

p1=10 pmol/mol

1.2% mol/mol C,;H,/N,
¢=1.1997 mol/mol

K =3 pmol/mol

18%mol/mol CO,/N, |
¢=18.0842% mol/mol b RSB ASHK (BASB) |
p=9 pmol/mol l
| A :

CO,: +324.05¢

TNZ: +734.015 g

si+co, LN,

KR Ay ARSI BT B PRE AT E JE e, 50 FRRIR B IRRYER IR 20 8L
a IR R A ARG A) sh. iR R G A (RAAB)
B 1 MR R A A A R A

Fig.1 Flow chart of preparation for gas mixtures with typical mole fraction

M SRR B e, FT-IR 434 NO & Co, H: A FH A1 25 2R @35 A (Micro-GC) A 4 4
BAVFE RGN 2 iR T, TR A [ A 4 53, B RC 4 TCD Azl
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Fig.2 Typical chromatogram and spectrum
for the components in the gas mixture
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1B VYA 80 °C ., #ERE T IR FHAE M Uk |
T PR E] 100 ms , 3838 PUSERERSTE] 120 ms,

FT-IR BC B T 5 m K 0 RE 5l & I 45 0
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1 min,

FESH RS o, AR S R ke o S ]
He By () 43 1, 6 3E — G IE Py A 38 mp
PAph ST g s 2a 2b BRSO (3

E‘Jﬁj‘*ﬁﬁfﬁ‘ﬁ%,ﬁ 0.5 min N A] DL 58 Bl — IR 3B
M. AE FT-IRV 2 P REIR G RdH B 2 %

ﬁT%l’ﬂE,« {25~ 21 53 PRURRAIE I ISOAS ] A g

ATARGF X 43, — ST L B W AL 85 7 10 4K
1mmmEWﬂﬁmﬂﬁ%mﬁ4%%ﬁﬁj%
BIAEDEEL 2 100 em™ B S P4 4 200 em™ BT,

R H T 058, SRR i, AT TR CO 1Y
S3AT JE A TR N B, Al TR R CO Y
o
FBEET 4 Bl F 20 5 e SR i RIMER R JBE i)
AMEE S NE (DL 2) , 3k 2H 70 £ I e B A A A+
XA i 2 449 DR T v A JRE A P AL X s 1R Al 22 , e
RAE R — SR AR VR BE AT R0 0. 43% , F/IME N
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Tab.2 Repeatability of readings

74 AR
F44) (pmol - /AN SIS HE2E
mol ™) (RSD)

43.64 48.51 43.48
50.0 4852  0.15%
48.55 48.43 48.47

NO
0.400x 4336 4335 4338
4337 0.03%
10* 4337 4337 4339
1. 1. L.
100 9168 9136 oL98 91.71  0.31%
o 91.22 91.85 91.94
10.0x 9996 9735 965
99803 0. 16%
10" A6 P8l 9685 ?
11670 11671 11 602
50.0 1612 0.42%
CH 1158 115710 1159
B L20x 4371703 4371969 4371353
4371440 0.03%
100 4373545 4369U5 4370 125
1 15 44 15 362
5% 545 53 15410  0.43%
15 445 15478 15321
o,

18.0x 29 756 019 29 540 026 29 631 785
. 159
10* 29 784 418 29 589 700 29 610 579 253,05 0.15%

T 1R AE Y B F NO 5 CO 2 wmol/mol, Xf F C,Hy
5 CO, g mV -min ;2 P4 E A A 55 0 107 (L AH 7]

2.2 ESREHEM

SARKRAEY) AR AR R R ) R RS FasE
AT AR R ) B i (B AR AR ST VA, AR 5%
FHRZ) 2 MPa B9 JE Sy [aI B, IR AR ET 6
AT S 55 a5, R 14300 o 10,8.6,4.2.0.5
MPa, W54 ) s AL R BEAEL, 457 F K
Bk AR EE  ASRES TRk
FEM LSRN 3 R AR mR TR A ALB
FEJE R RB 25 41 43 1 vk B2 e (EAR TH PR EFFRE
VLR A S AE S PR A B RS 8 R BN 256 o (E
RS PERYR I, 26 3 A T R SRR E MR 4%
HAT R A ST B AT E B, AR X B R
W 3R AR FE IR A A TP bR
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Fig.3

Variation of components’concentration in the

mixtures with changing of inner pressure of the cylinder
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Tab.3  Relative standard uncertainty comes from Fig.4 Variation of components’concentration in the
pressute stability mixtures with prolonging of storage time
RaX AR R HEASH 5 BE/ %o e o N
T T KM AR RIER o
A 0.04 0.04 0.03 0. 09 Tab.4 Relative standard uncertainty comes from
B 0.01 0.02 0.02 0.03 long term stability
2.3 RARGELEH AR X E I %
CRSASE BT D TP AR WS, 0 GH N
Wy ) SRR P 5T, AT 50 R T 2 SRR 1 A 0-13 0-15 0.24 0. 14
B 0.06 0.07 0.18 0.16

P R A AR E T T %, TR
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KAEANEERY 0. 24% , — ALt . — A ALhx N bE
Fe—FAR 4 DK IR E TS | ARSI 2 2
A8 —FRm BT 0.3%,
2.4 IRESRHERE RN E BTN
AT 5T ] 25 (R SRR HE ) o 340 2R FH i
FE(H
BT
Co = Cgmv
MR JIF 1344—2012 , S AAF5 4 I R 1 B
ELANHA E FE VRN B LA 3 A5 R IR, BRI
—H R ARIRIE R, Fm R,
—HE NIRRT AT E L, R A u, s
—RKRE T A AT E B, RR R w5
I 2 E (A B AN E BE AT LAl T 23RS
AR AR AN 22

_ 3 7
Upefr = Ugray,r T Upsr T Ujpg v

PR A B B
Uy = bug (k= 2, BEHF = 95%)
RS AR TR R A S0 E B

Tab.5 Uncertainty for characteristic values of

gas standard materials

. vy Uit
T Gs U e e
» (pmol smol ") g e ts. " (k=2)

O, 100~18.0x10*  0.10% 0.10% 0.30% 0.33% 0.66%
co 100~10.0x10*  0.10% 0.10% 0.30% 0.33% 0.66%
C3Hg  50.0~1.20x10* 0.10% 0.10% 0.30% 0.33% 0.66%
NO  50.0~0.400x10° 0.10% 0.10% 0.30% 0.33% 0.66%

MRS ] DUR 6 T W ) SR AR )
BT, SR T k=2 W, S e (R A AR R
AT E XA 1%,

3 4ig

SETF AR W J5 1) s ) A S B AF A
TR AR —E e b — SRR S
SAERRER T, X D AR v R AR e R iR AT
TVl TR e A R BRI N R ) 0.5 MPa
DL 20 o vk FE VA s AR Ak, KRR M
RURTERI G 12 AW, SRR EY) AR e
PERAT . BFSE I SARARE ) T 0 R i — ARl
Y BE SO A (100~ 18. 0% 10*) pmol/mol , — 484k
T AV Y 1L 4 (100~ 10. 0% 10* ) umol/mol , %%
PRV B2 L R (50. 0 ~ 1. 20% 10*) umol/mol , — 48,
AL A B G L A (50. 0~ 0. 400%10%)  pumol/mol ,

X PR A R )RR PE R I AR e 1k 3
Pl EBORIES AR ASH & B PO, FRrE A
AR RATEE N 1% (k=2) , Zhr AR
S (E R R I T AR, T LA S0 I 5 [ R 3
A B, S HFE 7S HE AR AL 3 42 R A A T
K, BA BRI

SE L.
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BEmME R A EK 4-( XRE ) EHITH (PSO) B & B

kAR Bl AR @K AR ks
(LEM AR a AL T 240, b 252408, 1T98 % 213164,
2 AWML TAT LR B AR TR SEH = VT HM 213164,
3VLH LR RAF ,VTIR 750 215006)

FEE DU A R i 16 [t 2 & Ak (Reed ) SO I3 S5 07 FEREBE AL T 4- CRBRER ) AR GREE, #E— B LA T
FEmiAb g (TBAL) fE b SR I, -5 62 — P IR A A OV, e 0 B R OR L Tk 1= 3 55 12 b S A O R A, 75 1) 2R
J5 BBk 0 DGR R R 4-(CRBREE CRFEAR (PSO) ;#5487 4k 150 B Ik SR R R R ( @l S Bk ak -4 ) (R 2
AR AT VAR R s g B[R A6t = R A s i), IR0 T2 64T T ik, 105 5 HA B 2R A0 e, i e 7 6T FH VT, A
1% S50 IO B 2% ol [ R R ), IR v T P R S 4l

SE4BIA RO IR ; R85 B T PSO s BB 4L ; i AL G ik

hE 53 ES:TQ612.9 XEkERIRED : A B S 0258-3283(2023)01-0157-06

DOI: 110.13822/j.cnki.hxsj.2022.0453

Synthesis of a New Intermediate of Poly ( Aryl Sulfide) 4-( Phenylthio)Benzyl Sulfoxide( PSO) WU Bing-hui'* ,MA Xiao-
ming'™* ,CHEN Kang® ,LIU Jian-wu'™? | YAN Sheng-hu'"* | ZHANG Yue*'"*( 1a.School of Petrochemical Engineering, 1b.School
of Pharmacy, Changzhou University , Changzhou 213164, China ;2. Continuous Flow Engineering Laboratory of National Petroleum
and Chemical Industry,,Changzhou 213164, China;3.Jiangsu Suhua Group Co.,Ltd.,Suzhou 215006, China)

Abstract ; Using inexpensive diphenyl sulfide as a starting material , the 4-( thiophenyl) benzenethiol was synthesized by chlorosul-
fonation (Reed reaction) and reduction of benzenesulfonyl chloride.Further,the terminal thiols were catalyzed by tetrabutylammo-
nium iodide (TBAI) ,followed by methylation with dimethyl sulfate.Ultimately ,4-( thiophenyl) benzyl sulfoxide (PSO) ,a key in-
termediate in the synthesis of poly (arylene sulfide) ,was obtained by highly selective oxidation of the Methyl phenyl sulfide to
sulfoxide.The article investigated the effects of sulfonation reagent, sulfonyl chloride reduction system ( dichlorodimethylsilane-
Zn) ,methylation reagent, catalyst,solvent and reaction time on the yield,and determined the optimal reaction conditions, as well
as optimized the reaction process.Compared with other routes, this method solved the problem of equipment corrosion caused by u-
sing liquid bromine and nitric acid, while greatly improving the yield and purity.

Key words: poly (arylene sulfide) ;sulfonium ion;PSO;thiol oxidation;terminal thioether
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AT L

Tsuchida %520 F1 Aida 25170 38 3o 18 58 K2 7
i SbCl, 5% B IR VO (acac) , 55 5 =407
(AR % N = e S 7 S 78 52 S D R YA
IR R A S v A IR 5 T e B R R Tk T PR 5
B R Y B EE, 2 7R A 7 R Y B ek A BT
AR FRR R R BRI R ) (c-PPS) Y KR Y
TEAEALFIE R R IF3R  JF 5 X &R R A i
PR AR BE Y PR A 5 BT W R B gy 1
HETCREIC 5 R R DT R 0 2R e R R T
et ry, R T MR, RN TR R
(300 C) , HAKEEM AR c-PPS w28 i 4 af
REME, Tork R T ol Ak A 7,

S\S/© 0,/air

SbC1,/AICL / TiCl,/ VO(acac), 1
1O
[CAT] T

s+ x(Ox T e

1 SR i S PR T3R5 0
RO H kL ]
Fig.1 Ring-open synthesis of polyaryl sulfides from

oxidized diphenylene disulfide and cyclic
diphenylene sulfides
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Fig.2 Synthesis of polyaryl sulfide by polymerization

of organic intermediates containing sulfonium ion
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Fig.3 Synthesis of a new intermediate of polyaryl
sulfide ,4-( phenylthio ) benzosulfone ( PSO)

1 SKIGFEBSY
1.1 EZUHSEG

Avance I 400M %Y A% ff e P I 35 A (122 [
Bruker 23 ] ) ; Pyris-1 7 22 75 39 i 1 #AAY ( 3E [
Perkin-Elmer 23 7)) ; RE-52A B 25 & 2% ( 11
s AEARAY ) s TH30 BIRRATE A (AT
FNFEN D) s AB4000 K = F DU AT 53 I R 15X
(25 ABSciex A H]) o

TR B U R | U R R
(orhrl, B 25 4 AR 2E R A BR A ] ) 5N N-
FH R HH e e N, N-H R o e W B iR —
HR (At sl 52 AL #BR ( Bl ) A IRA R ;
1,3- I SE-2-WRmB R R | DU T 6 Ak i (43 B4l
[ VERRL T A AR A A BR A R ) 5 KSR ik
FR4 B IR A | it S A S (S AT 4k, B A2 ek AR
TR R A F ) 5 8 W 3R e (k2 al, W
JeRE L T A FRA E)) 5 BEf (ol LI
BAL T AR A ) 3 4-52F3E-TEMPO (k240 £ [H
Alfa 5]
1.2 LTk
1.2.1  4-(REE) ZRBEMEA (1) &K

TEVKAK I 163578 2. 98 g( 16 mmol ) — KR
fit 5 50 mL =S LA L, 0.5 h P m
1.98 g(17 mmol ) ERERE , vKAKIE T HEHE 2 h S5
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SMIHEAE: TR B T 2 v (B A 4- (CRAR ) 2R HT AR (PSO) 195 AL 159

JEZ% % Wedis , TN 0. 72 mL( 10 mmol ) 3. Bk 54
5 0. 12 mL DMF, £ 60 °C F#it+E 3.5 h, JH 100
mL KA1 50 mLx3 R L ERAL PR, & 43 HLAH I
JRHeds 21 M- Y H KBS R B 25 5, 158 3.91 ¢
6 A, 72 3R 86. 1%, m. p.71.3 ~74.1 C,,
"HNMR ( CDCl,,400 MHz) ,8:7.88(d,2H,J=8.8
Hz);7.49(d,2H,J=8.8 Hz);7.25~7.12(m,
5H), “CNMR ( CDCl,, 100 MHz), §: 142.6,
142.2,134.3,130.1,129.8,128.6,128.5,126.5,
ESI-MS,m/z:285. 0 M+H] ",
1.2.2  4-(ZRBRIE) ZRBREE(2) G AL

2. 87 g(42 mmol) Zn #} 4. 72 g(36 mmol)
TARTH IS 50 mL 1,2- " O KEIRA, 1A
IRE BRI PAIA 3.45 (12 mmol) L&) 1,
30 mL % 3. 13 g(36 mmol) N,N-—F1EEZ BERE Y
1,2- AR, TS CFHEFE 1 b, Feek LT
TH RGO U8 10 5%y b i A HH .50 mLx
3) SRIG 75 K, Il ik i R A VROAH (03 o3 2 4l
1k, 155 2. 55 ¢ FHEREIA, % 95% ,m. p.48. 0~
49.6 °C, '"HNMR ( CDCl,, 400 MHz) , 8:7.26 ~
7.13(m,7H) ;7.02(d,2H, J=8.4 Hz) ;3.33(s,
IH), "CNMR ( CDCl,, 100 MHz), &§: 134.3,
132.2,131.0,130.0,129.8,128.7,126.5,119.5,
ESI-MS,m/z:219. 1[ M+H] ",
1.2.3  4-(ZREIE) 2R B (3) 1A AL

4 2.24 ¢(10 mmol ) tbE#) 2.0. 54 g(11 mmol )
RER AR 2. 58 g (7 mmol) P T LAk % 30 mL
DMF 7ERAE T30 (0~10 °C) &4F FHEdE 1.5 h,
A 2 HER 2 A 2. 90 2(23 mmol)ﬁ@:$@l§,
REZ R R ER, AR G AR
oA K S & BE(3x60 mL) P,
U v A A HLAEAS 2R, W 155~ 160 °C 1Y
W5y (0.4 kPa) , 153 1.97 ¢ KB A, =R N
84. 1%, "HNMR ( CDCl,, 400 MHz),8:7.34(d,
2H,J=8.4 Hz);7.30~7.22(m,5H);7.16(d,
2H,J=8.4 Hz);2.44(s,3H), "CNMR(CDCI,,
100 MHz) ,8;137.1,134.3,130.9,129.8,129.0,
128.7,127.9,126.5, 16. 1, ESI-MS, m/z: 233. 1
[M+H]",
1.2.4  4-(CRfAE) R (4) 195 B

BRI 1.95 g(8 mmol ) b5 3.20 mL
DMSO .5 mL Z & .2 mL 7K, FifE| A 8. 46 mL 35%
B H,0, #10. 10 g(0. 6 mmol ) 4-323-TEMPO,,
REWEZRTHAE 2 h, IF7E 80 C F M

2.5 h, [ 100 mL 7KFf B FH G H e 2 L, 7K Uk
TG 25 TR R AE VEDT) VAT
BE)=1:19 258, 158 1.90 g /=&, 72 RN
95.8%, m.p.71.5 ~ 73.8 C ( K fi. 72 ~
73 °C), '"HNMR (CDCl,, 400 MHz),8:7.56(d,
2H,J=8.8 Hz);7.42(d,2H,J=8.8 Hz);7.25~
7.12(m,5H) ;2. 61(s,3H) . "CNMR(CDCI,, 100
MHz ), 8: 144.9, 134.2, 132.6, 129.8, 128.6,
126.5,125.5,125.2,44.0, ESI-MS, m/z: 249.0
[M+H]",

2 HER5HR
2.1 EW1HEK

BRI AL S H, A A SR F S i o A
TR , A OB TR R 92 5 RN, M 3R oA
A R B R, LRI Ry BB — A%, AT
2R 00 A B SR O R AR R A TR AL
S, S8R = G A A g R R il
FHE AR, BN T AL = 7=, SEE DL 16
mmol R EEAE N JFURL, — UK AL ZE VKKV T R
W2 h, AR 3.5 h T R 60 C RS
JEORHS R ITR | 7B I S0 B i LU X 7= S5 ) B i

ZERIME 1 PR,
F 1 GRS RS R LA 1

AR
Tab.1 Effect of the dosage ratio of chlorosulfonic acid

and thionyl chloride on the yield of compound 1

B n( ) cn(ABERR) n(WHIEER) R/ %
1 1:0.94:0. 59 72.9
2 1:0.94:0. 63 85.3
3 1:0. 94 :0. 66 78.4
4 1:1:0.63 82.9
5 1:1.06:0. 63 92.5
6 1:1.13:0. 63 87.8

— B R e AT HE R (GURRTR ) n (JBR
)= 1.06: 1, QRLEHE = SR (1) FH = 0 AS e fli =
T WA, BT REA RIS B A, AR L
AT, R AR B 7= R e B, e (AR )
n( ZRGEE) = 0. 63 :1, BB IEHE 1:1.06:0. 63
BORG R, [FIEE R A R R e i s i b RO A
SN AR P vT B AR VKIS R rh SE 45 & B 1k )
IR AT AR R SR
2.2 EW2 AN

FFH =S W 3k - iR AR R |l i
I 52 DL 18 Tt e 28 1k 6 0 2o — VP 36 F e o
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THIRE B AR 75 C on (BERY) cn (LB
1) =35 Bk 1 h AT B0 S
] 5 A [F e AL S Db B9 1 h D5 BEAATH 54
IV FE B B A RCR , BT R L3R 2,
R2 B ORI [E) S [ A )
LG 2 77 AR B
Tab.2 Effect of solvent,reaction time and different

amide compounds on the yield of compound 2

iRl S

n( R THWIERELE) © VR PR/

FE am ey W/min %
1 — DCE — 60 5.8
2 DMF THF 1:1 30 18.6
3 DMA DCE 1:1 60 87.5
4 CHBEKE  MeCN 1:1 9 84.8
5 DMF THF 1:1.2 60 24.8
6 DMA DCE 1:1.2 90 94.1
7 CABERE  MeCN 1:1.2 30 56.7
8 DMF DCE 1:1.4 30 53.5
9 DMA  MeCN 1:1.4 60  77.7
10 CHBERE  THF 1:1.4 9 26.0
11 DMF  MeCN 1:1 9 72.5
12 DMA DCE 1:1 30 95.0
13 OBk THF 1:1 60 70.4
14 DMF DCE 1:1.2 9 88.3
15 DMA  MeCN 1:1.2 30 36.8
16 CABEE  THF 1:1.2 60 3.5
17 DMF  MeCN 1:1.4 60 71.9
18 DMA THF 1:1.4 9 29.6
19 CABEE DCE 1:1.4 30 45.0

S I A ) FH 4 J e 5 e 0 A T
B R T G 0 A PR K TR S T
PRI 80% A, LB 1 5 RO
WA 45 55 W Vilsmeyer U g £h 2 , X A ik
P A IV e 25 1 AR 25 2 Bl A s AR R R 78
AT F A A Dt AU 5% B R RS £k
Wk, BEE DMA MU, 7™ B w4 Ukl 1
FCARMAR . A, C Bk (PA6) 1E S ik
WA A, TRRERZ AR I DMA (7= 2% | 158
P Ak A v B R 0T IV e B )38 SR A
YERT, B T SR = A, Ak, SEER TR Al
= O e VB R0 8 J 55 SE R R i), {7 1 h
SR =ik ) 95% ., 1 THF 5 2 G %55 4 14
TR R, BRI Z A5 58
2.3 kB3 AR

ZRMAERSAFE T, [ JEK DMF Him A

TR (TBAL) | 38 ik e i B U 47 B, 1 Ak
B2 155 B B A B B A, P S
iR — H R b LAl w1 2k A 3. AF T
FH OB R R A B BB | 2 S Al
FHBRTR BT B , 720U T Semfb s ik T, B
FREE Y 3 W= AT T 30% L) I, 3R 3 1ESL
S K n(A6EH 2) :n(TBAIL) :V(DMF) = 1 mmol :
0.7 mmol :3 mL WJIE T, 43 5458 5% A [) ik ik 5
PR B 25 1 | A R — F TR P o % S R B ]
PRI
x3  AFEREREE SHER —H R H & M R A
SHEAY) 3 PRI
Tab.3 Effect of different carbonate and dimethyl sulfate

and time on the yield of compound 3

n(fEEW2) s n(fLEW2) 0 RS R/

)
o
g
=
B

n(BRIREL)  n(BRBR W) [B/min - %
1 BRIREN 1:0.9 1:1.1 30 41.9
2 R4 1:0.9 1:2.3 30 76.7
3 R 1:0.9 1:3.1 30 79.0
4 IR 1:1.1 1:2.3 15 43.1
5 fRERH 1:1.1 1:2.3 30 82.8
6 B 1:1.1 1:2.3 45 92.0
7 BRERER 1:1.1 1:2.3 60 92.2
8 HRERHM 1:1.3 1:2.3 30 87.5

AL BT B A B, A R 4 A ok 11 Ak
VERRPERE G T SR AL AN A5 5K I AR 0, gt
— 3SR T TBAL WML A1, 72 IR A 14 1, A7
A L A A 5 SR A I A Ak 7 A R
T, Y n(BRR —HER) cn (J5URE) = 2.3, RONZIT
60 min B S8R S A 5 T R AR R (R 3, )7
2)) AR ) DR AT S R R A >
2.4 fbEW 4G

ARIA)TF Reddy %65 i F 1R 7K S Ak FE L2
Bk, FATTHIR G (0 A D A O AR, 5578 1
LT BT | DA IR A I Ry A A0 A 2 A
AR EE A L, SCRRT 16 ] B ik BLUAR 7 2R g%
I (M R T B AR B, 3l ek e TR A i R oA
TEMPO, i 53 f K —FIEM, S8 T &
Yy 3 r R I I B A o 9 DR SR A AN
PO ARG AL 4 EEE R TR
Bt kb 5 4-F2 3E-TEMPO &5 fin 2t % & Ak 8501 1 52
M, TEMPO 19 i 4k S8 Ak 5 3 S Ak & A Ak it 7 By
[, [RVRETT LK 28 s Ak ' slomy AR £k 19
VeREME DL =3 UESE T ad R AL S AR I R 3
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SMIHEAE: TR B T 2 v (B A 4- (CRAR ) 2R HT AR (PSO) 195 AL 161

AT DL 4 i Bk Y 2 T R T T
M A 3 R 1 R el A R A S
x4  HRIB LS TEMPO B X A ALRUCR 52 1w
Tab.4 Effect of solvent ratio and TEMPO addition

on oxidation results

n(fLEH3) :

V( ZH M) : FER/

5 (4B ITEMPO) V(Z/) %
1 — 1:1 65.0
2 1:0. 63 1:1 9.5
3 1:0.68 1:2 88.7
4 1:0. 68 2:1 63.5
5 1:0.38 1:1 88. 1
6 1:0.5 1:1 90.0
7 1:0.75 1:1 93.8
8 1:0. 88 1:1 90.6
3 g

ASCRL B 1 — AL T Ay (B 0 DR, 28 S

b (Reed) S Ik D7 FERATE S G L T 4- (A8

55) Rm s, E— 0 LAY T SE ik % (TBAL) fiEfk

Ui BB , P55 R — TR A W R SO e

K P BEOR BT P g e 45 P ST 0T R, 75 31 3R

5 B B R B v T A 4- (R Ak ) 4% H IR

(PSO) , 7 b B 7 23K 68% ~T5% . %L K

TR R DT TR E A b A A PSO Ry &% (1R

TRALHT 2, 5 HAD B2 AR L8, i ke 1 4 R

TR AR S ) o S e A ok R R [, 4 17

PRI AR e A B T AN B Y S TR 4L
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SRS -V A 70 ) s g e SRR R IS AL B 7 SR s i), LA B IR R 1- T 56-3- A JE ks yR 5L ([ BMIM ] CL) DAk, 7
TLEEN 90 C AR 554 T — BRIk A BT 8 NWEIE 2 IERRERITAE Y (da~4h) , BB S I3 (82% ~93%) , it
B WA RTSOR) S22 S e I, S A 5 WG TG PETC I B T B, BbAh , A= 0 P s SR 2 I 1 A A W b ik A ik
W97 b AR T A TR KR 1 At s LA — 8 BTG 4, P 2-( ((5-3-4- P 4l 0k -6- TR Sk g g -2 3 ) 206 ) (4-80K
Fo) 3 TH R — LR X B bk otz 8 M AR 1592 979 B8 L /K R 13 Rt 8 |81 95 M 2 1A 71, 5% ,63. 0% . 55. 4% , f T %t
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Catalytic Synthesis of Pyrimidine Amino Acid Ester Derivatives by Ion Liquid LI Xi*, LI Miao' ,WEI Xian', BAI Song "'
(1.School of Chemical Engineering, Guizhou Institute of Technology, Guiyang 550003, Chinaj; 2. Laboratory of Coalfield Geology
Bureau of Guizhou Province , Guiyang 550008 , China)

Abstract; Pyrimidine amino acid ester derivatives were synthesized by using ionic liquid 1-butyl-3-methylimidazolium chloride
([BMIM ]Cl) as catalyst.The effects of different common solvents and ionic liquid solvents on the yield of pyrimidine amino acid
ester derivatives were investigated.Eight pyrimidine amino acid ester derivatives (4a~4h) were synthesized by one-pot method u-
sing ([ BMIM]Cl) as the catalyst under the optimal reaction conditions at 90 “C.The reaction has high yield (82% ~93% ) .The
experimental result of ionic liquid recycling showed that the activity did not decrease significantly after repeated use for 5 times.In
addition , the biological activity test results showed that the derivatives had certain activities against Pseudomonas syringae pv.ac-
tinidiae ( Psa) ,Xanthomonas citri pv.citri (Xac) and Xanthomonas oryzae pv.oryzae ( Xoo).Among them ,the activity of diethyl 2-
( ( (5-chloro-4-methoxy-6-methylpyrimidin-2-yl ) amino ) ( 4-chlorophenyl ) methyl ) malonate against Psa, Xac, Xoo were 71.5%,
63. 0% ,and 55. 4% ,respectively ,which were better than that of the control antibacterial agent Bismerthiazol.

Key words : pyrimidine amino acid ester;ionic liquid catalyst;synthesis; antibacterial activity ;fine chemical intermediate
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FHALATA HLIE R A G0 A SO 2 A LR
R BT, TR R A B AR
W A 0 BRI A 5 O 1, DL RS IR AR
DA AR R P — A8 3k 18 W W i R I 26 A
AW CIE 1) FFERE T H AR A& W0 xRk 5
T R AR Tt 028 T L KR I A R A 400 o
P, DU A B R A B s ORS00 1 TG PR P 25 )

5
0 A,
cllfN + OHC—R' + R?00C~COOR?
CH, 2 3
1
Hu i
o_N_NH
[BMIM]CL Ty Y ¢ Ccoore
ot~ a N m
CH,
4
4a: R'=Ph, R?=Me; 4e: R'=2—furyl, R?>=Me;
4b: R'=4-Cl-Ph, R?=Ei; 4f: R'=cyclohexy, R?=Me;
4c: R'=4-Me-Ph, R?=Me; 4g: R'=cyclohexy, R’=Et;
4d: R'=4-OMe-Ph, R*=Et; 4h: R'=Ph, R’=Et

B e R RS Y G L
Fig.1 Synthetic route of pyrimidine amino acid

esters derivates

1 SEERERSY
L1 EEERS R

Shimadzu IRPrestige-21 %Y Z1 4} 5t i il 5 X
(7% Bruker 24 ) ; JEOL-500 MHz % 4% % 3L 4
ACCHERR S (b)) B AR A ) 5 Vario EL %Y
TCEMMHL (FEE ELEMENTAR 2A#]) ; X-4 B
folokes a0 7 AN (AL st B8 e A AR A R A W) ) 5 UV-
5600 #Y 5 AP AT WL A3 SOGEE T (IR MV ARG B A
ARy HE]) 5 Sartorius BS224s Y H, T/ #fy K- (&
[ Sartorius 2N ) ) o

B GRS i 5 e b, T P AR Bk
W7 (Psa) A% 1589 06 B ( Xac) (/KA
FidF B ( Xoo ) SRy 5 M 3 T 2% Bie Ak % T 72 2 B
fe it
1.2 HireaWmE g

FREL 1 mmol fCEE .1 mmol 5-5-4-H 5 3E-6-
L g -2-F DA B2 1.5 mmol TH R — W [ig T
100 mlL [FUREEHH #4011 g B 73R [ BMIM] C1
PERAEAL, BEPE A 90 C )7, TLC BRER X
LR BF SN R 8BRS BE R A £ 7K
PER IR, ]G RR CBRAERL(10 mLx4) , & IFA L
ARG P TC/K BRR AT T8 | 2ok U85 DB I i3, A

EHAi(V(ZROER) V(A ) = 1:2) 153
HirME &Y.

2-(((5-5-4-H 5 He-6-H gL ms ng-2-5L ) A
o) (L) HEE) TH R WG (4a) - 8 (3R
Y, 7% 91% , "HNMR( CDCl,,400 MHz) ,8.7. 41
(d,2H,J=7.5 Hz);7.28(dd,2H,J=14.0,6.6
Hz);7.22(t,1H,J=7.2 Hz) ;6.36(d,1H,J=9.3
Hz);5.96(s,1H);3.97(d,1H,J=5.7 Hz) ;3. 81
(s,3H);3.66(d,6H,J=4.9 Hz);2.24(s,3H),
BCNMR ( CDCL,, 100 MHz), &; 170.6, 168.0,
167.5,161.2,140.2,128.4,127.5,126.6,109.9,
57.1,53.1,52.6,23.7, IR(KBr) ,v,cm ':3 104,
2996,1 712,1 585,1 553, 1 494,1 477,1 248,
1 091,1 052,860, JLER 7 HT, C,gH,, CIN, 04, S0
(B AE),%: C 54.90 (54.92); H 5.12
(5.13) ;N 10. 67(10.68) .

2-(((5-54-4-H 5 He-6-H gL ms ng-2-5L ) A
) (4-FAEL) W) TN MR 2 ME (4b) B
RF=H), 77 % 93%, '"HNMR ( CDCI,, 400 MHz, ),
8:7.34(d,2H,J=8.1 Hz);7.28(d,2H,J=7.8
Hz);6.42(d,1H,J=9.0 Hz);5.93 (s, IH);
4.29~4.02(m,4H);3.92(d,1H, J=5.7 Hz);
3.78(s,3H);2.22(s,3H);1.21~1.01 (m,6H) ,
“CNMR ( CDCl,, 100 MHz), 8: 170.6, 168.0,
167.7,167.0,161.1,139.0,133.1,128.5,128. 2,
109.9,61.7,57.1,53.1,52.3,50.5,23.7,13. 8.
IR(KBr),v,em™:3 111,2 986,1 735, 1 582,
1555,1 491,1 476,1 294,1 236,1 081,1 054,
787, JCE 4 HT, Cy Hyy CLLN, O, SZ N (35
) ,%:C 52.64(52.68) ;H,5.08(5.10) ;N ,9.21
(9.23) .

2-(((5-5H-4-H A Fh-6-F 3k mE mg-2-3 ) |
F) (R ZEIE) ) TH R —HER (4e) - B0
IRFEY) P25 85%, "HNMR( CDCL,,400 MHz) ,8:
7.28(d,2H,J=7.5 Hz);7.11(d,2H,J=17.6
Hz);6.38(d,1H,J=8.6 Hz);5.95(s,1H) ;3.98
(d,1H,J=6.0 Hz) ;3. 81(s,3H) ;3. 64(d,6H,J=
7.7 Hz);2.28 (s,3H);2.20(s,3H), "CNMR
( CDCl,, 100 MHz), 6: 170.6, 167.9, 167.6,
161.3,137.2,129. 1, 126.5, 109.9, 57.2, 53. 8,
53.1,52.6,23.7,21.0, IR(KBr),v,cm ';3 118,
2997,1 722,1 554, 1 540, 1 490, 1 475,1 242,
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1171,1 052,861, JLZE43#r, C oH,, CIN, Oy, S
(8 1H),%: C 55.95 (55.98); H 5.44
(5.46) ;N 10.30(10.32) .

2-(((5-5-4-F 4 Jh-6-F ik w23k ) 4
L) (4-WAAER ) L) N IR — TR (4d) -
i R 7= 9, 77 % 83%, 'HNMR ( CDCI,, 400
MHz) ,8:7.31(d,2H,J=7.8 Hz);6.81(d,2H,
J=7.8 Hz);6.31(d,1H,J=9.4 Hz);5.93 (s,
1H);4.23~3.99 (m,4H);3.90(d, 1H, J=6.2
Hz);3.81(s,3H);3.76(s,3H);2.20(s,3H);
1.15(dt,6H,J=14.5,7.1 Hz) , "CNMR(CDCl,,
100 MHz) ,5:170.6,167.9,167.2,161.3,158. 8,
132.4,127.9, 113.7, 109.9, 61.6, 57.5, 55.2,
53.1,23.7,13.9, IR (KBr), v, em™: 3 071,
2978,1 726,1 584,1 557,1 496, 1 473,1 237,
1 173,1 059,866, JLER7HT, C, Hys CIN; Oy, SE
(B AE),%: C 55.81 (55.84); H 5.80
(5.83);N 9.30(9.31),

2-(((5-%-4-M A Jk-6- TP ik s WE-2- 0k ) 2
%)(fﬁiﬂ&i-z-%)$9§§)B§_H&_$Eﬁ(4e):ﬁ@
R =8, 75 R 90%, 'HNMR ( CDCL,, 400
MHz) ,8:7.33(s,1H) ;6.26(d,2H,J=10.5 Hz) ;
6.18~6.02(m,2H);4.15(d,1H,J=4.6 Hz);
3.87(s,3H);3.70(d,6H,J=18.5 Hz) ;2.25(s,
3H), “"CNMR ( CDCl,, 100 MHz), §: 170.7,
168.1,168.0,167.4,161.1,152.8,141.9,110. 4,
109.9,106.8, 54.5,53.2,52.5,48.6,23.7, IR
(KBr) ,v,em™":3 101,2 932,1 726,1 715,1 583,
1551,1496,1 473,1 247,1 090,782, JCZE /M HT,
Cio Hys CIN; O, SEIfH (1H5518) ,%: C 50.07
(50.09) ;H 4.73(4.75) ;N 10.95(10.96) .

2-(((5-5H-4-F & F-6-F F mE ng-2-3k ) |
F) (AT B ) TN R VR (4f) - B AR
PR, 7% 82%, "HNMR ( CDCI,, 400 MHz) ,6:
5.72(s,1H) ;4.73(s,1H) ;3.88(s,3H) ;3. 81 (s,
1H);3.73(d,3H,J=14.3 Hz);3.59(s,3H);
2.23(s,3H);1.85(s,1H) ;1.75~1.44(m,4H) ;
1.43 ~ 0.85 (m, 6H), “CNMR ( CDCl,, 100
MHz) ,6:170.5,168.7,162.3,109.9,54.8,53.0,
52.4,41.5,30.3,29.4, 26.1, 25.9, 23.7, IR
(KBr) ,v,em™:3 075,2 982,2 664,1 557,1 443 ,1
269,1 244,1 163,1 045,1 018,901, JCZ 4T,

Cs Hyg CIN;O,, S AE (1155 MH) ,%: C 54.07
(54.09) ;H 6.55(6.56) ;N 10.51(10.53) ,

2-(((5-5H-4-H S Fk-6-F 3k mg mg-2-3L ) &
) (RO ) ) N R . O WA (4g) Ak
Y, 77 % 82% ., "HNMR ( CDCI,, 400 MHz) , 8:
5.75(s,1H) ;4.67(s,1H);4.16(d,2H,J=7.1
Hz) ;4.05~3.89(m,2H) ;3.80(s,3H);3.69 (s,
1H);2.14(s,3H);1.79(d, 1H, J=12.6 Hz);
1.66 ~1.41 (m, 4H);1.29 ~ 0.78 (m, 12H)
“CNMR ( CDCl,, 100 MHz), 8: 170.4, 168.3,
168.0, 162.3, 109.9, 61.35, 54.7, 53.4, 53.0,
41.7,29.9,29.4,29.2,26.1,25.9,23.6, 14.0,
13.7, IR(KBr), v, cm™':3 088,2 984,2 662,
1552,1 435,1 278,1 237,1 169,1 040, 1 004,
893, JL % 4 #r, C, Hy, CIN,O,, 52 I {8 (3154
) ,%:C 56.13(56.15) ;H 7.07(7.08) ;N 9. 82
(9.83),

2-(((5-5H-4-H S Fh-6-H 3k mg 23k ) ]
o) (ORI 3L ) TH R — 2 g (4h) - ¥ AR
P, 7 % 85%, "HNMR ( CDCL,, 400 MHz) 8.
7.40(d,2H,J=7.3 Hz),7.33~7.27(m,2H) ;
7.24(d,1H,J=7.0 Hz);6.38(d, 1H, J=9.0
Hz);6.01 (s, IH);4.12 (dt,4H, J = 13.3,6.9
Hz);3.96(d,1H,J=5.4 Hz);3.81(s,3H);2.22
(s,3H); 1.14 (dd, 6H, J = 15.3, 7.4 Hz),
“CNMR ( CDCI,, 100 MHz), §: 170.6, 167.9,
167.2,161.3,140.3,128.4,127.4,126.7,109.9,
61.6,57.4,53.9,53.1,23.7,13.9, IR(KBr),v,
em™':3 088,2 984,2 662,1 552, 1 435, 1 278,
1237,1 169, 1 040, 1004, 893, JG & & #7,
CyH,, CIN; O, 52 I fRL (3 5 M) ,%: C 56.94
(56.98) ;H 5.73(5.74) ;N 9.96(9.96) .
1.3 PUpEHE T

SR FHML BE VX0 BT i E As A & kA 7 i 1
W2 AR N 100 we/mL BIBEINAL & P2
W, WCHl NB i gRHE (3.0 g 4F NHRHU 5.0 g 75
FIFR 1.0 g BERERY 10,0 g #I%5HE |1 000 mlL 7818
K pH 7.0~7.2) 53 5 FHEE R AT — /N5 A
HEE R R AP NB R gk rp | S840 96 1 7
28 °C 180 r/min fH I 45 K4 37 K5 97 1) A K X8
H(0D=0.6~0.8) % ], HL 40 pL MR 4 mL
0. 1% Tween 20,1 mL BCii &7 A0S P, 4 1k
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B (28+1)C 3, LA 180 v/ min HLEFES) 1 ~
3 d, T 600 nm(OD600) 4k 1Y 56 25 i >k W
W0 BR 0 A K W B A TR RE vk B 1 7 AT 0. 1%
Tween 20 YE A 25 X BR | IF A w45 Sk X BB 25 511)
FRACPRE S 3 R, I LA A A 2 A
SREUIEH B
I = (Ctur = Ttur)/Ctur x 100%

F L IR Crur MR L2503 P A A K
FEIE R 3h B (25 ST IR) | Trur S92 fb A 9 A0 B8 A48 b 40 18 A
KRS IE 1 PR

2 HER5ITR
2.1 SRR

PL 1.0 mmol 5-5-4-H 4 Fe-6-H & mg ng-2-
Jtiz 1.0 mmol ZEHERN 1. 5 mmol PN R —H iR
ACE Y da SAREHR SO, Xk S 7 5 RN B 326 A 7
TRRE, ZE R ER 1 AR 2 P, 4l H Ak
M A e N, N- G Y e e | — P R S XL
U HIE T (PX) SR LA IR, 30 °C
AT LB da FE LI H RO RIS 7= R
el (52%) , AU EEA b, BFSE T RN i Xk
B da (EENR , 7= 9y 7 S4B I BE 0 v T4
MR TR 100 °C B, PRI (76%) 5 48
[BMIM ] DCN, [ BMIM ] BF,, [ BMIM ] NO,.
[ BMIM ] MBS, [ BMIM ] PF,. [ BMIM | BF,.
[ BMIM JHSO, .[ BMIM ] C1 %5 B T A A AL 75 Bt

R AEEHERDARAEAY) 42t

Tab.1 Synthesis of compound 4a in common solvents

75 B/ C sl R E/h PR/ %
1 30 THF 22 23
2 30 DCM 22 32
3 30 DMF 26 42
4 30 DMSO 24 40
5 30 EtOAc 25 33
6 30 PhMe 22 48
7 30 PX 20 52
8 40 PX 18 54
9 50 PX 18 58
10 60 PX 16 61
11 70 PX 16 68
11 80 PX 16 72
12 90 PX 15 75
13 100 PX 15 76
14 110 PX 15 76

RN 1.0 mmol 5-58-4-F 4 2-6- F JE WE g 2% |
1.0 mmol ZEMEEH 1. 5 mmol N R _ K,

®2 B THAMENRAR GBS 42"
Tab.2 lonic liquids as catalysts for the synthesis of

compound 4a

Fs RE/C il RIS 7R/ %
1 30 [ BMIM ] DCN 1h 54
2 30 [ BMIM ] BF, 1h 58
3 30 [ BMIM]NO, 1h 65
4 30 [ BMIM ] MBS 1h 40
5 30 [ BMIM ] PF 1h 55
6 30 [ BMIM ] BF 1h 46
7 30 [ BMIM ] HSO, 1h 51
8 30 [ BMIM]Cl 1h 62
9 40 [BMIM]CI 1h 68
10 50 [ BMIM ] Cl 1h 75
11 60 [BMIM]CI 1h 78
12 70 [BMIM]Cl 55 min 83
13 80 [BMIM]CI 55 min 87
14 90 [ BMIM ] Cl 50 min 91
15 100 [BMIM]Cl 50 min 91

T RN A E R 1.0 mmol 5-48-4-H 4R J-6- H 3 1 e -2- it |
1.0 mmol ZEHIFEAN 1. 5 mmol P R g,
30 C 4RI LG4 4a 7ELL] BMIM | C1 A5
I 7= AR B (62% ) o FEMGHER b, BFE T S
TREEXTAC G 4a (ISENR 7= ) 7 2 I BE 1 7
3N, 23R EE TR 90 Ch, P= it (91%) .
2.2 RSN
B 2 B RSN A5 A I, R R Y S B iR A 7
TY R, R NER 3 PR, 7E 90 C DL TR K
[ BMIM ] C1 A AL A S5 44T G 1l s e 22 2 T
FALE Y da~4h #A B =R 2R Ay 82% ~
93% , MR FEMRI Z BE - iEA Wi TR (S5
2.5) 1Y AR 7 R0 T 1% A B i 1 2 A (D
53.4.6.7.8),
R3 B TR BMIM ] Cl AL A R 0 a1 LR
BEJ A G ) 4a~4h
Tab.3 lonic liquid [ BMIM]CI catalyzed synthesis of

pyrimidine amino acid esters 4a~4h

75 L&Y R! R? 7R/ %
1 4a Ph Me 91
2 4b 4-Cl Et 93
3 4c 4-Me-Ph Me 85
4 4d 4-OMe-Ph Et 83
5 4e 2-furyl Me 90
6 af Cyclohexy Me 82
7 4g Cyclohexy Et 82
8 4h Ph Et 85
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PR T WM A B AR A 167

2.3 AL PR S50
BT AR T OE ST (A5 B AR A R
P g s e eIt . i 8 PR AN
K FESEMAR M REYE , e B L5 1 da VB AR
RN, BB TR EE M, WK 4 14h
R AT LU YIRS 5 e, [ BMIM ] Cl
AR g 7/ N S SN gl N < Y =]
[ BMIM ] C1 7= 5% A 2 R, iR [ BMIM ] C1
A DL R0 A s i S SR R S AL A W 1 A O
LG
F4 BRI BMIM]Cl RYPEERMEH]
Tab.4 Reuse of ionic liquid [ BMIM ] CI
R RN

EY 4a 7% /% [ BMIM ] Cl F=3%/%

1 1 91 88
2 2 90 90
3 3 88 84
4 4 86 86
5 5 85 85

2.4 PUBRBEBE I T AR S KRS H
It o o 17
DI Al S Xof BE 245 1], 76 100 pe/mL R BE
T R R i E SR TR R 2R AL B ) 4a ~ 4h
HOBTERIER ot Iz 00 T A 52908 T L 7R P P
9o T TG PR AT I, s R Ak 5 s, Tl
REERELI 78 100 wg/mlL B W5 IE 20 35 iR g 25
B 4a~4h #RFR B — E A B M, o
L5 4b TE MRS, RBRBEA 5t 97 90 T A A
Tt 97 I T 7K R At A A0 3 1 23 Sl D
x5 Ok BRIz T NG
TKRE ARG £ (100 pg/mL) ™
Tab.5 Inhibitory effect of the target compound against
Psa,Xac,Xoo in vivo at 100 pg/mL

o IR, %

Psa Xac Xoo
4a 55.1+2.3 42.3+2.6 35.1x1.3
4h 71.52.9 63.0+2. 1 55.422.2
4c 43.123.3 49.3+4.0 48.8+1.5
4d 53.2+2.2 47.2+4.6 42.124.3
4e 69.1x2.9 44.3+3.4 55.7+2.3
4f 47.5+2.4 38.3%2.5 38.9+2.5
4g 68.2+3. 1 58.6=1.8 50.1+2. 4
4h 42.312.3 35.5+4.0 28.1+2.9

BT" 66.3+3. 1 62.9+2.0 54.322.2

3 YCOPAT LI 3408 5 1) T b 24 551 I A 18 ( Bismerthiazol )
Skt R F

71.5% .63. 0% 55. 4% , LT %F BR 24 55 Ayl s Xof 3
Tl T %) 300 735 1 (66. 3% . 62. 9% . 54.3%) , %
WA B 4e T 4g SHRRIERE B 97 9 T 00 0%
P55 M 69. 1% . 68. 2% , At T XoF FE 24 751 i Ay s
(66.3%) ;45 de IOBTARE Al BT B4 1
(55. 7% ) L%k JE 24 750) Ak ek XoF 7R 11 Pt At 7
A5 1

3 i

PABRIE ACUE | AT [l WAL 1) 8 5 W04 [ BMIM ] C1
AL, — 8L T 8 A e E IR IR 2K A
B, SRR GER R L, 307 1 REAR A i )
FEA H ROV [R)RE AR 3 PR D A R R T | e
N B IR R S AL 5 T X R A Ak 5 o T A A 15
T KA Al R B — R R T
AR AE B DU Bz T AR B T
JKRE Al T 24550, A 0F BT A4 A 0 s A 24
PIBaE T A

SE L.

(1R I BWAEAR 25 R S P B ZAE (] R
#j,1995,34(1) :6-9.

(219520 S B % 550 58 iy - Pyroxasulfone 19 FF & 5 fifi H
[J]. M54 25,2001 ,23(4) ;133-134.

(31X 1L A58, Pt = 5 g i O Je 248 B e 590 1 FF
SEMEBLL )] A A ,2011,37(2)  14-19.

(4] 8287 RUbiE, E3, 55 Foe 05 S SLms g B 2R &
iR R B B [0 ] A I Al 2 24, 2000,
19.237-240.

[STmJE, PN, 2200, 452 Fhoa ILBE 2 R e 4h 7 B
KA SEHEFE[J] . P T 2 B2, 2010, 4:269-
271.

[6]FREFS B IE, 25 2-( N - B WENR 3L ) v e A1
AW S 2% JUTE M E [T A HLAL 3=, 2006,
26(5) :667-670.

[ 7] WK . 28 B 75 98 T8 B ( mepanipyrim ) FYFF 5[ J] .46 24
A, 1998,20(1) :30-36.

[8]ZE M, S8 1, KR, 5. (E)-2-(2((6-FF N £E-2-
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BEEE L K FF IR [ 2,10 ] FHFREWMITED A A

B BRI e Sk A
(IS SCH B Aot SRR TR Be K AL B D REAS RH e 2 T S g
FUBEE SRR I BRI R 8 TR DRSS bl Wil W7 415000)

FEE RIFRRIE] 2, 1-a | JF SRR A ) 2 — R E B E W R 2R S i o A R, TR R SR ) & ik Jr ik B
MR X, FERSBRER AL, 25 SONEAL R 4500 T SE B0 T W B R 00 IR AT | R IT 0 T eI T ORME[ 2, 1-0 ] IF- S 1
WRATAED) , AERAE RN 5 1F T, LA 40% ~ 65% 7= 3645 i T 17 FAS ) g e Ak 2 K e [ 2, 1-a ] I S e Bk AL 5 40, SR
"HNMR " CNMR X2y A7 1 450 % . HLERISUE S g0 R W] 1% R NI 28 I3 1 i 1 by R A ol X e ke XUBEE o ol 14
AL IR, %R B A S E IR SRS

KR AR 2 R I IRE [ 2, 1-a ] IF- S MM R ISEAL ; 2 (25 1K

FESES 0626  XEEFRIZES.A  XEHES.0258-3283(2023)01-0169-08

DOI:10.13822/j.cnki. hxs}.2022.0427

Synthesis of Phosphorylated Benzimidazo[ 2,1-a ] Isoquinolin-6( 5H ) -one Derivatives TANG Yu-cai” ,LI Min,YANG Meng-
na, HUANG Hong-xin ( Hunan Province Engineering Research Center of Electroplating Wastewater Reuse Technology , Hunan Pro-
vincial Key Laboratory of Water Treatment Functional Materials, College of Chemistry and Materials Engineering, Hunan Universi-
ty of Arts and Science ,Changde 415000, China)

Abstract : Benzimidazo[ 2, 1-a | isoquinolin-6( 5H) -one derivative is an important class of pharmaceutically active compounds and
functional materials.It is of great scientific significance to develop a new efficient and green method for the synthesis of benzimid-
azo[ 2, 1-a]isoquinolin-6( 5H) -ones.In this paper,a silver catalyzed radical coupling reaction has been developed for the synthesis
of benzimidazo[ 2, 1-a ]isoquinolin-6( 5H) -ones under air as an oxidant.Under the optimized reaction conditions,seventeen phos-
phorylated benzimidazo [ 2, 1-a ] isoquinolin-6 ( 5H ) -ones were obtained with a yield of 40% ~ 65%. Their structures were
determined by 'HNMR and “CNMR. Control experiments showed that the present reaction underwent generating phosphorus
radical , radical addition/cyclization and deprotonate process.This protocol has the advantages of mild condition, green and simple
operations.

Key words:silver catalysis ; air oxidation ; benzimidazo[ 2, 1-a ] isoquinolin-6( 5H) -one derivative ; phosphorylation ; green synthesis

ARIFWRIE[ 2, 1-a ] If S M mpk gt 4 J2 — R HL 2L @N\yﬁ Bu,GeH/AIBN N
B EAIME Y, BVF 2 T 25 5 T 0 O @{@
A ANBURE RIS P ARE RPTR 25 4 ik B 1 Bu,GeH/AIBN & ZHIHEHEIf:bEm:
Sb A R4 TRDRE AT 22 B T a0k — 2 ERME TR
BT A AR TR, A R Ok mk Fig.1 Bu,GeH/AIBN catalyzed construct benzimidazo
[2,1-a] IS M bk S HL AT A= W E B Ry I 25 R i 4 [2,1-a]isoquinolin-6( 5H) -one derivatives
T IR
HETXS FIRIFBRBER[ 2, 1-a ] I 5 MR 45 44 1) o7 B A :2022-06-05 ; P4 B % F #1:2022-10-31
SIRE ARG, 2006 4F A7 L5 AR RF E£mA {‘n‘)i[%% AR A T H (2920]]5390)‘;73)1 [iﬂ%
BHEAIHTTHRI Y BT H (2021RC1013) 5 1R SCHE 2 Be Bl
i T Bu,GeH/AIBN AR T N-(2-83%) £ FHTF BFgE R S
BRI A8 % 1 40 T 9 ph LR A o b e 5 (ERA R (1987-) 90 TR0 6, ML VRO, 2
BT B2 20 22 AR 4 SRR LA S SR I B o] I T 0 0 4 ML D). AR B, 2023, 45 (1)

W ARAE 169-176.,
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2018 4T, Song " HZIE T Cp = R ( 1) 4k
T 2-05 3R - RIS & A [ 4+2 ] IR B O
BIFEFRIR [ 2, 1-a ] FFMEWMATAEY (K 2),
TN ELAT B 58 B S S VIR, i LR R &2
T AT A5 SR AT S AT 8K TG v kit f (6 FH 81 5 5t
f9 Rh AR AL 570 0 B B i B AL A 9, R AR T
FE Tl A P i A

N N

OO0 + o o 0%
N COEt  YOAG,TFE, 100 T N

H (0] d

B2 Cp=*Rh( ) fEfL 2-F5 Hpkmg 5
- T BAMR K 2R [ 442 ] MBSO
Fig.2 Cp#* Rh(Il) catalyzed [ 4+2] cycloaddition of

2-arylimidazoles and a-diazoketoesters

AR SCHEARSESCRR P R 1 & T — 4%
B BB AL IR IR [ 2, 1-a ] IS MEMRAL A 4
125, R NG DK e B o 975 T e Sy Ay ik 52 4
R IE A ) H BRI, A RRAR A AL ), 23 <
A, — e i A BEMEAL R T K[ 2, 1-
a ] T SEMER SR (18] 3)

N =
Rl@:\\;\i_@m * H_E_OR3
0

|
OR?
R!

AgNO, (20 mol%)

N\ =

@N \JR?
CH,CN, air,10 h ?

0 ll)_ OR?

OR?

R'=H, CH,, F, Cl, Br;
R?=H, CH,, CH,0, C, Br;
R3=Et, ‘Bu, Bn

3 AR AL BRI (LRI R
(2, 1-a] I SRRk AT A2
Fig.3 Silver catalyzed radical coupling towards
phosphorylated benzimidazo[ 2, 1-a ] isoquinolin-
6(5H) -ones

1 XIWEH
1.1 FEER S

Bruker Avance 400 MHz % #% wf 2L 4R . AC-
400 IR R FEPRAL (TMS g R, CDCL, M5,
Fiit Bruker 23 7] ) ; SB-1100 U JiE 44 2% % & (B
KA T 5047 FR/A 7)) ; DLSB-10/40 U4 2
AR (T THAER A IR TR AR 5 )2
3% (TLC, T RIS R GF254, I K 254 nm 2541
KT WSS, F BT )

ARTF BRI VB R R A IR AR | IR PR AR | H R

B RS DU SRR N N P P g e —
WA 1, 2- R ke 1, 4- NI S (438
afi, BB T AR A A BR A o

1.2 BEBEALIRIFRRWE[ 2, 1-a | IF SR IRAL 5 )
138 & BTk

FEBRBEI R U A 65.5 mg (0.25 mmol)
N-ZR I DK 5 DY I T 1, 69 mg (0.5 mmol ) M. B
R 21, 8.49 mg(0.05 mmol) il R4E & 2 mL
CH,CN B, IRAYTE 80 C FE TP
FERNE 10 h, 28 TLC Kl e N 4535 , LA V(A
BE) :V(ZBROTE) = 1 19T RE 22y e 455 H
b= 3a~3q.

[ (5-WBE-6-480 1 3E-5,6- A K[ 4,5 ] bk
[2,1-a] SEnmEnpk-5-3) B OE T R — 2R (3a) 1™,
WO, 77 3N 63%, "HNMR ( CDCL,, 400
MHz) ,8:8.51(d, 1H,J=7.7 Hz, Ar—H) ;8.38
(d,1H,J=5.6 Hz, Ar—H) ;7.82(d,1H,J=6.0
Hz,Ar—H) ;7.65~7.37(m,5H, Ar—H) ;3.78 ~
3.47(m, 4H,2CH,);3.12(t, 1H, J = 16.5 Hz,
CH,);2.64(t,1H,J=16.2 Hz,CH,);1.76 (d,
3H,J=3.6 Hz,CH,);0.85(q,6H,J=6.7 Hz,
2CH,), “CNMR ( CDCl,, 100 MHz), 8; 172.0,
149.7,143.9,140. 1,131.5,131.4,128.1,126.9,
125.9,125.6,122.5, 119. 8, 115.7, 61. 8, 61. 3,
61.3,46.1,38.1,36.7,32.4,32.2,15.9,15.8,
15.7,

[ (3-H A E-5-H 2E-6-58 W 3E-5, 6- — A PRI
[4,5]WKME[ 2, 1-a ] FEMEmpR-5-05) L 1 WEiR — &
Bid (3b): ¥R B & W 1K, 7 % 60%, 'HNMR
(CDCl,,400 MHz) ,5:8.42(d,1H,J=8.5 Hz);
8.36(d,1H, J=8.3 Hz);7.80(d, 1H, J=7.7
Hz);7.52~7.34(m,2H);7.05~6.91(m,2H) ;
3.69(s,3H,0CH,) ;3.85~3.50(m,4H,2CH,) ;
3.26~3.03(m, 1H,CH,);2.68 (t,1H, J=16.2
Hz,CH,);1.75(s,3H,CH,) ;1.06~0.85(m,6H,
2CH,), “CNMR ( CDCl,, 100 MHz), 8 172.7,
148.9,144.8,137.1,136.9,132.8,130. 3, 126. 8,
124.8, 124.5, 121.9, 119.3, 60.9, 60.3, 54.8,
37.5, 36.9, 32.1, 15.5, HR-MS ( ESI ),
Cp, Hy N, O P, SENAE (THE5{H ) , m/z:429. 157 9
(429.157 3)[M+H] ",

[(2,5-—HH-6-5AWH-5,6-—FHKI[4,5]
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FEHEA- 25 B F IR 2, 1-a] I SRR A 0 21 7

WKIE [ 2, 1-a ] 57 M bK-5-38 ) W 3L ) W R — £ g
(3c) IR BN, 77K 58%, "HNMR (CDCI,,
400 MHz),5:8.51 ~8.20 (m,2H, Ar—H) ;7. 81
(d,1H,J=9.1 Hz,Ar—H) ;7.41(d,4H,J=11.5
Hz, Ar—H) ;3.86 ~ 3.47 (m,4H,2CH, ) ;3.23 ~
3.02(m, 1H, CH,);2.62 (t, 1H, J = 16.2 Hz,
CH,);2.46 (s,3H, CH,);1.73 (s, 3H, CH,);
1.06~0.71(m,6H,2CH,) , “CNMR ( CDCI,, 100
MHz), §: 172.2, 149.9, 143.9, 138.0, 137.2,
132.5,131.5,126.9,125.9,125.8,125.5,122. 2,
119.7,61.8,61.3,37.9,36.6,32.3,20.9, 15. 8,
HR-MS(ESI), C,,H, N,0,P, szl {8 (5B (H),
m/z:413.163 0(413.162 5) [M+H] ",

[ (1-H A 3-5-F J-6-580 0 -5, 6- — S AT
(4,5 BRI 2, 1-a ] S MEmR-5-385) HH 3L Wi — &
fig (3d). ¥R ¥ @ W &, K 65%, 'HNMR
(CDCl,,400 MHz) ,5:8.44(d,1H,J=8.7 Hz) ;
8.35(d,1H,J=8.3 Hz);7.78 (d, 1H, J = 7.7
Hz);7.49~7.38(m,2H) ;7.13~6.95(m,2H) ;
3.65(s,3H,0CH,) ;3.83~3.44 (m,4H,2CH,) ;
3.21~3.01 (m, 1H,CH,);2.58 (t,1H, J=16.1
Hz,CH,) ;1.72(s,3H,CH,) ;1. 12~0. 78 (m,6H,
2CH,), “CNMR ( CDCl,, 100 MHz), 8; 172.6,
148.9,144.1,138.0,137.1,131. 8,131.5,126. 8,
125.9,125.5, 124.8,121.9, 119.7, 61. 8, 61. 1,
55.2,37.9, 36.3, 32.2, 15.7, HR-MS ( ESI),
Cy HygN,O5P, SEMAE (1151 ) , m/z:429. 157 9
(429.157 4)[M+H] ",

[(5,9-—H 3k-6-5 W 3E-5,6- - AFHIF[4,5]
WRIK [ 2, 1-a ] S W mR-5-3% ) H 3L ] B R — 2 iR
(3e) : IR WA, 7 % 55%, '"HNMR (CDCl;,
400 MHz),5:8.40(d, 1H,J=7.7 Hz, Ar—H) ;
8.25~8.00(m, 1H,Ar—H) ;7.83~7.34(m,4H,
Ar—H);7.20(q,1H,J=8.9,8.4 Hz, Ar—H) ;
3.22~2.92(m,4H,2CH,);2.44 (s,3H, CH, ) ;
2.26(s,3H,CH,);1.99(d,1H,/=8.9 Hz,CH,) ;
1.89(d, 1H, J = 9.4 Hz, CH,); 0.81 (s, 6H,
2CH, )., "CNMR ( CDCl,, 100 MHz), §: 171.1,
140.9,134.9,130.2,127.0,126.2,125.9,124. 8,
124.7, 118.7, 118.2, 114.8, 61.7, 61.6, 42.9,
41.6,30.4, 28.7, 15.3, 14.8, HR-MS ( ESI),
Cp, HyyN,O,P, SEMH (IH551H) , m/z: 413. 163 0

(413.162 6) [ M+H] ",

[(5,8-—Hk-6-AWH-5,6- A AKI[4,5]
BRI [ 2, 1-a ] 57 M b-5-35 ) H 3 ) B R — 2 TR
(3f) IR B AWM, 77 % 54%, 'HNMR ( CDCly,
400 MHz),5:8.47(d,1H,J=7.6 Hz, Ar—H);
8.11(d,1H,J=7.8 Hz,Ar—H) ;7.73~7.02(m,
5H,Ar—H);3.59(s,3H,CH,);2.66(d,4H, J=
7.4 Hz,2CH,);1.96 (d,1H, J=7.0 Hz, CH,) ;
1.86(d,1H,J=7.4 Hz,CH,) ;1.67(s,3H,CH,) ;
0.77(q,6H,J=6.9 Hz,2CH,) , "CNMR(CDCI,,
100 MHz) ,5:170.9,169. 8,147. 8,142.1,138. 8,
135.1,130.1,128.9,126.9,125.9,125.6,125. 4,
124.9, 124.4, 112.1, 75.8, 61.0, 60.9, 45.0,
36.7, 35.4, 31.3, 17.1, 15.6, 14.6, HR-MS
(ESI), C,, Hy N,O,P, SE{E (B AE ), m/z:
413.163 0(413.162 4)[M+H]",

[ (3-5-5-F JL-6-S W -5, 6- A A [ 4,
STBRME[ 2, 1-a ] 5 Memk-5-35 ) H 5L ) W iR — & iR
(3g) : IR ALK, 7= % 64%, 'HNMR (CDCI;,
400 MHz),5:8.54(d, 1H,J=8.9 Hz, Ar—H);
8.35~8.31(d,1H,J=6.5 Hz, Ar—H) ;7.72(d,
1H,/=8.9 Hz,Ar—H) ;7.54~7.38(m,4H, Ar—
H);3.73~3.41(m,4H,2CH,);3.10(t,1H, J =
16.5 Hz,CH,);2.61(t,1H, J=16.2 Hz,CH,) ;
1.73(d,3H,J=3.6 Hz,CH,) ;1.23~0.87(q,6H,
J=6.7 Hz,2CH,;), “"CNMR (CDCl,, 100 MHz) ,
8: 172.5, 149.9, 144.1, 137.9, 137.2, 132. 4,
130.8,126.6,126.0,125.7,125.5,122.2,118.1,
61.8, 61.3, 37.9, 36.5, 32.2, 15.7, HR-MS
(ESI), C,, Hy, CIN,O, P, SEMAH (THEAH) , m/z:
433.108 4(433.108 2)[M+H]",

[ (3-1R-5-H H-6-5 W 3-5, 6- — F K I [ 4,
STWKME[ 2, 1-a ] S mR-5-35 ) B L ) W 1R — 2 TR
(3h) IR EE AWK, 77 % 61%., "HNMR ( CDC;,
400 MHz),5:8.36 (d,2H,J=7.9 Hz, Ar—H);
7.89~7.75(m,1H, Ar—H) ;7.64(d,2H, J=8.3
Hz,Ar—H);7.53 ~7.36 (m, 2H, Ar—H) ; 3. 69
(dd,4H,J=45.7,14.7,7.9,7.0 Hz,2CH,) ;3. 14
(t,1H,J=16.5 Hz,CH,);2.58 (t,1H, J=16.1
Hz,CH,);1.76(s,3H,CH,);0.98(t,3H,J=7.1
Hz,CH,) ;0.83(t,3H,/=7.1 Hz,CH,) , “CNMR
(CDClL,, 100 MHz), &: 171.3, 148.8, 143.8,
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141.9,131.4,130.2,127.4,126.0,125.9,125. 8,
121.6, 119.9, 115.70, 61.8, 61.5, 61.4, 46.1,
37.8,36.4,32.3,32.1,15.9,15.8,15.7, HR-MS
(ESI), Cy, Hyy-BrN, O, P, STHE (HHEAE ) , m/z:
477.057 9(477.058 0) [ M+H ",

[(2-1R-5-H FE-6-5 W -5, 6-— & 7K If-
[4,5]WKIE[ 2, 1-a ] SEME-5-JL) AL 1 #EfR — &
Fi (3i) R B ERAA , 77 % 50% , "HNMR (CDCl,,
400 MHz),5:8.65(s, IH, Ar—H) ;8.36(d, 1H,
J=5.8 Hz,Ar—H) ;7.82(d,1H,J=6.5 Hz, Ar—
H);7.68(d,1H,/=10.7 Hz,Ar—H) ;7.49~7. 34
(m,3H, Ar—H) ;3.69(dd,4H, J=9.8,8.4 Hz,
2CH,) ;3.24~2.99(m,1H,CH,) ;2. 60(t,1H,J=
16.2 Hz, CH,) ;1.74 (s,3H, CH,) ;0. 88 (q,6H,
J=6.7 Hz,2CH,), “CNMR (CDCl,, 100 MHz) ,
8: 171.5, 148.3, 143.8, 138.8, 134.2, 131.4,
128.7,128.5,126.1,126.0,124.4,122.1,120.0,
115.7,61.9,61.5,61.4,46.0,45.9,37.8,36. 4,
32.1,31.9,15.8,15.7, HR-MS (ESI), C,, H,,-
BrN,0,P S W E (355 MH ), m/z: 477.057 9
(477.057 8) [M+H ",

[ (1-3R-5-H 65 565, 6- — H R T [ 4,
STWRME[ 2, 1-a ] 57 M mbk-5-2 ) /3L ] B iR — £ iR
(3j) : IR B A, 77 % 51%, "HNMR ( CDCl,,
400 MHz),5:8.52(d, 1H,J=7.1 Hz, Ar—H) ;
8.43~8.36(m, 1H,Ar—H) ;7.85~7.82(m, 1H,
Ar—H) ;7.70~7.56 (m,2H, Ar—H) ;7. 45 (tdd,
2H,J=6.9,4.7,1.7 Hz,Ar—H) ;3. 75~3. 44 (m,
4H,2CH,);3.10(t,1H,J=16.4 Hz,CH,) ;2.62
(t,1H,J=16.2 Hz,CH,);1.75(d,3H,J=3.6
Hz,CH,);1.26~0.84(q,6H,J=6.7 Hz,2CH,) ,
BCNMR ( CDCl,, 100 MHz), &: 172.4, 150.0,
143.9,137.9,137.2,132.3,131.4,127.0,126. 1,
125.8,125.5, 122.2, 119.7, 61.8, 61.3, 38.0,
36.4,32.3,15.7, HR-MS(ESI) , C, H,,BrN,0,P,
SEIAE (FHEAE) , m/z:477.057 9 (477.058 0)
[M+H]",

[(9-1R-5-H FE-6-% W F-5, 6-— & 7 I
[4,5]BKIE[ 2, 1-a ] SFWEMMR-5-38 ) HH 3 ] B iR — &
fig (3k ). ¥R ¥ O W &, 2 K 49%, "HNMR
(CDCI, 400 MHz),8:8.43(d, 1H, J = 34.8 Hz,
Ar—H) ;8.27~7.77(m,2H, Ar—H) ;7. 74 ~7. 34

(m,4H, Ar—H);4.11 ~ 3.39 (m, 4H, 2CH, ) ;
3.24~2.89(m, 1H,CH,);2.59 (t,1H, J=15.3
Hz,CH,);1.66(s,2H,CH,);0.81 (dd, 6H, J =
12.5, 6.0 Hz, 2CH, ), "“CNMR ( CDCl,, 100
MHz), 6: 171.9, 150.7, 145.2, 142.9, 131.7,
130.4,129.1,128.5,127.0,126.1,122.7,120. 8,
118.9, 118.7, 116.7, 61.9, 46.0, 38.0, 36.6,
32.1,15.8, HR-MS(ESI),C, H,,BrN,0,P , SZill{
(HHEAH) ,m/z:477.057 9(477.057 5) [ M+H] ",

[ (9,10-—1-5-F H-6-5 W 3E-5,6- A KT
[4,5]WKME[ 2, 1-a ] FEMEIR-5-J5) AL 18R — &
P (31) IR B A, % 64%, 'HNMR (CDCl,,
400 MHz) ,8:8.33(dd,1H,J=74.9,4.2 Hz, Ar—
H);7.55(d,5H,J=44.7 Hz, Ar—H) ;4. 10~3. 31
(m,4H,2CH,);3.10(t,1H, J=16.4 Hz,CH,);
2.66(t, 1H, J =16.3 Hz, CH,); 1.75 (s, 3H,
CH,); 1.09 ~ 0.80 ( m, 6H, 2CH, ), “CNMR
( CDCl,, 100 MHz), 6: 172.8, 140.1, 131.7,
130.9,129.3,129.1,128.2, 127.0 (q, J = 32. 4
Hz),125.9(q,J=269.5 Hz) ,122.1,119.5(q,J=
3.6 Hz), 61.9, 61.6, 47.4, 46.2, 38.9, 38.2,
32.0, 31.9, 30.20, 29.7, 20.6, 15.8, HR-MS
(ESI), C,, H,, F,N,0,P, SZIAE (1 5AH) , m/z:
435.128 5(435.128 1)[M+H]",

[(9,10-54-5-FH H-6- A W IE-5,6- A I
[4,5]WKME[2,1-a ] SEMEIR-5-35) L 18R — &
B (3m) . % 8 8 W 1k, ™ % 56%, 'HNMR
(CDCl,, 400 MHz),6:8.65 ~8.25(m, 2H, Ar—
H);7.90(d,1H,/=30. 1 Hz, Ar—H) ;7.75~7. 31
(m,3H,Ar—H) ;4. 03~3.41(m,4H,2CH,) ;3. 08
(d,1H,J=16.3 Hz,CH,);2.66(t,1H, J=16.3
Hz,CH,);1.77(d,3H,J=15.2 Hz,CH,);0.92
(dt, 6H, J = 24.4, 7.0 Hz, 2CH, ), "CNMR
( CDCl,, 100 MHz), &: 171.8, 151.3, 143.3,
140.2,131.9,130.4,129.8,129.4,128.2,127.0,
126.2,125.5,121.9,120.9, 117.0, 61.9, 61. 8,
61.6,61.5,46.1,38.0,36.6,32.2,32.0,29.7,
15.9, HR-MS(ESI) ,C,,H,,C,N,0,P szill{¥ (i}
BAH) ,m/z:467.069 4(467.069 7) [ M+H] ",

[ (9,10-—JR-5-H J-6-8 W k-5, 6- & FKIF
[4,5]WKIE[2,1-a ] SEMEIR-5-38) L 18R — &
Bid (3n): ¥R B 8 W 1K, 7 % 44%, 'HNMR
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(CDCl,, 400 MHz),8:8.67(d, 1H, J= 6.9 Hz,
Ar—H) ;8.41(t,1H,J=9.5 Hz, Ar—H) ;8.21 ~
7.98(m, 1H, Ar—H) ;7.81 ~7.42 (m, 3H, Ar—
H);3.96~3.39(m,4H,2CH, ) ;3.27 ~3.02 (m,
1H,CH,) ;2.80~2.58(m,1H,CH,) ;1.25(s,3H,
CH,);0.91(d,6H,J=25.8 Hz,2CH,)., “CNMR
( CDCl,, 100 MHz), &: 171.9, 148.7, 147.6,
147.1,143.9,132.0,129.3,129.0,128.7,128. 3,
127.0,126.3,125.6,124.7,124.1,121.4,120. 1,
62.0, 31.4, 29.7, 15.9, HR-MS ( ESI ),
Cy, Hy, Br,N, O, P, SZI{E (T1584H) ,m/z.554. 968 4
(554.967 9) [ M+H] ",

[(5,9, 10-= H H-6-5 W 3-5, 6- A A& It
[4,5]WKIE[ 2, 1-a ] SEMER-5-05) L e — &
Bt (30)  IRBEHAA 7 51%, 'HNMR(CDCI,,
400 MHz),5:8.52(d,2H,J=6.8 Hz, Ar—H);
8.12(s,1H, Ar—H) ;7.66 ~7.43 (m, 3H, Ar—
H);3.74~3.41(m,4H,2CH,) ;3. 15~3.08 (m,
1H);2.64~2.58 (m,1H);2.43(d,6H, J=6.9
Hz,2CH,) ;1.71(s,3H,CH,) ;1.23~0.87(q,6H,
J=6.7 Hz,2CH,), "CNMR (CDCl,, 100 MHz) ,
8: 171.0, 140.8, 135.0, 130.1, 126.9, 126.1,
125.8,124.7,118.7, 118.0, 113.9, 61. 6, 42. 8,
41.6,30.3, 28.6, 15.2, 14.7, HR-MS ( ESI),
Cpy HyyN,O, P SEIAE (T MH) , m/z:427. 178 7
(427.178 4)[M+H] ",

[ (5-WHL-6-58 W 2E-5,6- —E K TF[ 4,5 ] wkmk
[2,1-a] FMEmk-5-2% ) B L ] BR — 5% TR (3p) :
R WK, 77 % 40% ., "HNMR ( CDCL,, 400
MHz) ,8:8.76~8.17(m,2H, Ar—H) ;7.93~7.75
(m,1H, Ar—H);7.73 ~7.07 (m, 5H, Ar—H) ;
3.86(s, 1H, CH);3.68 ~3.03 (m, 4H, 2CH, ) ;
2.91~2.58(m,1H,CH,);2.35(d, 1H, J = 14.2
Hz,CH,);2.03(s,1H,CH);1.77(1,2H,J=9.5
Hz,CH,);1.65~1.21(m,4H,2CH,);0.96(dd,
3H,J=13.7,6.4 Hz,CH,);0.88~0.41 (m,6H,
2CH,), “CNMR ( CDCl,, 100 MHz), §: 172.0,
149.6,143.9,140.1,131.4,128.0,126.9,126.0,
125.8,125.5,122.5,119.8, 115.7, 71.7, 71. 4,
46.1,36.3,32.7,28.8,18.6,18.5,18.3, HR-MS
(ESI), Cyp Hy, N,OP, SZN{E (M), m/z:
455.210 0(455.210 4)[M+H] ",

[ (5-H F-6-58 W F-5,6- R I[4,5] bkmk
[2,1-a] SEWEMR-5- ) HH L ] IR — "W 3T (3q) -
RE O WA, 7= K 48%, '"HNMR ( CDCI,, 400
MHz) ,8:8.35(dd,2H,J=68.4,7.5 Hz,Ar—H) ;
7.78(d,1H,J=7.5 Hz, Ar—H) ;7. 64 ~7. 24 (m,
9H,Ar—H);7.23~7.05(m,4H, Ar—H) ; 6.92
(dd,2H, J=27.5,3.9 Hz, Ar—H) ;4.88 ~ 4.28
(m,4H,2CH,);3.40~3.16(m, 1H,CH,);2.73
(t,1H,J=16.1 Hz,CH,); 1.69 (s,3H, CH,),
“CNMR ( CDCl,, 100 MHz), &: 171.9, 149.3,
139.8, 135.7, 135.5, 135.24, 131.5, 131.3,
128.7,128.4,128.3,128.2,127.9,127.8,126.9,
126.1,125.8, 125.64,119.7, 68. 1, 67.4, 67.0,
46.4, 44.1, 42.8, 37.6, 36.2, 29.7, HR-MS
(ESI), Cy Hy N,O,P, SE I AE (315 1E) , m/z:
523.178 7(523.178 0) [M+H ",

2 Z#R5ItE
2.1 BEBEACARIFIRIE 2, 1-a ] IF S kAL 5 )
RS Y99

K N-ZR - R s 56 DR s T i A STV 1 7 g 07 24
YITE =R TR T O M AR RRER AL,
B IR T N A5 B B AL R Kk [ 2, 1-
a ] H-FVEMAT ) 3a~3q, LLHIEILE Y 3a N
R, 390 SN 25 % 7= S i e M A T T 43T
2,101 RTR SN I X I 0 7 S ) 5

PR R AR RN, A R e T3
FAS [ 4 S 7 3R BE , 2 BRAS [] £85I 38 JBE %o F 7
KA FEm, HAR W 1,

Fz 1 REXCE Y 3a 7RI

Tab.1 Effect of temperature on the yield of compound 3a

SN/ C 100 80 60
FER % 62 63 28

2.1.2  AS[RMEAL AT SR = 5 5 )

FefE BRSO A AR T 4
PSR AT, e BEAS ] A R AL TR 6 7= %
BRF, BRI 2,

F2 ARG 3a 77 MR
Tab.2 Effect of catalysts on the yield of compound 3a

HEALFH Mn(OAc);

2R/ % trace trace 63 56

Ag,S0,  Ag,CO,  AgNO,
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2.1.3  AN[RIAY SR D6 77 2R A 5L e S
#ﬂﬁiﬁﬁ%fm/l\fiﬁrh,éﬁ%ﬁﬁ? 6 FE =1 5/ %
FIOR R 9, 22 B[] 9 35 7000 7= A 5k e
B, FLA L2 3, N CL2, .
F3 TBHARIXLAY 3a PRI d -0k
Tab.3 Effect of solvents on the yield of compound 3a t
N
TR/ % 11 trace  trace 46 54 0 0 g;tOEt
2.1.4  RNJEYYE N
FE R 1 BN 2R, X R AR R 1Y 3f %[:;:80% 54
SN PV AT T % 58, R R 4, 4T RO e
R Ar, F Ar, b A AN ) 2 B A A I it N
T IR i UL A S IR 17 424 7T . @N;g“ o
IR (%) I 12— 2 i A AR I B g 45 21 H A 0 g};‘m
FEW) 3h~ 3, PEERN 54% ~65% . G HUCIE A Ky X
L HE A L 26 1 B i, TR A T CLy
ARG RN, 5 N M P 2 . ¢ P/i’om o
RESS AT LU A (Y 45 3] 28 72 ) 3g ~ 3k (49% ~
64%) . AN, M5 FI Ar, b 3% SRR 3L A @E;@
w2,3-7 5 .2,3- 5.2, 3- R A2, 3- T H 3i 50
P, 2 B 5 0, 755 L= 31 o
3m.3n 1 30 B 55K 64% 56% , 44% Fl
519, SHRRTT, 35 B LA IR S 1050 | @[;9
S 2 VR X V0 4S9 3 2 0t Y Lon B
A AN TR B4 B BR TR AT A= 9, n IV 9 PR — 5 PR i
P RERR — 5 T R AR 4138 H Tz I bR & )@[
3 ILL 40% F1 48% (Wi %45 E] H A% 7= 9 3p Al 3K ;@ 19
3(1o P OEt
x4 BEIALIEIERRME] 2, 1-a ] I FME AT A
Tab.4 Phosphorylated benzimidazo[ 2, 1-a ] isoquinolin- j@E ;@
6(5H) -one derivatives 3! F-0kt 64
5 7H %
ﬁ;@
3a ©: ;g o 63 3m -0 36
3b CE ;9 60 3n :©E ;:9 44
P OEt P OEt

3¢ : ; é 58 30
P OEl

51




5545 B4 1 FEMEA S B A TR [ 2, 1-a ] I S ATT 22 0 B B 175
gk TR AN R AE SR R W gtk — 25 S Ak
P B 74 7%/ % — MRS 5 EEARALTE R
N
E5es @;9
3p py 40
0 ll’—O'Bu OEt
O'Bu
O
0 P—0Bn
(I)Bn

RV RGEAT e Ry AL HEAT T — R AN
FESEE ANE 4 s, SBTEARME R N 254 T A
WAL AgNO, , AN BNTAR] H AR, S
JRHIISR R R AEAE TH W, R W] AgNO; fiEAL 5
AP ZEDTN (Enwy 1), Bif5iE—2 IR
T R S, HAER MR RTIA 0.5
mmol A [ H EEIIH ] 2,2, 6, 6-P4 H IR IE
ﬂC%(TEMPO)E,Jif"f;ﬁ?ﬁﬂ]’?ﬁﬂ,?ﬁﬁﬁfz%
A= G, B IZ R A AT B A i R e AR
17 (Entry 2)

@[ i P OEt
j(E OE:

without AgNO,
CH3CN, air,10 h

t

%
g:g (1)
0 ll)—OE

OEt
0%

_AeNO, (20 mol%)

TEMPO (0.5 mmol) ;/ é P OFt

CH,CN, air, T CHCN,air,10h

trace OEt

4 LSk
Fig.4 Control experiments

AR STk A0 LB 45 A T 4R
ATBEAY B R R, A0 5 BTN B S HE AgNO,
WEACAERTT | EBEIR — TR 5 — 88 Sy A iR -
T OHEBERREAL Y A R AN S R
B, BHEWE I HH2E B ST N-JR T DK s 5 7 475 ok
S5 R B BIOBUERE & AR I Eh BN SO A B
KRy hEA C, 53] A d T EA D, B S
Hral A D 5 — 4 4R & A B R RS BRE
B HENR B, — R I F MR, Fn i
K E FEAA IR AR T 85 E JH R B 26 Bt 2k i &

@ ;:g HNO,+ air
i
OEt
(

E)  OE Ag(0)

2
gN03 XHP (OEY),
H* 0

Ag—P(OEY), (A)
Ag(D)

o >\
: (”) Con PH(OEt) (B)
t
)_Q—(P) OEt
© Om
5 TAIRERY RN LI

Fig.5 Proposed mechanism

3 #ig

AR CHGE T —Ff AgNO, #EAL T N-ZK I bk g
SIS TR AN R TR Y 1 PR A S A B
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