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Synthesis and Study of Performance for An Enhanced
Formaldehyde Fluorescent Probe
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Abstract Formaldehyde (FA) is closely related to the environment and people’s health. For example, when FA is absorbed by
the human body after exposure to the environment, it will cause discomfort such as headache and throat inflammation, or
damage the vital organs of the human body and then cause diseases such as leukemia and Alzheimer's disease. For the rapid
detection of FA in the environment, a fluorescent enhanced FA probe HSU-FA was developed. The probe uses naphthalimide
dye as the fluorescent platform and hydrazine group as the site of FA recognition. The FA recognition effect is achieved by the
condensation reaction between hydrazine group and carbonyl group condensation to form hydrazone. According to the optimi-
zation of test conditions, under the test condition of 30% acetic acid content, the probe HSU-FA has the best identification
effect on FA. According to the UV-vis absorption spectrum, the absorption spectrum of the probe was significantly enhanced
under the action of FA. The fluorescence spectrum test shows that the probe has outstanding recognition ability and response
speed to FA. In addition, the probe has a strong resistance to photobleaching and can be stable in solution. The interaction be-
tween the probe and FA in solution showed different fluorescence intensities, showing a strong concentration dependence.
More importantly, the rapid detection of FA in the environment by using the FA detection card prepared from non-woven fab-
rics was realized.
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F I (FA) RTARAE T3, tm] DU 2R Tk Ak
P2 R H AR AN, [FR FA IR R AM Tk, 94T
b R 2 VAR S T b DL S5k 2 — ). B R
TERE AT FA, W AR 25—
e, COFUEIER R FA S5k M
BRI R AEC-S1, iR B FA ] 5] Al ™ i A8 B
6T, 25 G BT /R 2% B (AD) BA KBS R 9
— RAEBATEIRA G, R PAHS FA RS
BT, R E E 5 bR (GB/t18883-2002) € % A & SR
EAME) B E NS FA BRIEA 0.1 mg/m?. AT 1L,
JL AT R T R SE Y VR B R 5 1, I BAE
LA AN AR 28 G E L,

FEGH) FA RNy v 2 BARFE R -1 WL ok B
i AR AN RO i 3], R X e T ]
DAt i 8 S5 R A B 1 A M P . (ER X L8 7V )
BSAARE IR, IR B, HRE . RES AL ER
Bk, XS A3 1K L VA SEBRIG FA AR
FAEERA RSB, AL 2R, HA A A 75
K HHBRAG S R A IR S SR A 5 e Mk ]
DA RcHh b ik Be R . H AT, SO IREME e R
FICVELEZ P TR I, B4 ss A . ARG S
YR AP RS IS R AR B T Tz R 20 F)
HATNIE, CEIFR TAD FA SOEIRER3 Xk
FEEREF BRI LI 3 AT DLy N TR T I Aza-
Cope BHES N TEBUFAITE BOW B . 7EIX L8R 5L
e, FA SRR G T ORI SR ATLER B AT BRI R
BIPERE, AL T PR IA BRI EDIRES. SR, EILM
BT R M) FA RAERER, K2 R AT RS R
Gl X ERE I ARAZ RIS By >R T R RN, AT FR i)
SR KN R, TR, IR R —FiE AR 52 FA
PWICIRET A Sy 2 FA 5 YR (1038 §in A0 Y L

FH T 25 T 0 Jie G Rk B A A R 1) PR R B HE 4 2
FaE AR E M. MR T % BUKH Stokes A%
D530 NATIAE Bt 58 SR I 8 K FAE A DO IR AT
(P RRRZ. TEZEIE D G b p 5] N A B S5 it i 7 X
Ak, AT LIS 5 N AR EE RS AL (ICT) 7= AR 3 5 (1)
PP, AR TAEH, FRATHRIFH ZE B & 2 S YR HE Ry
e, HAEFHBEE AN FA FRRBIALS, Bt T
— PO FA 756 REN HSU-FA, &0l 5505
WE, ZRNCIREN AT FA BA 035 1) R 50 A s R 1 ik
Pk, I BOZIRENE W B B i A oe PR ik
EA ), B, ZERE A0 PR R
(1) FA (2 s LAPY). AL, BATERIFZARE i, SEal
TGS R FEE T B Y 1) 52 MRS, SR A RATT R 1)
A, I ERE AR R A T AT b A& BOTC G A R
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£, BRATHASEIR L FA 28755200 1 HdiAs .
1 ZR5TR
1.1 #7%t HSU-FA B985

IRFT RN, RS WA 5 R &R A i
SN R A, Blantea P e, JRATTH R
F 2,4- RS RS E R AERL &Y. [ERYESAMET,
Z R N R Gyt AT, RERR R TR 5 5 A
AR T4E, N RES S RN IS, BTk
RS NP RE A, TEZE G5 6P & b 9] N 1,
PAUAE S FA RN A, FRARAE %S B R R R 2%
PE RS RIS B, BIN T BRVETT G5 ] —— N mpf
Hl, AR Y FA 98GR HSU-FA. &), BT
PREF HSU-FA 1153 F 2546 N A7-1E R Ik k22 (4] 21 25 15t T
JiE FE A 56 5% G T R (PET) RN, LI R &7 VA
B AR BORAS RS LB 9O 577, MiREr
ERRM M TS FA MEAERG, —J7, BT Bk
5 FA VR JE A iR, oA aE 1 e S [ i v 8
B ZoRAS, MBI T PRET (1 Bk Ak 3 (4] %o 25 1k W0 fre ¢
JEHI PET WL, 55— 5T, BF/ERRMEIRET, mhuk
HEFRFSN R PS8R T OERZE N 7, Bl T N
JRF- L R ATOT B S 25 30 e 2 6 [ #9734 58 PET L.
PR TSR BN, — 2SI T BRI 261 Bk A 5 8k
FEERF PO RV, RN T ERE T RSB
VERI PET ML, (E1SIZIRE GERE SEILXT FA PR AS
W, FFRefE = B2 )9OGS 524k (Scheme 1).

BR 1 ##% HSU-FA 5 FEEAE LI
Scheme 1 Mechanism of reaction between HSU-FA probe and
FA

1.2 X%t HSU-FA BYEHh-7] IR TS FN o e & 5
e

TEL B HLA RS BRET HSU-FA e H
SR LLJE, R0 R EN AT — 2 e . Bk,
N T IR FEAFEEFIFHRE HSU-FA (520, %35 1 A
R, 1,4- "% N 5. B, OfE. IR,
N,N-—F R F W 7 FAS R R M 160 WLV R E R T
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HSU-FA AN IR R FEAR PR/ R U 2k
. 1,4- "% H9, B4 HSU-FA I KR5S 5
S ILAE 500 F1 510 nm Ak, SRIGTE SRR LA FHEE . £
i, ZHIEA. NN-ZHERE R, SRE O
SRR R N Y. PSR 2R R
H RIS, X2 T RS AR R, R
5t HSU-FA 7> F [ FE3G K, 3517 580 T PET 20011
o, PRERER )5 S S BRAR, AR RAER VRN
FH, PET ZANIES, “)6(5 5150, BEREHE K
AR, EARMRERS S, REHS FA MHEA/ERM
N ESHER. B ERE HSU-FA 5 FA 7E4
FEBRMEAS A EAE ARG S AT ES. B2l
AR R R )& (AR B) X PR HSU-FA 5 FA iR
SIRE SIS, JEEL T 5 1.0X107°° moleL ! #EF(H
i ZIRIAFR N 5%~30%) ) Z ST HEAT 98 6k
MR, 72NN 2 80, BRE HSU-FA K98 615 SR
T B (1 0 2 30 H s S s ka0 B R 2% A
T, REF T W PET 0N A FTiskds. fEIMAFAJE, A
[ R 2 e RO A R () A5 5 A S 35 1 o, o DU
U HCN 30%~50% MR & =Mk R o B3, X
VLHRE OB 5 BT AR & 5N 30%(RF 41 %0)
(IR G e, — 5 UGB 1 7E S5 R 261k T A R T o iR
% HSU-FA X} FA WiEIGEE T, 5—J71H, MUEFRMET
WHREF N AATER) PET KO8 - s ER. Bk, 55
SR IERE T & 30%(AR R 50 LB I 1E R e 4k
PREF MR 74 &R

TEHfE T IRE AR R 2 5, BEJEHET TR
£t HSU-FA F1 FA AH B A 1928 40T WIS 3 .
=T, 1.0X 1075 molsL ™' FREFFIAS AR FE ) FA VW
(0 A1 1.0X10™* mol-L WTEARF 30K 30% LFE I 40
FHAE 1 min f5 @78 40T IR BOE K. &2 y)
1.0 X 1075 moleL ™' ¥4t HSU-FA 7£ 350~475 nm 4t &R
HH e iR A AU (R K TR L 7E 432 nm Kb, LSRG
8 ¢ N 7.1X10° Le(molecm) V). A 1.0X10 4
moleL ! FA YW IFERA 1 min J5, KILIHARAR R RO
FEE A AT NGB R R 5L e N: 1.75X10* Le(mole
em) ). ARAE K- WO EE A 45 R, kA 440
nm {E AP R G SEI6 ORI K.

B J5 7E = i 251 T XGHAT T 4R% HSU-FA 5 FA #H
AR B S sLEs. wiE 1 FioR, 1.0X10°°
molsL ™' [HREF 5 A [A R FE 1 H % (0~8.0 X 10 * mole
L™ Y)IEMAEERI BN 30% LR (1) 21 va b A A
H, FER A EIEACESR R IS R BE 1 B 1 v
& 1 min J&5, MWK RIOEE S48, IEFRA1RT B
R0, TEEA I FA W2 /T (RPAERED), TR R 11
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FRICHREIRLCRCE T 775 QY =4.87%). FEHE AN
B FA I, MR R 58 615 5 IR HiE R, 2 FA K
FEIAE] 8.0X 10 * moleL ™' I, BREFIIR (S S HIA
FEA(QY =54.46%). T HIEP KA 523 nm ALFI
JeoRFE(E AT, 4 FA WK EEAE 2.0 X 10 4~8.0X 10 *
moleL ' JEFE W, KIE(E 55 FA IR RIAN 1 28 25 1
TR (R RRECN 0.99). LiditHAH, #&®
B3 FA BIAE HBR LOD [k HFR A 4.67X 1077 molsL ™!
(3ol 1£EB®), DL E e 45 SRR B HR%ET HSU-FA X} FA B
AR R AL, & A B iR R A
.
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0 b T T T
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B 1 ANFEWKE FA (0~8X10 4 moleL 1) 1.0X 105 molsL!
R4 HSU-FA 18 R EIR K 523 nm A0 56 615 5 5 B H il 28

Figure 1 Fluorescence signal intensity curves at 523 nm after
the interaction of different concentrations of FA (0~8X10 *
molsL ") and 1.0 X 103 mol-L ! probe HSU-FA

The test system is acetonitrile solution with 30% acetic acid; =440
nm; slit=10/10 nm

1.3 %t HSU-FA BT EMREST FA BRI
i

P NCERET BRI B R A e M Re R IR AR A
MFERFIM EE G bR, A TIRFTIERE HSU-FA X} FA (1)
WAIRE ST, XA T — RFVA R 25

R4 DA IR 08 25 E W i 2 P & B R IF 6
A RE AP0 BT LLHENN R4 HSU-FA 78 A R 14T
FEA MR, AT WAERE HSU-FA 4 T2 15 g K i
MR FEAERIET, e T R e e Mt 215 0
NEE, XWERER MRS TR EES
BN 1.0X10° moleL ™! [4REH > TAEL 0.5 h
M FEFITE R 2 5, R 1 min EE—H PO
FEAE R, 06 523 nm KA 2L R R, Wik 2
FiR, $R%EF HSU-FA 755/ BRFEE B GY 30 min J5 28 %54
FE WA R AR, BT R EF HSU-FA A 3R #4711
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JeRaE e, XN T SRR LI T R HE S

RNBN I35 MR, FEARTR D EON 30% LRI L Hi
W, 1.0X 10 ° moleL ™' #R% HSU-FA F12.0X 103,
5.0X107%, 1.0X 10 * molsL ™' FA AW AH HAEF. WK 2
Fiw, B R B AESE, MR R A7E 523 nm AL 986K
SFF 00 5 2R M i, S TE R 5 R I B T ' ik B LR R
. WAk, AT ERE AR E Y, W T RENEIE
SRR R AR T IREF AR M, IREHTE RS IE
30 min FEHEEHREY, HodmEEARERHE R, 5
WG E I, SO IR E R AT T RS, IRE B8
PRI FA BIRES). BbAh, 7EMRRIR &R 158 600 B A
BRI J5, HR 6 5m FE AT v LR EF IS [A) AN i A2 A
b, RHZRER FA 5 BAR R E R, %ok
IR L, %454 HSU-FA % FA ELA POk iR
AR FE AR R R M RE, A BT XS RRIRE S ) FA
SIS IR

500 - —a— 20 pymol/L FA

—e— 50 pmol/L FA
—4— 100 pmol/L FA
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A AR AL

Figure 2 Time-dependent fluorescence intensity of probe HSU-

FA at 523 nm treated with FA

1.4 REH HSU-FA 3f FA B9iRBIHIEIF R

RERIRE HSU-FA 5 FA &R AR SR, Kt
KT RO B3 (HLPC) R R IE 73X — 548, 454t
HSU-FA HJ{R 8 I 18] =9.6 min, 2445745 FAEH G,
t=1.2 min &bF —H IV, FE =9.6 min &L
I GE4s. N T HE— B EAE HSU-FA X FA A GE
ML, T PR s, B ARER HSU-FA (1.0X
1075 molsL ™ ") FA (1.0X 10 * molsL™ N7 FEE i 1
min S5 3T, 2 FET R A DU B 4y 1B T Vg (m/z
326.1502), X 5 T ) A0 = 0 4> T B TV (miz
326.1494 [M+H]IHYHWIE. SRGRARGIEEHE R, #®
£ HSU-FA 5 FA AR T —H0, o ik sk
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SRR, ZPOERERR A FA HONLERLS AT 1)
gl —3

1.5 $REH HSU-FA AUI% 14
VER—PoOETaaRm A, TRET B % H A B ik £ 1500 1
B8, B G HEAT FH O 1R 8 M 2 o I 3 512 36 ok B UIE PR AT
HSU-FA X} FA 2 & HARLF s, BEESH
1.0X 1075 moleL™ ' 54 HSU-FA, 1A 53H0N 30% 212
1) IR R R e, 258 1 min FIRHE,
R AATEDGHEAT H MK, FHLF*AE 523 nm bR
JERFEAE . IR R 23 AT 4 ol B R BE G o) 2 A T
(1.0X10 * molsL™ ") NEAEZHN(1.0 X104 moleL ™). fill
AR (5.0X 1074 molsL ™ 1), —&4k4h(5.0X107* mole
LY. BALEN(5.0X 1074 moleL ™). R —E4H(5.0X
10* molsL 1), BREALAN(5.0X 10 * molsL ™). FRAALAN
(5.0X10 * molsL™ "), FEZEA(5.0X 10 # molL™ "), fil&
H(5.0X10 4 mol-L 1) S AEG(5.0X107* molsL ™). 5
HAR(5.0X 10 * moleL ). FALE:(5.0X 10 # molL ).
FALBE5.0X 10 * moleL ) S ALEL(5.0X 10 moleL "),
FAEE(5.0X 107 molsL ™). & ALIEL(5.0X 107 mole
LY. T HTEMHE(.0X1074 moleL ™), /KA
(1.0X 10 * molL 1), AHEZER(5.0X 10 * mol-L '), ¥t
BN(5.0X 10 * moleL 1) AR R Z (5.0 X 10 * mol-L ).
A FE R FALEN(5 X 1074 moleL™Y). ZE(1.0X107*
moleL ™). Z. Z(1.0X 10 4 molsL™"). & 3 i LIE H,
LIRE S A e R, ROGE S LA RER
b, TMREN S FREVE R G, HO8RRR EEE KT iRE
HSU-FA ¥4 1.0 X 1075 moleL ™! 5 HiAth /0 Hr#dF F Js

500+
450
400
350
300
250
200
150
100
50
0.

FL Intensity/a.u.

R N RO R I R R I R A I S

Analytes

B3 &MY 5% HSU-FA 1EF 5 i 5¢ i BE X bL .

TEARZEAEA Jex=440 nm, BESE%EE 10/10 nm

Figure 3 Comparison diagram of the fluorescence intensity of
the above analytes with the probe HSU-FA. The test conditions:
Aex=440 nm, slit=10/10 nm

The analytes from 1~26 are methylglyoxal, Sodium pyruvate, Cul,
MnCl,, NaF, NaH,PO,4, NaHS, NaSCN, NaSO,, CuSO,, CaCl,, CdCl,,
CoCl,, MgCl,, NiCl,, ZnCl,, FeCl,, tert-butyl hydroperoxide, chloral
hydrate, AgNO;, NaBr, NaS,, NaHSO;, sodium nitroprusside, acetalde-
hyde, glyoxal
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(P9 GBI, A EREN IR A LA IR s e B,
AN T IR R R 1) i A — MRS
1.6 ATHLALAS

N T IAEEREN HSU-FA 757700 1R 31 FF S FA R0,
WK 4 Fros, B ERE0.0X10° moleL MY
HSU-FA 5A[E#KR T 1) FA ¥AE & 5 mL KR B0N
30% LRI CREH R, T RS R E B, W R AT
TERRENIT, SOGIRGIES. 52 BN LU 2, FisE FA K
FERIRE N, BREFIDOL IR B ERTE, 2 FA WRERN
F| 800 pumolsL " B, MR 2 Y6 (5 5 5 AR T4k

200 pmol/. 400 pmol/l. 600 umolL 800 pmol/L.

S N Q/’i

Bl 4 0~800 pmoleL ! ] FA 5515 1.0X 105 moleL ™!

fR4R%E HSU-FA 7E 2 30% LRI £ 51 HH 1 F 45 R
Figure 4 Results of the interaction of 0~800 pmol-L™! FA
solution and 1.0X 10 > molsL ! probe HSU-FA in acetonitrile
solution with 30% acetic acid, respectively

(A1) (A2) (A3) (A4)

PRET I (A5 5 0 B S 5 4. X AR U b i B R % HSU-
FA Rt 5 FA 1 JE 2Ot Rk 21 FA (1) B
). 25 R IRET Re 12 FH B3 AL FA.

N MRRERET RE AT IS, KLY T
50 mL 1.0X 10 ° molsL ™' FIREMAWH 1 h. [FIRHERA
[ % B ) RS V4% 10 mL i T DB, 4
JE IR LT I TC YA 8 AEREN. 6 h JE¥ LY
iU BT R B TR, Wi S fos, FA
TR B KB, R M iR %, RIIELYih% b
REf L2159 Bt fe k1), HRA 2k M58 ehE%E FA
TP PRI /N T Rk 55, X 55 9 G U K 5 SR AR S
Kl SB NP5 E 5 FA KPR 2R 1 R I, RITHR
BHEANTR] FA PREEH L2 06 B AE Bl HR S P (1 189 n 2
BlR U IR TR K R(R2=0.99). LitHSH, HEF
XAAS FA AR LOD B HFRN 6.0X 1075 mge
mL ! (Bo/x 1EBY), RIFE— 2G50 Hp FH S A RE TRC R A A
& 0.1 mg/m’. KA DAAG H S50 2REHAT DLSEIAAS
FRE (1 o A, ZEASHIN 2 Py RS 55 & b G AR K B
77,

2 i

I A B AR AN T, M T P T 2R
T AR PDRGI) HE R P R R EREH IR B TR R AR
/MRS PET 208, SEEREFZOGIRE. RAE
T4k, JRAR PET fERTH K, 9JekE. Zid it
AR PUIEIR T S R PR BNESE. dhah, TREFXT HIEE
SN REBAG IR Y 4.67X1077 molsL ™', £ —1iE, B
UFIeRS e M, (A5 R IR PRET BE AT R A VR RN
) FA, Hbsx RS FA B HE RN 0.06 mg/m?,
AT B X —R@EA AR RRE MR 0.1 mg/m?, Fr
DA ARZ IR AT 0T P SR I FH A R0 2 FH T 53¢

(AS)

501 .

y =94.76273x + 3.64576

404
R?=0.99

30

201

FL Intensity/a.u.

00 01 02 03 04 05
FA/(mg-mL™")

B 5 FARIKEER FA #EE R G SR RN TS 2 0 nIE R, SRR R SR VO]

Figure 5 Fluorescence images taken by confocal scanning system after volatilizing FA solution with different concentrations and acting

on non-woven strips soaked in probe solution, respectively

(A1~A10) 0, 5.0X1072 1.0X107!, 1.5X 107!, 2.0X 107", 2.5X 107}, 3.0X 107!, 3.5X 10!, 4.0X 10!, 45X 10! mol-L"!; (B) the liner relationship

curve
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3 XIS
3.1 UEFE5HF

AT W IOE BE A (SHIMADZU UV-2700), %
3 2 6% B i (HITACHI F-4700), 4% i 3% 48 3 3% 4%
(Bruker Avance500 MHz), /&% i il (Bruker MAXIS
IMPACT), ot 5£ B {5 (Leica TSC-SP8 Di-
ve), RO 343 (Agilent 1260 HPLC-VWD).

W HON 80% /K & R T Pa Bl fl 2, 4-5-
1L8-Z5 “HIEREF . MRS . ARHEREN. ML, —4&
RER . FRALEN. BRI —E4N. BELEN. BRELEY. B
FREN. BRIERMN. SAb4S. Sbtm. b, S &
TRER . S ALEE. AL, BT LA KA FEE.
THIRAR . BALER. TAERER AN RN, AR
L BRI T R A BB AR R A PR A H.

32 HEVMERK

1 Scheme 1 Fi 7~ A4REN 731 HSU-FA 15 % 2%
HAK [ B35 BB Scheme 2 Fras. ) FH % #2 L 4R ('H
NMR, *C NMR). &7 # 5% (HR-MS)Hfi 52 1 (a1 fA 1L
G2 FAREE HSU-FA 458

0+_0.__0 N2 o
O<_N__O
N
HoN-NH, ~ N ONH,
—_—
OO ETOH OO ETOH
Br Br
1 2
NH2

O N_O

HN

L,
HSU-FA Lo

Bz~ 2 REF HSU-FA (16 it 2%
Scheme 2 Synthesis route of probe HSU-FA
3.2.1 #R4 HSU-FA 494 5%

&Y 2 BIVELN A KT B 4 B S AT SCRk R
B ARCE BRI R FREL 2.770 mg (10 mmol) () 4-75-
1,8-ZE HIRHEF, IR AT 30 mL Jo/K LBk
A, BEEIMA 1.18 g KK & M (w=80%, 20 mL). K ¥if4
FAI R A 90 C, JFEMHHERPL 4 h. RNVER, 5
R SR R e 2 iR, A KRG O, b
JE, MUK ZBEEES(50 mLX3), M. mE4E R 5]
&9 2, 723N 90%. m.p. 135.4~137.1 C.
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FREL 548 mg 4L &1 T 25 mL (R E B+, i
A 10 mL Z = FEFEE, 285 0N IE & 1) K& iR A,
ABFEAIIN 1.8 mL 4- —FIE(ZFE) Lk, 7ER IR
THNFAE 130 CRI, [N 8h. MR, 1EJkEAE
TR TR BIE A RR= Y, B G A E A i e A
REERE, WBhAEA V(&R ) @ M(SEE)=100 : 115
&, PRAITS 2 A A 5, PPEON 85%. mup. 155.6~
157.5 “C; 'H NMR (500 MHz, CDCls) &: 8.60~8.61 (d,
J=7.5 Hz, 1H), 8.44~8.46 (d, J=8.2 Hz, 1H), 8.13~
8.15 (d, J=8.2 Hz, 1H), 7.65~7.68 (t, J=15.8 Hz, 1H),
6.66~6.68 (d, J=8.4 Hz, 1H), 5.54 (s, 1H), 3.80~3.82 (t,
J=8.6 Hz, 4H), 3.44~3.47 (q, J=15.6 Hz, 2H), 2.85~
2.87 (t, J=11.8 Hz, 2H); '*C NMR (125 MHz, CDCl;) §:
160.97, 160.86, 149.96, 134.87, 131.24, 128.31, 126.32,
124.79, 122.11, 120.36, 109.05, 104.58, 67.07, 55.91,
53.11, 38.96; HR-MS calcd for C;sHy0N3;03 [M+H]"
326.1494, found 326.1502.

3.3 HIEHmElE
33.1 RN REA R R EE L&

S H IR EIRAE NI, B 1.4 mg PREFIERE, Ao
FIARAY 3 mL WEN 1.0X 1075 moleL ! KI4FEBH,
TEERAMERE RN 7 AL I A, B AR 7 3
N 36% R FH S K VTR A IR B % 1.0X 1075 A1 1.0 X 10
moleL ™! W4 BT B, AR 5 i idk A7 k. Xt H
PR A AR e e 2 PRI, I N i 2 — S R P T
B KVERUE, 158 S min BEATINK. 76 8] w2 0k A
TN RS TR B A4 5.0 X 104 moleL ™!, [ J5 10 s AH N
3.32  STALLI K AR AE

XTI CIRAS T 1 FR I AT LA S5, 43 v A
B 35 mL ZFEF 15 mL BT 100 mL Bk, 785
TRA IS 8 ARSI 5 mL FIVRA I,
PEEAE S AN 5 mL 1.0X 1072 molsL ™! f4R4t
BER, i s). ik R G o mmA 0~8.0X
1074 moleL ™" [ F S VAW, 1 min J B T L 1% 25 4 A RS
FE PO I E T SRR N E

AT EREMRSIERAE N R B IR BT R IR
KANEFAE R K4, AR LR IRERE AR
W1 h, RIS R K IX T g A F /N4 e B [ e T
A 10 mL A [F] H B FE VR VR M BB R, 6 h 5 ¥ 0 YA
BUR, BT IR A A P ic S pH R A .

333 HtbiRiEH LA

E 15 50 5 1% (HR-MS) W B s P ) 9 751) g F

M. REILIRIGAHT, 2 0.6 mL CDCl; ¥ # 10
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mg LAY 2 120 mg ¥4 HSU-FA. R i 4 FH 1
AN A AR O € 3% (HLPC) WK Hh T
FEIR AR VOK) @ V(FEE)=1 : 9, ¥4 HSU-FA &
JEN 1.0X10 ° molL !, FA ¥ /E 5 8.0X 10 * mol-L ..

¥HBh# &L (Supporting Information) %4 HSU-FA [
LAHMRMOEHE . RAIE1E . BERAE. &P, X
SL Rl AT DA G 3% A X 35 (http://sioc-journal.cn/) | R

.
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