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1,3 1,3 1,2 1 *1

t( , 810001) 2( , 273165)

*( , 100039)
2-(2-  -1- - [9,10d] )-  (PPA) :
(HRLC) 60 N- N'-[ (3-
) ] (EDC) , 15min
380 nm ( 260 m) Eclipse XDB-G, , 12
(APCI Source) )
0. 9996;

31 18 fmol (S/N =3 1)

1
1 N -
[1,2]
: : (om)
4= T 1,2,3- (NeDCI)
’ ’ 6- -N - (AQC) el ’
, -9- (moc-c'®
, (7.8] EDC
[91] [10] 2_(2_
-1- - [9,10-d] )- (PPR) CCp ,
2
21
1100 Trap & - ( Agilent ),
100 (APCI Source) ; Eclipse XDB-G, (4 6 mm x
2006-10-25 ; 2007-02-02

* E-mail: yrsuo@163 com
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150 mm, 54 m, Agilent ); 650-10S ( )
2-(2-  -1- - [9,10d] )- 2= -1- - [9,610-d] 1,2-  -3,4-
( , 98 5% ), 12 (Signa ); N- N'-
[ (3- ) ] (EDC, Signa ); (M erck ), N,N-
(DMF) , Milli-Q
22
221 , Q 01 mol/L ,
(1 0x10 * mol/L) 17. 6 mg PPA
25 mL ( 2mL )., 2 010 ° mol/L 0.2876 g EDC 10 mL
0. 15 mol/L
222 2mL 40U L BEDC, 40 L ,120p L
, 60 15 min, 4 10p L (50 pmol)

| !
O CH,COOH @ CH,CONHR

223 Eclipse XDB -G (4 6 mm x150 mm, 54U m) A: 30%
(30 mmol/L ,pH 3 7); B: 100% B 35min 0%
100%, 5min 1 0mL /min, 0pL, 30 260 380 M

(APCI Source) , , 60 ps (0.414 MPa) ,
5L /min, 350 400 3500 V, 4000 M (Pog) '
224 50 mL (
), pH 3 0 , 20 s , ,
pH 7.0, 10 mL,
W istar ( , 300 @), , )
, , ( 209, 1L2mL 0.1mol/L  HCIO,, , 4
30 min (18000 r/min) , ,  4mol/L NeOH . 15mL,
2mL ( 2 ), 2mL  ,0.5mL 4 mol/L NaOH ,
20 mL 10 min, , 1mL 4mol/L  HCI pH 3 0,
, 1mL / (ACN H,0 =41, VIV)
23 2(2- -1- - [9 10-d] ) -
231 2- -1- - [9,10-d] [12] : 500 mL
16 g ,10 mL ,120 g , 300 mL , 80 90 3 h,
, 300 mL , pH 7 8§, , , , IN,N-
(51,VIVv) . 90%
232 PPIA 500 mL 2-  -1- - [9,10-d] 28 g KOH 30 g
250 mL, 120 125 , 10 min ,30 min 50 mL
30 mL , 120 125 2 5 h, , 20 g KOH
500 mL , 20 min, , HCI pH 8, , HCI
pH 3 , KOH ,HCI pH 8,

pH 3 3, , 84% m p >300
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C, 78 32%; H, 4 58%; N, 7. 94% (%): C,78 39; H,4 57; N,7. 95 IR (KBr): 3110.57
(—OH, ), 1711 82 (G=0), 1657 09, 1612 53 (ph—G=N—), 1529 62 1474.14 1460.11
1424.59 (ph) 1399 26(C—H) 1229 85 1111 75 773 37 750.7 720.84 703 84 m/z[M +H]": 353 1

3

31 PPIA
PPA 2-

1- - [9,10-d] :

260 m 380 nm
- ,PPA 251m € =6 3x10 L mol'* an’
PPA 4 (AAA"™ BcEOC!® cEOC!™® Avioc™) €)

[14]

1 , 1 PPIA

1

F 1 PPIA 5 4 FoOe &R MR /R B R B0 L
Table 1 Comparative of molar absorptivity for 2-( 2-phenyl-1H-phenanthro-{ 9, 10-d ] imidazole-1-yl-acetic acid ( PPIA) with
other four fluorescence derivatization reagents

i 3= A FERR MR R (L mol ~'em™')
Derivatization reagent Molecular structure Molar absorptivity
2-(2-% %19 % 59, 10-d] Bk )-Z. 8 2-(2-Phenyl-1H- > 0~y 6.3 x10°
phenanthro-[9,10-d ] imidazole-1 -yl ) -acetic acid ( PPIA) O N :
éH,COOH
(l:H,COOH
2-(9-FY B M) -2, 2-(9-Acridone) -acetic acid (AAA) e 2.9x10°
(o]
1,2-334-3,4- M rRw9-Z X F B AK 1,2-Benzo-3, 4-di- S gH,CH,o’ECI 2.4 x10*
hydrocarbazole-9-ethyl chloroformate( BCEOC) %ﬂj\j :
2-(9-FEMs ) -7, % % P BR B 2-( 9-Carbazole ) -ethyl chlorofor- CH.CH,O"RCl 2.3 %10
mate (CEOC) [ ]ﬁ‘" . l :
A 5 §2-9-2)5 7 & 2-(9-Fluorenyl ) -ethyl chloroformate ( FMOC) &Wﬁa 1.7 x10°
L) '
32
PPA BC ’
4 , 60
, 15 min
5 BEDC 400 L ( 25 )
33
e . PPA EDC
A B , , A B ,
A B 1, 2, 3
34

, 2- -1 - [9,10-d] (PPI) 1,2- -3,4- (BDC) **
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007 5082
80
§ 60 380.2
z 40
i 20
# 04 T ety Ty —~ T
100 200 300 400 500 600 700 800 900
mz
g0
80
éw
40
é 20 15.0
# 0
100 150 200 250 300 350 400 450 500 550
m/z
1 A B
Fig 1 Mass pectrum of intemediatesA and B
ab A ;¢c,d B

o8 8888

J

# ¥ Abundance (%)

oB2888

T

T

4% Abundance (%)

150 200 250 300 350 400 450 500 550
m/z

100

(aand b ismolecular ionMS andM S/IM S

belonging o A repectively, ¢, d ismolecular ionM S andM S/M S belonging to B repectively)

A [l {% A Intermediate

o]
_C/NCH,CH:CH,N(CH.),

“\NH-CHCH,

B (@ {4 B Intermediate o
PN

/NCH;CH,

R~CH; :
NH-CH,

437./
[0}

\ )l\ NCHCH,
380.1 R—CH; O—C\
295.0 NH-CH.CH.CH\N(CH,),
] 380.1
)L i 295.0
Rﬁl* R-—CH; O—C=NH )(l)\
R—cu,/'L OH R ROOWTOTeN
mz 3350 H0
m/z 3350
L,
O N‘)—@ #I1; (abbreviation): R-CH,COOH
’ éu,coou
2 A B
Fig 2 Schame of M S cleavage mode of intemediatesA and B
(Acridone) ™' 3 : 3 :
et hcricone boc =125 1 (lepi, bocs lcridone PPI BDC Acridone ),
2- -1- - [9,10-d] (PPI) ,
35
A pH PPIA
, pH37 A pH |
4 (APCI Source)
L 2 5
36
(50 pmol) , 012481624 72h,

0h

2 8%,
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# & Abundance (%)

, 50 pmol 6 , 2;

RD (%) 0.10%:; RD (%) 2 7%

R-CH,COOH + (CH,);NCH,CH,CH,N=C=NCH,CH,—*R-CH,CO0- —= CH,CH,NH=C=NCH,CH,
PPIA EDC
o] o ,OCOCH,-R

)L 4NCH,CH,CH,N(CH,), R-CH,COOH )L /NH_CH?CH:CHzN(CH\)z
R—CH; O0—C — R-—CH, 00—
“NNH—CH,CH, NH—CH,CH,
A a4k A Intermediate a

o] 0 _OCOCH-R
NCH,CH

)Lo— _NCHCH, RCHCOOH | (.. )j\o _ (‘Z CH,

Z R—C
NH-CH,CH,CH,;N(CH;), NH-CH,CHCHN(CH,)
B i}k B Intermediate b

. o ~OCOCH R
R’- NCH,CH
—_— e
aorb R—cu,”')\aém-éu,éucu,mcm)
NH-H

¥

o
4 NHR' + O (MM + r-cH,coon
' NCH,CH,CHN(CH,);

R—CH,

R—C

¥ (abbreviation): R—-CH,COOH
)
CH.COOH

3 PPA

Fig 3 Derivatization mechanisn scheme of PPIA with anines

0 5 10 15 20 25 30 35
t/min

4 (a) (TIC)
Fig 4 Chromatogran (a) and M S gpectrum of total ion current (b) for standard anines derivatized with
PPA

(chromatographic conditions as described in experimental section) CL (methylamine) ; C2
(ethylamine) ; C3 (propylamine) ; C4 (butylamine) ; C5 (pentylamine) ; C6 (hexylamine) ;
C7. (heptylamine) ; C8 ( (octylamnine) ; C9 (nonylamine) ; C10 (decylanine) ; C11
(undecylamine) ; C12 (dodecylamine) ; A andB ( , intemediates) ; C 2- -1- - [9,10-d]
(2-phenyl-1H-phenanthro-[ 9, 10-d] imidazole)

S
3

3100
a 492.3 S b
80 5 80 295.0
60 2 60
g
40 -<° 40 92
20 i 2
468.2 165.0 335.1

0 L T T T - 1 T +H- 1 T 7‘ L T
100 200 300 400 500 600 100 200 300 400 sbo 600

m/z m/z

5 (a) (b)

Fig 5 TypicalM S chromatogran of molecular ionM S (a) andM SM S (b)
200. 0 pmol 48 83 fmol .
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2 0. 9985
0. 9996 , 31 18 fmol ( sIN=31 )

2 (n=6)
Table 2 L inear regression equations, correlation coefficients, detection lmits M Sof aliphaticanine derivatives and repeatability
for peak area and retention time (n =6)

~ , o %) (%)
: Y=AX +B Correlation Detection limits MS . (.
Amine s + Retention time Peak area
coefficient (r) (fmol) M +1] RD (%) RD (%)
C Y =20.03X - 3 628 0. 9996 18 366 1 0. 094 21
C, Y =25 59X +5 556 0. 9985 16 380.1 0. 090 19
(0 Y =56 41X +7. 253 0. 9999 7.6 394 1 0. 091 23
C, Y =52 42X +14 20 0. 9996 6 8 408 2 0. 064 26
Cs Y =58 33X +16 32 0. 9996 7.6 422 2 0.072 18
Cs Y =65 67X +16 25 0. 9998 51 436 2 0. 063 12
(o7 Y =65 24X +15 51 0. 9997 61 450. 3 0.058 0.79
Cs Y =78 75X +20.55 0. 9997 4.8 464 3 0. 062 0.73
Co Y =109 9X +27. 16 0. 9997 38 478 3 0. 050 0.63
Cypo Y =107. 5X +22 94 0. 9998 45 492 3 0. 049 0.61
Cu Y =101 8X +22 75 0. 9997 4 2 506 3 0. 050 0. 62
Cp Y =141 3X +35 28 0. 9997 31 520.3 0.043 0.61
X: (iinjected amount (pmol) ); Y: (peak area)
37
10U L 1 0x
10"* mol/L ,
, 3
86.62% 105 10% ’ T
. y ) C8C9
3 1
0 5 10 15 20 25 30 35
timin
! 6
Fig 6 Chromatogran of free aliphatic anines fram telen-
6, 3 cephalon tissue of W istar rat
3
3 (n=3)

Table 3 Contents of aliphatic anines from real sanples and recoveries(n =3)

Amine W aste water of paper Telencephalon tissue of Acidophilusmilk Recoveries (%)

mill @ g/L) W istar rat (4 g/g) G glL) of waste water
CH3NH, 8 62 6 13 232 86 6
CH3CH,NH, 9 87 2 51 1 08 926
CHj; (CH,) ,NH, 7.94 0.61 0.84 97. 8
CH3 (CH,) 3NH, 6 36 0 0 105 1
CH3 (CH,) 4NH, 121 0 0 102 6
CHj; (CH,) sNH, 7. 61 0 0 937
CH, (CH,) ¢NH, 121 0.58 0.46 99 9
CH3 (CH,) sNH, 203 0.043 0.16 104 4
CH3; (CH,) gNH, 181 0.013 0.14 89 2
CH, (CH,) gNH, 152 0 0 919
CH3 (CH,) 1oNH, 219 0 0 101 3

CH3 (CH,) 13NH, 2 94 0 0 104 4
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Pre-column Der ivatization-H igh PerformanceL iquid Chranatography
for the Determ nation of Aliphatic Am nes with Fluoresence
D etection and M ass Spectranetr ic Identification

Zhao Xian-En"®, Li YuLin"®, YouJinMao"?, Liu Yong-Jun', Suo You-Rui™*
! (Nortrwest Plateau Institute of B iology, Chinese Acadeny of Sciences X ining 810001)
2 (College of Chemistry Science , Qufu N omal U niversity, Qufu 273165)
® (Graduate School of the Chinese Acadeny of Sciences B eijing 100039)

Abstract A simple and highly sensitive method based on the derivatization of aliphatic anineswith 2-(2-
phenyl-1H-phenanthro-[ 9, 10-d | imidazle-1-yl) -acetic acid (PPIA) folloved by high perfomance liquid
chromatography with fluorescence detection and on-line post-column mass gectrometric identification has been
developed Optimum derivatization, giving the corregonding stable fluorescent derivatives, was obtained by
reacting of aliphatic anineswith PPIA at 60 for 15 min in the presence of N -ethylN'-(3-dimethylamino
propyl) carbodiimide hydrochloride (EDC) catalyst in acetonitrile lvent The fluorescence detection wave-
length of PPIA derivativeswas 380 hrm (excitation wavelength 260 nrm). Separation of the derivatized anines
with a good baseline reslution in conjunction with a gradient elution was carried out on a reversed phase
Eclipse XDB-G, column (4 6 mm x150 mm, 54 m), in thisway, the content of free fatty anines in waste
water of pgper mill, telencephalon tisaue of rat and acidophilus milk was detemined The identification of
aliphatic anine derivativeswas carried out by post-column online mass gectranetry with amogpheric presaure
chamical ionization urce under positive-ion mode detection The established method exhibits excellent
reproducibility and recovery Excellent linear repponses are observed with regression coefficients > 0. 9996,
detection limits (at signal-to-noise of 3 1) are3 1 - 18 fmol
Keywords High peffomance liquid chromatogrgphy-mass gectrometry, fluorescence detection, pre-column
derivatization, aliphatic anines
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