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Research Progress of Green and Efficient Synthesis of Zeolite WU Chun-yang , WANG Zhi-wei, ZHAO Ying , ZHANG Hong-
dan” ,CHENG Peng (Institute of Catalysis for Energy and Environment, College of Chemistry and Chemical Engineering,
Shenyang Normal University , Shenyang 110034, China) , Huaxue Shiji,2022,44(11) ,1543~1550

Abstract; Zeolite is a kind of porous material , which is widely used in chemical industry as an excellent solid catalyst due to its
ordered pore structure , high hydrothermal stability and unique catalytic activity. Expensive and toxic organic templates as well as
chemical raw materials containing silicon and aluminum are necessary in the synthesis of zeolite. Before usage, the organic tem-
plates need to be removed by calcination, which will not only produce NO, and greenhouse gas CO, ,but also increase the synthesis
cost of zeolite.In addition,the crystallization time of zeolite is up to several days, resulting in great loss of energy.Therefore, it is
significant to synthesize zeolite via a green and efficient method. From two aspects of synthetic raw materials and synthetic methods
expounded the green and efficient synthesis of zeolite,discussing its existing problems and prospecting its future development.
Key words : zeolite ; crystallization ; synthetic raw materials ; hydroxyl radical-assisted synthesis; microwave-assisted synthesis; or-

ganotemplate-free synthesis ; solvent-free synthesis
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Research Overview on the Bioactivity of Carvacrol and its Derivatives HAN Wei-ling , ZHANG Dong-cheng ,WANG Jiang-he
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Abstract ; Carvacrol exists in a variety of plants and was mainly used as food additive , spices, antioxidant , insect repellent and san-
itary fungicide in the early stage.Due to the small molecular weight, simple structure , high lipid solubility, diverse biological activi-
ties, low-toxic side effects and good clinical tolerability et, carvacrol has gradually attracted the attention of medical researchers.
More and more studies have been made on the preparation and biological activity of carvacrol derivatives.Based on the research
situation of carvacrol and its derivatives at home and abroad in recent years, the research progress of its biological activities mainly

in antibacterial , antioxidant , anti-cancer , anti-nervous system diseases and anti-parasite aspect was reviewed.lIt is hoped to provide

reference for further medical application and development of carvacrol and its derivatives.

Key words : carvacrol ; antibacterial ; antioxidant ; anticancer ; anti-nervous system disease ; anti-parasite
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Fig.4 Chemical structures of compounds 5 and 6
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Fig.5 Chemical structures of compounds 7 and 8
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Fig.7 Chemical structures of compounds 10 and 11
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Research Status and Progress of Molecularly Imprinted Enzymes JIN Jiu-yu'" LI Zhao-zhou™ """, CHEN Xiu-jin
WANG Yao""* LI Fang™"" ,GAO Hong-li""* ,NIU Hua-wei"""* YU Hui-chun*"*  YUAN Yun-xia""“ YIN Yong""(a.College of
Food and Bioengineering,b.National Demonstration Center for Experimental Food Processing and Safety Education,c.Henan Inter-
national Joint Laboratory of Food Green Processing and Quality Safety Control, Henan University of Science and Technology,
Luoyang 471000, China) , Huaxue Shiji,2022,44(11) ,1558~ 1567

Abstract : Natural enzyme has high catalytic efficiency and specificity with gentle reaction conditions. However, it can not work in
extreme environments, expensive, and the preparation process is complicated. Molecularly imprinted polymer is a kind of
enrichment material that has wide application. With the properties of predetermined conformation, specificity of recognition, wide
applicability, and ease of preparation,the mimic enzymes based on molecularly imprinted materials have becomed a research hots-
pot.The review outlined the construction pathways of molecularly imprinted enzymes,summarized the new preparation methods, in-
troduced the research progress and application of new molecularly imprinted enzymes, and analyzed the theoretical and technical
problems.Finally, the development prospects of molecularly imprinted enzymes were proposed.The review will enrich the construc-
tion theory of high-efficiency imprinting-enzymes, develop novel preparation methods, and promote the application of artificial
mimic enzymes.

Key words : molecular imprinting ; mimic enzyme ; preparation ; application progress
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A RE S | = ORI ARUE 19 43 ER 32 ¥ ( Molecularly
Imprinted Catalysts, MIC) . H Fij 18 1 X344 8 77k |
il & TSRO SR PR R AL AL, MIC /Y R
A & B R T

AR E1 T 55 BB g A A e iR A
EEEIBSUR) FOE S VEY/ N7/ D Wask/ S Ve 7/ DS &S
NSRS ; WA T 41 NI B ) 4328, A5 S |
EILHr AN FIG R B T RCALENIEIX 4 25 A 9)
TSR] B 35 ) £ 7 1 B O R R DR
TSR HLG B A A D ;B T AEE T 4 T ED
TR R A DAL A e 2 S Qe R L B
rite 2 4 2 5 T B S T, X8 R e 1 i i Btk

;@/\o)'\?l)(j\éc\i\@\mz
0>\0/ fﬁg—\ - Q9
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.

TrRe,

1 SFENGERAEERRE

e MIC (1 F i 42 3 BEA 45 B0 3k o P 2
2Ll ¥ ( Transition State Analog, TSA) | Ji& ¥ ok
PRSI LA SR RIBREEE BT TSA JE Al f5E
PR ) 1z FRA N ik 2 — , JH TSA /B
B 531 4% 1 5 G W A AN 3D g 12 1Y)
FETE AT LABLR SR i 00 A AL, 36 A0 2 I 1%
TLBE, $2 5 N B %6, Mathew 55170 L i I iR
TSA J9tM , & R BEFL 5 1 MIC, 2521 s i
RS A RGWIRE T 45 145, LR WA 1
Fs o

1 MIC AL 5 i 2 e

Fig.1 Schematic representation of MIC catalytic amidolysis'”
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e  MELAI A L BN A A A ) S
SABEE ) 71, SR L= 2 A T BN 1T
S5 =, AR T RN A IE AT PR
P (I ED I HRAE 52 2 , B T B R
Wang %57 DLJES Wy FF 6 X6 B0 8 A ASE AR, o) 4 ) e
e DU A 25 7K it 1 v 23 BN B R — s MIC, H:
ALK FRRUR N 28 RGP 3 %, 2R A K
FEASCR I 415 %, H R I Rh 7 ik il 4 H A

TARETITETRANT ST, AR 0 AL WL B 5 20— 20
R

SRR AR R MR DRAFAR 21 ME DL B ORI Y
AREAR , 2T R IR ALK B
HEHER) A K BIR IR, R S5 7 40 30 9 P L 45 45 ) B
MRS WA T, BT I 07 A A S P A S
I RHEAT 32 0 1 B A ROREE LR ST
HUR T EE MIC TR o] il A
X — FEL I SR 23 R ER B 4 ik A 1K 5 ¥ ( Affinity
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Gathering Enhanced Coupling, AGEC) , 1% 11 T —Fh
75 Tl 29 oK S I g, DA = R R B P AT AR )
(5'-TGT-3'F1 5" TGTp-3") R, LAMH IR 5 I 1k
(N BAZ R (5'-TGTTGT-3") NAEA , i 1
MR EAE N, B 3R s T IR T
46. 4~60. 3 1,

2 SFENGENS KRG E
2.1 o TENERGR I

WRAERAR 73 15 DI RE SR Z 18] 25 45 07 20
@], MIC AT Loy Sy ARIEAN S 4 A6 2
THCALEN X 4 2, BRI sl a5 A IS T
x1,

R1 RFZEE MIC B
Tab.1 Comparison of different types of MIC
E2 e o B ERE S0k
SeEE b sty ity SO g ey (1)
PR SEFE R B B R T TR PRI A
ASEOrERE TR oA 5 U HEF 2 IR [12]
) A B ]
e i b EER g ) R T (13
RREE AR ArE XA T S A AT NS G RET  [14]

ML AR R AR 75 D RE A
SV LD TS S B A T 7 4 T 4 T SR A
IMAZZH, 51 % B 5 L MIPs | FIOK fi% 25 J7
EERERAR TR R ILH B MIC, it A
LA MIC HA B B S P RO BE 7, (A
BT AELAGEI . ARk 2 H i & MIC fehd
FHRTT I AR 733 R S RE B A i Al S o ( 32
TR AU ST BRI AT RS LU
TEAR S48 ) AR A IR RUBUR AR, 51 R R4 i il #
MIPs, SHEMEAR LG, AR AN BV R R 5, BEAR
RS BRE  HPUIVERE D) 2 BRI 5Y
Wiy, LA EEILSS & T RIS IR, R

I LR 231 0 D) E R AT i e B i R
A EPUNIN  ASEH 435 A E) AR BRI SR T i A 3
e IBEAT 255 AR e S 3k il 4 1)
MIC BEA AR SR A, s R A R A
Poris 16 MIC BBl i R v, i ] DU i 6 s 2
¥ 5 5 RO BRI AR 6, SR
B B A MIC, 12277 4% 1] ASE BUKAHEN I 5
PO, HA S S FREICRE 5 1S IR R SR A
2.2 Sy ELERE S 0Tk

IR G OTEE AR AT LA AR R A
TERA DUERS RMEEE FLBOR A LR -
BRI AT, AL BT U IR 2,

®2 A MIC Hil# ik Hgg
Tab.2 Comparison of different preparation procedures of MIC
Baoil RARIEH Posi Bl
AEES 1 pm~1mm  HIERE, JCTT LA, EESCR R 5 PRI , 464 2R T, FE AL AN AL
BIFEAS 10 pm~1 mm  RAREIS) B JKFNGR B B 300 22 52 e 4 e U e
UUERA 100 nm~10 wm AR 7= 30 il 4 5 75 17 5 Rt i BT dk ; ARG PR B/ BT R P 2 i B SR AR
R E I — B 53 Gesbe PRI Z5 G RE T Rl At FRIRERIAR A AU A D
AWEE 100 nm~500 nm  FIAFEKEHE MIC B B I FLALTR) 25 m e

T -BEI — SN 5 A R e Ty

B or g — A she k>

HrP AR R G ik BoA il w5 PR | 5 fag 68 401
AR RE i S5 P, I e o il (%7 1%
il 55 B 2R 5 W RLAR AN 2 — | WS R ) 5 i AR
HH ) ) LI 22 S B4 A LRI T A MIC
9 SR B g, K 22 WA SR A i AE B R
i, S AL JTAL 5 DR X, A AR 5 A A
RIET,

PSRN ne N EIE P SSEEE ST IINRE 5 r A
iz Azl X PR IR R S YIRS (L
IR AEATIAR AR DAL 1 G I 1o R TR R
ATAFER , i A T B R A R AR 23145 D RE LA
FIAFEARORL R, 45 AR ZE 5000, BEFT 5
KRG o BT LA ROk AL GBI A L
VUL T AT AN K 2] R LR I L K 144 2%
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SRZEEFWBE A T LA—E R IR B SRR A AR
Sh SIS A SR A5 R a5 R B AR TR Y
BRI, A BBARGr T 25 5 A5 1 A8 Pk |
E I 330 ATC RIS AR A% 53 0 1) ) R, 6% 15 38 A 2R
SRR G TR EE, ZURAARMUE
Yy LA RERTE , G AR A AR Rl S
FUTENE . Xing 26T $2 7 8 2 A n] 5 % 1w
BNk TR R ENIE . 15Xt Sio, Bt A
FERCOIIR L AT, B A [ 2 7E Si0, KT, SR )5 ik
PEEA A YIARZS R RIS () B 22 T e AR K rh
FIER AR 18 B [ 145 B e 22 1 SRR i) B
Ji 30 3 O PR R %) pH. R TR 45 B 1Y) 45 G i
B AR T BRI, AHZO ] PR )
REFARFIRIR 3 T80/ . FI a0 s R TE IR AN 2%
A i 2 B SIADRLR ffR R 31 BN MERIU ) 75—
FhoEms . Wei 0% DIV T B4 S BEAER 11, FT 8
FWARAE R D AR, LA Fe, 0, 1A 2
AR, 308 g T B B i A 1 — OB AL B A
HARBIREERZ 7S MIC . H: b & €035 5 2 1 W A4
B TG A DL, BEAR TR R 75 Je ik, 32
e 1B RL Y S OK M A R Y 43 1 BRI A
RS T L, BR T 3R 5k i - Rk
IO SR AN 0 Ry B A ) R gy T AR A T
BREER™

g MIC 1y il 2 i ] 3 2 R IR T A DL
Hh T R OR T R AR 1 S i FE K AR TP kAT FLI
REET Lo AL FE ], JE i — 2L s
T A Z , DT ST B AR (R KRR . RG22 A
Cr( VI) J ¥k, FIFH Pickering FLIH A %5 %21k
11827 ( Graphene Oxide, GO) L7 1Y) MIC , 7£ It 3
fili EAHE GO-Fe () Be Az 52 & b8}, il £ 41 i €2,
2 C BHUNG , IR H AR R Bk Ak Cr( VT
AR S AL, S KA TR PR B TS Y i PR |
R G RARIEATE BR 51, P8 15 G 1Rt ) fe
TR AR A AR SCHE
2.3 LA Bl e i

MIC il g8 it i o B3 2% A1 A Ak 2R A% 552
SRS IT R BRI L 22 TR AR, At
THANLR T BB, AT R I S 56 OB, R
PRI A, 46 5 Se g it ], HHS AL UG
BTt BRI HLEE 8 T 2R S Y i Bk G 8l
B il g, AT SR Oy i R & T
WAL\ S eI DALy R

)2 R A i v T AR I R s
SRS R B, TR oW S 8k, 15 25 SR
B R R, AT A AR R L (2-4
55) CLER RN B ENT R AR R 4 BISR L PM3 2
ZR TR LT Ry ik T S R
THIEL LLAM 6% Mulliken B i F i H #4045 %
G 4TS5 D BE A B 45 B A, DF TR ASEAR
T 5 UIRe AR AE BLAE g, NBRIE 1 B ST BN
TR R M AR AL, I F S5 I LASHIE , 2T+ MIC
A SRR TR R XA T R R R
TR AR R, B3 FH 45 A 4 A 1) B kS - A
BAENIE AR

I3 T8 F1 2 AR B8 2 i g I 5 )
BEJE 507 B WETFACEXT MIC B3 oE T A i
TR I FASTL S L | RV 55 2 R S 6 4514
NI X 2 R R TR R T
o T s o el (A5 3 S 2R A
FEH S WA 14 [ L, K 34 W AR 3153 5 A
R RS iU N T A 37i i s A =2/ W3 = b 25|
12X U D B R AT AR AR, AT DA R R B &
BHUELAEH, Z2g (R 0 ] Material Studio
BAF, R Dmol3 M 1 F ) 25 Bk b A A
SEEAL, FEE T Forcite BLH i £5 i J1 354>+
BN J1 A SR, B S R 1Y) 4 ED b
TR FERFIT T V000 TR AR R A5 M) | S 45
FUZT i B B T A T RN T BE 77

HANUE BT MIC, 345 T MIC #H] %5L
R ABHETHHEAUB AT A7 7E TN 5 B2 45 2% |
18 S S AR ), B LS B R
FIEETHRE B L T &, MIC B9 Z5 R T i1k
BLHIE ST A5 3l J1 AR DL B o TR el &
FOmAERRY TSR 2 B A
RS AR, L5518 2R 4 B 7 ik & el
A Ja MIC BT E 5],

3 STFENTEERIA A
3.1 AWLA UL

TR 4 T T A P e B I T A 1
FOERE T, 16 MIC BTG E R OB 4R
BT AR A, B AT AL R SR 4 T ity S Bk R 1
fifl, Tada TREALAR 4 X — L, DL Sio, 112
B ETRARSE AR IR S MIPs 254, il & T 25
FA 4> TEN I 4 @ e A7 S 0L g, 8 )T i
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AP Suzuki (BECY FFRAALT EAHA R N-BRERZZRNEETY . R X ROk B —

M, Muratsugu A=08RAE E R T AR LRl ||
BT T — Mo ER IR AT -NIHASTAOU R , B Sk &
AT -PNKRAC 5 4 38 ) Ak e R IE R £ 20 T Si0,, 48
JE R BRICARGE S 7 IO AL s 78 8 R T LAZS G A
¥, RA G UENSAR 152 A T R IR &
AU MIC,

P Xt B bR Wy PR 2 B AT 2 AR
T EE R PR, A MIT 75 4 s 2% 1 4 2
SePEUN Y 25 i, AT LU 5000 B2 s A A 7R) Y 1 4
P, Wu S TE Pd RS RS [ 6 5
Ko FAE BN 5, 2ot — F & 5L P9 i ( DMA-
PA) Bk, FRUEDUSAR , D i & 1T — R 9843
T AR AR D BRAN A 2 B, 4
RW] 1% MIC 1948 2R T 2 A R AR TR/ )
TR TR 5 0 o 1 &k F v A B R
SHARBI ROV M, e AR, AR A B il £ 1) MIC
TR RIR AP R X RIS &, ke
PE BRIV B Y R 0 52 bR I R TR RE,
It H B RE MIC JFRE T BTk AE

[ s

LSRN,
SIS

@ Active Pd atoms

@ DMAPA-—poisoned Pd atoms

. Template molecules

X
2 HUFRIH ST ER I A P i
Fig.2 [llustration of the molecular imprinting strategy

over a palladium surface'’

AT AR 0 43 T B it — A sk 36 8, 3
it MIT A AFE RS N 5| AR LA, ST 0 45 6
AL Zhao Yan PRSI T T — Fli e XL
AR B JE AL 1) R oK =3 8] Y AT B Y i, 8
“ il BN K B R A e RIS A 3 T 3 4 7 R AR
], R AR R MIC B K/ 2%
IKHIRETEEE R, FF B EAT KM BN RE T, F9E A
DU R 2 & T LR MIC T K i
SR O R lg Y | (RS BRI A

SEMEH AR A BERITRK R 4%, B (i i &
i< T RV HA —E B E R, R
BLE B30 2 R B BRI T B ik — 20 R
XA R BRI, AR TG i < S g
PLBCR B R R AL A s, REAR R T
JRETR AR A S R P, S 4 %, R B AR MIC 4
Ja KRS
3.2 HYEEc

TfgtE DNA EAT R5 5 MU0 R A= W ik 1)
MFRTIRE, 5 MIPs 454G A DL s 0 B4R 435 1Y
P, Zhang ZE5Y DL 10-2 -3, 7- R KLy R
(Amplex Red,AR) F#5HT, L DNA 3 FRCARAE R 2
BRI e T — R DNA RS MIC, & ALFI
AL BRI A R R 1% MIC HZs PO IR
2.7 /5 LA b, FEUFES I DNA B T 3.5 f%, B
U (0 e S M Ay, T DA BRI AR Ak AR 5
JEr) TR AR P 9 48 A, B
MR T DNA i P £ 38 14 Jmy BV , A 40 P 2 4 1
R T — A TE R R T 8, 98 T A A
TG A 0L FH S L A

W MIT FIAY) T RS54, Zhong 555 FF & T
HA YR RERRIE A 458 AL MIC, 7T D4 521
H PR 5B K i 20 FfL PR T RS 25 A E (CRS)
HREE T A & 6(11-6) , BFFEA B it
LI UE P B B S R A 24 3T LA KA
YE R, L TL-6 VE AR 43 7 Fl 22 B4 465 SR 1
SRR E ARG N, e L bR, E Lt
HNELER R T A BRI s R B E S T H AR
oo AN, E5A 0 H bR or T % BAT A Y
FEPE QKA — 20 B L0 . BT T
CRS 1 IL-6 fy 3t B 40 b, a5 2 BhAYY CRS B9 H
(4, S AR IR 17 P B B 5 R 4R T
HARBAE

YK HKLF (Gold Nanoparticle, AuNPs ) H A
AT AR BTG P, T LA Ak 28 I N A R
HIAPHER AN H,0, , FH T 460 004G D 2 — ol 1
AT Z 9K, anfer BT L p A s 1 5 I ik
FEPER H HT 4 4R RS BE PHEAF 52 v 1) S B
Fan 20 DI AR AR 20 F , R IE IR 1)
AEHLAR 7E AuNPs T T HA PO N £
fL MIPs 52)2 , #9% T —FP 2T AuNPs 1Y MIC, fig
B RE N R IR AR, RSN A ARk
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FEED I M B G| AL IR, i — iR A T
AuNPs BIBALRCER  Keat/Km {HEE S T 2 270 %,
C 2 T 0 A A i A, T B
YA KB AE BAS FNASUE 1 T T BB e BB Y
MIC 7EA ) B2 2 S5 AT ) [ 14 0 R i 5
3.3 I5YYIREE

FETG KAL) A2 7 i v AR R A 7 1)
SN AR AN, A —RI5 Y 1R8] Tz EAL,
LA TiO, A3 0 S Ak 500 AR B L B vz i P
AL R B AN R, 5 6 MIT W] LA R0
PRAX R Ay R M T A r A o LA
B S AL, Zhang %57 K HA R B9
MIT AL SR o R A A 7k 25 G ke ok, 75— 4k
B TiO, AR EER IR AR 1 2-(2,4 — K
L) TNIR (S) 43 BNl i, Xl MIC HAA 3¢
5 1) TP R B B BE T, X (S) 4 7Y Y A e
FH(R) WAL 2.6 4%, A P2 K Ab B s e 1

A2 X WL ) 22 BR AR AE T —Fp A BE AT AT AR AR
{5 TiO, 78 A WG Bl e 0 58 22 , S 8 fb 3L
A,

%@ A ML 42 (Metal Organic Frameworks,
MOFs ) EA 8 KW &, 5 MIPs 254, g Xt H
Fis ) B S8 1] 446 A T B9 MOFs & MIC, 7]
PARED TiO,@ MIPs fOAS A, Li 0% SR R HiEN
WA T3k MOFs ERi ik 7] MIL100-MIP
TEf & 4 8 T, MIL100-MIP fY 3 & % 8 2
MIL100 19 4 £, {H& B MOFs 727K hRFR &,
FUEHN S Y ) B A ORI, Li 45—
il g% Ttk MOFs fiTA= %) C-MIL-100-MIP , X}{5
P RZBRSORAETE T 60% .,

VT TLAESE B 7 a3 MIT X 1R e Ak 77 ik
FTeeE 4 MIPs 5 4% G 4 4k 570 AR 25 15 o8 i 38w
Rok figt 1 Y 1) L ) % i L R BRUAR T T IZ W
H(#3),

R3  MIC AL AIE e ™

Tab.3 Degradation pollutants with molecularly imprinted catalysts
e BeHr BLRHEE PRI Reefifp % e EZ BTN
PUIRZE TUERA Zn0@ NH,-Ui0-66 65% — 1.9 [41]
WA F M EN AN K F 138 TiO, 99% 0. 025 min~! 2.5 [42]
WD R TUERA TiO, 77% 0. 114 min™"! 1.4 [43]
¥R HOR PR £ i TERA Ag/Zn-TiO, 3.16 mg/g 1.172 h7! 3.7 [44]
4-(9- BT IR By FE T EP I Sn0, 95.3% 0.567 h™! 1.5 [45]
2 Y TUERG TiO, 8.97 mg/g — 2.0 [46]
DMP TUERE B S EEE 83% 1.5h7! 2.0 [47]
DMP FETIEN I Fe-MOF-74 — 3.3x1073 h! 4.1 [48]
DMP TUERA Tio, — 0. 032 min™' 1.5 [49]
AR 1T EP Tio, 45.7% — 2.6 [50]
DEP FETH EN I Fe-MIL-100 25 mg/g 0.59 h™! 17.9 [51]
ZH&R I B BRYAK 5L 90% 3.23%1072 min™! 13.5 [52]
FHRE 1 Ep Zn0 81.33% — 13.2 [53]
e F I BN Tio, — 0.28 h™! 2.3 [54]
it s Bk TUERE TiO, — 2.25%107 min™! 2.0 [55]
2,4-D TUERA Tio, — 0.563 h™! 3.6 [56]
2,4-D DIERE Ti0,@ Sn0,-Sb — 3.2x107? min™' 1.9 [57]
TR P EP I Fe;0,-TiO, 2.5 mg/g 0.09 min™! 2.3 [58]
K[ESaN FRHAEP I Fe;0,-GO 160. 4 mg/g 0. 096 min™! 3.4 [59]
W AR 1 EP B A1 92.2% 1.32x107% min™" 1.5 [60]

T . DMP 4828 W i — WP i, DEP . 88 iR — 2.16;2,4-D .2, 4- KA L BN

FIR MIC A9l g 32 2590 K AN B 7 1 51
B X PR T MIC 7 [R] ISR A0 B A 21 H AR
TSR R 8 6 2 A~ B AR oA, e
A REYIRORL b A 22 PR R L AR

K BUREDIE . BOFh 2 BUREVE MIC R %
A RS9 B  ) EBF
7k A PR R L, AT KR
A
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B AR 255 B R TR R = T A
AR S 1 493 5, 38 2o £ B Ak 2 A5 400 A ) it
TSN AR 24 Wit (R BIF 58 B . Carboni 251 7
A% LR A DT — R RESE &
T —FR-7e 45 H B REYE AT MLEE MIC, 45 2R &
% MIC ] DL 7K e o S0l 2 g 3 2 Ak 50%
B T X A A I R A R, A A
N AR, SRR R 45 R MIT R
HUBE K A & 4 P, 48 T A LB K A MIC, AT
SE T AT LB S5 A A5 IR (0 i 2, DA 4
o W2 W R 1) S P AR e M R
W1 B 1) 4 G0 K SB0RE MLIC 0 VA 6, 5 v Ak 2
U R PR T 225 A, AR T i Y8 AN T B R R
HEE , 7T LASRAS 5 280 S SR A [R] (A T 45 28
3.5 Hith

YORBEEAT 5 FABM A K R A e P i 45
MRS A RS AL, TR T 1R
B, Li 5B AEOR - 45 A R R E 5| &
BA B MITTE W51 Bk (0 7K B8 )2, 42 v 40
KPS . Zhang 251%° 1) 3,37,5,5'-1Y
A RE IR N 2,2 -1 AR - XL-3- 2 FE A - WE IR Bk -6-
TR A 4T, B MIPs 45 & 78 B it S84k
TEYER Fe,O,NPs I, B BURPISS &3040, 545 A
FHEG, MIC TG PRI 58 T 16 £, LR = T4
100 £,

Li 260 B T — b 43 1 30 A 8 B
PEARE KPR S i T, X R MIC S T 4 i
FEE  FECEE R IR R/ B IR IR G,
BRI R 28 W VT R 2T 4 R R 3.6
5, JF HAEH] 10 G IREDR B 75% ik

4 RE

HHl MIC 24 F 52 = W5t B B, (HH W
SR R B 45 Fh 2 AU 5 AL AL S AR A
N BRI R TS e W R . MIC REAS 72
A FRARAE AR AR DG B A= A N, 55 R SR Tl AH
Fb, EA g R S A IR A A A
MIC 5 H AR A R, A s T Hop 2
PERE , AT T HEILAICR . 9K K MOFs el
REY ARSI A, AT T MIC
FTRE T B, A 3K S8BT b RE B T 3 1) 07 FH 4 it
THIRE, MIC & & BRI K F 5 % A2

AL AR o FREEORAP I il 22 2 o ™
A B AR B S, RV H R T MIC B
FEARWHRA B[R] S5z 7 A4 4 A LR 25 T T AT 75
BHATIRABIRDT, X MIC ARk 5EA L
TEaF 1) HATH MIC % K248 T4 ik
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Study on the Preparation and Properties of Acanthopanax senticosus/Cinnamomum cassia-loaded Sodium Alginate-car-
boxymethyl Chitosan Hydrogel Wound Dressing ZHANG Li-hong, DOU Xin, QIU Peng, LIU Tong, GOU Dong-xia" , ZHAO
Jun ( College of Food Science and Engineering, Changchun University , Changchun 130118, China) , Huaxue Shiji,2022,44(11) ,
1577~ 1584

Abstract : In order to design a wound dressing that does not damage to the wound , have good anti-bacterial and anti-inflammatory
effect,sodium alginate (SA) and carboxymethyl chitosan (CMCS) were selected as raw materials, the preparation conditions of
SA/CMCS hydrogel were optimized by tensile strength ; Acanthopanax senticosus/ Cinnamomum cassia extraction was compounded
into hydrogel , to make Acanthopanax senticosus/Cinnamomum cassia-loaded SA/CMCS hydrogel wound dressing, the properties
and functions were studied.The results showed that the optimal preparation process of SA/CMCS hydrogel was 0. 8% NaCl,2. 25%
EDC/NHS,m(SA) :m(CMCS) = 1:1,under this condition, the tensile strength was 0. 884 MPa.Infrared spectroscopy analysis
showed that SA and CMCS was chemical cross-linking;the porosity of Acanthopanax senticosus/Cinnamomum cassia loaded SA/
CMCS hydrogel was (90.5+1.2) % ,the swelling was (133+2.7) % ,the ratio of drug release was (93.34+2.4)%.At the same
time, it showed good sustained release effect, antibacterial and anti-inflammatory effects, and excellent biocompatibility, as well.
The results showed that the prepared Acanthopanax senticosus/ Cinnamomum cassia-loaded SA-CMCS hydrogel could be used as a
good wound dressing material.

Key words: carboxymethyl chitosan; sodium alginate ; hydrogel ; Acanthopanax senticosus/Cinnamomum cassia extraction ; wound

repair
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Tab.1 Response surface design of experiments

2 K-
-1 0 1
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B-EDC/NHS 7 it/ % 1.5 2.25 3
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Tab.2 Experimental results of the response surface

A B

F%  NaClVkJE/ EDC/NHS  m( ;A) . iRz

% VEINE/%  m(CMCS) MPa
1 0.9 2.25 3:2 0. 67
2 0.5 1.50 2:3 0. 08
3 0.9 3.00 1:1 0. 40
4 0.1 2.25 2:3 0.11
5 0.5 2.25 1:1 0.94
6 0.5 2.25 1:1 0.91
7 0.5 2.25 1:1 0.93
8 0.5 1.50 3:2 0.58
9 0.1 3.00 1:1 0.25

it 2022 4E 11 A
A B C T

\ it | Jir/

JF%  NaClVW&/E/ EDC/NHS — m(SA): hﬁlﬁf"* s

% BN/ %  m(CMCS) a
10 0.1 1.50 1:1 0.26
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12 0.9 1.50 1:1 0.25
13 0.5 3.00 2:3 0.12
14 0.1 2.25 3:2 0.57
15 0.9 2.25 2:3 0.13
16 0.5 2.25 1:1 0.91
17 0.5 2.25 1:1 0.94
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Tab.3 Significance and variance test table
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B 0.0050 1 00050 19.2308 0.0032 = =
C 0.401 1 04901 1884.8080 <0.0001 = =
AB 0.0064 1 00064 246154 0.0016 = =
AC 0.0016 1  0.0016 6.1538 0.0422 =
BC 0.0001 1 00001 0.3846 0.5548

A? 0.329 1 03929 1511.4210 <0.0001 = =
B? 0.4599 1 04599 1768.9110 <0.0001 = =
c? 02642 1 0.2642 1016.1980 <0.0001 = =
%2 00018 7 0.0003

S 00009 3 0.0003 1.343 0.3886
4R 0.0009 4 0.0002

BEA L7195 16

Hew o« RARMEBFE (P<0.01); * KR L3 (0.01<P<
0.05),
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IE B IEJE SRR  NaCl # B 0. 8% ,EDC/
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Fig.2 Response surface graph of the effect of two-factor
interaction on the tensile strength of SA/CMCS hydrogels
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Fig.3 FT-IR spectra of blank hydrogel and Acanthopanax

senticosus/ Cinnamomum chinensis hydrogel
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Fig.4 Hydrogel porosity
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Research Progress of Biological Activities for Dehydroabietylamine Derivatives HUANG Jing-ling , LIANG Jin-ping , ZHOU
Feng-ji ,HE Jin-zhi, ZHANG Zhen-wei, CHEN Qing, LIN Ning" ( Guangxi Zhuang Yao Medicine Center of Engineering and
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Abstract ; Dehydroabietylamine is one of the important modification substances of rosin, and also the main component of dispropor-
tionated rosin amine.lt has a stable chiral tricyclic phenanthrene structure and modifiable amine group,which can be recognized
with biological macromolecules. It is an important medicinal skeleton. Its derivatives have antibacterial, antiviral, and anticancer
activities and can be used as lead compounds for new drug discovery.The biological activities of dehydroabietylamine derivatives
were classified according to their different biological activities, and the research progress on the biological activities of dehydroabi-
etylamine derivatives was introduced in order to provide a reference for the subsequent research of dehydroabietylamine
derivatives.
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2 RURIEPESEAT THFIE . PR RS I ISRl 32
33 PR BUAE MR AUEE IR M BE T RE 52 ﬁﬂﬁﬂ/\*@
IR (1 B 2 ) FUE A RE 2 1, X se b

Yy 27 F1 28 (G5 HL P o3 i) o R PR RIS B, R B R Sk A O B M, A R ) 1)
SR Xk P A SRR T 14 B T I, R PR PR B H RO R BRI R LG W 32 X E
10, HALG DR s AR HOREFER ST (ECy, = 1.4 wmol/L) Xt IR 20
OH
TsCI/EL,N
OH (99%) ;ji?)\
1. Ph(C0),0 i
2. AcCI(ADCI, H,NNH, “H\HTs
G e o 955* | a
- N 12%) : (Z: “Hygy £ OH
30 le-
\PhSO
NaHCO, DBU. £
(92%) oxalic a;cid "CI-]I‘IO
(50%)

OH
;\H 0
%

0
32

B 12 AT A 29~ 33 I
Fig.12 Synthesis of dehydroabietylamine derivatives 29 ~33

A EL 5 bR 10 475
“ .

AR BT A B0 T e T 1k

5 HMEIER

2012 4F, Chen %51 DU S0\ e g JEORE, 8 4

Xt B B C-7 iRy AL C 3 C-12 (Al AL AN C-18
D IR AL RN, & B T — R S MBEAT B
JERH MTT 32 46 I 3 26 4k & $ %7 N i 51 i o
PC-3 20 A 5P §L95 Hey-1B 41 Jd 19 25 ME4E 1
SR ER R C-18 I &R F,
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C-7 PrERIEAL N C-12 37 - A FE AL J5 {200 Jf 2 %
PERGIN, 40 C-12 A% B A RS IR L & W 35 4t
PC-3 5 Hey-1B M {EPE 4354 1C5, =5.7.,16.0
pe/mL, C-7 1 ik B Ak 19 1k & %) 36 HiL PC-3 5
Hey-1B f3EPE/ 91 1C,, =7. 8 .15. 2 pg/mL, &4
RFEM,CH L5 12 MRS IS B 38 155 7 Y
B P A7 AE T 3 Ak A5 0 1) A 3 P 1 D A 3]
FEAEH A R R I SR ATT A AR ROC R 1Y
R T80 2 19 S A

benzoyl chloride
toluene, 80°C

R4

R

ORt Rk
34a,34b

34a. R'=H, R?=H, R*=H, R*=H, R*=H

34b. R'=Cl, R%=H, R’=H, R‘=H, R’=H

Cr0,,AcOH
60C

R' R?
35
35. R'=H,R?=H,R*=H,R*=H,R’=H

Cu(NO,),, Ac,0

10°C R

,,,\E_ c -
ORt ke

36. R'=Cl, R>=H, R*=H, R*=H, R’>=H
B 13 BT 34~ 36 1AL

Fig.13 Synthesis of dehydroabietylamine derivatives
34~36

2015 4, Yang 450 3 5 W 45 A1 BL A S 7 %
2,4 N-Boc I1¥" A SRS, FRAE KOH 451
&M RN G I Boe R4, A T — R 5IIR
- SN S A5 W, TR CCK-8 54
TARERA 37 ~ 40 XF AN FLARJE MCF-7 4 A
Jii HepG-2 #fl i (1) 4 &0 4T i 983 3% 4, 1C,, 15 4
23.56 ~ 78.92 wmol/L, %5 % Bk & ¥ 37 X
MCF-7 4 it #% 19 B i Jed 36 Pk (1C,, = (25.42
2.04) wmol/L) fItF FHMEXT IR 5-F5 IR WEIE (1C, =
(27.12£1.95) wmol/L), IAb, B X&) 37

HEFTRIAE (e e 8 A AL AIE 5, it 2K 0 4SS
MR won, R A RREN MY 37 7iF S
MCF-7 Jif e £ ff g T, L5250 A

2015 4F, Ling 451" ¢y Je il i 2 I Bk A

O SN 1 TR A VRS Pk e A A4, I NP

Boe — cicucocr  Boe ) J\/c]
™ = o
Boc” \ “Boc Boc” \— “Boc
(0}
R Boc N
a: R=H,NCH, \N/ ‘NJ\/R
b: R=4-HO-C,H,CH,HNCH, [ j
KOH/THF Boc~ N\BoC
0 N
3
Hel [NH N#/R aticl
EtOH
! NH HN
37,38
37: R=HNCH,
38: R=4-OC,H,PhCH,HNCH,
CICH,COCl 0
Boc— Ng _ EuN . Boc—N N
N\_/ / _<_Cl
R
a: R=H,NCH,
b: R=4-HO-C,H,CH,HNCH, ~ 0
T Boc—N N .
KOH/THF . R

HC]
“mom ~ HN NJ<_ 2HCL
39,40
39: R=HNCH,

40: R=4-0-C,H,PhCH,HNCH,

14 JBLEMHERT A 37 ~40 (95 AL
Fig.14 Synthesis of dehydroabietylamine derivatives

37~40
P M A A WG, B RE T A A %
TNBC B (N = BHZLIRE MDA-MB-231 #fiffi R )
HAWME, WFT 20, W i W 7 AN 52
OG0 B A= i e T e 45 A B S8 184 T B
SRR W %) A 0 P EL e 58 SR e ok T e
R'S(0),C1

TEA,DCM
0%C~rt,1~12h

R?S(0),C1
TEA,DCM
0%C-~rt,1~12h

41.R= -3@—CHO
F

42. R?= -§ F

B 15 JBLEMARATAEY 41 A0 42 B9 5L
Fig.15 Synthesis of dehydroabietylamine derivatives
41 and 42



1590 b 2%

2022 4% 11 H

SEATHEY) 41 1 42 3 3 X410 E 5] GO/ G TR
MG A0 A A, Ah kB 41 42 TE L
& TNBC Y i35 35 0% caspase-9 | caspase-3 Fl
4% PARP A AT,

2018 4F, Wiemann %52 i@ i Ugi-4CR WA
T —41 16 A i A MR AE Y, #ii 4 SRB
LSRR R = T2 0y A LA
XTI 5, £k & 9 43 i1 46 11 ECs, TH
TE 6.8~15.6 pmol/L Z[R], Mifb &4 44 1 45 1)
EC, [E&A I BRI, HE—25 I E5 AT
PEXRFR KM, 552 N-Boc RITHIRTEY 48 ~51 Al
DA-Ugi ;=4 43 ~46 tH Lt , LA & 2L ML &9
52~55 AN MR TR M B RN, )R —4
DA-Ugi fiitE49) %P1 B (BB 56 ~ 58 F P H 1
RN B 9 1, H EC,, [E#IK (0. 099 ~ 0. 657
pmol/L) , FifiJ5 5 if it Schotten-Baumann JZ 1 3k

paraformaldehyde, tert—butyl isocyanide,
para—substituted benzoic acid

MeOH, 100°C

43. R=H;
44. R=Me;

/@*N:: H 45. R=0Me;
0 46. R=0OH;
R ¢ 47.R=Cl
HN\é
43~47
16 BEMBEATAEY) 43~47 G K

Fig.16 Synthesis of dehydroabietylamine derivatives
43~47

pareformaldehyde,
tert-butyl isocyanide,
L-amino acid

MeOH, 100°C

TFA, DCM, 0°C 0 H
HzNﬁ)LN/

R \\(O

HN

52-55

48.R=H; 49.R=CH,; 50.R=CH,0H; 51.R=CH,CONH,;
52.R=H; 53.R=CH,; 54.R=CH,0H; 55.R=CH,CONH,

17 AT 48~ 55 BYG L
Fig.17 Synthesis of dehydroabietylamine derivatives
48~55

paraformaldehyde,
isocyanide, rhodamine B

EtOH, 100°C

56. R=tert—butyl;
57. R=benzyl;
(N\ 58. R=ethl acetate

56~58

18 JEUMIEAT A1 56~ 58 Y5 AL
Fig.18 Synthesis of dehydroabietylamine derivatives
56~58

1.2+ B, (COCl),,DMF,DCM,0 °C,2 h,TEA, fitfk,
DMAP,DCM,0 C ~rt
19 ST 59 16 K
Fig.19 Synthesis of dehydroabietylamine derivative 59

35 P B BEREAL G 59 #E1T LUER 45 SR L Y
FHI B #8315 i 0 3% e 35 5 v HE 40 i w4
TER. k&Y s6 BA mEmdn st Bk
GV 59 WAV MMEENE X — IR 4R R4
THAAES P B #03 IFA —E RIEZ AL G W)
A ARG 1, O s 1B SN R 2 P B
o3 Z R G R AR

[A]4F , Wiemann 250280 ) SO H %, 005
WEIE T 3 AN ] 1 Jd A A3 A= 00, 0 531 Ay 1
AR FECATT A= ) . C A W 1) T i R 2 ) 3R AL A B
Y. U B S Y C-18 E LA T 46
TR &R, 8t EDC/7HOBt 18 166 /2 [y, LA
51% ~ 77% W 77 845 LT — 2R 68 AR 5 7 1k e .
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el S5 SR 29 ] M7k FE XTI
PIE C-18 HEATESMIB IR AT IR T, 0F5E T C #HE
VX SN A= s PR R Boe, o T
BEZE AL M0t B 0 0 S, ol P 4 A A S 1Y

=4

aromatic carboxylic acid, EDC,
HOBt, DCM, rt

HN

60. X=C, R=H;

4 61. X=C, R=OH;
":H 62. X=C, R=0OMe;

HN 63. X=C,R=Me;

@*0 64. X=C,R=Cl;

XA =N, R=
R 60-65 65. X=N, R=H

B 20 i SRR 60~ 65 AL
Fig.20 Synthesis of dehydroabietylamine derivatives
60~ 65

OH

70. X=C, R=H;
e - 71.X=C,R=0H;
HN— 72. X=C, R=0Me;

OH | N o 73. XiC, RiMe.;

74.X=C, R=Cl;

— 70~75
| 0
- H )J\O

H,N b
69 ——
‘R

75.X=N,R=H

a AP TR, MEBE, A1 ,2. 5 h,72% ;b.AcCl, AIC1, ,DCM,
0 C to rt;c.mCPBA,TFA,DCM,0 C-1t;d.N,H, - H,0, EtOH,
80 °C ;e. 35 & RIR, EDC,HOBt,DCM,0 °C -1t;f.Boc, 0, NaOH,
THF,0 C-rt; 8. AcCl, TEA, DCM,0 C-rt;h.TFA,DCM,0 C-rt

21 ALY 66~76 195K
Fig.21 Synthesis of dehydroabietylamine derivatives
66~76

R
R
Q‘:gj)\ biotin, EDC, HOBt 2
| —_— tH
2 DMF,0C tort HN-

S H
HN S "‘\MO
DDA, 69,76 Q 77. R=H;
DDA. R=H; HN-NH 78. R=OH;
69. R=0H; 0 79. R=0Ac
76. R=0Ac 77~79

22 JBEMRERT A 77 ~79 R B
Fig.22 Synthesis of dehydroabietylamine derivatives
T7~T79

AR ML SR w0 3 R A ) AR I 4l
B, DA T AT 5 58 S0 e ) 40 6 5 15 2 0 e g
ek, M DDA A& % 69 Fil 76 FF46 , 43 5l
it EDC/7HOBt B ) b & 1 T4 &% 77 ~ 79,
KH SRB LA 1 B S MNEAT ) 60 ~ 65
169 ~76 AT MG AR I E T 5 F b
TAANML ZR A 1 AR /N BB EF 4E 40 i () ECy,
Ho HEIRMIE T C-18 Z B &R 43 1 Bk i Ak X 14 b
AR EETE M, R A D B 5 ] ARG 2
EIRTE 32 R 0k o (1w QA S IR A e
AR (60 ) & A7 2 30 1 B S %) 400 it 25 0 M 4
(EC4,(MCF7)>30 wmol/L) , 1 N-(4-F & LI H
Pk ) Ji S e (62) 3R B R AT B 40 R 7 9
(EC4,(MCF7)= (4.5£1.5) pmol/L), C ¥ &1
(AR e FHAE ) 2R AAR R Y 5 C-18 2 L3 43 1 Ik
JeAk = AR L, LA D 200 A 25 v W e B v (g,
12- 2 0E-N-28 F B I S e (70) B9 EC4, (MCF7) =
(4.8+0.3) wmol/L B 12-¥ KL-(4-% % W L) Wt
SN (74) B EC,, (MCF7) = (5.0+0.5) wmol/L),
BEAR, 12-F85E-N-( S 00 B 58 ) e e (75) HA
T 150 B 40 25 355 M (EC,, (MCF7) = (4.3+0.2)
pmol/L) , Al AT A8 5 e 61k (S1=6.2) . A=
W ZALATAEY) 77 ~79 1Y SRB K i % 5 2 0 Hoxt
20 6L 75 005 T T A AT AT B AR 5 T 85 40 B 305 2 B
BTN 2 N i £ 1Bt £ O P N = N 4
PR AT = H R R R P B B i ik
2018 4, Zhao 451 DU WA B A JERE 5
JE, AT S R ELAT Az 3 P % 5 S B T R
BT 80 ~ 84, L& 80 54 ( 11 ) LR Tig X
NAFEIAE A Y Cu(80),, FIFH MTT 340 T ¢
TS M b g 3 1 . 38 3 FE A& 9 80 ~ 84
(ARG A S 20 I 2 1 G 2R, T LAk LA ke
LAY 83 84 Bt i 1 1 & T B R
& 80~ 82, Jm 40 M rh & A R I N 3L 7



1592 £ 2= K 2022 4E 11 H
DRIE IR 25 55 5 N 2RI fL 1 T8 Bl &8, b (1), B IR B X 28k & P T e 2 — i 76 (9 4 ik
Ah, A6 W B AT 25 Fe T R AT R OR 3 (] A7 BH R T
AR PR, e i g 3 4 8IS (fb & 9 80 ~ A, Zhao %R T SR E S &L AR AL

82), MHZF,&A ~LHEAENILEY 82
TR T AT LA 80 .81, I BE & A
RAE Z LI IR A IR 1) N, N 28
Sy S5 HMY S, B S A SRR
e 1 AT AT L o B e R 6 e 1% R A A A
Pt HepG2 4 A 5% 5 4 45 W 1L & 4 83 (0. 24
pmol/L) F1 84( 0. 14 wmol/L) FIAR SNt i 983 1
MU BEAT I 5T, — 2 IR 45 SR R W, L &
83 A1 84 NI H AT HepG2 AN T, I+ H 5 FH
PEZGIES 25—, 5 DNA 45 &R 245 AL

‘Bu CHO
\@[OH ‘Bu

H
C=N—,
‘Bu g
AcOH OH
‘Bu
80
Cu(AcO), | EtOH + H,0
" 5 :
'‘Bu
; “—NH,
81
H
CHO .
(Et),N (EON OH
AcOH
82
N
Q_D/CHO
N .
AcOH H H R
N C=N—"
o
83
&
H
Ll ¢ N
—ac0oH ()
N> e=n—
H

84

B 23 AR A4 80~ 84 YA AL
Fig.23 Synthesis of dehydroabietylamine derivatives
80~84

LAY, AT TAESERE, SUE BT LR
UM iz D e T e 26 A0 2 0, AL 4G A BLER (85 AN
86) FIMENEZS (87 ~89) , IFAIFH MTT 324 {4
SR TE M, S5 RW LT A LA Rt
Jibgea i R T A, H B AR, o A
BLER AL AW A 1 43 Hd A\ T 118 K s 7t e 86
(1C4 =0.75 pmol/L) W HL IR 1G5 PE ™ T4 — 7
T8 PN e 1 R s 7k i 85 (1. 85 ;Lmol/L) L IX ]
RS2 1 TF-HL e 8 M g 1) 8 SO e B s 1 m,
BILER 14 175 ik 13 8 4 iy 55, &t%,éﬂ:%%ﬁﬁ
—CH, 253 7 FEW] (87 ~ 89) I, 4 il e 1 PEAI
__ CooH _ (ICOO “H,N—

EtOH
COOH
CH
N COOH
(I CH
| COOH _

COO0~+H,N—
EtOH NI

COO~*H,N—, E
COOH
I { /
N H
. ¢ Y

3
—NH, (N COOH
\ /)
vy
COOH
HOBT, DCC, ET

N
( ) COOH

(‘l\:ng H3(i 0 @?)\
COOH

(&_/7/ <N N—"

LN I Hu

HOBT,DCC,ET

S
N 89

24 AR A 85~ 89 14 AL
Fig.24 Synthesis of dehydroabietylamine derivatives
85~89
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TAREGHEFERNGY 85, AN LAY 85
1 86 T 3 3= 5 5 4 U T e A M 5, -
13200 S DNA AR E AR, X SeRfF 5t 45 %
XoF T figt R SO S B0 ) A0 R B 14 N DNA 25 4
P HAT R S, IR oA A BT A T A
() DNA $ [ fb 592558 T Fehtl

N T EREBA PR R AR
FE v AR EE D UL TR H B B 25,
2020 4F, Zhao 55 XL A B T LR BAT A
W 1 1 ot S WA e i R B8 (90 ~ 93) | B e (94 ~
100) FECAH) Cu92( NO, ), .Cu(94),.Co(95),Cl,,
HTFIF L msk AR PE i &Y., A MTT

PO LS 4 5 A M EE PR 1 56 R, R IR I
BB (0. 49~ 14. 28 wmol/L) HIFLIGHE G e T
BEREZAL B (5. 68 ~72. 28 umol/L) |, Jo HE
FBRAL AW 90~92, T BE I S5 PRl — 7 TH 2 i i
(R A BE T, 42 %Ti%ﬂﬁﬁ&,% Ji AL
AP CH=N Sntnef It 425 71k
GEYIRIRENE, HAN, LAY 90 #1192 5 DNA Y
256 XM EAER, S LG R TS
DNA 255 B, 2 MU S IR DNA (4544, 5 E 4
Mg T I A A A K, X e g R LA
190 i1 92 W] A& — MR AT 0 JoEE fIVE
LB

Br
"y [i] U Q'(S
_L,Cu(NO,), CN

A OH
90. R'=R?>=H;

—NH

HOBT DCC,EA
95~97

HOBT, DCC, EA Nes

R® 98.100

90~93 £
91. R'=H, R>=CH, ; oN No,
92. Ri=Br, R°-H; 93. R'=H, R*=F

N “COOH o __EOH _

HOBT, DCC, EA .
TN

~.N H
94

2
CO0H
|
RN N _s‘ L, CoCl,

95. R*=H; 96. R>=CH,; 97. R’=Cl

COOH
JI\)\/L 0 98. R*=R=H;
RN RS R4 99. R*=H, R5=CH3;
N }NI—‘ 100. R*=R5=Cl

DCM ACN

Cu92(NO )

Cu(94),

o
i,

Co(95),CL,

EtOH

B 25 JBLEBIEARTAY) 90~ 100 5 AL
Fig.25 Synthesis of dehydroabietylamine derivatives 90~ 100

AN, Zhao 2510 8 BRI b B T WE MG IR
(101~ 103) ., & My Bt il ( 104 ~ 106 ) | ML 18 Bt Jiie
(107 ~110) ZE LD & 22 A B i S NREAT £ 9, I
LIS A e i 26 A EL A e s P e G B M

Bk, HP k&% 101 1 103 7 HepG2
A IR S B S R R T SR S DNA Y
TR AR, JEEALEY 101 FERIMITR N
JCHA Bk R B e — R AR e R



1594 o % K A 2022 4 11 A
NN EEb T (A 7/ R
N,H,H,0-E10H,
RS\ __CHO N,H,H,0-EiOH reflux
U reflux Aldehyde/EtOH,
4Rl> ""_NHCOCH reflux
EtOH H 12 3
R? S _C=N—"

\ 101. R'=R?=H;
R' 102 R'=CH,, R’=H;
101~103  103. R'=H, R2=Br

R_S
(7 COOH
“| HOBT, DCC, EA 0
Y, S — 3_H.
NH, RS\&J)J\INI 104. R*=H;

105. R°*=CH, ;
104~106 106. R*=Br
RN
A 4
N ~coon RN
HOBT, DCC, EA \[\ ]\Kﬁ_
N 107. R*=H;
0 108. R*=0CH, ;
107~110 109. R*=CH,;
110. R*=Cl

B 26 MiEMIENTA4 101~ 110 BE K
Fig.26 Synthesis of dehydroabietylamine derivatives
101~110
2008 4, Li 20 LB S0 I 5 4 PR 2R AT
AW RIERE, BT REUE R A AT A,
WF9E T H 03 6 AE T, JF 4R 1 R R
SMMC-7721 4y rl gEMLHI, H k&9 111
X} SMMC-7721 2 i i A6 1 HAT B S g P il 4E
LR RO PE 25 SRR, T A R 1k
A 111 R 7 S A0 R TR BRI S A 5 e
AN B ) 4 284 5, A B R — 2O R i g

244,
F C@CNQE?*

3 H
B 27 BEMAEATAY 111 &K
Fig.27 Synthesis of dehydroabietylamine derivative 111

2013 4%, Liu 2577 UGG SN A J50RE, 38 i
A R JERUKIRE R, &8 T — RN EA TR
B B SR A= . % LA s Pk A T
WF5%, X 24k & 9%t Hey-1B F HepG2 4 ifd 75
H—E TR, [FIRE, X ek A ik ke 3
O BORE DNA (R FF 18 ) # DNA 240 6 P 14
BRI, T J AR S5 A8 1 i AR 3 5 B
JREIE TR DNA 26 A O, 1K SEpif 5 45 S iF
— 7R TSR A R DI RE RN DNA iR
PEZ R E R,

/. Ny—c=N

R _; |
““—NHCOCH
114

3

Aldehyde/EtOH,
ref lux
“—NH

H,S0,/HNO,
0~5C

ref lux NO,
Aldehyde/ EtOH

Aldehyde/EtOH, reflux
NaHB,, rt

%
NO,
(CF,C0,)0, HNO, reflux
0~5C Aldehyde/ EtOH
/'—NHZ
NO,
””—N=C — \
H 7R
117

28 JBEEBAMAT Y 112~ 117 f9 5L
Fig.28 Synthesis of dehydroabietylamine derivatives
112~117

A, Liu 2508 3L AR 13 e S0 A e £
AR IERE, A T — Z 58T 0 I U e 22 1 2k
EE9 118 ~ 126, HFFE T XL L& ¥ %t LO2 Fl
HepG2 A0ME Y 16 M, 4550, ThREIL A1 (N-C)
LAY 121 FHEI5] A B S Y80 40 i PR R
i, TIFE C-12/14 43 B B RS 7E X6 8 20 FE 17%) 240 it
BEMETRRHE T EEAEH, ik &5 118~ 120
T EBR LA 4 120 $T HepG2 % HEW] B F
W 3F BALA Y 121 F0 122 7EAH [ BE R 6 1E 3
JHF20E LO2 4 fy 4 il 4 Rl A 55 , BAT itk — 25 9%
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KBV ST o TR 2 AR 90 22 2 B MG i 1 1 e
FLI BRI

H,S0,/HNO,,
0-~58°C

C,H,0H, reflux | NH,NH,H,0/FeO(OH) C,H,0H, reflux | Fe/HCI

“—NH,
120

acyl chloride,
pyridine, rt

NHR

NHR

“—NHR
125
NH
121,122. R=
acyl chloride,
pyridine, rt

1l
OH

acyl chloride,
pyridine, rt

119

protocatechuic aldehyde,
C,H,OH, N, reflux

NHR

“_NHR
126

124. R= ZEZHC\@EOH 126. R= _g_HZC\C[OH
OH OH

B 29 BEEMIEATEY 118~ 126 YA AL

Fig.29 Synthesis of dehydroabietylamine derivatives
118~126

fi% 2 R -DNA W2 W5 1 (TDP1) J& —Fh
DNA &5 i, 7E4-FhHTIE 250 5 L R it i 2
H S EEVE Y 2019 4F | Kovaleva 251 BF5F
BB T — 2 U IR R R 5t S A e i 2B ) LA
P s 2 9E-DNA B R BRI 1 (TDP1) MIFEH,
i B AL A B b TDPL i 35 74 79 1C,, 18 78
0.1~3.7 wmol/L JEE N, b1 K &I TDP1

0] 300 3K A5 2 T P Xof G S - 48 698 240 M P &40 L
BEAE HTZEAR R B2 F U0 T g s e, A&
127 Fl 128 ~ 130 TELNEE J A 82 3 [ PN R 300 113 41 )
T AT T A B TDPL #0415, 5T
X T I BRI e 55 ) B g A7 244 B A i

127

30 JBEEBAIERT AR 127 ()45 0L
Fig.30 Synthesis of dehydroabietylamine derivative 127

0=C=N-R-N=C=0
CHCL, A

128. Ri=~CH, ¥

o
129. R!= 7&5\

1 -
T A D )
N N N— — Y
H H H 130. R'=

wn
V

B 31 AT A 128~ 130 95 AL
Fig.31 Synthesis of dehydroabietylamine derivatives
128~130
2021 4§, Kovaleva 451 LLE S0\ Hy SR,
5 E RN R SR LR B, ARG 8 el

1. R-NCS
2. Ethyl bromoacetate

1. Ethyl bromoacetate
2. R-NCS

132
TDP1 IC,;=0.63~0.95 pmol /L

B 32 BLEMMARTAY 131 R 132 1A
Fig.32 Synthesis of dehydroabietylamine derivatives

131 and 132



1596 o 2% i

2022 4% 11 H

N, P LAAS BIAS [] 28 550 1 230 2 5 198 Wkl T 2-
T S SE R s bk % B AT A= 9 . #F Lawesson 71 /Y
PERTR , DA 2-WF S SE e e do R 75 31 T 2300 22 ik g
M4 AL G, A5 R AL, 76 W fURE R MR
T AP 131,132 BRI 7AW TDP1 41
HYE

6 it

ULAER  WFFEE A 15 T VR 22 I S e A7 A=
Yy, I %5 Horp— B4 5 Wy R AT A Wy A PR BT 5
A T AR B9 Al B Py o, I Sy T HA
ShE AT, B T oE O B TR AL 2 B A
AIRTLEY , R 2 — e SN I e MR
RIEY E BOIE I BAT R A= W0s b . A &
PN A W 1 A 3 P OF 5 D T 2 B As — s gk
Ji  AELRAT LRl ZEAR T, 2 1) F S
Wbt ot EEAE AR A 36 18 AL EEATAEY) I,
XS B FRAT CFRHEAT 45 F) et I T JR 3% R A 5
T ANZ2 5 2) R 2 B0 Bt SN AT A A A
Yyl PEWFTE B IE P, A SR A M 5 AR s T 2 1)
AR RPHEAE T8 3) 2T 25 /R R
A H B ST B2 o3 B TR ]
TEEARIE, I, 5T 259 iR 2008 R AR ]
BLA, 7873 i B LA RS B8 T = 3R
L5K 18 i P BB A 3 T A 45 4 R
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Reduction Mechanism of Azobenzene Mediated by FMNH : A DFT Investigation SONG Jia-chen, ZHENG Da-wei, WANG
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Abstract : The hypoxic microenvironment of solid tumor is a significant feature of malignant tumor, so that the hypoxia-targeted
chemotherapies have becomed a new strategy for the treatment of cancer.The azo groups in azobenzene have the specificity of hy-
poxia activation , which can be stable under normoxic condition while be activated under hypoxic condition. Therefore ,some azoben-
zene derivative prodrugs have been developed and applied to clinical research in recent years because of their tumor-hypoxia tar-
geting potential.In this study, the reduction mechanism of azobenzene mediated by the coenzyme reduced flavin mononucleotide
(FMNH) was studied by density functional theory (DFT).The results indicated that the dominant pathway of the reduction was
that azobenzene underwent successive two steps of le”/1H" transfer to yield 1,2-diphenylhydrazine, followed by the formation of
two aniline molecules via the third 1e”/1H" transfer, cleavage of azo groups and then the forth 1e”/1H" transfer. The rate-determi-
ning step was the first two steps of le”/1H" transfer, which needed to overcome the highest energy barriers.This study provided an
important theoretical basis for the design and development of novel hypoxia-activated prodrugs with tumor targeting.

Key words : azobenzene ; hypoxia-activated prodrug;reduction mechanism;density functional theory;tumor hypoxia
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BA)BI RV ER 55 2 R le /1IH ¥ 8 JLFHH
W, &% B A b E ik 4 19 fg 215 17
kecal/mol ; ] H-5%18 A AR, %415 B ik
FNE A BT AR 3 A4 AR X BE e H R R A 4 IR
28 keal/mol, X FEMHAFEMEKES 1K le/
IH R )5, 40t TS, A b &9 3 B A
A B 12 A3, i BLAE AT 28 R 3



1602 =T | 2022 4E 11 A

WAL, Zbaida S5 R PRI R 2R AR B A
L2 P B R SR A BRI 2 i R 1
PR Gavin 55543 B R I 15 < 3
JEERR R I (R0 7 A SRR 2E DL, A 3 T
JE B EZEAE S Wi 0 . Nam 5505 3 5 2 0OH

EREE T Tl MR RIS — AR (NADH )
I AN B AR R | 4- 2 5L IR R MR B 1 b
JEUSLIE 77 ) UESE T FSE R R g A e, DAL
TIATARI AWML T A SIS, SRR
RELWIL 1e”/ IH BB IR FALRUIERIE S

R 1 FMNH -3 ERGE U R 4 5E S 2 20

Tab.1 Thermodynamic parameters of stationary points for reduction of azobenzene mediated by FMNH (kcal/mol)

B B, ) ¢ £, B

K ZW Zm Rk Ak
1+FMNH 0. 00 0.00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
TS,., 10. 81 8.71 20. 46 22.00 25.17 23.63 23.08 23.20 15.52
2+FMN 4.90 4.78 4.61 3.91 -0.03 0. 08 0.72 0. 80 2.24
TS, 5 12.94 11. 69 25.20 26. 03 24. 81 24.43 24.36 24.98 17.90
3+FMN -7.36 -6.53 -5.51 -6.03 -9.70 -10. 69 -9.49 -9.67 -16.95
TS, 4 31.05 29.31 42.22 43.10 37.32 37.51 38.54 38.27 32.42
4+FMN 8.35 6.85 20. 94 22.39 16. 87 20. 84 22.07 21.96 13.98
TS;_s 0.24 -0. 66 12.59 14. 89 16.55 14.71 15. 68 14. 88 7.33
TS, s 8.90 7.39 21.48 23.55 23.81 22.10 23.40 22.64 15.29
5+FMN 0.30 -0. 60 12.31 14.53 16. 55 14. 14 15.16 14. 36 6.77
TS, ¢+FMN 45.10 43.97 42.22 56.27 44. 65 56.70 56. 09 56.71 49. 18
6+7+FMN 28.77 25.95 13.54 13.35 4.79 8.94 9. 68 10. 06 3.44
TSs_g+FMN 15.52 15. 81 27.51 29. 85 27.44 27.04 27.54 27.71 20. 82
TSq_g 29. 16 24.31 23.31 24.16 21.43 21.91 23.46 23.39 15. 66
8+7+FMN —-1.40 -3.62 -15.13 -15.79 -25.49 -22.03 -20. 65 -20. 67 -27.03
TSg_; 3.11 1. 69 2.89 2.83 -5.13 -2.33 -1.39 -0.67 -6.93
7+7+FMN -32.81 -33.74 —44. 54 —-45.61 -55.50 -52.80 -50. 84 =51.12 -57.50

1) 7E(U) B3LYP/6-31+G (d, p) K b it 5045 B 00 A vh 45 3 S i A X R & 5 2) 78 (U) B3LYP/6-31+G(d, p) /K B3R
SAH AL S BKS 53) FE(U) B3LYP/6-31+G(d, p) /K 345 2 1 S 0 4 5 S i 75 A5 0 A fi BB 4) 78 (U) B3LYP/6-311+G (3df,
2p)//(U)B3LYP/6-31+G(d,p) K- 5345 B S AH T 4 5 s A X BE & 55) 7E SMD-( U) B3LYP/6-311+G(3df,2p)//(U) B3LYP/6-

314G (d, p) KRS B A2 R oA G AR AT e
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a M bK e LI d. S e ALK 650K
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Fig.6 Potential energy profile for the supposed reduction mechanism of azobenzene mediated by FMNH at the
obtained by (U)B3LYP/6-311+G(3df,2p)//(U)B3LYP/6-31+G(d,p) theoretical level in different solvents
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R A Y 3 gkLRA5 2k A FMNH (1) 1 4
AT A IR EA S, gD TR Y fE 22
21 keal/mol ;i 42 B i, WAl {A& 4 o n] DL &gt
le /IH 56 85 A= B P B 44 5, H L RE 20 b 4
1 keal/mol, K KALFi&4E A Fifb&4 3 Rt
[R5 RE2e . AR C H, a4 8t &
US54 A R e R E] A 6 19 BN fiE 42 R 34
keal/mol , B i 5 342 A fl B jUfE22, Al UL, AN
W% SN A R LA 3 38 2 TR Rl iA 4, 3R A4k
LR le/IH F B A i a4 5 72 3h )12 3
oAU R BT SR A i P Rl 6 BT A, Ah, A
B R EIA 5 FD 6 B AT RE AR B T, A AE
PI2E BRI B 2 5 B, AR R ]
A5 2 FH 30 77 2 R TR E 1Y 50 A Y s
1o BRIG, A 5 48t S0 U R I 4 A 1 A e A
o1 )44 8 (BEZ2 M 15 keal/mol , B8 5 T3&4% €
[k 6 A a4 8 BIHEZR 11 keal/mol) 3 F ),
ZEPIE 4 R le” /1H B RS A W 43+ B 2R e (1t
L IRIBE 22 M 18 keal/mol )

ML 6 1T LB A AN O A s 4
R e Sk 3 IR FMNH 754 5] — 4~ & i
FRI—A T (BIESE 3 4 le /IH RS LT ) A2
BCHEAR 5, 88 )5 A 5 kAR R R R AR AR
AR E I AR 8, A JE P A 8 4k 4 A
FMNH 73 3]|— & M —A A — a1
WIZRIE . R T BB KV RTR AR 3R T i 2 1 B 85R
XA RS AR A SO (A RE L i SMID 373 77 45
AR TR AEK VR ALkt LR L
G 5 FhEAT R RI S B B A T b A S BE
Ak, W 1 BT, BRSO TP AT B 4 8
A AR VT BB (K 22 W o T4 Rl 39 b B
R A5 20 BRI S i 42 22 SR K, 38 B R0 A
AR J3T Y SO0 e AR AR S S A A R o 4
—,

3 it

A DFT 73 %) FMNH A5 (0 18 24
W FEALHELEFT T WF5T, I O3 T 18 ZUR 7E A A
NI TR v iy 2 1y A Re AR AR AR O, B T I
N7 PR P34 B A28 R f R FMNH AE R R B B4
W 1e” /IH B0 B 1, 2- 8 i ; SR )5 14k
ZE N FMNH A% — A~ &5 Fil— A o 2E T
AN RENEE R S R TR NP 2 i R TR 7 NI S o o
AR R R — A R W o 7 A BRI A R

B hn  ROBZE S 4 W e /IH BB A il ) —
NN o RONGERE P RIAL H) 1e”/1TH 7 #2
SN RE 22 i, Y2 R 22 keal/mol | A AN 15 B
AL Bk ABETEHE /R T FMNH A S 208
ARy BRI AN Ay 25 A A G AT A R S0 T
24 (R L 340 S5 B S AL B AL T L6 o) o 5
H I TF B RS E RS AAOE Ay 2 2 it 1 PHe
WA, by s AR 1) 9 A1 S0 A 1) P 24 ) ) 150
TSR L TR R
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s R O R = 022 R T N
(LIRS RE R b2 SIREEEE NSt MERIERE 010051,
2 MR IR X T o 1 5 I 5 24 I PR AR LR, N 52 MRS 010065 ;
3NSE R LI T 2B ST SR E SR PRI RS 010021)

FEE  LUSHARIE R 46 o), 2K i AR AL SO R A ) T A AR O B B, 450 99. 43% , 7= 30N 36. 21% , HoAb2¢ 45
FI2: IR ' HNMR \"CNMR UV FIICE M7 LLRAE,, [RIE Y7, Wistar KA FLUE IEASR 70 240 2% 101G 05 M |, JF R A 5240 4
JEIGRE G E AR ST AR O AR S A I A 8 (BSA) M EVE R, BRET4l SR SRR O — B R 1
2 AR Wistar K (A BRI o 09 B IR EEE (TC) 7K, W3 Fhm T % B2 AR 2 1 IH B B ( HDL-C) 7KSF-, BRI T H bk = i
(TG) FfIR %5 B2 i 28 A I [ B ( LDL—C ) K s ZE A4 A BRA5 4 T (pH 7. 40) , BHARIR O — B 50HR 5 48 I3 B AR B RN
TR K | 2 B R 5 I R IR B LB T = T BEAIS, 45 B a5 8 n 4350020 1.36(25 °C) Fil 1. 33(37 °C) ;38T #4
FIZHOTHT, BIRUR O B R ER S 4 MVE VR A A VR R 35 AR T B H BRSBTS AR, B R HK AR
M.

SEEBIA L WA ; B LA 5 2F IV LR 15 PO

FESES 0657  XERFRIRED.A  XELHS:0258-3283(2022)11-1605-05

Study on the Anti-hyperlipidemic Activity of 1.6-Hexanediol Piperinic-monoester and Its Interaction with Bovine Serum
Albumin BAO Gui-rong' | JIN Liang® ,BAO Cang' ,BORIJIHAN Gereltu’ ,LING Xiao™*( 1.Department of Chemistry and Environ-
ment , Hohhot Minzu College , Hohhot,010051, China;2.State Clinical Trial Institution of New Drugs, International Mongolian hos-
pital of Inner Mongolia, Hohhot 010065, China; 3. Institute of Mongolian Medicine Chemistry, School of Chemistry and Chemical
Engineering, Inner Mongolia University , Hohhot 010021, China) , Huaxue Shiji,2022,44(11) ,1605~ 1609

Abstract ; Using piperine as the starting material , the unreported 1,6-hexanediol piperinic-monoester was synthesized by hydroly-
sis and esterification, with a purity of 99.43% and a total yield of 36.21%.Its chemical structure was characterized by IR,
"HNMR, ®CNMR, UV and elemental analysis.At the same time,a Wistar rat hyperlipidemia model was established to evaluate the
antihyperlipidemic activity ,and the binding effect of the compound to bovine serum albumin( BSA ) was further studied by fluores-
cence spectroscopy and ultraviolet spectroscopy.The experimental results showed that the compound significantly reduced the level
of TC in the serum of high-fat model Wistar rats, significantly increased the level of HDL-C, and decreased the levels of TG and
LDL-C.Under the simulated physiological conditions of pH 7.40,the compound formed endogenous fluorescence quenching with
BSA ,and the main type was static quenching;the quenching constant decreased with the increase of temperature,and the number
of binding sites n was 1.36(25 °C) and 1.33(37 °C) ,respectively. Through thermodynamic parameter analysis, the interaction
between the compound and BSA was found to be a spontaneous process of Gibbs free energy decrease and entropy increase, and
the main force was hydrophobic force.

Key words : piperine ; anti-hyperlipidemia ; bovine serum albumin ;fluorescence spectroscopy
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2567, R % IR 259 B T & — LR R 2= F
FE B E T, R R R — Sk

BEZERIGIR b H S 25250, X Z Fh i
BA BRI 880, iR Kk ek i | A
b HEAR B e RE AT TR AR SRS W
PR ( Piperine ) 2 — Fft A= 9 B SR IR W ok 4z 157 AL
FR , JEREAE I B PR AR L AR I 4 iU
52 TAE R B AT M IR 1S 1 R A &
WS RIRAE G o FARRUR R L5 4 v 1) b Sk
S L5 7 0 R U 1T 7 T 7K, s R PR T
AU RE— 25 R >0 S T — 25 B i A
B R XL T35 2 | T B LS # HEA TIE A, K
W RRAREERIVER T AR I AT S A
BT SR O R AT BEZE R AR ERGH B
LSRR A 5E T4k 5 1 7K il 45 A BUR , R i
PR AN 0 A A AR 0 — 5 (HPM ) |, e
fb2F 45K 25 TR "HNMR . "CNMR UV FIJC £ 5B
TLARAE, #E7 m M AR ALY % B ARG Wik
AT MRS PE VAN, AR TS B2 i 1 358 R A1
BARURREAT AR, SRR C B Es B A B
R RS P , R Mt — A B 9 5 2 P R A AR
YERT . FEAE AR N R 2G5S 2 Mg 4 4
e EE I E AT T HPM 5 BSA M HAEH
e SR e R G R (T AN S e N
P S 2E SR B HPM % BSA 44 B9 5200 | 23 Br
T W AR ELAE T, DA O O kB I IR R AR 2
YIS %

1 SERERsSY
L1 EEUERS L

ACF2300 ZUA% i 3L PR AX (TMS A, LR
RE A, 5 Bruker 23 ) ; Nicolet Impact
410 B2 ANETEAY ( 32 1E Thermo Electron 23 F] ) 5
UV1601 B4 5 Sh-nl WL op SOt BE I ( H A B
#]) ; Pronto Evlution % 4 H 3l A= kAL ( 2 KA
BPC+BioSed 23 ) ; RF-5301PC 7 3¢ 5t B 3
(HARBEAF),

BEZE (R EM R R A A ) s 7T
(M2 BEH =R RA R s A MR E R
(TEEAY) TR F]) ; Wistar KH B (N H K
SENIRSE ) SR B 5

A UL AR R A A PR & (R
AR R A IR A D) |

HE A 2500 24 Ay 43 A 4, S T Kl IR R

K,
1.2 Lk
1.2.1 kEYHER

$3.5 g 1,6-C0 “FES % CHR[ 8] kil &
3.0 g BHURR , SR 5 VA AR ) 5 A o H R R
A 50 mL R AR FESMEHE A RN 24 b, B
R RNV 25 g KL A A i 1
To/K A HL B IR BE T8 Sl k4 | 38 o Ve it
F(n( LIROTER) n(IECHE) = 2:1) 4ifbA =,
IREZEE, T, 72 R 36.21%, = A0 A 635
Symmetry® C18 Z3Hrt: (5 pm,3. 9 mmx150 mm) ,
FH BRGSO B8 B E] A 1. 288 min, 45N
99.43%

()

N

OIS 0 2B 0 o\ CO0K
O> 20% KOH <0

b AR
o <0 o\ COOH gl
0 HO(CH,),0H

<O]©/WCOO(CHZ)60H
0

E1 HirbEWE s
Fig.1 Synthesis route of target compound

1.2.2 ki

10 mL Fb 845 rPAR IR I A — %€ 5 /9 BSA FlI
HPM, 53 7l7E 25 .37 °C T 1E & 30 min, & 5 & 5
Wt TEREYI N 3 nm, 280 nm FH#EATHOLFHE . A1
[ S 45 T I , B & 7E 300 ~ 500 nm 545 %%
MO, HPM U 0. 05 mol/L(pH 7.4)
) Tris-HCl Z& 0P (%54 0. 1 mol/L NaCl) i ¢
% 1x107° mol/L,

2 #£R5itie
2.1 ZEHRAE

"HNMR ( CDCl,, 400. 13 MHz),8:1.44 (m,
2H,J=10.1,5.87,2.87 Hz);1.60 (m,2H, J =
13.28,6.60,3.67 Hz);1.70 (m, 2H, J = 13.4,
6.7,3.89 Hz); 1.94 (m, 2H, J = 13.01, 6. 47,
3.42 Hz);3.66(t,2H,J=13.1,6.5 Hz) ;4. 17(t,
2H,J=13.37,6.70 Hz);5.95(d, 1H, J = 14.4
Hz);5.99(s,2H) ;6.70(d,1H,J=7. 88 Hz) ;6. 73
(d,1H,J=8.01 Hz) ;6.80(d,1H,J=7.97 Hz);
6.91(d,1H,J=8.37 Hz) ;6.99(s,1H) ;7.41(dd,
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1H,J=8.7,6.2 Hz), “CNMR ( CDCl,, 100. 61
MHz), §: 25.79, 25.90, 28.72, 32.61, 62.76,
64.34,101.40, 105. 87, 108. 44, 120. 36, 122. 96,
124.51,130. 57, 140. 19, 144. 80, 148. 28, 148. 55,
167.31, JC & 43 M, C,H,,0, L (i &
fH),%:C 68.14 (67.92); H 7.01 (6.92), IR
(KBr), v, em™' ;3 423.28,2935.02~ 2 782.44,
3 060. 96,3 029. 39,1 619.48~1 447.35,1 701. 62,
1 127.31, UV(95% L EEAEHHR) , A, =347 nm,
2.2 [EIMARSLE

MM Wistar KH L 60 H /A (140£10) g,
WEESHESE ARG Y 5 d S BEAIL A 6 4, BR2S FXT IR
ZH AN A AL FH 5 B TR RE IR 5% ) 25 0 RRZE 25 T3
WERE, R AR R RE Y C T 2 IR B 3% 8 T
10% JHEREN 0. 5% FL Al 1k} 86. 5%, Wistar K
HE A BRUOK, SRS REE 20 ¢/ H/d, BR
1 10:30 EE 45 2, 25 O RE LR AR R 4]
HEHZZWOK, Sy HE A WAL S W R
1.4 mg/mL ZLKI, 452584 5. 6 mg/kg, FARAMTT
BC AL 2.5 mg/mL FLA, 45255 5. 6 mg/kg,
H 14 d,55 15 d Se9e 2k 288 12 h Je sk i,
SR b 270 4 A sh AR I E E /Y TC
HDL-C TG 1 LDL-C,SEE 5 R W3R 1, ik 1 7]
1 HPM i FRAR Wistar R [ BUIMLYE F1 69 TC 7K
F, = HDL-C 7KF, B#AIK TG \LDL-C /K-,
HPM ) 5 1B T35 P O T A BRURR ) — B WU R A
BB, LR I A BIL 1 AT 8 55 A BUAa A A T Ak A8 1
JE KA O, A Ja b iE — 2B IR Ao L %
MREHLE] , A SCHE 05T T SR C — B
55 BSA AHEAEH

&1 HPM X kA BUMLIE TC,TG,LDL-C,GLU Al
HDL-C H5% 0

Tab.1 Effects of HPM on serum TC,TG,LDL-C,GLU and

HDL-C levels in mice (mmol/L)
213 TC TG LDL-C HDL-C
XTHRZH 1.25+0.24  0.35:0.75  0.85:0.15  0.42+0.08
BRIZH 6.06+£1.65% % 0.64+0.25" % 3.13+0.70* * 0.23+0.30* *
FAAMT  4.7120.91* % 0.48+0.10  2.79+0.68  0.27+0.03*
WIME  5.70+1.48°  0.58+0.35  2.68+0.78  0.28+0.08*
puli 5.46x0.85"*  0.56x0.10  2.59+0.49  0.28+0.04"

HPM 4.45+0.52* *  0.50+0. 06

TP EHEREAHSXIRA . « P<0.05, A B EESR; =
# P<0. 01, AWM BHEER,

2.73+0.56  0.26+0.03" "

2.3 YOURKHLIER
FIH Stern-Volmer J5 BB A RIEE T HPM
5 BSA AYPERHHL O
Fo/F = 1+KyQ = 1+K,7,0 (1)
Ko Fy AF 53500 9 I AR A IR I 260 BE 5 Ky
R HH, L/ mol s Q AR E , mol/L; K, 98 LHF K i 5%
HEL L/ (mol+s) 7 SBINASE KRB 5 70F 192 F i (40
1x107%) 57!

BSA " AR R AR | I 2 R A (0 2 R ik B AT
HARGHA NFEIE , Bk B 280 nm i,
BSA 43 F NG K SHIETE 345 nm , T7EAH R 264 T
HPM BEA 56K SHi% . HPM A1 BSA AHEAE Y
PG UL 2, MR 2 AT, Bt HPM ¥ B 3%
i, A L3 1 AR 345 nm Ak A0 5 ' 5 5 2 TR
IS, IR 58 S KB4, ik HPM 5 BSA
ZIFAEA AR,

300 320 340 360 380 400 420 440 460
/nm
700
600
500}
=
S 400F
~ 300}
200+
100

b

0 1 L L L L 1 1
300 320 340 360 380 400 420 440 460

A/nm

C(BSA)=1x107° mol/L; £k 1~8 10 HPM KK A .
0.0.2,0.4.0.6.1.1.2.1.4 F1 1. 6(x107 mol/L)
a.25 C ;b.37 C
2 HPM #REEXT BSA ZOBGHE#
Fig.2 Effect of the HPM concentration on the

fluorescence spectrum of BSA

34 Stern-Volmer J5 2, X (1) 1E F,/F Fl
O B, SRR T HPM Xf BSA 1) Stern-Volmer
Mgk, & 3 frax, B 3 ATLUE i, HPM ¥R JE
Xt BSA DGR Stern-Volmer HHZE 5 K UF K
PEOC A, HmE K R W B K, = 1.48% 10"
L/(mol-s) (25 °C) Fl 1.276 x 10" L/(mol-s)
(37 C) o PR AHBMAN R RELEK 2, N
2 AIH HPM 5 BSA AR AT, Bl B T
1M Ky FEAR, FL K, (25,37 °C) fHi K T KL
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BB IR 4L 210" L/ (mol +s) , BiHT HPM XF J1% 580 AH AG 1 AS,

BSA Eg%%jﬁg{@}%j&jﬁj{o InK,/K, = (AH/R) (I/T, - 1/T,) (3)

3sl? 25 AG = - RTInK (4)

ol y}/ AG = AH - TAS (5)

i i BSA M2y ¥y /N oy T 45 Gl # o, AH> 0 Al

< o AS>0 B BUKFEFE I s AH<0,AS50 B, it IF

I JHJ3 5 AH<0 A AS>O I, 24 1 S S A

Lol e g4 S5 FE B AH>0 W] HPM Fil BSA

02 04 06 08 1.0 12 1.4 1.6 1.8 2.0
14r

b 25C
1.2f o
1.0F /,-/'//A/ 37C

& e

== 08} P

= p

£ o6k o

: o
04r
02f =

02 04 06 08 10 12 1.4 1.6 18 20
[HMP]/(10 mol - 1-1)

a.Stern-Volmer £k ; b.Perrin 1%
3 HPM X} BSA (ATl 2%
Fig.3 Different curves of HPM to BSA
Fz2 WA 3 IMEEEHEEMN K, A K,
Tab.2 K, and K, obtained by fitting the curves in Fig.3

T/C  Kgy/(L-mol™") R Kp/(Lemol™") R
25 1. 480x10° 0.997 7 7.333x10* 0.999 0
37 1.276x10° 0.994 0 6.214x10* 0.999 0

2.4 SEENLEBE AR

HPM 5 BSA #H B .45 & H # S5 K, Bk
HPM 5 BSA tHEVERIEF, BSA LA n A-HHTE H
ST B ZE A A AR B Scatchard J5 R 285 &%
oMz A

1 (Fy = F)/F] = 1gK, + nlgQ (2)

i lg[ (F,—F)/F ] F11gQ VER, J5 72 A 45
F 1K, , BERET L5 A 0580 n, NI FF HPM 5
BSA WIS 5 H A K, 735124 0.93x107(25 <C) i
1. 1x10(37 C), TIEERRY, EE K, b
e 1 T 5 1 B AR, 32F— 25 BH HPM X BSA (1)
AHE AR A # S KGR £ S4E /. HPM 7E BSA
T B AALEE n 351 1.36(25 °C) Al 1.33
(37 C) , W] HPM 5 BSA 2 [f] LA 80 454
ERL,
2.5  ASHBELL AR 2R

2595 BSA A EEAEH A uER T
FrELT ) S KAE R T, SR E AR AR
i, HPM 5 BSA 454 [N 19 AH SR H>1
M= (3) ~3K(5)ITHEAFE] HPM 5 BSA 2545 #4

AR ELAE FH R W ot A2 ) B — 35 B AR B4 FH BE TR
JETH = AN GE | NSECIE K BE R IR T
R K g H O HPM 5 BSA J& i i s /K
MHEAEH,
%3 HPM-BSA Z5&1EHIBY T2 R4
Tab.3 Thermodynamic parameters of HPM-BSA

binding process

T/C  AG/(kJmol™") AH/(kJ-mol™') AS/(J-mol™'-K™")

25 -39.76 10.75 169. 49

37 -41.79
2.6 ZEGHEE
29Ny T HE A A YRS 5 0 H R A S
A 1R Forster IRFRS e R HIL | fE B
B E S-SR R - DL i 5 e i 5
FEERES Ry ZIIHIOCR N
E = [RS/(RS ++%)] = 1-F/F, (6)
0 (6) 15T R, HEERELFL AR E =50% I
I L

10.75 169. 48

R§ = 8.8 x 107K JN 4o (7)
TE(7) b RS (B ) 5 K2 (62 2/3
R TROR @ [H4 0. 118 A AT S50 N (HH
133617, ] S B4R (BSA) 0t i 5 7 16
(HPM) WOt i) B & AR
J = LF)eN /L [Py ] =

[ F(AM)e(M)A*AX]/L D F(A)AA] (8)
o F (L) REOCHATE B N FEEIRE e (A1) B2

W (HPM) FERHCR N B R IR E R B, o/ Lo
24 n(HPM) :n(BSA)=1:10},BSA %866
5 HPM 12 Ah-m] WoOGiE B S, WE 4, W H]
FEIE 43 Bk SR B G is 1) & AR, S
43 J=2.06x10"" e¢m’ - L/mol (25 °C) . J=2.18x
107" em’ - L/mol (37 °C) , @i (7) R R, H
2.25 nm(25 °C) 2.28 nm(37 C), = (6) KT
EfH%0.51(25 °C) .0.48(37 C),r 4 2.23 nm
(25 °C)\2.67 nm(37 °C), MNSEEEHEA H r 1
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S BTRAE WIARR O RS Y Bk AR A P R HG S A L 1 R A AR IS 1609

/NT 7 nm, ZH] HPM il BSA /3 T2l k4= 7 3k
FRSTRE AL IAE BSA I9OLHEK

300 A

40.30
250+
40.25
200+
. 40.20
= 1501
Eﬁ_ 100 —40.15
= 40.10
50
—10.05
0 L 1 L 1
300 350 400 450 0.00
A/nm
B 4 BSA W2E KSR HPM [F)
LR HNF RS

Fig.4 Fluorescence emission of spectrum of BSA and

UV absorption spectrum of HPM

3 g

ARSCE T B AUER O RS i 5 NMR
AR TG A 45 e it T BEX S5 R R AT R A, IFF
S HREIM ARG . HPM BA B 1 6 I s 3% 1k,
it — 058 T H 5 BSA B945 &5k, HPM
HEAMBAEIR G 5 A ME & A5G, I AR
WABAE s R, oE i R FE 2538 E . NI
FEE LR 13 8 2 R AR 1, 25 B 1 46
B B0 R W IV P R S 24 VR B S I HPM
HWL RIS, WFSE BSA 5 HPM 9 0940 B AE
X Tk BT /N T16 &9 HPM 78
RN PR A A R R L, A&
pH 7. 4 AR T | SR 2GS R Hh
SEREEVERFSY HPM 5 BSA 45 &5 45 a8
AL AT FE SR S0 BT SR KL
B, ARSCRI S HPM [ 254X 3h 1 44005 Fn B 24 F
SRS
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R e

HESBRRA Si0, MIEBEMER BRI H & R HEERE

HKR A REY T R TR KA BB KRR A AR R R
(LUK a2y TRSEBE b A REIE S AR AR BIEBE DU A 610065
2 SRR B AT 7] D)1 A 610091)

FE AYREAE 2 B T 2505 68 (A LA B 5y ke . 1558 BEIA 5 vk A 2 =5 BELBR M R Y [) s 247 L
PRIRA R PR MR RE S T e Re Rt , B2 = B K 22 g 14 [m] B O B G AR S 1) B Ak BB iR 75 A e 1) [ 8, iR G
T s A ik b 2= SAH TR (Pulsed CVD) J5 ik, 7680 it 3R Z ER VK 2 1 UUAR Si0, 99K 2 Se P gL otk )s
HIBHIA SR Z e 2 A AR B T PIFLEEH , R R BOMAZE SR 30.3 mW/ (m-K) . BEAETEREMIIR 25 SR F W], A B A8 4L
KR 2 29. 7% il ad T I ERAGE V-0 540K, BUADLER A4 SRR, Sio, ek T R m s BRI A2, T 8
R A B B AR SZ 251

FBIR ALESA VOB CVD) s R FHBAE A  REAE K — A bk

FE DS .TQ328.3 XEARIRE A 3EHS:0258-3283(2022) 11-1610-09

Preparation and Properties of SiO, Modified Flame-retardant Polyurethane Foams by Chemical Vapor Deposition
ZHENG Da-wei" ,ZHU Ying-ming " , WU Ke-jing" , LIU Ying-ying" , TANG Si-yang"" ,LIU Sheng-giang® , FU Peng-cheng® , LU
Hou-fang'" ,LIANG Bin'" (1. a.School of Chemical Engineering, b. Institute of New Energy and Low-Carbon Technology,
Sichuan University , Chengdu 610065, China;2.Sinograin Chengdu Storage Research Institute Co.,Ltd. ,Chengdu 610091, China) ,
Huaxue Shiji,2022,44(11),1610~ 1618

Abstract : Thermal insulation materials, especially polymeric materials, have been widely used in buildings to reduce energy
consumption, but raditional polymeric thermal insulation materials are easily ignited. However, traditional methods will sacrifice the
thermal insulation properties or mechanical properties of polymeric thermal-insulation materials while improving the flame retard-
ant properties. Therefore, it is an urgent task to improve its fire safety performance while retaining its excellent heat insulation per-
formance.The work reported an efficient and mild strategy of pulsed chemical vapor deposition (Pulsed-CVD) to generate the
Si0, nano layer on the rigid polyurethane foams to achieve flame-retardancy. The SiO,/PUF showed closed-cell structure with
extra-ordinary thermal conductivity of 30. 3 mW/(m+K) and the value of limited oxygen index (LOI) substantially increased to
29. 7% with silica nano layers.The mechanism of the enhanced flame retardancy highly related to the formation of stable chars by
Si0, nano layers.

Key words : chemical vapor deposition (CVD) jsurface flame-retardant treatment ; polyurethane foam (PUF) ;SiO,
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FBIN A AL A ATUR Si0, SR SR 2 PR i il 4 S e 1611

(TDHTPP ) "' o ¥ Bk 3 & )5, A 16 iR
25. 0% 24. 5% 5553 FOBHY BUAS KRG I,

2 1A 201 RH R AL B2 — 2 78 = 3 SR 7
2o AT BEAR AP vh A% G2 1 U R BELIA ) & e i
K, [ELRE AT A Rk B4 T A P 2 R R A ] A
JZ)Z B 4 %% ( Layer-by-Layer Assembly ) 7] UL 7E #4
BRI Z W IIRRCKR BRI B ERAE 2D IR E R
B TR AR 2 BRI AE K i ), JF HLBHA
BEZBAAREE Rt 2 Rk
(Sol-Gel) AT LIE i £ FLBHARZ , (H 75 2 B Ak 2
DU, [ I 5 AR VRAG B A mT e £ b ook
TREE R RIS RLREIR

ZAAAHE (Si0, ) s — PR R BEEA L R
BAA A RE MRS SRt e HELr SR AR
Fra Y DURR Gk A A RE AT T LA AR
RELBA 575, AT LATE SOUE RUBE A R J5e i ot 22 4 1t
R RN A R 2 AR 0 sk, =
AAEE G T PR R BT 25 DR B S 1 ORI
PERE , 388 G TP MR AR,

AW 5 R Ik o Ak 27 SO TR ( Pulsed-
CVD) AT 9K — AR AT, AH LT HAAE WL
AT S TR J5 i, SAR TR e 1 XA LY
MRHREIR OB R 2 5, 7= 0 Sio, Fgft
A (HCL) , 5 F e ab B2 20 b2 AT
FRUAE 3 ) 5 R AR B HE 0 S 1) BELAR PR RE N R
IRPERE, FFEHGE ] 29. 7% , il 3 T 3 R e i
V-0 SEZNR, Rl AR B0 30.3 mW/ (m-K) .
BN @S EUE A IR AR NP AR NI Fm W DA=D e 2 T
X REAAPLERAEA T T 5%, 45 Sk B 2R i E D =

a

ot | rms
. (HCL.N,. SiCl,)

=]

R BiS1 (N, SiCl,)

I~
OH(s) SiC14(g) > lo_s;
=Or

(%Nﬁ}&ﬁj)‘CH(s) * HClGg)

L ]
i =0-si—qig) , H,0(g) i
ey )s:~0H(s ) + HCl(g)

MR T R T AR E R R )= . AT
VENA WL RRL R T BHAA AR B T — ol i A8,
%, e B P A TR DRI i FE AR PR IR A
B AR AL S ORI E B[R, BT T AL
RIS B BHLAA TR BE , oA AL A1 R B AR O A7F 52
FIRE AL T 45

1 SEIERSY
1.1 EZUESEG

SHZ-D BUHUIRE 25 2 (3] /e 30 LA B 3 A
FRZSHED) 5150 mm 8 EL28 21 4 (A6 NS 3% 35 4 KR
O3] 5101-3BS e IR 5 XA (BT RAY
PR AT FRA T ) s Regulus 8230 B4 3 By, 1 W 1
B (SEM, H 7 Hitachi 2 7)) ; Ultim Max" % fig%
I (EDS, 3 [E Oxford 22 F]) ;iS50 FT-TR AU 4>
FFHET A 6L ( ATR , 55 B B8 Bk KA ) 5 STA
449 ¥3 Jupiter B [7] 25 #4535 B 4 ( TGA-DSC, 1 [
Netzsch 22 F]) 32500-OT 75 B0 22 B0 3043 ( Hy it
Hot Disk 2] ) ; TL8000 T -£1 ANk FH 43 H 41X
(TG-IR, & [ Perkin Elmer 23] ) ;Invia BIH7 25
J% 3 M14% ( Raman spectra,, PL[E Renishaw 2y H]) .

REBGE (I AR AR ; AR (L
BT T AR R AR A H]) |
1.2 STk
1.2.1  RAFEHALIE

W 1a R K F A R0 0 2R R R
BV A AR N R SE (S 38 B0 3 A 2 R 0 ik
10 mmx10 mmx1 000 mm ;I EHIHAA 100 mmx
100 mmx 20 mm ) , [& 5 #F 5 J5 8 T 525 R 3

-0~

—
. )
ESiOZIPUFI

a. AALRE SRR A MR A R I b.CVD JUBMLEE ; 0. CVD JLARHI S RZFEH
B 1 A HUUBU & Si0,/PUF i/ ]
Fig.1 Schematic process of CVD preparing SiO,/PUF

it R
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FE W i 2022 4F 11 H

rh R AU B 25 00 S N il 2 B0, S ot
WE 1b iR,
1.2.2  SiCl, FEm Ui

B2 g DU b RE VR A 38 A 45 N 45 9T TR
b, 56 4% Bt R e AR RSO T HRAE T N, 4561
IO Ik RS ] 45 o5 MR SR A MR, DRARe B i
B EE,

1.2.3  Si0,/PUF ffl 4%

FIFHATLAE B 25 Z8 0 B 07 s it 22 A5 B 2 ¢
BT TETE RS X T SR AR I AR5 A A5
I AL 4 i S 0 T AR]85 SRS W
PSSR B RIS AR O 78 0 T4 HEAS A
SR, AR S WA 1e BN,

1.3 Shrnik

PR S A SR SRR i 43 0 R A7 0 R
(1) Py3vEne . FR B T U | BB 4
LA ETE | RIS AN TR B A
(2) BHAR P RE - M RIS 42048 H50ml it | 3l B el ik |
LN T3 HT (TG-IR) Fi @035

H

2 HBRE5IR
2.1 SN SRAEXTBEAR PR RE 14 52 1
Tk b2 SOAETTRUR B A BRI s
PP R, TUAR Si0, MYAILER AT LU LAR Sois =
AR AR TR O
| —OH(s) + SiCl,(g) —

| —0—Si—Cl(s) + HCI(g) (1)
| —0—Si—Cl(s) + H,0(g) —
| —0—Si—OH(s) + HCl(g) (2)
| —0—Si—OH(s) +| —O0—Si—Si—OH(s) —
Si—0—Si(s) + H,0(g) (3)
| —0—Si—OH(s) +| —0—Si—Si—Cl(s) ——
Si—0—Si(s) + HCl(g) (4)

Il AR TR A SiCL, J5 R S —
RO (1), R TR R AL T 2 R, A
H,0 J5 1S [ v Ry o — 0 i (20 2) , BEE&
T S B4 B INE o X R 2 s L 1) 2% A2 4 2R A 7 43
Bran T .

(1) 24z SiCl, PURR L BE 5 A9 AR PR 40 £cn
Bl 2a TR, B T RE T, B PR 40 4502 7 34
T, U I 4R g TR R A R AR R v BELR P
fig, Si0, OB R fn ke, I A A1 F HIE 13 51 1)
AR E— A0 2 o B B REZ Y DL S v B
BRPERENY L s (R 3 2 100 C e i PR 418
B 29. 6% AL Z 28. 7% , BHIAE fE 1 B Fi 52

ABRSSFMEIR A OC, (1) L (2) FI(4) T
A HC =4, i ™ 3 T % R 2R 1 43 ik Fi e
B

(2) B SiCl, YA A [R) S A B 4 F8 250 &
2b IR o FEUREE — 2 I B0, BN B )38
FELIAME R 57 , (HLE— 2018 0 o R 4 v R 2R 1Y)
BHBRYE , 20 (1) rh RIS 5 2 RV G, A Y
S A RE A AL SR S UTRN S e R A BR R iz
B, 75 RS A 3 90 min WL T A48 500 R
Rk, 7T B R 2R 2 i 2% T Z5 A B8 48 FIEIR A O,

(3) 38 A H,0 JGAEAN ] SN it BE T i R 4R
BN 2¢ s, A SiCl, 18R mIUBUS AE R
| —O0—Si—Cl K RNJEY, 5 H,0 R & At
— AR Si—O0—Si FELEAE . 7ERR IR
FER A5 31HY Si0, B8 A 90K 2 0 E T 454, T

a 20.5 29.6 29.6

291

LOI/%

20 40 60 80 100
T/C

20 40 60 80 100
t/min

40 60 80 100 120
t/min

a.ANA] SiCl, DUBUREE N A9 FR 445 85 b AR Sicl, DR
i ] A BR SRR 45 o AR TR H, O UIRURLE T i BR AR 45
d.R[A] H, O TURRES [A]F 445 B U6 41
B 2 Si0,/PUF & &Rk FR 448 5L
Fig.2 LOI of Si0,/PUF composites
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FBIN A AL A ATUR Si0, SR SR 2 PR i il 4 S e 1613

e TR A R TR A A K S 0 R it
TR R 1E 29. 6%, | TR T 3% 1)
Si0, YK 2, X 5 & i ik 1A AR G 1) 45 4 R 4
YEM .

(4)38 A H,0 J&5 AR 50 B ) i PR 44
Bl 2d fos . ETUBIREEAL S | 875 S i s
Vi) S 3, 5 I P T ) 8 < % A6 A A IR 4L 4 g
W ANE . 7E 40~ 120 min BF[E]FE I, T H,0
S50 8 R B BRI R AR 29. 6% 41
T2 29. 8% , BN
2.2 REJEHFITE 3T
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AL APERE . S5 RFHT, CdS 9K BUR s T [ 35 A6 FLE COF M3, X RhB MR Rk 92. 5%, I N T35 4K
410.014 5 min™", 5 54 COF A1k} CdS KUk K MR A COF/CdS A0 H , FLFR B H 3 5t 4 ] WA AL P R, X 3R 0
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Preparation and Visible Light Photocatalystic Property of COF/CdS Composites WEI Yun-jiao ,WEI Xin-yi, WEI Chun-yu,
YANG Jie-yi,QIN Xian-hong, YUAN Xiang-mi, LU Jun-yu" ( College of Chemistry and Biology Engineering, Hechi University,
Yizhou 546300, China) ,Huaxue Shiji,2022,44(11) ,1619~ 1626

Abstract ; In order to develop visible light-responsive covalent organic frameworks ( COF) materials , heterojunction catalysts were
constructed based on COF materials to make efficient use of solar energy for photocatalytic degradation of organic dyes.First, trial-
dehyde phloroglucinol and 2, 5-dimercapto-1, 4-phenylenediamine as the building monomers, a thiol-modified COF ( HS-COF)
was prepared as a substrate material ,and Cd*" was anchored by thiol group , then thiourea was used as the sulfur source , CdS nano-
particles were grown on the surface of COF by in-situ growth method and various techniques, including transmission electron mi-
croscope, Fourier transform infrared spectroscopy, X-ray diffraction and X-ray photoelectron spectroscopy were applied to evaluate
the morphological features of the as-obtained photocatalysts. Under visible light irradiation , the photocatalytic degradation perform-
ance of COF/CdS composites was investigated by degradation of rhodamine B ( RhB as model pollutant).The experiment results
proved that CdS nanoparticles were successfully immobilized on the surface of COF substrate,and the photodegradation efficiency
of COF/CdS composites was up to 92. 5% ,and the reaction rate constant was 0. 014 5 min™'.Compared with pure COF materials
CdS nanoparticles and physical mixed COF/CdS,the prepared COF/CdS composites showed much higher photocatalytic perform-
ance.Besides, after the COF@ CdS composites have been reused five times,the degradation efficiency was still over 75% , this re-
sult indicated that the as-prepared heterojunction catalyst has excellent stability.

Key words : covalent organic framework ; CdS ; photocatalytic ; degradation ; thodamine B
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Fig.1 Schematic procedure of synthetic route of COF/CdS composites
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Fig.2 TEM images of CdS nanoparticles, HS-COF and
COF/CdS composites
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Fig.4 XRD patterns of HS-COF,CdS nanoparticles and
COF/CdS composites

2.4 X-GHEOGCHF RIS

R T T R A5 R A R R SR TR O R A
B, B XPS X COF/CdS & & #1 RE g f7 R AE,
WE G R Sa iTIEAF] C.S.0 N Al
Cd TR MR, Horh FEm PG A 5b 25
GHENIE A 405. 1 F1411.3 eV 2351 T Cd
3d,,, Fl Cd 3d,, FAFEE, SIEW7E COF/CdS K&
MR Cd JTEE L Cd A, R, 7RSS A
BB 399.5 eV ALIFJE J N 1s [FFIEIE, 7F
TEE Sc W, 45 A REDI BN 163.1 eV ALIHJE A S
2p MURFIENE bR 25 it — 2B E B CdS 9ok
LRI F AR COF ARl



44 FH 113

F BF4F : COF/CdS MR il & ST WG AR PEREDT ST 1623

01s Cls

I/a.u.

Nls
Cd 34|
S2p

1400 1200 1000 800 600 400 200 O
Binding Energy/eV

b

Nls

I/a.u.

420 415 410 405 400 395 390
Binding Energy/eV

c
S2p

I/a.u.

R N
a. 7% ;b.Cd 3d N Is;c.S 2p
B 5 COF/CdS H AR XPS il
Fig.5 XPS spectras of COF/CdS composites
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Fig.7 a.Reusability of COF/CdS for RhB degradation;
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FE WK AH Y REEKE CO, NS LN A MER CO, BN R B B HUE RN F A &t i) Ak bk e 2
—, JETRBERE TR K S8 5% Ni-K/Sio, AT BFFE T K B X A 4 50 396 K AR 4 S5 By P R A 52, AF
REERE 5% NisSio, AT R4 E K VEBIR , REfE A ot i il s iz B b @l =4 CH, 74 JF 3 K &3>
3 w9 AL & BT AR RE . 5% Ni-3% K/SiO, #EALFITE 600 °C WS iR H SO JE CH, 72 A B 10 h PEfERR
FE . HEALFIRAELS SRR, A K BhFls s T AR cOo MMl B , 75 CO TE 25 55 M Ab370 2 1hi JBEpfE , 15 i BELAS T
CO HE—LmEE M CH, . [ K BIFI ARS8 AR S NiO Z Rl AE AR, 38 T bl i ie e

SRR AR AR SR 5 AR 5 K B 5 3B R
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Study of the Catalytic Performance of Ni-K/SiO, Catalyst for Reverse Water-gas Shift Reaction LU Xin-kang, YANG
Ji-liang ,HAN Cui, GONG Dan-dan, WANG Lu-hui” ( College of Petrochemical and Environment, Zhejiang Ocean University,
Zhoushan 316022, China) ,Huaxue Shiji,2022,44(11),1627~1633

Abstract : Reverse water gas conversion reaction can hydrogenate CO, into more valuable CO,which is considered to be one of the
most promising methods for large-scale application of CO, conversion.The work prepared 5% Ni-K/SiO, catalysts with different K
contents by impregnation method and investigated the promotion effect of K additives on catalysts in the reverse water-gas shift re-
action.The results showed that the addition of metal K to the 5% Ni/SiO, catalyst could effectively inhibit the production of CH,
during the reaction,and the catalyst with K content of 3 wt% had the best catalytic performance,and 5% Ni-3% K/SiO, catalyst
did not produce CH, at 600 °C and not deactivate for 10 h.The reason was that the addition of K additive reduced the production
of CH, during the reaction.The catalyst characterization results showed that the addition of K weakens the adsorption strength of
CO, which makes it easier to desorb CO from the catalyst surface and thus prevents further hydrogenation of CO to CH, ,while the
addition of K enhances the interaction between the support and Ni and improves the stability of the catalyst.

Key words: reverse water-gas shift; catalyst; K additive ; selectivity
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Fig.1 XRD patterns of 5% Ni-K/SiO, catalysts with
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different K contents
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Fig.2 TEM images of 5% Ni-K/Si0O, catalysts with

different K contents
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Fig.4 H,-TPR patterns of 5% Ni-K/SiO, catalysts

with different K contents
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Fig.5 CO,-TPD patterns of 5% Ni-K/SiO, catalysts

I/a.u.

with different K contents
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Fig.6 CO-TPD patterns of 5% Ni-K/SiO, catalysts
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with different K contents
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Fig.7 Catalytic performanceof 5% Ni-K/SiO, catalysts

with different K contents
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Application Research of Magnetic Chitosan Microspheres in the Field of Organic Wastewater Disposal ZHU Ming-xin" ,
ZHANG Jin-yu,PAN Shun-long ,LIU Jia-yang ,ZHOU Hua ( School of Environmental Science and Engineering, Nanjing Tech Uni-
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Abstract: With the development of industrialization and social progress, various organic wastewater was inevitably generated. How
to efficiently dispose industrial organic wastewater had becomed a key issue to be solved urgently. Magnetic chitosan microspheres,
as the representative of the adsorption-recovery technology had attracted much attention in the industry because of its high adsorp-
tion efficiency, green environment protection and recyclability. Herin, this work systematically reviewed the relevant research pro-
gress of magnetic chitosan microsphere adsorbents at home and abroad in recent years, summarized and prospected the future trend
of magnetic chitosan microsphere adsorbents.It provided a certain theoretical basis for the research related to magnetic chitosan
microsphere adsorbent in organic wastewater disposal, especially in the field of industrial organic wastewater.

Key words : magnetic ; chitosan ; microsphere ; adsorption ; organic wastewater
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Ti, C, T, /Ti, AIC, E G HIH & X EX LB WMITAAR

2ol ER, R
LV MORRLE 5 TR Beph P54 710065,
2 R A Pl A2 | ) SRl HOR BRFE 745000)

FEE R ENAL HE 340 %] MAX(Ti, AIC, ) 45 T J24R MXene/MAX (Ti,C,T,/Ti,AlC, ) & &4, il 1 8 P Mg X} 3
A GO B EE (MB) FLAEA LR (MG) FINY BE B 2 (AF) HEATIRBHERERFSE . SR XS4 (XRD) (3 & S i
T 045 (FE-SEM) (4 A gh b 3R H S ALBREE BT ( BET) X RF SR AR | AR 2548 T 35 A0 b 1 RUEA T T 3R AF , RGHT
ST T MR Yl BA U R AT pH X Ti,C, T /Ti, AIC, - MB MG AF 3% 3 PRt ArERERS IR, 455
W . Ti,C, T /Ti, AlC, B -AHHXT MB MG AF X 3 Fl JL Bk 55 K BRECE SR 99. 56% ,99. 86% Fl 79. 32% , fie K it
B0 59.35.95. 74 12, 12 mg/g, YL TRIFNIGEMERE . RN, & B Ti,C, T /Ti, AIC, A AHXT MB Fl MG B2 FF R %ot
pH A W , X AF 09 AERRME S 0 T RORTEOL . 3 T Juteh % B 45 IR A AU 5 5 Freundlich BEAY | W 3l 71 2445 &
WE B 2B W R FEIH AT Ti,C, T /Ti, AIC, B AR I E RS S 5 1k 2 W A S & e A PR 3 [l sl
KAEIE : MXene ; Yol B RL ; 30 72 ; T MEHLEE

FESHES . TB34  XEARIEE.A X EHS:0258-3283(2022) 11-1642-08

Preparation of Ti,C,T,/Ti,AlC, and its Adsorption Properties for Dyes WANG Kai' ,LI Sen* ,LV Ying *'( 1.School of Mate-
rial Science and Engineering, Xi’an Shiyou University, Xi’an 710065, China;2.Eleventh Oil Production Plant, Petro China Chan-
gqing Oilfield Branch, Qingyang 745000, China) ,Huaxue Shiji,2022,44(11) ,1642~ 1649

Abstract: The layered MXene/MAX ( Ti;C,T, /Ti;AlC,) composites were prepared by in situ HF partial etching of MAX
(Tiy;AlC,) .The adsorption properties of methylene blue (MB) ,malachite green (MG) and acridine flavin (AF) were investiga-
ted by single-factor analysis method. The physical phase, crystal structure, morphology and specific surface area of the samples
were characterized by XRD,FE-SEM and BET.The effects of adsorbent dosing, initial concentration of dyes and pH on the adsorp-
tion performance of Ti;C,T /Ti;AlC, composites were systematically investigated. The results showed that the maximum removal
efficiencies of Ti;C, T /Ti; AlC, composites for MB,MG and AF dyes were 99. 56% ,99. 86% and 79. 32% ,respectively.The maxi-
mum adsorption capacities were 59. 35,95. 74, and 12. 12 mg/g, respectively ,which were better than those of commercial activa-
ted carbon.Meanwhile, it was found that the adsorption effect of Ti;C,T /Ti;AlC, composites on MB and MG was not dependent
on pH,and the adsorption ability on AF was better under acidic conditions. The isothermal model for the adsorption of the three
dyes were in accordance with the Freundlich model,and the adsorption kinetics were in accordance with the quasi-secondary ki-
netic model ,which proved that the adsorption processes were mainly attributed to the joint control of chemisorption involving func-
tional groups on the surface of Ti;C,T /Ti;AlC, composite phase as well as electrostatic interactions.

Key words : MXene ; dyes ; adsorption model ; kinetics ; adsorption mechanisms
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W BFF 6 A ALY MB MG Al AF 5710 B 5256
T2, Be il FR R 1 000 mg/L () MB MG Fil
AF KW, B T RARE AR o #3430 B i
A% 10~30 mg/L A MB MG %W 2~ 10 mg/L
() AF B, B 10 mg Ti,C, T /Ti, AIC, & & #1
BETHEIE R, A 10 mL — 8 W B R 3L e
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Gy I SR AT UL A3 BE I 3 R T
JERE AR A () FNC2) T P YR
FERF(R) I INZ 1 (g, ) o
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q. = [(Cy=C)VI/m (2)
S €y WURHRBRIATRIE  me/Ls C, o ¢ 162G B HE )
W HE mg/Ls V KW AR, Ly S BTN BRI R I
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Fig.2 XRD patterns of the samples
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JIRFF 2 2 Hh B AR () 13 AU R B, 2R BH Ti,C, T,/
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100} 2
o
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- 40}
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Fig.5 a.Relationship curves between adsorbent
dosage and removal rate ;b~ d.Absorbance curves

of MB,MG, AF solutions
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AF B W B 500 B, 4 n £ 3 0o 0.6.,0.4 1.0
g/L B IR K R BR %,
2.2.2  GUBHRI GG o v B X R R R Y 5

VIAR[RIWI 4R 5 5 v B ) MB MG | AF %5 I0CH
Hbrisyedn, %% Ti,C,T /Ti, AIC, B &A%t MB
MG AF FIW R PERESZ I . & 6a . 6b AT, &
JURMI R 5T v B2 3G I W B A6 Skt i) Je B %
KR, Hor, 24 MB Al MG ) 4 1k N
10 mg/L i, HEBRF BN 95. 76% F1 98. 68% ;
M AF WA RN 10 mg/L I, Hife K £ B
oK T9.32%, K 6¢~6e WM A5 MB.
MG Fll AF 75 W 0 WO BE il 26, v LU i, MB
MG AF X 1 P9 e R W IS0 I8 K AR A DA 2 i I
TH R, 3K S H T B 5T ot W T 5510 = 1m %o 4 Rk 43
TR W B A AR AT, R R TS A ST 1
MB MG AF F4 16 R0 B 5 53 531 R 16.3 .28, 75,
3.6 mg/g,
2.2.3  pH (XU BAHE: BE ) 5

TE 5 R R SR8 T e R e AR B TR B 2
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WIts pH IR BH 552 m FL X MB A MG 1) I B
fit, Ye Rl W pH 7E 3~ 9 WYL BN, Ti,C, T,/
Ti, AIC, B &I MB Fil MG 19 2= B R R F5 18
95%LA L., B AF FEAN[R] pH F& 4T 19 25 R R 45
WAl pH <7 B, B % pH {H b FF, Ti,C,T,./
Ti,AlC, B A HIXT AF () LBRF TR, pH>T B, AF
()R BRRIEA ST, (HE /N T pH 3 B L BR%R
B, Ti, C, T,/ Ti, AIC, & & AH7E 50 B M ¥R 858 T Xt
AT 110 R 358 SR B A mp e R P B 05 %) R o 3
R, X EZEHEKNTREZRMET, AF A
Ti,C,T,/Ti,AlC, & & #H Z [0 Bl &0 8 1) fb 2% Wi
BHVEF . AL 7b ~7d I i e A9 A6 il 26 mT
1, W B O JE MB MG FTAF 359 f R I
F 7 R IR 05 3 2R Bl i R KR 4% BT IR,
Ti,C,T,/Ti,AIC, & AHIXF MB Hl MG A W% Bt 7%
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Fig.7 a.Relationship curves between pH and
adsorption performance ;b~ d.Absorbance curves of
MB, MG, AF before and after adsorption

2.3 W sh oY
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W B ATL I, SR FH v — 2 R v — 2R 5l ) 2 R B 3R AT
A3, KT R A T LA, E— i s )
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log(g, - q,) = logg, - (k;/2.303)1 (3)
1/q, = 1/(kyql) + (1/g.)1 (4)
St g, P B me/s q, S o 20 R B 2
i, me/ gk, NUE—ROIT B R E B, min Tt 5k, R E O R
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Fig.8 Pseudo-first-order and pseudo-second-order

adsorption kinetics fitting of MB, MG ,and AF

Hi AT LLE Y, Ti,C,T,/Ti, AIC, & & A% MB,
MG 1 AF W UE 2% 50 77 W B o S R 4005 80
M3 1 Af0, MB MG H1 AF B9 230 112 194
HAFEZRE R 4390 0.992.0. 985 Fi10.996, 14
T HE—R 3 J12E A 5 REU(R® = 0.969.0. 955,

0.983) , FH #E — 9 5 B 1 5 0 RO 1 i 1 o
(o) T FHEE (g, ., ) WL, SR WIUE G050 00
SERERU AT DL U i A Ti,CL,T /Ti,AlC, &2 A #
X MB MG Fll AF 3X 3 Ff Gl i ke i ocf 72 o] LA
T G PR B s 2 Ay 2 R B T A S 0 BRI A

F1 Ti,C,T /Ti,AlC, E&H*% MB MG AF JekH)

W Bt 2 ) 2 A S
Tab.1 Fitting parameters of adsorption kinetics of

Ti,C,T,/Ti;AlC, composites on MB,MG and AF dyes
B

Geexp” Qe cal’

kO R
OB (mgg) (mgg)
MB We—% 16. 30 15. 69 0.110  0.969
W 2% 16. 30 16. 33 0.008  0.992
MG W—2% 28.75 27.02 0.070  0.955
7 W% 28.75 29.32 0.003  0.985
AF We—% 3.60 3.52 0.180  0.983
WE— 2% 3.60 3.59 0.060  0.996
2.4 AL I R B A5 AR A

*H Langmuir Fl Freundlich TR T o) 4 ViR R
RIWFSE Ti, C, T /Ti, AIC, EAHIXT MB MG F1 AF [
W RRFE R, XTI AR B AR R I (5) i (6) .

C./q. = 1/(q,b) +C./q, (5)

lgg, = lgKp +1gC./n (6)

K. C, FTPHERHE R mg/ L q, 9B I () W B 25

B ,mg/g;q,, NIRKIE M, mg/g; b A Langmuir 1557 05 Fff 5 %,
L/mg; Ky, \n AR5 W B 43 F0RE BR300 A G 1143 4

9 J Ti,C,T /Ti, AlC, & & AHIL fft MB MG
F1 AF 1) Langmuir F1 Frendlich 2% i W B AR RS | M
WE LRk E ,MB MG #1 AF B Frendlich =
PSR 2B (R =0.996 21.,0.997 51.,0.991 72)
I F H Langmuir 55 75 W% FfF A 8D 09 & R 2L

0461

085ra b 14fF ¢
T 0.80¢ o 044r 1)
075} 0427 . =12f
= <0401 =
<0.701 N wL1r
=, L 038F =,
L 0.65- ~ L1.0r
~ y=0.01124x + 0.50547 0.36F y=0.0045x + 031336 |~ y=0.06056x + 0.82512
0.60 * R?=0.97006 034 = R?=0.89745 09F R?=0.8649
10 15 20 25 30 10 15 20 25 30 4 6 8 10
C /(mg-L™") C /(mg-L™) C /(mg-L™)
1.60F g 1.85F 09( f
1.551 1.80
=~1.50( =175} ~08F
2 145} = 170} =07}
& 1.40F 2 1.65¢ o6l
<,1.35¢ < 1.60F p =
S1.30f 5155 5051
1.25F y=0.71375x + 0.50287 1.50+ y=0.78498x + 0.6691 0.4 y=0.72554x + 0.12711
Laok R*=0.99621 Lash - R*=0.99751 e R*=0.99172
10 L1 12 13 14 15 10 11 12 13 14 15 %30304050607080910L1
1gC /(mg- L") lgC_/(mg L") 1gC /(mg L")
B9 a~c.MB MG AF i Langmuir R T 45 i 2 ;d~f.MB MG AF i Freundlich N [ 4 i 2
Fig.9 a~c.Langmuir adsorption isotherms of MB,MG ,AF ,d~{.Freundlich adsorption isotherms of MB, MG, AF
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Analysis on Quality Difference between Hybrid Gastrodia Elata and Gastrodia Elata F.elata in Jinzhai County of Dabie
Mountains Region GONG Qing-qing'? ,YU Nian-jun*"***° WANG Guang-zheng'* ,XING Li-hua' ,CHENG He'”* ,XU Jun'*,
DU Fang-ping®(1.School of Pharmacy, Anhui University of Chinese Medicine, Hefei 230012, China; 2. Institute of Traditional
Chinese Medicine Resources Protection and Development, Anhui Academy of Chinese Medicine,, Hefei 230012, China; 3. Synergetic
Innovation Center of Anhui Authentic Chinese Medicine Quality Improvement, Hefei 230012, China ;4. Anhui Key Laboratory of
Research & Development of Chinese Medicine , Hefei 230012, China;5.Key Laboratory of Xin’an Medicine , Ministry of Education,
Hefei 230012, China ;6.Medicinal Fungus Cultivation Cooperatives of Jinzhai, Luan 237000, China) , Huaxue Shiji,2022,44(11) ,
1650~ 1656

Abstract: To analyze the quality difference of Gastrodia elata in Jinzhai County, Dabie Mountains by fingerprint and principal
component comprehensive evaluation.The similarity evaluation system for chromatographic fingerprint of traditional Chinese medi-
cine (2012 Edition) was used to analyze the similarity of 21 batches of Jinzhai Gastrodia elata.The contents of gastrodin, p-
hydroxybenzyl alcohol , parishin E, parishin B, parishin C,and parishin A of gastrodiae Rhizoma were determined and analyzed in
combination with principal component comprehensive evaluation. The fingerprints of Gastrodia elata medicinal materials with 11
peaks in total and the similarity greater than 0.9 were established in Jinzhai.In the content determination, there were significant
differences between the four components of p-hydroxybenzyl alcohol, parishin B, parishin C, and parishin A in hybrid Gastrodia
elata and Gastrodia elata f.elata.The comprehensive evaluation function showed that the top three varieties of Gastrodia elata were
S14 hybrid Gastrodia elata,S9 hybrid Gastrodia elata and S20 Gastrodia elata f.elata. The quality of hybrid Gastrodia elata and
Gastrodia elata f.elata in Jinzhai County,Dabie Mountains was consistent and different.

Key words : hybrid Gastrodia elata ; Gastrodia elata {.elata; fingerprint ; principal component analysis ; difference

KR ARSI b b 2 —, 250 BB Uik W A 2y 2
NERHAE Y K BR Gastrodia elata Bl B T 4B VR, KR %, EES AW A7 HEE

W #E B #5:2022-03-10; W4 & % B A :2022-07-19

EETA: HEKBRPAE GG TS H (U19A2009) 5 228 B UM R AIHT5 H ( GXXT-2019-043 ) 5 %2 HGE Hb b 25 b4 5 5T 42 T By
EAIHT PO H (BB 201312 %) s REAE AETHE (R R 2014144 5) 52019 4 v 5 250 36 T AR IR 55+ Bh % 000« 42 [
PR IR AT E " (412019143 45

BRI IS (1997-) , %, ZR M B8 | FE0F5ET5 7 v 20 00U S5 R 25 i i

EIEE . iT4EF, E-mail : ynj2005288@ sina.com,

SIS YL T4 ZE, T, 25 RO 1L X 4 78 B 2= 58 RPRRIAT KBRS ik 22 52407 [ 1] Ak 253057 , 2022, 44 (11) : 1650-1656,,
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SRR . SCHRBT 5 3 W R RR T 2 Ak
JRAT L B v A R A S A O Y 2020 4F
(R 24 L) T RR 245 A6 T S0 O JRR 3R R S
AP A BOR X R R 2G4 18 32 B 5 1
IE BARTIET A AN L . XA 24
MR RREGH AT RS, G — 20 W, B ezl S ke
2 22 S

SFEBALT AN R, ARSI, R
PR AR, 7= da iy, 2 e DY KRR 19 £ 2= i 22
— o MIRAE A, LR % BRI A
FUEFER LA SRR o AR SR UL R 3 D
PSR I LR L S AE R 28 ) 2 PP I 2R 58K
IRAE IR bR FEALEE I 28 E 6 > 2 81, ik
G [ 7 Ml A T o b A KRR 25 44, € 57 HPLC
K%, 2y B F Il i 6 AL iy, E AT $odiE o>
BT, IRTEAR SRR L1 IR i Fof 18] PR A Jo i 22 5
PR, Ay 4 5 KRR 1) 45 LA AR A ™ B2 418 2 30 4
RS

1 XWEH
1.1 FEERS5EH

Agilent 1260 F =580 A €6, 3854 ( S [ Agilent
) o

KIRZ (26 =99% , T 25 5 A Wy il it 2 8
JIT) 5 RFFE LR Y (2l = 98% , [ & i 24
K itosbe) s ORI AR A BRI B BRI AR
C. BRI FRTT B4 =98% , FiIRM YRl A
RS T ) 5 BB (2% =99. 9% , His . OCEANPAK
AT 2L MRMAGMER R 1, KLBhE
P RFATAE ZE R S 78 ]y = FHE Y KRR ( 6. elata
BL) Ay T 2L

F1 KRG ET

Tab.1 Information of Gastrodiae Rhizoma samples

G5 RN RIRAA ERYa iy
S1 LTw[L R BE E 115°61'06”;N 31°41'98”
s2 LM JEKBE E 115°607907;N 31°41'90”
S3 SR ZeRCKRKE S E 115°62'23";N 31°41'90”
S4 W ZREREE E 115°59'02";N 31°21'23"
S5 ZeE e KBE E 115°48'60";N 31°29'50”
S6 JEFHE M3ERM F 115°48'45";N 31°27'71"
s7 fEfEYE  ZRACKBE E 115°49'29";N 31°27'40"
S8 Wik AR E 115°46'23";N 31°37'71"
S9 I L RBE E 115°46'23";N 31°37'71"
S1I0  WIhiE  ZeZKBE E 115°58/59”;N 31°59'78"
S11 Sl ZAZRIFE E 115°61'67";N 31°64'69"
S12 VTHR ZLKEE E 115°59'36";N 115°59'36"

& RIRFNEL R BRJoT 1t 22 5 AT 1651
#5 REAN RERIH ZH
S13 EilE ZRZXKBE E 115°50'56”;N 31°56'75"
S14  BRER  FXKKE E 115°66'66”";N 31°67'70"
S15 EES 21K E 115°61'06";N 31°41'98"
S16 B kst 21 bk E 115°59'11";N 31°21'17"
S17 Bk AN S E 115°46'23";N 31°37'71"
S18  BRER LT 5k E 115°66'66";N 31°67'70"
S19 N FaN E 115°75'51";N 31°67'70"
20  IAEE AN 3 E 115°59'42";N 31°16'23"
S21 i LT JFR E 115°50'56";N 31°56'75"

Y Ze A TR AL KR (9 X 2 TR( 8 ).
1.2 STk
1.2.1 HPLC a3 544

REFE . C18 FE (4. 6 mmx250 mm,5 wm) ; K
MK 270 nm; KR 35 °C ; HERER 10 pl; IRFRR
it 1.0 mL/min; Ji 2 A0 U BE (B) -0. 1% W5 R i
W (A),0~20 min,8% B;20~55 min,8% B—40%
B;55~60 min,40% B—50% B;60~65 min,50% B
—8% B;65~70 min,8% B,

1.2.2  HERAER R &

SR A RRFE i I, 42 20204 Hh [ 24 i) fir
DA . R BRI 1.0 g KK, A
25 mL i B, FREE, B 7 AL 40 min, ¥R H), FR
I FHEREOAE AN ) e, BRI 10 mL
Wi, FH 10% W BER 2 45 2 10 mL 2510,
NH 1 mL VW 0. 45 pm JEJE BIFS

2 H#R5IHR
2.1 iR
2.1.1 MR EE

i 10% B A 2 0. 333 mg/mL KR E |
0. 729 mg/mL X & H A 0. 335 mg/mL [ F]
FEH E.0.616 mg/mL A FEAF B.0.272 mg/mL
LRI €.0.996 mg/ml AR A IR G XF
WA, R EE0.5.1.2.3.4.5 mL LAWK,
BT S mL 2RI SO B, DA R
SEXE (y ) X IR () AT LR TS, 25 S L
%2,

F2 XPHRAAOLNE ] )R
Tab.2 Linear regression data of reference substance

BRI,

e kA EYEpiy 4
(mg-mL™")
" 0.033 3~

1 KIKE  y=14177x+1.028 5 0.333 0 0.999 7
0.072 9~

2 SHRIIEHEE y=4 951. 6x+0.517 3 0.999 6

0.729 0
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[E

2022 4% 11 H

5 fam mive
3 EAFHEFE y=13 0324+0.033 3 O.O.osgss(; 0.999 8
4 BEFHIT B y=6 642. 1x—3.506 3 06.0661166(; 0.999 5
5  ERFEFFC y=7036.2x+0. 840 8 06.0227722(; 0.999 5
6 EFRHETA y=10658x—0. 161 1 0(.).0999966(; 0.999 7

2.1.2 AEERE

HUL.0 g BFERBRMESN (S15) 4% 1. 2.2 7k
AW, DA 1. 2.1 SRt 6 IR AR s Al
i, DAKIBRE NS BRI | 158 4% g W AR X 1 1
THAY RSD 4 0. 10% ~ 2. 20% , AH X 44 B i 6] fiy
RSD 4 0. 03% ~ 1. 31% , XA G 2 AT,
2.1.3 EEMHKE

FEERIL. 0 ¢ 28 KIRAEM (S15) , 4T 6
By, 4% 1. 2.2 Jr il AV, 1. 201 SR, DA
RIRE J S G 55 4% A 08 R ) 06 1 X 1)
RSD 4 0. 11% ~ 1. 88% , FH X} {4 B4 B} [B] ) RSD A
0.03% ~ 1. 14% , £ L EZ R,
2.1.4 Rt

1.0 g & ZERIRFES(S15) 3% 1. 2.2 7k
Tl S,/ BIAE 0.3.6.9.12 .24 h #% 1.2.1 4
PR RE , LLRIRER RS B | 45 A DA A Yo e 1 A
) RSD A 0. 05% ~ 2. 54% , A %4 B Bsf 6] ) RSD
$90.02% ~0. 11% , R W] 4: 5€ KIRKFE S TE 24 h N
2.1.5 finkEREIeRIA s

HE BRI DU 1) 6 A 4355 2 1 KRR 24 44
WA (S15)9 6y, F54y 0.5 g, 43 3 20, 541 3 1y,
Iy 9IKE %A & 0. 121 mg/mL KBk & 0. 058
mg/mL X FRIEFHEE 0. 061 mg/mL EHIFRIT E .
0. 11 mg/mL EFIFFFE B 0. 032 mg/mL ELF| R
C.0. 143 mg/mL LFIFRH A #70.5.0.7,1.0 mL
TRA X VAT, H2 I8 1. 2. 1 (38 S PhpERE I 2 | 3t
SFEIINRE I RFRE X R R B | )
AT E ORI B EAAT C EHART AR
SE-247 8] W R 43 51 K 98.99% 97. 34% . 100. 26% .
99. 01% . 98. 19% .96.75% , RSD 43 %I} 0. 71%
2.40% 0.27% 0. 47% 2. 05% 2. 33% .
2.1.6  RIRZGHF 5 e

B 21 ik 4 2 RIRE AL, AT 3 17, 4% 1.2.2

Tk, % 1. 201 OGBS TN E e %
TR AR THEL R RRBR 265 & /K 5 05 19 6 Rl iy iy
T (R 3) . HPRERY, &% i RSD 435
KIKER 27. 809% % ¥ 578 H BE 38. 964% , LA
AT E 25.238% WA ZRH B 24. 231% AR T
C 36.680% LA ERH A 35.379%
F3 20 RBEAE G 6 P AL I E 45
Tab.3 Content of six compounds in 21 batches of
Gastrodiae Rhizoma samples (n=3)
HEdh SR E /%
S1 0.156  0.218 0.223 0.410 0.087 0.589
S2 0.118 0.355 0.231 0.267 0.064 0.326
S3 0.263 0.355 0.249 0.511 0.179  0.891

S4 0.142 0.460 0.248 0.318 0.083 0.285
S5 0.221 0.168 0.334 0.434 0.149 0.589
S6 0.170  0.362 0.278 0.324 0.092  0.455
S7 0.164 0.278 0.112 0.397 0.104 0.551
S8 0.248 0.430 0.188 0.360 0.106 0.615
S9 0.201  0.255 0.298 0.376  0.101  0.513
S10  0.108 0.281 0.312 0.240 0.064 0.342
S11 0.131  0.347 0.159 0.325 0.073 0.518
S12 0.126 0.322 0.217 0.322 0.069 0.573
S13 0.160 0.391 0.245 0.340 0.092 0.390
S14  0.250 0.198 0.183 0.559 0.178  0.684
S15 0.255 0.630 0.124 0.557 0.156  0.991
516 0.261 0.535 0.193 0.547 0.173 0.934

S17 0.240  0.590 0.209 0.413 0.158 0.464
SI8  0.242  0.696 0.190 0.547 0.202 0.756
S19  0.168 0.396 0.205 0.507 0.121  0.840
$20  0.215 0.193 0.217 0.414 0.112  0.966
S21  0.147 0.507 0.236  0.353 0.089  0.492

f/ME  0.108  0.168 0.112  0.240 0.064  0.285

R 0.263  0.696 0.334  0.559  0.202  0.991

SEHME S 0.190  0.379  0.221  0.406  0.117  0.608

FRUEZE  0.053  0.148  0.056 0.098 0.043  0.215

RSD/% 27.809 38.964 25.238 24.231 36.680 35.379

HA KRR R & 2206 R 0.108% ~
0.263% , & HiA#](0. 176£0. 052) % ; K FRFLA H
TR M 0. 168% ~ 0. 460% , 5 153k 3] (0. 316 +
0.087) % ; LRI FRTT E M8~ 0. 112% ~0. 334%,
SN (0.234£0.610)%; B A FF 1 B 25| Ky
0.240% ~ 0. 559% , % &4 (0.370+0. 088 ) % ; [
FIAEF C 25 HE K 0.064% ~ 0.179% , & & H
(0.103+0.039) % ; L HI AR H A 22 0E K 0. 285% ~
0.891% , ¥4 (0. 523+0. 160) %,
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TPLIE I 45 < R 1 IX 3 8 A 52

KIRANEL R ok 22 53 70 Hr 1653

LT RIRIY K BRZE AL RN 0. 147% ~0.261% , 55
HIRF] (0. 218 +0. 444) % ; ¥ 352 L% H B AR i N
0.193% ~0. 696% , % ik £ (0. 507 +0. 168 ) % ; 2.
FIFRA E 08N 0.124% ~ 0.236%, & & K
(0.196+0. 035) % ; LA AR B 2208 0. 353% ~
0.557% , & M (0.477+0.082) % ; LA ZRH C
R K 0.089% ~ 0.202%, & & N (0. 144 =
0.039) % ; ELFIERTT A AR08 A 0. 464% ~0.991%,
Bl (0.778+0.220) %,

TEIOM L4 FE EL 258 RIS L0 R IR, B X
SEYESR A AHSE DY T K5, £ B 76 P b A ]
ZEMEH . RFEZR (P=0.080>0.05) JC i &1 %
SEOTERIFEHEL (P =0.002<0.01) £ H I &%
ZS EAFHFE E(P=0.149>0.05) B FHMEE
S OEFIFR B(P=0.015<0.05) H B EMEE S,
EAARF C(P=0.032<0.05) F W FHM 25,
FIZEH A(P=0.007<0.01) F b EMELE R,
2.2 KRR S EIE I S S G I bR e
2.2.1  RIRZM LR g T

SRS BEAREL 21 41t 1.0 g & FERRELGH, 32
1.2.2 7l 4, 1. 2.1 (638 41 5E |, 12 1R
TER R S15 S S BRI B ) 9 R Dl
0.1 min, RIEJEHIE T 11 NG 16 153 K2
Me Qg NP, W 15 A a4 ZE R IRR 21 Y
AR ERIE R, WA 2,

1 21 HERIFRG B B 3%
Fig.1 Fingerprints of 21 batches of Gastrodiae Rhizoma

10

2 RRZGM 8 SR 1 AT 1A
Fig.2 Reference fingerprint common pattern of

Gastrodiae Rhizoma

2.2.2  KERZGMHESUIRTEIA R bR E

5T BRSBTS T LU RPN T Herp 6 ANt
B, SR KR FE (2 506 ) X 58 38 K
(3 5u%) WHRIFRH E(5 5) EAHRT B85
W) BT C(9 T EAHEE ACLO
)
2.2.3  RIRZGMAELE G AR PP

THE I L 1X. 45 8 5 TR 245 4 AR DL BE | 45
UL 4,21 HEZ4 38 RIBRALL R IR 2 M 1 AL 3
£ 0.900 L) |,

®a 20 HRIRAMALLE
Tab.4 Similarity of 21 batches of Gastrodia Rhizoma

iy MEUE | @S MRUE || w5 MIUE
sl 0. 987 S8 0. 984 s15 0. 968
s2 0.951 S9 0. 959 S16 0. 982
3 0. 988 S10 0.914 s17 0. 953
s4 0.918 s11 0. 981 S18 0. 966
S5 0.973 S12 0. 986 S19 0. 980
S6 0.978 S13 0.970 S20 0. 965
s7 0. 984 S14 0. 967 s21 0. 980

2.3 RN

K HH SPSS 23. 0 #44, U 21 #E R FRE5 M 247
U F e T RRUOR AR i, AR RIS AT L (LR 3)
MRS R 15 B, 21 HEAE S o S, ST
S2.84 ~S13 S17,S21 B R N —J5;S3.S14 ~
S16.S18~S20 FEAh IR B —2,

S 75 B EG B B
0 5 10 15 20 25
. . . ; , .
13
21
17
11
12
1
7
8
E{m;
2
pm—
15
161
3
g
20
14 :
18

B3 20 HERIFRZM R0
Fig.3 Dendrogram of cluster analysis of 21 batches of

Gastrodiae Rhizoma

2.4 FRSr5 T (PCA)

PCA 244 254 169 TCEAS 43 A2 b AR % 52 36
S5 AU 1 SR B, T gk B /0 i S B M
XTERMP AR RIS , 1A 1A B ACER T sy
Hdl LA AE 25 64 B0 B S R g B AT
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2022 4% 11 H

HE— 253 MT 4 %€ B2 AE RIBRFNET R IR 24 8] 1) 2
5, UL B B R A N R TR R, B SPSS
Xt 21 #ER R B IEAT PCA 4007, AR
FEDLER 5, 25 R W] (gl 2 F1 8 (A3 2 F19 .,
ki 4 F1 7 550 8 9 (kg 8 A1 10 A5k

AIARENE . 2 6 m T, LARRAE(E > 1 R 42 BUbR
#E, 3 A F 53 1Y BTk R 4 i o 41.331%
28.718% .9. 141% , 4 £ Mo EGE # 3 1, H &R
FRIT 22 5THR A 79. 190% , i fR R FEH L8 K
JBRFIZL R IR 2444 Ak 2 A R A A B i

RS5O

Tab.5 Correlation matrix

ErRes 1 2 3 4 5 6 7 8 9 10 11
1 1 0. 134 0.547  -0.319 -0.279 -0.316 -0.476  0.172 0.222 0. 066 0.215
2 0.134 1 0.290 0.451  -0.214  -0.224 0.123  0.811 0.895 0. 695 0.529
3 0.547  0.290 1 -0.329  -0.383  -0.303  -0.547  0.288 0.375 0. 156 0.122
4 -0.319  0.451  -0.329 1 0. 045 0.474 0.871  0.497 0.396 0.535 0.572
5 -0.279 -0.214  -0.383 0. 045 1 0.577 0.227 -0.394  -0.221  -0.402  —0.309
6 -0.316 -0.224  —0.303 0.474 0.577 0.504 -0.113  —0.198  —-0.062 0.245
7 -0.476  0.123  —0.547 0.871 0.227 0.504 1 0. 180 0.078 0.188 0.284
8 0.172  0.811 0.288 0.497  -0.394  -0.113 0.180 1 0.902 0.825 0.643
9 0.222  0.895 0.375 0.396 -0.221  -0.198 0.078  0.902 1 0. 659 0.474
10 0.066  0.695 0.156 0.535  -0.402  -0.062 0.188  0.825 0. 659 1 0.742
11 0.215  0.529 0.122 0.572  -0.309 0. 245 0.284  0.643 0.474 0.742 1
F 6 HEMFIT 2 Tk LI 5 Pk o E B R T 1 AU A
Tab.6 Characteristic value and variance contribution rate ,%\ ;% 2 F bké}ﬂ(]tl%?ﬁﬁ jg 3.159, ;%*Ri,—j;ﬁj( % j’f]
PIRERHAE (K STy 70. 049% ,MAWE 4 7 SGEAEHS 2 EIM AR
B e PRSI g SR ORIV R OB LA LT T 2
1 4.546  41.331 41.331 4.546 41.331 41.331 HSTHOLR 2,556 3 F AU IORHAL (U 1. 006, 24
2 3,159 28.718 70.049 3.159 28.718 70.049 TR 79.190% , 3EATUE 1.3 (M FRAAIEE) |
3 1006 9.141 79.190 1.006  9.141 79.190 e 5(EABRTT E) (W 6 SFTEH 3 TP A
: : : : T T 28, B I 4 A Al lior FEZE R T 56 3
11 0.013 0.115 100 TS B,

1 I BV ARE (R 4. 546, BT
BRA N 41.331% , A7 06 2 (KRR ) 06 8 (LA
AT B) W 9(FIART C) W 10 ERIZRTT A) |
W 11 SEAES 1 A TP B BT AR, LA T,

RTRIEAR RN BORRAE )
Tab.7 Characteristics of principal component vectors

among all indexes

el Tl i) T3
1 0. 094 -0.373 0. 479
2 0.410 -0.038 -0. 045
3 0. 140 -0. 406 -0. 045
4 0.279 0. 421 -0.028
5 -0.198 0. 287 0. 454
6 -0. 044 0.418 0. 580
7 0.112 0. 492 -0.126
8 0. 445 -0.023 -0.031
9 0.412 -0.075 0. 041
10 0.416 0.032 -0. 094
11 0. 363 0. 101 0.268

FAERIRFILL R IR PR AR R ZE G 1F A
WRAS 3 A FE W55 FF, Fl Fy F, =
0.094ZX1 + 0. 410ZX2 + 0. 140ZX3 + 0. 279ZX4 —
0. 198ZX5 - 0. 044ZX6 + 0. 112ZX7 + 0. 4457X8 +
0.4127ZX9 + 0.416ZX10 + 0.363ZX11; F, =
~0. 373ZX1- 0. 038ZX2 — 0. 406ZX3 + 0. 4217X4 +
0. 287ZX5 + 0. 4187X6 + 0. 4927X7 — 0. 0237X8 —
0.075ZX9 + 0.0327ZX10 + 0.101ZX11; F, =
0. 479ZX1 - 0. 045ZX2 — 0. 045ZX3 — 0. 028ZX4 +
0. 4547ZX5 + 0. 580ZX6 — 0. 126ZX7 — 0. 031ZX8 +
0. 041ZX9 - 0. 094ZX10+0. 268ZX11, K 3 P F
BT XF 21 HEP RN R R AR B AT LR B N . 2R
TEM BB F = 0.413 31 xF, +0.287 18 x F, +
0. 091 40xF, , 2438 RIFRFNLLRIRAL 27 B 53 25 2 0
O ZREAHAT ULER 8, S5 AR X R X 4
FE B2 B RIFRFNZL R R s Bl ) 25 A% 23 5 5
Foh 2 [ -5 W AR OGPk T R — b ey

2.5
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TPLIE I 458 « R L X < ZE L AR A RIRFNLL TR i ik 22 5 3 1655

P, HARHER O TR A R RRAE 43 2 S14 24
SEFIFR SO 2458 KRR S20 L1 KR, 458 KR -
¥ FAEM-0. 238 ZLKFREITF-H F (H N 0. 476,31
e I AL LY B e 1) R RR 24 A 2R L
S FEELPIAS SRR (B 38 AR 1R, 2258 RIS 20 R
LRG3 HEP AR AE T T
=8 WA S GEE S SHT
Tab.8 Scoring and ranking of principal component and

composition of two variants from G.elate

14, F, F, F, F 2ikk
1 2.770 2.822 -0.951 1. 868 S14
2 0.342 4. 380 1.556 1.542 S9
3 1.432 2.658 -1.054 1.259 S20
4 3.205 -0.552 -0. 003 1. 166 S16
5 2. 690 -0. 358 1. 061 1. 106 S3
6 1. 440 0.927 1.115 0.963 S19
7 3.473 -1.743 -0.978 0. 845 S15
8 2.842 -2.232 0. 169 0. 549 S18
9 -0.417 1.203 0. 020 0.175 S5
10 —-0. 420 0. 120 0. 899 -0. 057 S1
11 0.231 -1.530 -0. 540 -0.393 S8
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Analysis of Volatile Compounds in the Flowers of Elaeagnus Angustifolia L.by Automatic GC-MS Data Analysis Strategy
LV Yi' | ZHANG Jia-ni* , ZHAO Juan',DU Qing-yu’ , LIU Jia-nan®, ZHANG Xia® , YU Yong-jie** ( 1. Ningxia Food Testing and
Research Institute (Key Laboratory of Quality and Safety of Wolfberry and Wine for State Administration for Market Regulation) ,
Yinchuan 750002, China; 2. College of Pharmacy, Ningxia Medical University, Yinchuan 750004, China) , Huaxue Shiji, 2022,
44(11) ,1657~ 1664

Abstract : A strategy that combined gas chromatography-mass spectrometry with our developed chemometrics data processing soft-
ware (autoGCMSDataAnal) to analyze Elaeagnus angustifolia L.flowers from the northwest China.The volatile components of all
samples were extracted by using a simultaneous distillation extraction technique and compounds information was collected by GC-
MS.The acquired data files were directly imported into autoGCMSDataAnal to automatically perform chromatographic peak extrac-
tion, coeluted component deconvolution,, component registration,,and sample clustering analysis. A total of 48 significant difference
compounds were screened and identified by NIST spectrum library (25 compounds were verified by standards) ,including esters
acids, aldehydes, alcohols,and phenolics.Most of the compounds showed aroma characteristics. Results from both principal compo-
nent analysis and hierarchical cluster analysis indicated that Elaeagnus angustifolia L.flowers from different regions can be clearly
separated.This study can not only provide scientific basis for the refined development and utilization of Elaeagnus angustifolia L.
flowers, but also show a new solution for the automatic analysis of volatile compounds in plant samples.

Key words: Elaeagnus angustifolia L. flowers ; autoGCMSDataAnal ; GC-MS; simultaneous distillation extraction; volatile com-

pounds ; chemometrics

VP ( Elaeagnus angustifolia L.) B FREEMN

ORISR, R8T R T RO W7 B HA : 2022-04-13 ; FI 48 B % H #3:2022-08-11

W s TR CE TR X H TR EY, ¥ HETE [0 H AR IS % B H (21868028) ; 7

AT R 5.6 ANEEIF , F U, AMUET Wl 1 36 XCF S & 11055 H (2020BEG03039)

WAL RS AL T 5 BRI i K SRR fEEBN . AB1973) 5, FRENA, S+, ERR TR
W, BRSO 10 £ % 4 SR

dol [ S|y El A ] it BR S| Y ’ °

#{:HﬁmmﬁﬂﬂZmLm%ﬁ%ﬁo@P B+ F A, E-mail s yongiie.yu® 163.com,

FE VDO X 25 A ) (P2 R FE ) (T E BIAAS: B, IR VR, BX I8, 2. 1 30 b A BT BRI

25 L B AL T U2 B 1R 3540 HT S [ 7 Ml b 48 2 o B0 492 2 3 [ 0] A2

TR WA DA KRR, B 2022, (1) :1657-1664.



1658 b 2

{Ev

2022 4% 11 H

M2 O AEAE B B 22 5 WESE AN ] 7 L VD AR 1Y
B Wy o3 A FRIE X S BV ASAEAE M) IR ARG 4Rl 4L
TEE M RA SRR X

HFTE A 0 7 52 HOR iS5 i v 4
FETFIE 1Ak Lo 70 M a8 A W % PE I T, 0 E A
USRS B AR T B YA v S
38 Fh 5 A o3, 2 W 17 B M XA V0 AR R A D 4
HCAEERR 2T 1) R AR SRR Tk iR A2 45 B 9t 3%
BT DA U BATVE B F i BEBE ), A
HRER A FEE BRI A7 B A X H A D A AN
AT IR P CO, Wit BRI BT I, 43
B T HR A AE NG Il v 8 Ao 0 O %E5E 26
Tl Ak 25 0 5 e 357 37 P e OB 033 - — W A
WEBRS N 2 T 1 YD AR il i 6 SU i OF
BB 1 6 MR , VD AAEAE R 8 2l Y
L2, WA 1 £ 4 kA T g™, o
WRIE R 55 MBI S V0 AL Y 42 IO 1 1E T
Oy T A ERHRAE Y AT o
FE R BB S V0 A AL S b 32 A R ) B A e
o PR STERER I, T EE XD ARE M pE S £ LA
SRS Ml DX AR ) B IR AT S O T, AT TR R A ) L X
VDAL P P B3 AR J8C R 5 i 0 AT R T
B R G

UAAEFE LML T B 70 T 2 T GC-MS #%
RIFRE . BA W Z 5 rh T AL P 3 R Py
A4 T 2 48 Aok Z8 SZE R E | TR 2 B
% B S CO, ZEBUE SN 5 S Ak A
L WFSEN DO U AR5 1 o3 1 GC-MS R
FOATHICTEANE . KER-F RN e TEAS
SATEE N TR 6 GC-MS 55 iy a e
?{fﬁ@ﬁ%( Total Ion Chromatogram, TIC) W HEAT 45
BT, AT 48 R EE AR o B N\ B S PR AR 2256
PR b YA R PR ) R U 4, GC-MS
SrFrih St B S AR L A B W (E 5 B A
T, 450 N LRGSR AT R Pk, 2
BORTTEE M S E 45 R, BRI — R, A PR A
RIET GC-MS $difb it it A sh Ak i b 7 i
autoGCMSDataAnal ™ | 1Z 77 1 7E TIC W H 34 B
FR At T ] 22 o0 M 2 43 9% - 28 8 i e /N — 3 12
Xffg—A™ TIC W [ ZhFEAT b, S LA 2 Bk ot vh
JE LA A A A A BT, AR 2 RS BT I
autoGCMSDataAnal 4 7] D) 52 81 21 1] 7] 22 5 4 B
ST A AR A T 2 32 03 3 AT ( Principal
Component Analysis, PCA ) Fl i fi /) — 3 H 5] 43

BrdE, Al 348 NIST 1Y s 1% R H T &9
HIE

ASCLIFRETEAL 6 > it 72 v A AERE ARy
W XF 42, F H [R] B 28 48 25 B 4% R (Simultaneous
Distillation Extraction,SDE ) $ B ¥ 45 V> 2 46
4 R L7, FILFHZEAE(S 7890B-5977A Bk H
PCREEYIE S A EEEF A autoGCMSDataAnal
H Bk T P B e b o b S e
W, LA RFEA RIS /3745, e 20 1 AR IX b
AR M B A L S AR i . AR R
TR EIAS [ 1 DX VDA A AR ) ¢ 5 ARG 20 A6 i AR
FHERBERL2 A

1 SKIEB4SY
1.1 EZUEH S

7890B-5977A RV AH € 1% 5 1% K X ( 3&
Agilent /A ] ) s FW80 #1573 77 BE M3 s AL ( LT
FHTRHL A A FRAF]) s NP-30S 783 g {3 (At
T BB AT BRA 7)) 5 AL204 B HL 5 K8 (Hfg
FE-FER 2408 ( i) A BR A H] ) 5 [ i 28 18 %<
WO B (R R S i & A PR A F] ) ;98- 11-B
TR - 0 AR (R T A TR A AR A R
YNEIDI

TAR L (ki 2 Fisher A F]) ; IEAY
Wede (s 4l 35 B Accustandard 23 5] ) 3 &AL N
(oAt M KAk T BRZS 7 ) 5 JE 7K B IR M
(orral, i e E= R AT BRA R s 288K
()M B B IR BRA D)
1.2 HEACREE

ARWFFR U AL AR 73 5k B 7 2P
B HN R R a T R S E RS S
T P TIE 6 AN, REA YR T AL I
(100% AEHEFFIT ) , B> MR 4 12 AR 3
SRAE 72 ASFEAS SR BB A AS ST B IR
FEH- R BB H i 28 S 00 % R AT 7] B 28 18 22 R
S
1.3 HEACHTAL

SRR 20 g AN [R] 7 MR VD AR T
1 000 mL [B Ji& 8 i, im A 350 mL 7% 1 7K il
40 g SEALEN ;7555 —M) 250 mL B INA 40 mL
AN, I AR ORI I | [ B 2R IR AR TR
2 h JEfE It BT —E A BN 2 ¢ T
IKBRRREABRK 1 b, 555 W i W A 2 50
RAFLRTIT IR R



44 FH 113

B4 A SR B ST A 73 A (7] 7 v A AR 4 S e i o 1659

JFi 4% ( Quality Control, QC) FEAH 6 4N~ HiAY
72 AH VDAL ARSE IR A A Ok, i b
M Lk TR — 3, fE b i R R P R ]
B 6 SHFEAIGA—%T QC, BCHlHR AN 125 ng/mL
HIEAS BE SR ¥ W H T J5 2% autoGCMSDataAnal 73
Hrist 5Ok B AR 4L
1.4  GC-MS AL E

S A3 & R, @ 3% A DB-WAXETR
(30 mx0.25 mm,0.25 pm) , ZS A4 (4l
B 99.999% ) , AL TR 250 C, ikt 5:1,
KRR T TR 735 WG TR L) 50 “CAR4F 3 min,
Rifij5 LA 3 °C/min B 3R I+ & 2 250 C R £
10 min, J53217 15 min, #EFE R 2 WL, 3% 50 28R )
[5]4 4 min,

i 2 F BB U, B IR IR EE 230 °C,MS
PUBEAT IR EE 150 °C, RlEfE AE = 70 eV, Ul R4
REECBE B, T AT LT 50~ 500 Da, $14
R 3125 s,

1.5 BdEaotr

PR AR F IR S A autoGCMSDataAnal
PEATHEAL B, autoGCMSDataAnal 41 %F GC-MS {5
SR TIC A4 RS F 8§ (Extracted Ton
Chromatogram , EIC ) Wi 473 41, Al H s &R A /ME
RIS IEAR 5 SRR B e SR FH 22 RUBE o 4
WSCI AL G ) R I R PRI, B X R — > TIC

a

8- x106 b3.0r x10° 43#
2.5F
5 201
7 §1.5

= 1.
~

1.0f
A 05

0 L L ]
34.4 34.8 35.2 35.6 36.0

W, I 22 Teith 243 Bk 22 fre /N 3 F 8l 92 84k
SR RS IR TER LG Y, TE2HE
ARBHE BT, autoGCMSDataAnal 2 Fi| LG ¥
[ % AT RE A 8] i (B IR AL AL OE, IF R A [A) R
AR BT [F] — A E P i e T AR S
AL G5 R 8 T 07 22504 E
Ay 4 M. 2 IR 28 ( Hierarchical Clustering
Analysis, HCA ) {55 /s Z 3 S84k 2 11 5 40 7
RBHE 2 52 UG |, autoGCMSDataAnal 23 i £
B E P BTE TE 1K 5 AFRAS NIST f) MSP U
BTN R TG Y S E

2 #R5ite
2.1 TIC W3R EURAL & P b
autoGCMSDataAnal 7] [ zh 52 38 X 5 BE FH %%
P e S UG ff AT, AVDSEAE QC REAS Sy 4]
K125 T TIC 5 5 o a3k 0 A £ B 45
autoGCMSDataAnal 73#7i% TIC {55 J5 #E 8 123
AN TIC W, ME AT LU 5 6 VD A6 28 [R] st
ZEMR AL HUS HERESBT IR A, 1 B — 4~ 58 B2 e 1Y
TIC W, LU TR AR 7 TIC W i BLEVRT Y 72. 16%
DABCHAR TIC WETEAF 5 T ARME e mEe . & 1
) AR [ A SR B RO 1 A ) f 7 1) TIC W i &5
FFE B autoGCMSDataAnal X} g T FHAH X 42 /)
(R A mT A2 A B O Y A

55.0 55.5 56.0 56.5 57.0 57.5

90* t/min

5L t/min
. ¢3.0px10° 50
E 4 25F
N 20}
=
a15f
3 ~10 117"
0.5
0
2t 375 380 385 390 395
t/min 46*
80" g
1r 39# ; 24" o5+ 100* . .
#
13 299 l a3 szs7| |68 175“ l L e
STV ST | O T ¢ BWe UL b ' ,
0
10 20 30 40 50 60 70 30

t/min

a3 AR b~ d RO E
1 AL QC HEAHY TIC MRS R
Fig.1 TIC peak detection results of QC sample of Elaeagnus angustifolia L.flowers
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Abstract ; 1-[ ( 2R ) -6-Fluorochroman-2-yl ) ]-( 1R ) -ethane-1, 2-diol (INT) is a key intermediate in the synthesis route of
dexnebivolol, which is a selective B-receptor blocker with antihypertensive activity. The absolute configuration of its levorotary
isomer ( —)-INT was established by multiple chiroptical methods, including comparison of experimental electronic circular dichro-
ism ( ECD) spectrum of (—)-INT and the calculated ECD of ( 1R, 2R)/( 1S, 2S)-INT, and dimolybdenum tetraacetate
[ Mo,(OAc), ] method for chiral vic-diol moiety.Our results showed that (=) -INT should be 1R,2R configuration. Meanwhile , the
specific optical rotation at the sodium D-line was calculated by using time-dependent density functional theory,to further correlate
the relationship between the sign of optical rotation in methanol and chloroform and absolute configuration, which could facilitate
the rapid and accurate discrimination of its stereostructure.
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FEE L T — M TR AR B ) ( DES) M 3E 4l Bh 2 BOR - AE B ( VA-DLLME ) Hi AR 5 = 8080 A0 (6 3% 56 F I
BRI E R, GURRI 0 (FRR) in( TR = 1« 1A 2 AR AZ V8 0 X 25 L0 B B AR i ZE BUSR
Xof 5 M AL USSR A 45 P S, LRI A VA 700 ) 2 ORI T S 30 B 1) DA B vk B SR AT T AL AR ZEIURA AR
HIFBEFNHE 50 L, WERETE 4 min, 32WEEA 1 mg/mL, TERMLFEMT 2 LR R RIF M RECKT 0.998 3,
Kt BRANE BRI M 1.0~ 1. 5 ng/mL Fl1 3. 0~4. 7 ng/mL, &M% FHHE PEIRBR SR UCRHE AR e T 0 52 95 7%
21 AR IEER K 86. 6% ~ 114. 8% , HIXTARMEM 22 2/NT 9. 8% , BAABIFHITE B, %05 WL BT B A R0 v T &
BES IR ARSI

SF5RR ARSI IAE A IR S0 R A S B B TR R I SO A (3% ( HPLC)

HhE 533K S:0656.3 XEkERIRED : A X E RS .0258-3283(2022) 11-1670-06

Deep Eutectic Solvent Assisted Liquid-liquid Microextraction of Susan Dyes from Food Samples YUAN Lin,SHAN Zhi-
zhuo , GUI Yi-chun ,ZHANG Yi" ,WANG Ying-zhen ( Department of Chemical Science & Technology , Kunming University , Kunming
650214, China) , Huaxue Shiji,2022,44(11) ,1670~ 1675

Abstract: A vortex-assisted dispersive liquid-liquid microextraction method together with high performance liquid chromatography
was developed for the determination of Sudan dyes in food samples. The hydrophobic deep eutectic solvent, n ( caprylic acid) :
n(hexanol)=1:1 was used as the extraction solvent.The optimized conditions were as follows ; amount of the eutectic solvent was
50 pL,vortex time was 4 min and the salt concentration was 1 mg/mL.The method exhibited good linearity with linear coefficients
greater than 0. 998 3.Limits of detection and limits of quantification were in the range of 1.0~1.5 ng/mL and 3.0~4. 7 ng/mL.
Finally, the proposed method was successfully applied to the determination of three Sudan dyes in food samples (ketchup,sweet
chili sauce and watermelon-flavored Fanta) with relative recoveries in the range of 86. 6% ~ 114. 8% ,and the relative standard de-
viations (RSDs) were all lower than 9. 8%.Therefore ,the method can be simply and effectively applied to the detection of Sudan
dyes in food samples.

Key words:deep eutectic solvent;Sudan dyes ; vortex-assisted liquid-liquid microextraction ; high performance liquid chromatogra-

phy (HPLC)
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1.2.3  fEEHGTRE

TE B LA I — 2 1 I IR v R R 2
BORW, g 215 L 5 000 r/min &0 5 min, 45
PRGN b (IS RZE ) (T OKAH) P
2o B b RIS BRI ARG B 50 L B EESE
fif , A RSO AR A% RS T T
1.2.4  JRFFLrpn e e

I FH LR A 25 W T G T I vk B2 Sy
0.1 mg/mL,4 C FEfF, FrifEfE (80 ng/mL)
FRTC ) - HERA RS B L R AR EAE W T A i,
KB ZIE I B
1.2.5 ikt

{041 #1: . Zorbax Eclipse C18 £, It s #H Ky
VOBAK) : V(ZHE)=5:95,f# 1. 0 mL/min,
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Fig.1 Effect of the composition of DES on the

extraction efficiency
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Fig.2 Effect of molar ratio of HBA and HBD
on the extraction efficiency

2.2 FEEGAHEMI
FR2E ) & 1 — 0, 2R BOR il 2 2l 1F
IR BEREAIG ; 3 /D S5 (il AR 22 BU AN B 43
FEEL, NHRIT R BGR FRX AE OGRS R, AR
SEI AR IAESE T 50,100,150 F1 200 L R Hedgs %
FIREBOPERE , 25 RN 3 frs . IR, 24K
WARF R 8 mL  AEHUA IS DES-1 € 164 i [
A2 min, 2R N 0 mg/mL; 2K B & 7
50 pL AU AR R, LR R AT 2 E 50w B,
T 26 U S RE B o8 A A2 B, 22 J5 A i 3 i 45
INPHELHR BEAE ZE OGRS MR AR, AT 55 26 HUH)
DT 50 pL 2B XELERAE, i A e it
50 L A HBGHSEE— 2L I aoR
500
450

" 3s0f
= 300}
£ 250
& 2001
= 150
& 100}

50

%

—~— ST
—=— RS
—— HSHIN

1/

100 150 200 250
FEIBUA AL /UL

B3 FEHGH A R A 5
Fig.3 Effect of extraction solvent volume on the

extraction efficiency
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Fig.4 Effect of vortex time on the extraction efficiency
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Fig.5 Effect of salt concentration on the
extraction efficiency
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Tab.l Linear ranges, correlation coefficients,
limits of detection, limits of quantification and relative

standard deviations of the developed method

Kt/ R/

SHE, AR Y bR

FEHL iy R nangl) nangl) T2/ %
ST 5~1000 0.9983 1.0 3.0 1.0
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Tab.2 This method was applied to the analysis of
Sudan dyes in real food samples
i it
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mll RSD/ [ RSD/ [l RSD/
B/% % F/U% % FT/% %

JFFLLT 108.2 2.2 95.2 9.8 98.2 4.0

GG (SR
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HFHIN 940 3.8 93.9 2.4 97.5 4.6

7l 86.6 2.2 101.5 2.1 98.1 6.9

LS P 94.4 8.3 102.4 3.4 97.9 8.0
PN 101.6 1.4 102.5 3.5 97.4 8.4

s HIT 1049 7.2 97.2 5.8 1011 8.3

PR 1061 5.7 95.6 6.0 98.1 9.6
HFFLN 98.4 3.5 1148 8.8 91.3 7.7
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Abstract : Silver-catalyzed cross-coupling reactions have recently emerged as a new and important category of organic transforma-
tions that find versatile applications in the construction of carbon-carbon and carbon-heteroatom bonds in recent years.Silver-cata-
lyzed selective coupling reaction of radical precursors are operational simplification under mild conditions ,and could be proceeded
via controllable free-radical addition with the assistance of oxidants.The application of relatively cheap and stable silver catalysts
to replace traditional transition metal catalysts enables the organic reactions to proceed with good selectivities and functional group
tolerance.The work summarized various types of silver-catalyzed coupling strategies by radical addition, such as silver-catalyzed
fluorination , silver-catalyzed coupling for carbon-hetero bond formation and silver-catalyzed coupling for carbon-carbon bond for-
mation.

Key words : silver-catalyzed ; coupling reaction ;radical addition ;fluorination reaction ; carbon-carbon/ carbon-hetero bond construction
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Fig.1 Silver-catalyzed radical aminofluorination of

unactivated alkenes
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Rz)\ E10>P\H CH,CL/H,0/HOAc(1:2:1) R3R2 : (OE),

R! 40C,12~48 h R

B2 ARG AR R B i SR IRt £ S
Fig.2 Silver-catalyzed radical phosphonofluorination

of unactivated alkenes
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Fig.3 Silver-catalyzed carbofluorination of

unactivated alkenes with ketones
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Fig.4 Silver-catalyzed radical carbofluorination of
unactivated alkenes with acetic acid
Li S5O RGE TR AE F R 0 5 R0 Ak
KM I TR B2 A AR SO, A AR AL JRA R
S VARAE SR B AR AN L Re A SRS AT i i
ST AL H i B B — 20 S OB AL

Yy (e s R o
AgOT{(10 mol%) F
A SelectFluor ® OH
PhNO,/MeNO,/H,0
Sm(0Tf),,30°C, 4 h

5 BRI C 0% I TR R RO,
Fig.5 Silver-catalyzed anti-markovnikov

hydroxyfluorination of styrenes
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Fig.6 Silver-catalyzed oxidative fluorination of

cyclopropanols
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Fig.7 Silver-catalyzed ring-opening strategy for

the synthesis of 8- and y-fluorinated ketones
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Fig.8 Silver-catalyzed radical ring expansion/fluorination

of ethynyl cyclobutanols
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Fig.9 Silver-catalyzed reaction of terminal

arylacetylenes with sulfonyl chlorides
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Fig.10  Silver-catalyzed aerobic oxysulfonylation
of alkenes
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Fig.11 Silver-catalyzed aerobic oxysulfonylation of

alkenes with thiophenols
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Fig.12 Silver( I )-promoted radical oxysulfonylation of
allyl/propargyl alcohols
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Fig.13 Silver-catalyzed stereoselective aminosulfonylation

of alkynes
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Fig.14 Cross coupling of sulfonyl radicals with

silver-based carbenes to B-carbonyl arylsulfones
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Fig.15 Silver-catalyzed carbonphosphonation of
diaryl allylic alcohols for B-aryl-y-ketophosphonates
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Fig.16 Silver-catalyzed free-radical intermolecular

hydrophosphinylation of unactivated alkenes
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Fig.17 Silver-catalyzed direct Csp’—H radical
phosphorylation of coumarins with H-phosphites
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Fig.18 Silver-catalyzed direct regioselective
phosphonation of B-aryl-a,B-unsaturated carbonyl

compounds with H-phosphites
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Fig.19 Silver-catalyzed direct Csp’—H
phosphorylation of indoles with H-phosphites
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Fig.21 Silver-catalyzed ring expansion for regioselective

synthesis of 1-tetralones
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Fig.22 Silver-catalyzed oxidative ring

opening/ alkynylation of cyclopropanols
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Fig.23 Silver-catalyzed C2-selective direct alkylation

of heteroarenes with cycloalkanols
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Fig.24 Silver-catalyzed ring-opening acylation of
cyclopropanols and cyclobutanols with aryl aldehydes
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Fig.25 Ag-catalyzed ring-opening of cycloalkanols for

C—H functionalization of cyclic aldimines
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Fig.27 Silver-mediated N-trifluoromethylation

of sulfoximines

2014 4F  Maji % 438 T 2K 2 B Fl Lang-
lois R ( = FRALBEIREN ) G AL - = FUHH BRI Y
RO B, PRI T, Langlois 305 A1 O, 43
FHE A B 220G PR o- = 5 R L5,
X071 S M A 2 B S R R A i o = 0 P
B, Seae kB AL K oK S EE A il kR

() ACRN 1-FH J-2-M I BE R ( NMP ) 357, 72 A2 T
N-HIZE T e B (an &l 28 )

AgNO,(20 mol%), 0,

R—= + CF;SO,Na NMP,70°C, 24 h

(o]
e,

B 28 ARAEILAY () 5 A B AY B A L
o= 9 P R R 4 S 17
Fig.28 Silver-catalyzed direct synthesis of

a-trifluoromethyl ketone from (hetero) arylacetylene
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Fig.29 Silver-catalyzed trifluoromethylation of

allenes to a-trifluoromethylated enones
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Fig.30 Silver-catalyzed aryl migration of conjugated

N-arylsulfonylated amides with sodium sulfinates
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Fig.31 Silver-catalyzed three-component

difunctionalization of alkenes
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Fig.32 Possible mechanism of silver-catalyzed

three-component difunctionalization of alkenes
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Fig.34 Silver-catalyzed decarboxylative radical

allylation of o, a-difluoroarylacetic acids
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Fig.35 Silver-catalyzed cascade reactions initiated by

radical addition of tetrahydrofuran to B-bromonitrostyrenes
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Fig.36 Silver-catalyzed cross-coupling of isocyanides and
active methylene compounds by a radical process
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Fig.37 Silver-catalyzed C—H cyanoalkylation of
heterocycles and quinones
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Synthesis of Stable Isotope Labeled Phenylalanine-D, XU Zhong-jie'* , DAI Chun-hua® ,SUN Wen® , ZHANG Peng-shuai’ , LEI
Wen® ,HU Zu-ming "' (1.State Key Laboratory for Modification of Chemical Fibers and Polymer Materials, College of Materials
Science and Engineering, Donghua University , Shanghai 201620, China ;2.Shanghai Research Institute of Chemical Industry Co.,
Lid. , Shanghai 200062, China) , Huaxue Shiji,2022,44(11) ,1686~ 1689

Abstract : In order to solve the shortage of the key internal standard reagent for neonatal phenylketonuria screening,the synthesis
process of stable isotope labeled phenylalanine was studied.The synthesis of phenylalanine-D was taken benzaldehyde-D; as start-
ing material. Benzyl bromide-D; was obtained by reduction and bromination, and then the intermediate of phenylalanine-D; was
prepared by reaction with diphenylmethylene amino-acetonitrile. At last, the phenylalanine-Ds was obtained by hydrolysis under
acidic conditions.The yield of phenylalanine-Dy was 67. 1% on the basis of the amount of benzaldehyde-Ds.The synthesized phen-
ylalanine-D; product was characterized by NMR ,HPLC and MS.Its chemical purity was 99. 0% and isotope abundance was 99. 5
atom% D.The prepared phenylalanine-Dy can be used as isotope internal standard reagent for screening newborn phenylketonuria.

Key words :stable isotope labeling; phenylalanine-Dy ;internal standard reagent ; synthesis
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Total Synthesis of Cajanonic Acid B YIN Zhi-xin'? , XU Xiao-ting'*> ,GUO Bing® ,TANG Lei> ,WANG Jian-ta"* ,FAN Ju-di*'*
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Abstract : Cajanonic acid B exhibites good antagonistic activity on peroxisome proliferator activated receptor y and has potential
anti diabetic biological activity.Cajanonic acid B was synthesized from methyl 4-methoxysalicylate via one pot reaction of William-
son etherification,O[ 1,3 ]-Migration and Claisen rearrangement , hydroxy protection, ester hydrolysis, C—H activation/annulation
cascade reactions, selective demethylation, and hydrolysis with an overall yield of 18.2%.The chemical structure of synthesized
compound was confirmed by "HNMR, "CNMR and ESI-HRMS, consistenting with the target product. The synthetic route of ca-
janonic acid B was reported, and laided a foundation for the development and application of cajanonic acid B.

Key words : cajanonic acid B;diabetes mellitus ;Claisen rearrangement ; C—H activation/ annulation cascade reactions ;total synthesis
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Fig.1 Chemical structures of cajanonic acid A and

cajanonic acid B
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Fig.2 Antagonism of rosiglitazone agonistic

activity by cajanonic acid A and cajanonic acid B
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Fig.4 Synthetic route of cajanonic acid B
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2H,J=7.1 Hz);1.78 (s,3H);1.67 (s,3H),
BCNMR ( CDCl,, 101 MHz), 8: 170.76, 162. 73,
160.47,131. 80, 128.85,122.12,117. 00, 105. 91,
102.30, 55.70, 51.95, 25.80, 21.89, 17.78,
HR-MS(ESI) :C,,H,,0,, SEIAE (TFE) , m/z:
251.127 2(251.128 3) [M+H] ",
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