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10mL, 5 0mmol/L (2 5mmol/L)
222 2mL 1500 L pH =9(0 2mol/L) ,50M L
, 20U L 30K L ' O E 1,4- PSCKT {
JA- DUSUCAR N
40 3min 100 L ‘ O Tetrachloro-1.4-benzoquinone O O
0
50% ! 140” L 50% O (‘HZCH:—o—cl‘I—Cl O Ll‘ll:(‘llz—Oll l.z-éﬁgiﬁuﬁgpane
2o : L
23 (BCEC-CH HO+OH
Ecl Ip £ XDB -CB J/\]i;l]l‘glt}ijz]gnlin
. R—CH,CH,NH,
(150 mm x4 6 mm, 5P m, Agilent )

0 (I‘”:CIL—O]I
A:30% (20 mmol/L 0 (l‘l'I:Cl'lfO—(H‘—NI'IClLCII:R el co,
b hg

, pH =3.55); B: 100% (BCEC OH)
A 35min 70% 0%,B  35min M )t
30% 100%, 5 min,
) 1 2-(11H- [a] )
1 OmL /min, 10p L, 30

279 m 380 m Fig 1 Derivatization scheme of 2-(11H-benzo|[ a] -carbazol-11-

: (AFCI yl) ethyl chlorofomate (BCEC-CI) with aliphatic anines
urce) , , 413 kPa,

5L /min, 350 450 3500V, 4u A (Pog 0

24 2-(11H- [a] ) (BCEC-CI)
241 2-(11H- [a] ) 1,2-  -3,4- W 11H- -
[a] (%1 2-(11H- [a] ) 500 mL ,

11H- [a] 20g( 0 1mol) 7 gKOH 200 mL ,30 40

0, 62g 50 mL ,1h ,
2 h, 50 2h , ,
30 min, ,

'm p 104 5 106 1 Found, C 82 84, H 5 68, N 5 14; Calculated, C 82 76, H 5 75,
N5 36 R (KBr), 3432-3163 4 ( —OH ); 2922 44 (Ph); 1470 8( C—H ); 1405 3, 1384 96
(CH); 1126 54(d—C 0O ), 810 75, 741 67, m/z 261 8(M"), m/z 2438 (M - H,0")

242 2-(11H- [a] ) (BCEC-C) 500 mL 2 g
,100 mL , , , 5 g 2-
(11H- [a] )-  150mL 1h , 0
4h 6 , :
100 mL x3 3, , 347 g, 70 0%

mp 1383 1391 . Found, C70 52, H 4 24, N 4 30, Cl 10 84; Calculated, C 70 48, H 4 33,
N 4 33, Cl10 97, R (KBr), 1769 86 ( O—C ); 1469 33( C—H ); 1405 64, 1384 94( C—H );
1147 28, 1101 35, 814 02, 741 18

3

31 BCEC-OH

311 BCEC-CI BCEOC-CI 1,4- )
BCEC-CI , BCEC-OH 5

, (Lmol* an™ %) © 230 m (3 80 x10'),244 m (3 90 x
10'),253 m (4 40 x10'),279 nm (4 60 x10'), 305 m (2 60 x10') BCEOC-OH
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4 , (rm) (L mol'* an™ ") 215 im (2 0 x10"),
217 rm (1 95x10'),249 m (1 95x10'),321 mm (2 0 x10") ,
BCEOC-OH 321 mn , BCEOC-OH
249 rm 279 mm, 2 36
312 [9] ,BDC-OH 333 m,
365 m ,BCEC-OH 2 279 300 m, 2
365 380 m ,279 M 300 m 132 ,
380 M 365 mMm 121 279 380 M
, , ODS-C18 (500mg), 50%
, (100%) , , 20 mg, ,
, BCEC-CI 100% , ,
BCEC-CI,BCEOC-CI Rmoc-Cl ' , , 12
, 1 BCEC-CI
beece [ berocer =1 94 2 17; beecer /loc =1 04 2 19 (1: )

1

Q)

Table 1 Camparion fluorescence intensity of aliphatic anine derivatives

Amine derivatives

lscecci / lBerocci

lscecci / lmoc

Amine derivatives

lcecci / leeme

lscecci / loc

Cl1 2 13 2 19 c7 2 14 153
C2 194 193 C8 2 17 143
C3 2 09 184 C9 2 14 132
C4 2 08 175 C10 2 00 118
C5 2 10 1 67 Cil1 2 00 1 05
C6 2 12 1 60 C12 2. 06 104
32
,BCEC-CI )
) ,3min 1
’ 2 3 ’
2
)
£ 1200 C6 2 ) )
i, a A——AC9 % 36004 b //"'_ co
B2 900 202 3200- :/,, . 1
e 2 o 9
] L —a(C3 Ll i
S % 600 jj % 2800 '//\‘
Eé /v—v———vC12 EE 2400
E g = ;
£ 300 £ 20007
o] = —— 3
~ T T T T T ~ 1600 T T T T T
1 2 3 4 5 0 2 4 6 8 10
n(BCEC)/n(Amine) t/min
2 (a) (b)
Fig 2 Effectsof derivatization reagent concentration (a) and reaction time (b) on derivatization
yields of aliphatic anines
C3 (propylamine) ; C6 (hexylanine) ; C9: (nonylamine) ; C12 (dodecylanine)
33
Eclipse XDB-C; (150 mm x4 6 mm, 5Um) / ,
40 min 12 (C1-C12) , 3
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1254
(APCI Source) , : 2
4
(BCEC),
BCEC—OH Cl11
c9 Cl10 c12
. C6
C2 c4 CS
A
livg \I | \ UL
_._,._AJL| UL_;' | l_. |~_J LJ‘w
I T I 1
0 10 30 35 40
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3
Fig 3 Chromatogran for standard anines derivatized with BCEC-CI
ClL (methylamine) ; C2 (ethylamine) ; C3 (propylamine) ; C4 (butylamine) ; C5
(pentylamine) ; C6 (hexylanine) ; C7. (heptylamine) ; C8 (octylanine) ; C9.
(nonylamine) ; C10. (decylamine) ; C11 (undecylanine) ; C12 (dodecylanine) ; A
B (unidentified) ; C (allylanine) ; BCEC-OH (2-(11H- [a] ) - 2-(11H-benzo[a ] -carba
ol-11-yl) -ethanol). ) (BCEC),: [ -(2-(11H- [a] ) - bis ( 2-(11H-benzo[ a] carbazl-
11-yl) ethyl) chlorofomate ]
2
Table 2 Mass pectrometric data
M +H]? [M+H]?

Amines  Molecular ion [M +H]* M S/M S data Amines  Molecular ion [M +H]* MS/M S data
C1l 319 1 261 9 243 8 c7 403 2 261 8 243 9
c2 3331 2618 243 9 Cc8 417. 1 261 8 243 8
Cc3 347. 2 261 8 243 8 c9 431 1 261 8 243 8
Cc4 361 3 261 8 243 9 C10 445 1 261 8 243 8 216 9
C5 375 2 2619 243 8 Cl1 459 1 2619 2437 216 8
C6 389 3 26L 9 243 8 C12 473 2 261 8 2559 243 8

100+ 473.
A

g 504 C m/z261.8

[}

£ ol : . . . e MEATI2

= 100 200 300 700 800 '

5 m/z CH,CH, -O—CO—NH CH, )CH

200 15 ,

i

h 50 + 243.8255.9

241.9 ’ zlsll.s
200 225 250 275 300 325 350
m/z
4 (A: : B: : C )
Fig4 MS (A); MSMS (B) wectras (C) mass cleavage mode for representative dodecylanine
derivatives
34
50 pmol 50 fmol , ,

3 0 9996 ,
1.8 14 imol( S/N =3 )
35

, 50 pmol 6 , 4,

0 079%,

1 29%
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3
Table 3 L inear regression equations, correlation coefficients and detection Iimits of aliphatic anine derivatives

Amine Y=AX +B Detection Amine Y=AX +B Detection
derivative R limits (imol) derivative R limits (imol)
Cl Y =26 56X +4 07 0. 9998 14 C7 Y =95 64X +16 10 0. 9999 4.9
C2 Y =95 53X +29 39 0. 9999 58 c8 Y =100 79X +19 81 0. 9999 34
C3 Y=61 28 X +5 82 0. 9999 6 3 C9 Y =144 19X +37. 45 0. 9997 20
Cc4 Y =84 47X +12 04 Q0 9999 33 C10 Y =142 25X +51 33 Q0 9996 23
C5 Y =98 14X +12 97 0 9999 4 3 C11 Y =134 58X +80. 55 Q0 9999 19
C6 Y =109 38X +15 97 0. 9999 36 C12 Y =115 87X +82 30 0. 9999 18
X: (injected amount pmol) ; V: ( peak area)

4

Table 4 Reproducibility for area and retention tine (n =6)

Amine derivative RD of RD of peak area Amine derivative RD of RID of peak area
retention time (%) (%) retention time (%) (%)
C1 0 079 129 c7 0 051 0 85
c2 0. 067 0 93 c8 0 042 0 99
C3 0 046 109 C9 0 041 125
c4 0. 056 0 86 C10 0 029 0 96
C5 Q0 055 0 94 Cl1 0 019 0 96
Cc6 0 057 102 C12 0 022 112
36 ' | |
' (BCEC)2
29 25mL 80% / [
=
o} Cs |
’ ] m
0.5mL HCI, 20 min i 3 lco
| | { o6 o7 ‘\l clocti
' Ly “, §L RS
5 0mL 80% / |
0 5 10 15 20 25 30 35 40
! t/min
5
5
’ ' Fig 5 Chrmatogran of aliphatic anines fram shrimp catsup
sample
2 ( chramatogrgphic conditions and peaks as in
2-(11H- [a] ) - Fig 2)

5
Table 5 Content of aliphatic anines fram shrimp cataup sample and recoveries

Amine derivaives  STTP (AISB STple - Reaneries  amine erivatives  STTP (AISB sample - Remyeries
c1 9 09* 102 2 c7 Q 0030 99 95
c2 0 13* 101 7 c8 * 102 4
c3 * 97. 6 Cc9 Q 0030 103 4
c4 * 102 1 C10 Q 0027 101 8
c5 0 0668" 103 6 c11 Q 0005 103 2
Cc6 0_0070 100 4 c12 * 103 4
# C1, C2 C5 , (peaksof C1, C2 and C5 were smultar

neously identified by retention values and mass ectrametry, the other peaks (C6, C7, C9, C10, C11) were only identified by retention values
because their concentrationswere lover than the detection limits of mass gectramety) ; * (unidentified)



1256 35

References

1 AhnoffM, Grundevik |, Arfwidson A, FonseliusJ, PersonB A. Anal Chen., 1981, 53: 485 489

2 Einarson S, Folestad S, Josefson B, Legerkvist S Anal Chen., 1986, 58: 1638 1643

3 Steven A C, DennisPM. Anal Biochen. , 1993, 211: 279 287

4 LiuHJ J Chranatogr A, 1994, 670: 59 66

5 YoulJ, ShanY, ShanL, ZhenL, Zhang Y. Anal Biochen. , 2003, 313: 17 27

6 YoulJ, ZhangW, JiaX, Zhang Y. Chranatographia, 2001, 54: 316 322

7 ZhangL, You J, Ping G, ZhangL H, Duan J C, ZhangW, Liang Z, Zhang Y K Anal Chim. Acta, 2003, 494:

141 147

You J, Chen X, Zhao X, Suwo Y, WangH, LinY, SunJ Chranatographia, 2006, 63: 337 343
YouJ, MingY, ShiY, Zhao X, Suwo Y, WangH, LiY, Sund Talanta, 2005, 68: 448 458
10 KarineN, JeaniucW, KurtH. J Chranatogr B, 2000, 744: 249 255

11 Smonetta F, SangWoon C, Gregory G Anal Chen., 2002, 74: 4526 4531

12 Yould, ShiYW,MingY F, YuZY, YiYJ, LiuJY. Chranatographia, 2004, 60: 527 535
13 OliveiraM M, SalvadorM A, Coelho P J, CarvalhoL M. Tetrahedron, 2005, 61: 1681 1691

(0]

M ass Spectranetr ic Identification of Aliphatic Am nes Using
2-( 11H -Benzo[ a] carbazol-11-yl) ethyl Chloroformate
as Fluorescence L abelng Reagent

ZhaoWen-Cher’, LiuLingdur’, Zhu Fand, Zhao Xian-En', Liu Su-Juan’, Suo You-Rui', You JinMao™?
! (Northwest Plateau Institute of Biology, Chinese Acadeny of Sciences Xi'ning 810001)
% (The Sky L aboratory of L ifeO rganic Analysis College of Chemistry Science Qufu Nomal U niversity, Qufu 273165)

Abstract A smple and highly sensitive method based on the pre-column derivatization for the detemination
of aliphatic amines in food using a nitrogen-containing 2- (11H-benm[ a] carbaml-11-yl) ethyl chlorofomate
(BCEC-CI) as fluorescence labeling reagent followed by high-perfomance liquid chromatography with fluores-
cence detection has been developed The stable derivatives can be obtained by the labeling reaction of BCEC-
Clwith anines in the presence of borate buffer (pH 9 0) within 3 min Themaximum excitation and emission
wavelengthswere 279 rm of A ., and 380 rm of A ,,, regectively Separation of 12 amine-derivatives was
achieved by a gradient elution on a reversed-phase Eclipse XDB C; (150 mm x4 6 mm, 54 m) columnwith
a good baseline replution The identification of anine-derivativeswas carried out by the online post-column
M S using amogheric presaure chamical ionization (APCI) asion urce in positive-ion detection mode The
established method exhibits excellent reproducibility and recovery. Excellent linear repponseswere observed
with the correlation coefficients >Q 9996 The detection limits (at signal-to-noise of 3 1) were at levels
1.8 - 14 fmol

Keywords High peffomance liquid chromatogrgphy-mass gectrometry, fluorescence detection, pre-column
derivatization, aliphatic anines
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