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1 1 2 2 1 *1,2
t( , 273165) 2( ) 810001)
2-(2-(10-  )- [2,3-d] y- - (AN ITS) ,  Eclipe
XDB-C, , 20 (FFA) 90 DMF
K, Q0,4 , 7, 40 min
250 m 512 im (APCI) ,
Q 9999, 24 76 98 79 fmol
1
- , ™ HRLC
12]
e [4] NOEPES
, KOH ,
, 2-(2-(10-  )- [2,3-d] )- -
\ N, N- (DMF) , 90 K, GO,
250 m 512 mim ,
2
21
1100 - ( Agilent ),
100 (APCI) ; Eclipse XDB-C; (4 6 M x150 mm, 54 m,
Agilent ) 2-(2-(10- )- [2,3-d] )- - ( ); 20
( ); (AN, M erck ); ( ) ,
MilliQ ,DMF
22
, 10 mmol/L ( DM F
) 271 0mg 2-(2-(10-  )- [2,3-d] )- - , DMF 10 mL,
50 mmol /L (5 0x10 ° mol/L) (1 0x10 “mol/L)
DM F
23
2104 L DMF 50u L

2 mL

(50 x10°mol/L), 40 min,

10 mg K, CO,
(0 1 mmol/L) 1400 L

2006-08-21 ; 2006-11-11

90

(Na 20075016)
* E-mail: myou6304@163 cam
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, 600U L ACN /DM F (ACN /DMF,1 1,V /V) 10p L (50 pmol)
cn,cuo/ CH, 9 H,CHp—C R
w"f;"é'o,
24
Eclipse XDB-G, (4 6 mm x150 mm, 54 m) 1
A 50% ( 30 mmol/L HOOONH, , Table 1 Gradient elution progran
pH 3 5); B: 100% 1 0 mL /min, T(mm 0 20 30 45 50
so som szm 0 F % w00
1
(APCI), , 60 psi(Q 414 MPa) , 5L /min,
350 450 3500V, 4000 rA (positive model) >
3
31 2-(2-(10- )- [2 3] y- -
2-(2-(10-  )- [2,3-d] )- - 2-(2-(10-  )- [2,3-d] )-
, DMF )
, 247 253 mm 10 88
3 254 M 253 m 254 rm
3 €) 2 31 x10° (254 rm) 2 07 x10° (253 o) 2 18 x 10° (254 m)
Lmol* an™* AN TS -9- " (AETS)
AETS 3 254 253 255 mm; €)
5 45 x10' (254 mm, ) 5 95x10' (253 mm, ) 5 36x10°'L mol"" an"* (255 mm, )
3 ‘AN ITS/AETS = 3 47 4 24 253 M
AN ITS ‘ANITS 3
250 m 512 mm, AN ITS . AETS
,AN ITS O onans =520 M A goaers =440 mm)
32
2-(2-(10-  )- [2,3-d] )= - ,
(ACN) N,N- (DMF, )
(THF) (DM S0, )
, , DM SO DMF
, DM SO , ,
, DM F K,00, K,C,0, NaCDO;, NaC
, la la , K, Q0,4 ,
K, QO; K, GO, 1
) K, QO 10 mg ,
: : , 90 ,

, 90 , 40 min 1b



4 - 491
1 7 1
400 ] cl
Cl6 J b
Z 350 a '7 % 340_
ME 3001 C3 ‘M.&E) 300
Hﬂ'; 2501 g 4
BE 2001 ) REG 2601 (e
K2 1501 K32 4
& g
g 100_ § 220' &
= 50 - lsc- =
NaAc NaCO; KoCO;  KiCiOq 3 4 5 6 71 8
467 Catalyst #1453 Molar reagent excess
1 (a) (b)
Fig 1 Effect of catalyst types(a@) and molar reagent anount (b) on derivatization yields
Cc3 (propionic acid) ; C7. (heptoic acid) ; C12 ( dodecanoic acid) ; C16. (hexade-
canoic acid)
33 B
, 20
2
A 2_ ( 2_ 1819 20
(10-  )- [2,3-d] )- : D A
, B C DM F ;
B: m/z398 2; C: m/z407. 2, 0 s 40
2 (50 pmaL)
) Fig 2 Chramatogran of fatty acid derivatives (50 pmal)
, 2 ( chramatographic conditions as described
3A, 3B in experimental sction) 1 (fomic acid) ; 2 (acetic
( ) acid) ; 3 (propionic acid) ; 4 ( butyric acid) ;
12501 0 [M +H . 5 (valeric acid) ; 6 (hexanoic acid) ; 7. (heptoic
m iz [ ] L acid) ; 8 (octoic acid) ; 9 (pelargoic acid) ; 10
4 :m/z388 9 [M + (deooic acid) ; 11 (undecanoic acid) ; 12 (dode-
H] * (l\/l1 2-(2-(10- )- [2,3-d] ) - canoic acid) ; 13 (tridecanoic acid) ; 14 (tetrade-

);m/z37L 3 [M* +H - H,0] ;m/z344 9
[M' - CH,CH,OH]"; m/z 156 8 [M + H]" -
[M* - CH,CH,OH]"

34
200 0 pmol 97 66 fmol (
9 766 x10 °Umol/L 20U mol/L) ,
Q 9999,
98 79 fmol , 50 pmol
3, Q 18%,
35
351
2 10mL , 10mL ,
30 s ) N,
352 :

4 (A B),

canoic acid) ; 15 ( pentadecanoic acid); 16

( hexadecanoic acid) ; 17. (heptadecanoic acid) ; 18
(octadecanoic acid ) ; 19 ( nonadecanoic acid) ; 20
(arachidic acid) ; A. (2-(2-(anthracen-10-yl) -1H-ngphtho

[2, 3-d] midazl-1-yl) -ethanol) ; B. m/z398 2; C m/z407. 2

( ,molecular structure unidentified) ; D. (‘reagent
peak)
3
3 (SIN=3 1) 2476
6 ;
Q 91%
: 309
' , LemL
25mL DMF
2
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4
100 501.0
A - --- PR, m/z501.0 [M+H sp01" P
. +H]' S
m/z 3713 oLl 23010 HT véoo-
ToTmmeeeees ' 1 B 40+
» 10 L
m/z 345.0 Vo ! 20 389.1
"""" 1 ro : I 0 T T T 1 —T
: o . 100 200 300 400 500 600
i CH.CH—O CHy(CH,)CH, !! s
] eececcmeccc—ceccemenmem—me= d 01 1004 b
Lesme- = 8 80+
m/z 156.8 -
3%2 07 1568 3899
2g 31137 o 5434
100 200 300 400 500 600
n/z
3 (A) (a) (b) (B)
Fig 3 M ass breakage mode of hepiic acid derivative (A) and itsM S gectrum (B) (B-a), MSMS
pectrum (B-b)
2
Table2 MSandMS/M S data of fatty acid derivatives
) M S data for MSM S data for
Fatty acids Mole_ctrj]ltar Moflegul_ar\{\_/elght the molecular ion th M S/.'f\(l Sfdata fo[ \ the ecific fragnent ions
welg Ol derivatives [M +H] + e ECITIC Tragment lons [M +H] + [Ml ~ CHZCHZOH] +
(o} 46 416 417. 2 389 0, 371 0, 345 0 #
() 60 430 431 1 389 8, 3709, 344 9 #
Cs 74 444 445, 2 389 8, 371 7, 344 9 #
C, 88 458 459 2 389 9, 372 0, 345 0 114 7
Cs 102 472 473 1 389 6, 371 1, 344 9 #
Cs 116 486 487. 1 389 5, 372 0, 344 9 142 7
(ol 130 500 501 1 389 4, 371 3, 344 9 156 8
Ce 144 514 515 2 389 5, 371 6, 344 9 170 8
Gy 158 528 529. 2 389 4, 371 8, 344. 9 184. 8
Cypo 172 542 543 2 389 3, 370. 9, 344. 9 198 8
Cu 186 556 557. 2 389 3, 370 9, 344 9 212 9
Cp 200 570 571 3 389 5, 370. 6, 344. 9 226. 8
Cuis 214 584 585 3 389 5, 370.5, 344 9 240. 9
Cu 228 598 599 3 389 2, 370 9, 344 9 255 0
Cis 242 612 613 3 389 4, 371 9, 344 9 268 9
Ci 256 626 627. 3 389 2, 371 0, 345 0 282 9
Cyy 270 640 641 4 389 2, 371 0, 345 0 297. 0
Cis 284 654 655. 4 389 3, 371 9, 344 9 311 0
Cuo 298 668 669 4 389 3, 3708, 344 9 3250
Cxo 312 682 683 4 389 2, 370 9, 344 8 339 2
# (data are not shown)
3 (n=6)

Table 3 L inear regression equations, correlation coefficients, detection Iimits and repeatability for peak area and retention time
(n=6)

Fatty acid Y=A" X +B . Detez:}riggl)l'mits RD of r(eot/ir)mtion time RD ozgoe)ak area
C, Y =22 80X +12 68 0 9999 24. 76 0 18 034
G Y =6 421X +3 519 0 9999 49 86 0 16 0 82
Cs Y =5 599X +3 547 0 9999 65 55 014 054
C, Y =4 373X +1 289 0 9999 75 21 0 067 0 52
Cs Y =5 310X +2 730 0 9999 33 51 0 045 091
Ce Y =4 483X +3 045 0 9999 86 48 0 022 0 63
c, Y =5 458X +2 284 0 9999 29 24 0 017 0 79

Cg Y=4 684X +2 874 09999 65 55 0. 015 0 46




493

3 (continued 1o Table 3)

Fatty acid Y=A"X +B r Detez:}riggl)l'mits RD of reot/?;tion time RD ozop/oe)ak area
Cy Y =4 407X +3 163 0 9999 31 89 0. 020 0 53
Cuo Y =5 035X +0. 9316 0. 9999 43 39 0. 027 Q74
Cn Y =4 362X +3 026 0 9999 49 86 0 032 0 43
Cr Y =4 924X +2 756 0 9999 65 55 0 039 0 37
Cis Y =5 103X +3 335 0 9999 65 55 0 047 0 39
Cu Y =5 641X +3 709 0. 9999 49 86 0. 058 0 45
Cis Y =5 500X +2 708 0. 9999 75 21 0. 058 0 43
Ci Y =6 028X +4 156 0 9999 43 49 0 057 0 56
Cy Y =5 404X +3 035 0 9999 57. 18 0. 066 0 60
Cis Y =5 257X +3 344 0 9999 26. 70 0 079 0 55
Cio Y =5 496X +3 630 0. 9999 27. 89 0. 089 0 29
Cx Y =5 754X +3 567 09999 98 79 0 10 0 16

X: (injected amount/pmol) ; Y: (peak area)

4

I5
17

19 20

T

35

3 (other conditions same as Fig 3)

(n=3)

T

40

(A)

Table 4 Resultsof free fatty acids fran real sample (n=3)

(B)
Fig 4 Chraomatogran of sparation (A) andM S ion current profile (B) of free fatty acid from Rape Bee Pollen of
Qinghai

rayaid PR Y oo e e gy xmig b o
C 119+0 06 125 +£005 Cu 0 11 +0 02 0 19+0 03
G 383+13 48 31 4 Cp 3 69+0 13 3 58+0 12
Cs 0 49 0 03 0 44 £0 02 Cis 0 85*0 06 0 68+0 05
C, 1 92+0 08 1 54 +0. 06 Cu 47. 41 6 321+12
Cs 1530 07 0 96 +0 04 Cis 252+0 11 194 +0 08
Ce 7.45+0 38 578+0 13 Ci 174 3+3 0 136 1+2 7
G 0 39+0 03 0 12+0 01 Cr 2 580 10 4 090 15
Cs 1 88+0 08 0 11+0 01 Cis 26110 223*11
Cy 2 28+0 09 1360 05 Cio 2 62+0 12 8 740 45
Cio 0 97 +0 05 0 86 +0 04 Cx 8 26 +0 .41 16 12 +0 63

36
2-(2-(10- )= [23d] ) - ,

Cc2

,C4 C6 C8 C10

C12
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D eterm nation of Free Fatty Acids by High Performancel iquid
Chramatography with Fluorescence D etection and
ldentification with M ass Spectrametry

Zhu Fangd', Zhao W en-Chen', Zhao Xian-Er’, Suo You-Ruf, Liu Su-Juan’, YouJinMao "2
! (College of Chamistry Science Qufu Nomal U niversity, Qufu 273165)
% (Nortrwest Plateau Institute of B iology, Chinese Acadeny of Sciences Xining 810001)

Abstract On a reversd-phas Eclipse XDB-G; chromatogrgphic column, 20 fatty acids were derivatized
using 2- (2- (anthracen-10-yl) -1H-naphtho[ 2, 3-d] imidazl-1-yl) ethyl-p-toluenesulfonate (AN ITS) as pre-
column derivatization reagent and sgparated by HALC in conjunction with a gradient elution with fluorescence
detection andM S identification The reagent reacted with fatty acids in the presence of K, CO; catalyst at 90
for 40 min in N, N-dimethylformanide lvent o give maximum and constant fluorescence intensity with the
addition of 7-fold molar reagent excess  ttal molar fatty acids The fluorescence excitation and emission
wavelengths of derivativeswereA . =250 rm andA o, =512 nm, regpectively The identification of fatty acid
derivativeswas perfomed by the online APCI/M S (amospheric pressure chamical ionization surce) in posi-
tivemode All linear correlation coefficients for fatty acid derivatives are over 0. 9999, and detection Iimits, at
signal-to-noise of 3 1, are 24 76 - 98 79 fmol for labeled fatty acids The established method is snsitive and
repeatable It has been gpplied © for the detemination of free fatty acids from rgpe bee pollen sampleswith
satidacory results

Keywords High perffomance liquid chramatography/mass gpectrometry, fluorescence detection, pre-column

derivatization, fatty acids, rape bee pollen
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