%38 % ¥k (FENXI HUAXUE) BT F1H
2010 %1 A Chinese Journal of Analytical Chemistry 8~12

?-.\E/-/\t/-/\/-'/\%\/-'/\'/-/\'/vf\?

@’r;‘t:}ﬁ%g

LuAmemem e ey

2-(FFENY AR -Z B oK W B B 4R 51 3
e S 0 R i ) XU 38 4 4

fré##' &' IS5 H2EH F ¥
& A 5 éiﬁzﬁﬁﬁ”ﬂ
(AN E AR, MBI Rl ey B 273165)
(P ER AL B E AP RT, T 810001) (s EREBIIT RS, JLET 100049)

# OE RE3FHARMMEFEEELESYHITRC, KR ESRNEN, S HBER I E.5-(2-8B2
H)-(RIHIERS N, N-BREETUBRME ( CDI) 48 & T B I DUBUR RS 2- (3R 0Y I AR ) - 2, H PRk B 5 ( BAEIC)
SR AT A R B RS , FE a8 . BAEIC 72 N, N-— B FEEE; (DMF) #5359 sh L 4-— FE S Bk nE ( DMAP)
AR, 7 80 C AT SR M A LA R EUCE , AMURILH BRIt , Fbt A R A RS b
BE1. B TIHEYEZEMPEKBEBE T E S TE S £ 5.62% ~58.08% 1 2. 14% ~ 56. 58% i
Wo ANERA REFNERME, MEMEF BN A,/A., =280/510 nm, LK H A 0. 12 ~0.59 pg/L
(8.6 ~79 fmol) ; 7E£% APCI-MS ¥t BR % 1.9 ~ 14 pg/L(544 ~825 fmol) ,

KA WOREE-T; BRI S-(2-R25) IR ; 2-(RIFIV ) -2 Dk AR
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SRS MPOEE AT Z R T HREERLE | %%%&éf“ﬂ%% U, A THEES EWEES TR
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Ko MEAh, AN IR AR A B E R AT A MR IR B NI, ERERFERE,
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2.1 (BE5ERAN

1100 5 T BEBOM 35 - BRI I9e A, BU 45 DU TR 8 AE R B s LWL DB R T 85 70 B B e 2R
(2H Agilent AF)) ; RS E AL % 813 I ( APCI Source) ; Delta 600 2 # % 3% (£ H Waters 22 7] ) o
F-7000 323643 966 BEH( B 4 Hitachi AF]) o 12 FEGHIREARAES: (£ E Sigma AF]) ; ZHE (AL, B
FRFAF); 5-(2-B2.5)-FFH 0V EE (HBA, AH) ; 2-(CRIF0V 1R ) -2 F ok e BR S (BAEIC, H
H1) 5 N,N-SRIE ks (CDI) |, 4-—F S 3Enitne (DMAP) % H B i 5 0 Hr 4l
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2.2 FREREEH

43 SIFRER 12 F 50 A i, Pl 2 I BE AR 4 0. 1 mol/L IV, AR e BE 12 R I G TR &1
(2.0 x 10 mol/L) F§ N, N-— B S B Bk ( DMF) F5 R i i, FRER 0. 1156 ¢ HBA I DMF £ £ 10 mL,
W4 0.04 mol/L. FREX 0.1532 g BAEIC fil DMF &£ & % 10 mL, ¥ E 4 0. 04 mol/L, FRHL 0.2 g
DMAP, J] DMF 5£ A % 10 mL, # ¥ % 20 g/L. FRER 0.1 g CDI, i DMF &% 10 mL,¥EKE N 10 ¢/L,
2.3 wiESKRIEEY

Akasil-C 0345 (250 mm x 4.6 mm, 5 pm, FEEERRKBHEAF ). Fah A:30 % 2FE(F
20 mmol/L HCOONH, , pH 3.74) ; #ih#d B:100% Z.1E . B EE Ve AT .0 ~ 30 min, 10 % ~100% B, {%
% 10 min, #EE A 1.0 mL/min, #EREE 10 wL, B 30 °C, ZEERUR FA SHECK 70514 280 A1510 nm,

WA KRR B IR (APCI source) , 1F B P, BE%EE ) 413 kPa, THEAH R S L/min, T4
m/ﬁ’l& 350 °C ,SALIREE 450 °C, B4REHLE 3500 V, HL 5 HL I 4000 nA (Pos) .
2.4 FTHEFZE

W3 MOTE AR (RER 1) (1) —F % RREEEMTIA 200 pL HBA,200 pL
DMAP,350 uL CDI f1210 pL Bcbnde i, B3 E T 80 C/KE PR KA 60 min, B 10 pL, /i1 190 L Z,
IERE R () B F ok HOR MR A 200 pL HBA 200 wL DMAP,350 pL CDI i, %5
F 60 CKIE 3% RS 20 min, {# HBA 5 CDI fE A i E]fk BAEIC, it A 210 plL 12 FiE & e 8945
HEVTR, % 35 T 80 °C KR 60 min B 10 pl, MNZHE 190 wL #68E, #ERE; (3) F M ikk KK % s
FEH A 200 wL BAEIC,200 wL DMAP,350 pL DMF,210 pl 12 #iE & 8455, B E 5 T 80 °C JT A
60 min, B 10 uL, iNZHE 190 L BB,
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One step method Two step method reaction method
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& Heated at 80 'C for 60 min (I) /=N 2
& CH;CH:O-& —-N (EHzCH;O —NHR
CH.CH; o—& —NHR g N
@ g
O DMAP O
RNH;
80 CfJ[J‘m60 min CH LHZ()—( —NHR
Heated at 80 C for 60 min

K1 e RN L E

Scheme 1  Derivatization scheme of 3 methods

HBA: 5-(2-8Z. %) -5 3 7Y i Hd ( 5-( 2-Hydroxyethyl ) benzoacridine ) ; BAEIC: 2-( 3 H I 02/ ) -2
FLOK WAL BE (2-( Benzoacridin ) ethyl-imidazole-1-carboxylate ) ; DMAP . 4- - B & £ it iF (4-Dimethyl-

amiopyridine )
2.5 #Emae

HGER 57K, I HCLRETT R pH 3.0, 5% | min, K @ BRI B AR MR A AL, 20k, &
BUIEYR 150 mL, & /5, 1 80% £ HE 5 mL, FH 0.1 mol/L NaOH A& Bt 5 B H F AT A 1k
2.6 BHEFHLMGIT

FriEA HBA )RR R & N.O 223 i S VT 22 7, B F N AR 3E O R F4b TR AXT L4544,
TN FAFE AN ES (WLEH2) . 547 A S NEFHIEFE BT R EREEE
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Scheme 2 Isomerization mechanism of 2- (benzoacn'din) ethyl-imidazole-1-carboxylate derivatives in

aqueous acetonitrile
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_[AE] "
[A] - [E]
[A],[EJRM[ AE ] oA R B FAT B AR R B SPAEE A2, ﬁﬁ'}%?ﬂ:{EBT%Xﬁ
[AE] _ _ [AE] | 2)
[A], ~ [A] +[AE]

BRIERBEE TE A BFIWRE N[ A, , FNRE R Fy, W

F, =K’¢’f[A]o (3)
K' A5 ER o H ARNB T, JAMIEEFLE,RIR ANIOCRER F, I F
AIRIBEA:

K =

8_

F=Ke(1-8)[A], (4)
(eht,6 =[AE]}/[A],) , Z5E%(3)M(4)1FH:
(Fy - F)/F = 8/(1 - §) (5)
2%, )M BT
(F,/F)/F = K[E] (6)

([E ]ilﬁ?%?ﬁiﬂ’ﬂzﬁ%ﬂﬁ R L AR AE) K, 3B [E) ~ G, , €, R T4 TR0 BB /R
W), TR6)AAER:

(Fy - F)/F = KC, (7)
B¥ER(T) P (F, -F)/F RFER(T) B3
8 = KC./(1 + KCy) (8)

BIEARFRFRFETEREE T REERKE, REBERN(D) FHBKER KEE , RAEFKX(8) P IKEGH
DGR R A

3 HR51E

3.1 WHKEMHR

LK ARR R AL TER A, %W%*ﬁ?%%%mgmiﬁ , BAEIC-%% e 7 4 1 9 S L 3R BE %
1€, XFERFH AT ERTATRERBEEFIBONBERNGER . R 1 ARHFTFEARRE
Z A0 BOK W AN SEOEIRE R R ST K . SRR BT T4 TR BN, SEO6TR B A H A
€, BASBEKABAE ZEZHEHLBL 39 nm, FEHLEL 13 nm,

Hit b, BB TAMES SMAKNERE IR BLREXRR. ELHEF, KOERIEHY
0 ~70% B ERHERIF; H—H AR UMBERYE, FTERFH 5 FEMRKEZ I+ % EREHEZK
(8=2.77 +0.2414x, r =0.9921, x J/KMAEBEGE) . FEEPHAMMUKER, HBEHKHER
B 0 ~40% BY Rtk R AF (5 =0. 30 +0. 17996z, r =0.9896) , R UIMAE LY. EREHNHTHE
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Table 1

Fluorescence intensity of BAEIC-decylamine in the presence of varying amount of water and corresponding calculated

percent ionization & values

ZJE Acetonitrile H B¥ Methanol
H,0 BRER BTREAK BREH ETRESH
(%, V/V) Xem ﬁﬁ'ﬁ&}ﬁ Quenching Percent Aem ﬁ)’(ﬁ_ﬁﬁ Quenching Percent
(nm) Intensity constant ionization {(nm) Intensity constant ionization
K( x1072) 8(% ) K( x10°2) (% )
100 523 425 2.49 58.08 523 425 2.34 56.58
90 520 586 1.46 42.21 522 601 1.25 38.61
80 517 735 0.85 27.51 520 684 0.97 30.13
70 515 819 0.61 19.23 519 758 0.75 22.57
60 514 830 0.66 18.15 517 797 0.68 18.59
50 510 870 0.59 14.20 516 871 0.45 11.03
40 510 885 0.65 12.72 513 903 0.38 7.76
30 507 909 0.69 10.35 513 928 0.33 5.21
20 506 946 0.64 6.70 512 939 0.38 4.08
10 501 957 1.07 5.62 Sit 958 0.39 2.14
0 484 1014 510 979

H(note) : ZHE/KEKFBE/KH BAEIC-S B BE R 1.0 x 10 S mol/L; Fy A Z ol B BEh 0 3R, K i R (T) B, 6

#,(8) 48 (Final concentration of BAEIC- decylamine in each aqueous acetonitrile or methanol is kept at 1.0 x 10 ¢ mol/L; F, was meas-

ured in 100% acetonitrile or methanol. K values were calculated according to the Eq. 7; & values were calculated according to the Eq. 8

in each corresponding K value obtained) .

3.2 giEsH

HBA = BAEIC 5/ 5 & i3 42 A0 SR N7 BERR A4 A AL 77 . CDI I B I 0] (AT AR IR BE AT A i [R] B AN ]
MEFRAREER, UIFER T B0 T+ TS LB RM M3T T . KR
KU AT AR 80 °C, A4 A 1E] 60 min, #E4L5R Yy DMAP, L5 DMF i RA B @A 8, fERiL
WRT,BET 3 MOARATEMITEM A RWER, S5REY 763 FmEEP, kA &E,
Tk CHRHMBRRMA X, JTEB 5 C B E CRERMKLN25 %) (W1 HA,B,C), HEEK
FA—ATEd B, e 54567 CDI ALK B iElA ACDI, FiJE HBA #3255 1[Ik ACDI K%
B — B RBEBAGE R, AT SBAREMAT AR, ik C B— P EEFERALRE, PRERS.
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Fig.1 Chromatograms for standard aliphatic amine derivatization

A: —#5:(One step method) ; B: B (Two step method) ; C: H1[A] k¥ ( Intermediate reaction) ; D: 4t B
7£/0 B K (Derivatization in the presence of a small of quantity water) ; #:(Peaks) : Cl. B i ( Methylamine ) ; C2. Zf&
(Ethylamine) ; C3. PSRk ( Propylamine ) ; C4. T B ( Butylamine ) ; C5. [ R ( Pentylamine ) ; C6. T B ( Hexylamine) ;
C7. PEfE(Heptylamine) ; C8. M ( Octylamine) ; C9. B ( Nonylamine) ; C10. 22k ( Decylamine); C11. +—j&
(Undecylamine) ; C12. + —j%( Dodecylamine) ; DMY: — B j% ( Dimethylamine) ; HBA; 5-(2-33Z %) - H 0V 2§
(5-(2-Hydroxyethyl ) benzoacridine) ; BAEIC, 2-( K0y oEfd) -2 Sk M B BS ( 2-( Benzoacridin ) ethyl-imidazole-1-
carboxylate) ; (HBA),: XU-(2-BZ HFE 0V 1EN ) -BRM81E ( bis-(2-Hydroxyethyl ) benzoacridine ) -carbonate ) ,
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RAE T B RAF BB S a4k BAEIC, (H3F 404k o St & CDI &7 JF i h [l 4k ACDI, B i~
LT HE Co MM, FrESBEFAELBKET, BAEIC 458 K N F#K, 455, HBA A1 (HBA), fI458 EF
hnsR (B D) , FEFEE 2 a1k BAEIC Kf#, 4 8iA HBA TER LT 553 8 & BAEIC /8 RITE L
BRI - (255 2 HE AR FH0Y g B ) -5 BRTE (HBA) , (m/z 605.6) . 3 5h4) B s = A /N i DMA , R it
A F DMF Kfgr=a /0B — BRI R (m/2 361.7)
3.3 Rik¥xE

Fii A BAEIC FeAfA: 9= A FRIE AR i 3 F IR B 4 W3k 2., ARt C10 BT —RRi% . —
B IE R R E 2

4735
8 4
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B2 BAEIC-REEATAEWBIEE  — R (A) , “HRiE(B)
Fig.2 APCI-MS/MS spectra of representative decylamine derivative; MS spectra (A), MS/MS
spectra( B)

3.4 ZEEEFEEHRMERYE

RARTEF C, HRERFE 21 fmol ~43 pmol Ji A , MW T ARFIFERE B, X R A WA T LR
(115, FrAs45A AE M9 15 5 A2 ARG R B BR (S/N =3) WK 2, %t 43 pmol 5 i REAT A ¥ F AT
SE 6 WK, 17 8 B[R] A e T AL AR X AR HE AR 22 7E 0.05% ~0.08% Fl 1.9% ~2.5% Y B
2 FERTEEATA YL E  EE R AR B R St B B R

Table 2  Linear regression equations, correlation coefficients, detection limits, linear range and MS data of amine derivatives

AT A Y LAEEFTRE HEX R Liodie] s RN — R i ZRmi% APCI-MS
Amine Regression Correlation LOD Linear range MS(M+H) * MS/MS LOD
derivatives equation coefficient (fmol) (pmol) (m/z) (m/z) (fmol)
Cl1 Y =2.417270 +6. 626650X 0.9991 79 0.3~10.7 347.7 290.7, 272.6, 246.4 610
Cc2 Y =5. 506290 +33.09517X 0.9992 17 0.08 ~10.7 361.7 290.7, 272.6, 246.4 544
Cc3 Y =2.578320 +37. 58286X 0.9999 29 0.08 ~10.7 375.6 290.7, 272.6, 246.4 825
C4 Y =2. 150190 +35. 03495X 0.9998 29 0.08 ~10.7 389.6 290.7, 272.6, 246.4 731
C5 Y =3. 742540 +39. 59094X 0.9999 25 0.08 ~10.7 403.6 290.6, 272.5, 246.4 772
C6 Y =5. 057960 +39. 26561 X 0.9998 20 0.2~10.7 417.5 290.5, 272.5, 246.4 727
Cc7 Y =12.02493 +41. 12445X 0.9993 8.6 0.08 ~10.7 431.5 290.5, 272.5,246.4 709
C8 Y =2. 690940 +40. 52561X 0.9999 19 0.08 ~10.7 445.5 290.5, 272.5,246.4 795
c9 Y =6. 698310 +39. 81492X 0.9999 8.7 0.2~10.7 459.5 290.5, 272.5, 246.4 794
C10 Y =3. 618940 +33. 64824X 0.9998 23 0.2~10.7 473.5 290.6, 272.5, 246.4 766
Ci1 Y =2. 522100 +29. 78792X 0.9998 35 0.08 ~10.7 487.5 290.5, 272.5, 246.4 774
C12 Y =1. 677860 +30. 71303X 0.9999 25 0.2~10.7 501.6 290.3, 272.5, 246.4 763

Y. M F( Peak area) ;X 347 (Injected amount) pmol ; Fi 528 B & # ( Linear ranges of APCI-MS were not tested) ,
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3.5 EEREERMISN

T /NI K 1 4388 P 3, KA P B AR HE & (5.0 x 10 ° mol/L) , #2 B SE I J7 ¥R Ab B HF 1T 2

., B K h AR I S 5 B R IR LK 3,

HBA BAEIC (HBA),
22.5¢

2001
17.5¢
150
12.5F C1
10.0

LU

A

7.5 C3 C4 C5 cefl €7 C8 C9 Clo CH Cl12
' Al P S WY G VO B T
5.0

0 5 10 s 20 25 30 35 20
t/min
B3 NIk b RS A i £ 1 2> S
Fig.3 Chromatogram of aliphatic amine from water in Yihe river
4,33 5% {4 Mg 5 [ 1 C( Chromatographic conditions and peaks same as in Fig. 1C)
R3 UK PRERIRE B & B X R
Table 3 Content and recoveries of aliphatic amines from water in Yihe river
mey  OKRERER L mer | mpey  TUKPEmER e
Amine Amine in MS*© §% Recoveries Amine Amine in MS*® &Z‘E Recoveries
derivatives mver waler MS identify (%) derivatives river water MS identify (%)
(ng/L) (peg/L)
C1 2.558 Yes 99.3 Cc7 0.259 Yes 100.8
C2 * 100. 1 C8 0.121 Yes 99.9
C3 0.075 Yes 98.5 co 0.015 103.1
4 0.049 Yes 101.4 C10 0.013 101.2
Ccs 0.067 Yes 102.2 ClHl 0. 051 Yes 98.7
C6 0.364 Yes 103.6 C12 0.152 Yes 100.5

* B F 5 R HE D IEBE B AOCR 4T 52 8 (C2 was not determined owing to co’eluting with unknowcomponents) ; * = 414} B 8T H4THELR

{4 B 1% % 5F (The component was appraised by the online mass spectrum simultaneously) ,

4 & it

HA HBA Mg & & N.O ZFF i SBUBRET BAEIC, X AL & W HATARIE, LR T 3 AR
RIRTAE TP RN, SRR AEESLRMF T, Pk BAEIC 5BMATA =R 5 & , BB M
EMALEA BRI TOLR e, R AR BER TR, AR ARLRUEER El

U BAERIE SRR, X SRR S/ N UK b BB R T AR B AT R R
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Dual-Sensitive Probe of 2-( Benzoacridin ) ethyl-imidazole-1-carboxylate
for Determination of Aliphatic Amine with Fluorescence and Online
Atmospheric Pressure Chemical Ionization
Mass Spectrometry Identification

FU Yan-Yan', LI Xiao-Yan', SUN Zhi-Wei’>”, QIN Xue-Qin', XIA Lian'?”,
SUO You-Rui’, LI Yu-Lin®, YOU Jin-Mao*'”
' ( The Key Laboratory of Life-Organic Analysis, Qufu Normal University, Qufu 273165)
2 ( Northwest Plateau Institute of Biology, Chinese Academy of Sciences, Xining 810001 )
*( Graduate University of the Chinese Academy of Sciences, Beijing 100049 )

Abstract With comparison of three different methods for the marking of amines compound, an optimal deri-
vatization method was selected. 5-(2-Hydroxyethyl ) benzoacridine (HBA ) reacts with coupling agent N, N'-
carbonyldiimidazole( CDI) to form an activated amide intermediate 2-( benzoacridin) ethyl-imidazole-1-carbox-
ylate( BAEIC). BAEIC, which is dual-sensitive probe, reacts preferably with amino compounds at 80 C in
the presence of 4-dimethylaminopyridine (DMAP) catalyst in N, N-dimethylformamide (DMF) solvent to give
the corresponding sensitively fluorescent derivatives with an excitation maximum at A, of 280 nm and an emis-
sion maximum at A, of 510 nm. BAEIC-amine derivatives simultaneously exhibited high ionization potential
with percent ionization ( changing from 5. 62% to 58. 08% in aqueous acetonitrile and from 2. 14% to
56.58% in aqueous methanol. Derivatives were not only sensitive to fluorescence but also to MS ionizable
potential. The fluorescence detection limits(S/N =3) were 0. 12 -0.59 pg/L. The online APCI-MS detec-
tion limits were 1.9 - 14 pg/L(S/N =5).
Keywords High performance liquid chromatography/mass spectrometry; Aliphatic amines; 5-(2-Hydroxy-
ethyl ) benzoacridine ; 2-( Benzoacridin) ethyl-imidazole-1- carboxylate
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