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6 s 2-[2-(7H-

[ag]l )- 1-
789
5um, Agilent ) AVANCE 400MHz ( B ruker ); CARY300 Bio
- : Carlo-Erba 1106 : WRS1A (
) 12 ( Signa E ( , K
, M illiQ
22
221 , Q 01 mol/L ,
(0 1 mmol/L) 37. 35 mg 2-[2-(7H- [a 9] - ) -
(DBCEC-CI) 10 mL, Q Olmol/L DBCEC-CI
(2 0 mmol/L)
222 2mL 150 L (pH 9 0), 44pL , 200 L
, 36U L , 30 40 4 min 10p L 30%
740U L 80% , 10p L
(o] o
O Borate buffer pH 9.0
23
100 g , 160 mL , ., 2mL ,
20 s , 3mL 80% / ,
24
Eclipse XDB-C, (150 mm x4 6 mm, 54 m) A B: A
0 25min; 40% 0%; B: 0 25min, 60% 100% ( 5 min)
1.0 mL /min; 10p L; 30 300 400 fm
(APCI urce) , , 413 kPa, 5L /min, 30
450 35Kk, 4000 A (Pog) 1!
25 2 2-(7H- [a,g - ) - (DBCEC<CI)
DBCEC-CI :
o O e PP g Y
- A ~ : < /ﬂ
0
(“(”O(H(Ho)k c ( A GH.CH,OCH:CH:OH /(”’\
O A
251 1,25, 6- -3, 4- 1000 mL
170 mL HCI, 500mL , 389 , 1h, 22 mL
1h, , 75% )
, 80% (mp. ):193 7 194 2 : , C89 32%, H 5 61%, N 5 18%;
, C89 22%, H5 57%, N5 20% IR(KBr

):3403 56 y—y, ), 3048 03(Ar), 2952 89,
2882 32(Ar), 1503 86(AT) , 802 21, 765 83 LCAPCHMS m/z269 9(

): MSMS m/z269 9( ) "H NMR (400 MHz, DM ) &: 11 90(s 1H, N—H)
7.12 8 35(m, 10H, AT—H), 3 12(t, 2H, C=C—CH,), 3 25(t, 2H, Ar—CH,)
252 7H- [a g] 500 mL

, 1392 130 oy )
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450 mL ,3001,2,5,6- -3, 4- , 2849 , 0 5 h, 2 h,
, , 10 % NaOH , , ,

85% (mp. ):233 3 234 2 : , C90 20%, H 4 52%, N 5 20%; ,

C90 23%, H4 51%, N5 26% IR(KBr ):3432 340 —y ), 3048 09(Ar), 1382 09, 1363 75

(C—N), 808 79, 741 12 LC-APCIMS m/z268 0( ); MSMS m/z268 0(
) *HNMR (400MHz, DMS) &: 12 75(s 1H, N—H), 7.48 8 89(m, 12H , Ar—H)

253 2-(7H- [a g] - ) - 250 mL 15 g 7H-

[a 9] ,13 g , KOH, 100 mL DM F 6 h, , 1000 mL

, , 3 ., 80% (mp. ):143 7 144 8

: , C8L 08%, H5 89%, N 3 96%:; , C8L 13%, H5 91%, N3 94% R

(KBr ): 3286 34 (V o—y), 2860 89 (Ar), 1122 59V o), 805 30, 737. 90 LC-ARCIMS

m/z 356 2( ); MSMS m/z294 1( ) 'H NMR (400 MHz,

DMS0)d 4 52(t, 1H, O H), 751 8 91(m, 12H, Ar H), 3 44(t, 2H, H—CHOH), 3 56
(t, 2H, OCH,), 4 52(t, 2H, CH,0), 5 24(t, 2H, NCH,)

254 2-[2-(7H- [a, g] - )- (DBCEC-CI) 500 mL
10 g , 100 mL , ,
, 7 g2-(7H- [a 9] ) 200 mL 2h
, 0 4 h, 6h , )
100 mL 3 2 , 70% (mp) :
605 615 : , C71 80%, H4 75%, N 3 37%; , C71 8%, H4 79%,

N335% R(KBr ): 3057 01, 2863 16 (Ar), 1773 84 (C=0O ), 1527. 71, 1363 75, 1165 15
(C—N),805 54 'H NMR (400 MHz, DMS0) &: 7. 58 8 91(m, 12H , Ar—H), 3 48(t, 2H,
OCH,), 3 69(t, 2H, CH,0), 4 16(t, 2H, CH,O0C=0), 5 25(t, 2H, NCH,)

3
31 DBCEC-OH
311 DBCEC-OH BCEC-OH 1 , DBCEC-OH
DBCEC-OH 5 , (rm)
(L/(mol- am)) : 236 M (3 20 x10') 290 nm (5 20 x10') 301 M (5 30 x 10')
342 i (1 8 x10") 369 m (7. 4 x10°) [15] : BCEC-OH 5
, (rm) (L/(mol- an)) 230 rm (3 80 x10') 244 m
(3 90%10') 253 M (4 4 x10') 279 m (4 60 x10') 305 m (2 60 x 10") : BCEC-
OH 1 DBCEC-OH, 1 2
BCECOH 253 279 mm DBCEC-OH 290 301 rm, 22 37m
115 118
312 DBCEC-OH 300 400 M
DBCEC-OH ,
LC , ,
, DBCEC-CI BCECC[® BCEOC-CI™® mvoc-cl® 4
( 1) 1 : DBCEC-CI
(BCEC-CI ) bececci / beece =1 02 1 60 (
) bececcr /beeocer =1 30 2 57; bececer /loc =2 20 4 12(1: )

1 0 x10 ° mol/L DBCEC-CI RMOC-CI
(DBCEC-OH, A ., =300 rm, A ,, =400 rm; AMOC-OH, A ., =263 M\ , =316mm)
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DBCEC-CI RVOC-CI
k= Kd(1-10") (1)
" , & K’ s A
(1)
Py ppcec) _ koscecen % 1 - 10»A(FMOCC|)) (2)
Py(amoc-c B lmoccy X (1 - 107A(FMOC£|))
(2), DBCEC-CI AVIOC-CI (I oBcrccy DBCEC-CI
vA(DBCEC-CI) DBCEC-CI ; If(FMOC-CII) AMOC-CI lA(HVIOC-CI) MOC-CI
) DBCEC-CI MOCCI b oececey [ Pimocey = 1 79
: DBCEC-CI MOC-CI
1 (n

Tablel Camparion of fluorescence intensity betveen 2-[ 2-(7H-dibenzo [ a, g] -carbazl-7-yl) -ethoxy] ethyl Chlorofomate
(DBCEC-CI), 1, 2-benz-3, 4-dihydrocarbazmle-9-ethylchlorofomate (BCEOC-CI) , 2-(1H-benz|[ a] carbozol-11-yl) ethyl chlo-
rofomate(BCEC-CI) and 9-fluorenyl methy! chlorofomate( AMOC-CI) amine derivatives

Iececci / bececci / Ibscecci / bbececci / Iscecci / Ibscecci /
Amine derivatives lsceccl leceoc<l lvoccl Amine derivatives lscec-cl lsceoc<l lavoc-cl
Cy 0 89 148 228 C; 1 50 237 4 12
C, 102 170 2 85 Cg 1 53 2 57 395
Cs 0 85 130 220 Cy 155 235 4 07
C, 116 178 2 83 Cio 1 60 239 3 96
Cs 126 2 00 322 Cu 1 60 2 50 3 90
Cs 147 2 28 3 82 Cp 1 55 2 27 3 67
313 DBCEC-CI BCECCI BCEOC-CI . DBCEC<CI
1 ) ) , DBCEC-CI
BCEC-CI BCEOC-CI 3 12
( APCI , MOC-CI , AMOC
H,0" ) 2 2 :
( E) Epececcl /Escecar =4 16 29 31, Epgeeccr /

2 (E)
Table 2 Camparioon of M S ion current intensity betveen aliphatic anine derivatives

Amine derivatives Epscecci /Eaceccl Epscecci / Esceoccl Amine derivatives Epscec<ci / Esceccl Epscecci / Esceoccl
C, 10 88 2 47 (o 4. 87 175
C, 11 36 2 34 Cg 13 21 159
C; 4. 16 145 Cy 15 66 2 17
C, 5 38 147 Cio 19 78 165
Cs 4. 26 1 48 Cp 29 31 185
Ce 6. 00 176 Cp 18 67 123
32
DBCEC-CI pH ,
, 3 : ) )
, 4min pH , pH
i pH=90 ; pH 100 ,
1 3
33

,DBCECOH 1 ,
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( ),
N 2 DBCEC-OH
Eclipse XDB-C; (150 mm % 4 6 mm,
54U m) / )
30min 12
1 1 t/min
, DBCEC-OH 1
(m/z356 8 [M +H] + ) DBCEC-CI Fig 1 Chromatogran for standard anines derivatized with DB-
CEC<CI
(2-[2-(7TH- [a g] _ _
C. (methylamine) ; C,. (ethylamine) ; Cs. (propyl-
- ) - (DBCEC-OH) ) . )
amine) ; C,. (butylanine) ; Cs. (pentylanine) ; Cs.
[2-(2-(7H- [a’ g] ) (hexylamine) ; C,. (hep tylamine) ; Cs. (octylanine) ; C.
) - (DBCEC), (m/z =737 3 (nonylamine) ; Cy,. (decylanine) ; Cy;. (undecylan-
[M +H ] \ ) ) ine) ; Cp. (dodecylanine) ; A B (unidentified) ; DBCEC-OH
DBCEC-OH (DBCEC), (2-[2-(7H- [ag] - )t (2-[2-(7H-dibenm] a,
(APCI Source) g] -carbazl-7-yl) -ethoxy ] -ethanol) ; (DBCEC) ,: [2-(2-(7H-
, , [ad] - )- . (bis (2-[ 2-(7H-diben>[ a, g] carbar
2 3 ol-7-yl) ethoxy] ethyl ) -carbonate)
3 DBCEC-OH
3
Table3 MS data
[M+H "
: Pseudamolecular ion
Amine M +H ] M S/M S data C oG GG
G 413 2 356 2, 294
C, 427. 2 356. 2
C; 441 2 356 2 0 5 10 )
C, 455 2 3562 t/min
Cs 469 2 356 2
Ceo 483 2 356 2 2
G 497. 2 356 1 Fig 2 lon current chromatogran for standard DBCEC-amine
Cs 511 2 356 1 -
C, i as6 1 derivatives
Cuo 539, 2 356, 2 C, Cp 1(C, Cy, are the same as In Fig 1)
Cu 553 2 356 1, 294 2
Cp, 567. 2 356 1
C, Cp 1(C, C,, are the same as in Fig 1)
1009 A 5232 1009 356.1
S 80 S 80
L [
g g
_g 60 = 60
=3 =
< 401 3562 2 401
X i
o 204 o 204
# 3383 294 114 # 5643 i
0 T T i S S 1 0 T 4 T T T T T 1
100 200 300 400 500 600 700 800 900 100 200 300 400 50/0 600 700 800 900
m/z m/z
3 (A: ; B )

Fig 3 MS(A) andMSM S(B) wectra for representative undecylanine derivatives
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34

50 pmol 24 4 fmol ) ,
4 0 9991;
101 Q 3 fmol ( S/N =3)
50 pmol 6 4,
0 081%, 1 03%
4

Table4 Linear regression equations detection limits reproducibility for peak area and retention time of aliphatic anine
derivatives

RD RD
. A Y=AX +B Detection limits R of retention tme  RD of peak area
Amine derivatives R (fmol) (%, n=6) (%, n=6)
C Y =0 05680X +27. 42 Q0 9996 30 Q0 064 102
C, Y =0 06907X +52 56 0 9991 05 Q0. 056 0 86
C; Y =0 05897X +29. 26 0. 99961 01 Q0. 047 Q 97
C, Y =0 07667X +41 04 0. 9995 20 0. 062 103
Cy Y =0 07627X +39 95 Q0 9996 08 Q0 065 0 9%
Ce Y =0 17559X +95 35 0. 9995 04 0 46 0 86
C; Y =0 09131X +49 36 Q0 9995 06 Q0 081 0 92
Cq Y =0 11247X +61 21 0. 9995 04 Q0 072 0 93
Co Y =0 08117X +45 16 Q0 9995 03 Q0 046 0 98
Cuo Y =0 09626X +50 93 Q0 9996 03 Q 072 101
Cu Y =0 07655X +41 19 0. 9996 04 Q. 045 102
Cy Y =0 08096X +42 59 0 9995 51 0 062 097
Y: (peak area) ; X: (injected amount) pmol
35
1 1 4
(5 ng/g), :
5 ’ CS_" C4 L]
1 Q 7
¥ . . . . % (DBCEC),
Table 5 Content of aliphatic anines fram il sanple Q
and recoveries EDS
Amine Soil sample Recoveries
derivatives (ng/g) (%) c
C, Q0. 052 102 1 '
G, Q0. 060 103 2
Cs * 96 9 T A T T T T 1
C, 0. 056 100 5 0 5 10 Jmin 15 20 25
Cs 0 128 101 6
Ce Q0 122 102 4 4
C 0 113 100 8
Cs 0 156 103 4 Fig 4 Chromatogran of aliphatic anines from il sanple
Co Q 250 100 7 1 ( chramatogrephic conditions and peaks as
Cyo 0 259 103 4 Fig 1)
Cu Q 208 102 2
Cp 0221 103 2
* (unidentified)
36
2-[2-(TH-  [ag] - -

(DBCEC-CI) , '
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M ass Spectrametr ic Identification of Aliphatic Am nesUsing
2-[ 2-( 7TH-dibenzo[ a, g] -carbazol-7-yl) -ethoxy] ethyl
Chloroformate as Novel Fluorescence L abelng Reagent

YAN Teo ', SUN Xuedun', ZHAO Huai-Xin', Sun Zhiwei®,
LiuQin-Ze*, Sw You-Rui?, YouJinMa "2
! (Shandong Key L aboratory of L ifeO rganic Analysis College of Chenistry Science Qufu Nomal University, Qufu 273165)
% (Northwest Plateau Institute of B iology, Chinese Acadeny of Sciences X ining 810001)

Abstract On a reversed-phase Eclipse XDB C8 (150 mm x 4 6 mm, 5d m) column, 12 aliphatic anine
derivatives were derivatized using 2-[ 2-(7H-dibenzo [ a, g] carbaml-7-yl) -ethoxy ] ethyl chlorofomate
(DBCEC-CI) asa newv pre-column derivatization reagent The complete baseline reslution was obtained in
conjunction with a gradient elution with acetonitrile/H,O asmobile phase D etection was carried out by the
fluorescence and online post-colunn amogpheric pressure chemical ionization (APCI) in positive-ion mode
The maximun excitation and enission wavelengthswere at 300 rm and 400 rm, regectively. Identification of
aliphatic anine derivativeswas carried out by the online post-column ion trgp /mass gectrametry with positive-
ion detection modeof APCIMM'S A rgpid, accurate method for the detemination of free aliphatic anine extrac-
ted from ilwasproposed The established method exhibited excellent reproducibility and recovery. Excellent
linear reponseswere observed with the correlation coefficients >0 9991 The detection Iimits(at signal-to-
noie of 3 1) were10 1- Q 3 fmol

Keywords High perfomance liquid chramatography/ ion-trgp mass gectrametry, fluorescence detection, pre-

oolumn derivatization, aliphatic anines, 2-[2-(7H-dibenm] a, g] carbaml-7-yl) -ethoxy] ethyl chlorofomate
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