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Interpretation of positive- and negative-ion electrospray ionization (ESI) and atmospheric pressure
chemical ionization (APCI) mass spectra of 10-formyl-7,8-dihydrofolic acid (10-FDHFA) and 5-formyl-
5,6,7,8-tetrahydropteroic acid (5-FTHPA) is discussed. ESI mass spectra enable unambiguous molecular
weight (MW) determination. In addition to the determination of MW, APCI mass spectra also make
possible structure elucidation of 10-FDHFA and 5-FTHPA. ESI and APCI are complementary ionization
techniques and appear to be useful alternatives to conventional electron ionization (EI) for the structure
elucidation of non-volatile carboxylic acids. Prior to mass spectral analysis, the acids investigated were
separated by reverse-phase high-performance liquid chromatography (HPLC). Copyright® 1999 John
Wiley & Sons, Ltd.

ESI and APCI are the most often used ionization techniques EXPERIMENTAL
in the contemporary practice of coupled high-performance
liquid chromatography/mass spectrometry (HPLC/MS).
Conventional El is the preferred ionization technique for Methanol for HPLC was received from Baker (Deventer,
structural elucidation, but it cannot be applied for non-  The Netherlands), water was double-distilled in glass with
volatile or thermally labile compounds, such as compounds addition of potassium permanganate. Ammonium acetate
containing more than one carboxylic and especially was purchased from Sigma-Aldrich (Prague, Czech Repub-
sulphonic acid groups. Monosulphonic aromatic acids with lic). Samples were obtained as solutions in 5% methanol/
none or one other functional group (gHDH or Cl) are the  95% 5 mM ammonium acetate in water from a pharmaceu-
most polar compounds, whose EI mass spectra have beenical company. The purity of 10-FDHFA (85%) and 5-
reported using the HPLC/MS technique with a particle beam FTHPA (99%) was determined from the HPLC chromato-
interface? grams using the normalized peak areas method.

Folate compounds are found in various cereal-grain
products® and 5-formyl-5,6,7,8-tetrahydrofolic acid is High-performance liquid chromatography
important in cancer chemotherapy0-FDHFA was found ] )
in the cytosol of methotrexate-treated MCF-7 breast cancer The chromatographic apparatus consisted of a Waters 616
cells® A densitometric thin-layer chromatographic method Pump, a Waters 996 diode-array detector and a Waters
for the determination of folate impurities in leucovorin 717+ autosampler (all from Waters, Milford, MA, USA).
calcium has been describ&d. The octadecyl silica glass cartridge column, Separon SGX

In the present work, ESI and APCI mass spectra of 10- C18 (150x 3mm i.d., 7um particle size) was purchased
FDHFA and 5-FTHPA are investigated. These spectra canfrom Tessek Ltd. (Prague, Czech Republic). The mobile
be used not only for the MW determination, but may Phase was filtered through a 0.4 Millipore filter prior to
provide valuable additional information useful for the Uuse and degassed by continuous stripping by a stream of
structural elucidation of folate compounds. The correlation helium. The pre-mixed mobile phase consisted of 5%
between the suggested structures and observed fragmenethanol and 95% 5mM ammonium acetate in water.
ions was studied and the composition of fragment ions was 10 1L sample volumes were injected and the flow rate of the

suggested. To our knowledge, mass spectra of these acidgnobile phase was kept at 1 mL/min in each experiment. The
and of other folate compounds have not been published soretention times of 10-FDHFA and 5-FTHPA were 2.3 and

far. 4.5 min, respectively.

Materials

Mass spectrometry

*Correspondence to: M. Hodpek, Department of Analytical Chemi-  The effluent from the liquid chromatograph was directly

Sétgy'L';gﬁgg5°f5§gfé"§:r'dm?ggO'Cc’fgéhulgg’gﬂﬂﬁ)é of Pardubic&mNa niroduced into a quadrupole mass spectrometer VG Plat-

Contract/grant sponsor: Grant Agency of the Czech Republic; form (Micromass, MancheStera_l_JK) equipped_ Wit_h ESland
Contract/grant number: 203/99/0044 and VS-96058MWISCR. APCI probes operated in positive- or negative-ion mode.
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Figure 1. Structures of (a) 10-formyl-7,8-dihydrofolic acid (10-
FDHFA) and (b) 5-formyl-5,6,7,8-tetrahydropteroic acid (5-FTHPA).

The data was acquired in tme/zrange 35-600 at 1.9 s per

ESI AND APCI OF 10-FDHFA AND 5-FTHPA

10-Formyl-7,8-dihydrofolic acid (10-FDHFA)

From the negative-ion ESI mass spectrum of 10-FDHFA, a
MW of 471 Da could be easily determined as only the
following ions were found in the mass spectrum: fivH]~
(m/z470, relative abundance 100%), [M2H + Na]~ (m/z
492, 6%), [M— 2H + K]~ (m/z508, 2%) and the fragment
ion with m/z 293 (14%). The positive-ion ESI mass
spectrum of dicarboxylic acid 10-FDHFA cannot be
measured in contrast to monocarboxylic acid 5-FTHPA.
The differences between the positive- and negative-ion
APCI mass spectra of both studied compounds correspond
to two mass units, hence only positive-ion mass spectra are
presented. The characteristic ions JVH]t (m/z472, 8%)
and [M+ NaJ" (m/z494, 1%) in the positive-ion APCI mass
spectra (see Fig. 2) and [MH]™ (m/z 470, 2%) and
[M —2H + Na]™ (m/z492, 0.5%) in the negative-ion mode
spectra allow unambiguous confirmation of the MW of 10-
FDHFA. In spite of the low intensities of the corresponding
peaks, the mass differendem/z=22 is characteristic and
cannot be misinterpreted.
In addition to the MW determination, structural informa-
tion can be obtained from the abundant fragment ions in
APCI mass spectra. The suggested structures of fragment

scan. In the APCI mode, the temperature of the ion sourceions (Fig. 2) are in good agreement with the structure of 10-

and of the probe were 100 and 5@ respectively. The
temperature of the ESI ion source was kept at°IQ0The

FDHFA. For better clarity, Fig. 3 shows the magnified low-
abundant fragment ion region from m/z 182 to 517 with

effluent split ratio 1:20 was used before the introduction of suggested structures of the important fragment ions.
the eluate into the ESI probe of the mass spectrometer. The Two most abundant fragment ions are observed due to the

cone voltage was set at 10 V for positive-ion APCI, at 20V
for negative-ion APCI and at 30V for negative- and
positive-ion ESI.

RESULTS AND DISCUSSION

cleavage of the bond betweery @1d N (see Fig. 1(a)).
When the charge is retained on the carbgntfle ion atm/z
178 (100%) is formed. The relative abundances of all other
ions are lower than 20%, which can be explained by the
resonance stabilization of the ion with/z178. The ion at
m/z 180 (26%) probably corresponds to the imfz178 with

one saturated double bond. The imiz161 (3%) is formed

The structures of the two compounds studied are shown inby the loss of a neutral molecule of ammonia fromz178.

Fig. 1 with an attempted explanation of the main

fragmentation paths.
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Figure 2. Positive-ion APCI mass spectrum of 10-formyl-7,8-dihydrofolic acid.

Rapid Commun. Mass Spectrob8, 1423-1426 (1999)

Copyright) 1999 John Wiley & Sons, Ltd.



ESI AND APCI OF 10-FDHFA AND 5-FTHPA 1425

0 COOH
100 x1.8
e 25 NH
[295-1,0-CO,-COT* . o
HZEI COOH s
OH ¥
[295-H,0-CO, ]’ Ho N NHT
233 N7 x N
)I\ = éHO
H,NT >N N
[295-H,0]'
277
[M+H]
472
% [295-H,0-CO}’
[295-H,0-2C0,)' 249
189
[M+H-H,0-COJ
[295-COJ'
267 [M+H-H,0]
343 454
} 10
i 341 [M+H-H,0-CO,]* [M+Na]*
I
257 il 494  [M+K]
| 244 28901 oo || 325334 510
0 ! I il “l miz

1 . #
200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500

Figure 3. Positive-ion APCI mass spectrum of 10-formyl-7,8-dihydrofolic acid (a magnified region rfinéem
182 to 517).

Other fragment ions correspond to the subsequent losses ofCH;CH,CH(COOH)NHCOT ion. Further loss of formic
neutral molecules of water, carbon monoxide and dioxide acid yields the ion am/z84 (1%).
from the ion atm/z 295, such as [295 H,O]" (m/z277, All the observed ions have an even number of electrons,
6%), [295— COJ" (m/z267, 2%), [295- H,O — CO]" (m/z which is typical for APCI mass spectra. Odd-electron ions
249, 4%), [295- H,O — CO,]" (miz 233, 7%), [295- are rarely observed and, if present, their intensities are
H,O — CO, — CO]" (m/z 205, 9%) and [295 H,O — usually low. The low abundant ions with/z341 (1%) and
2.CO] " (m/z189, 3%). Similar losses of neutral molecules m/z355 (5%) are probably odd-electron ions (see Fig. 3).
are observeg from the protonated mole+cule:
_ 0, — — . .
E':: /: E 6, %Zg(]/o ) (g]rfé 4[5'\:; l_?f’)Hz[glt 2 Oz]t'z?m /zC401]0, 5-Formyl-5,6,7,8-tetrahydropteroic acid (5-FTHPA)

1%). The ion atm/z 130 (3%) probably belongs to the A MW of 344 was determined from the masses of the ions

345

100 [M+H]"

[M+H-H,0-CO,]'
283

%
166

" M+H-H,0]"
OH (o [ 0l

HOOCCH,NH,CH,}
[ «H,NH,CH;} N\ ]ll [M+H-COJ*
[HOOCC H,NH,]' )'\N/ ] [M+H-COZ]'/ 346
317
273

H,N NH
192— Ha .
, 180 284 [M+Na]
[CeHsNH,CH,] 52 i90 K 327 .
176 |} ' 301 [M+K]
— S 209 81 285 31832 [laer %7
[CoHyNHL] ———ags 108 124 g H ‘ m 22 o \ > |
0 S ] P [ PRI lx‘. LAY ,Hhm[‘u..m; o M'LIL el | STV (P [ RNV AU 'SR Ny
%0 6o | 80 | 100 120 | 140 = 160 180 = 200 = 220 240 = 260 = 280 300 320 340 360 380

Figure 4. Positive-ion APCI mass spectrum of 5-formyl-5,6,7,8-tetrahydropteroic acid.
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[M + H]* (m/z345, 100%), [M+ Na]* (m/z367, 9%) and ~ CONCLUSIONS

[M +KJ™ (m/z 383, 1%) in the positive-ion ESI mass This work presents an example of the use of a single stage
spectra and of the ions [MH]™ (m/z 343, 100%), P P 9 9

[M — 2H + Na]~ (m/z365, 9%) and [M- 2H + K]~ (m/z guadrupole mass spectrometer with electrospray and atmo-

381, 2%) in the negative-ion ESI mass spectra. The identicaISpr.1eriC pressure chemical ionization not only fp_r mplecular
ions' are also observed in the APCI mass spectra Thewe|ght determination, but also for the verification of

relative abundances of these ions in the APCI mass spectrasuggeSted structures of strongly polar non-volatile com-

are higher than the analogous ions of 10-FDHFA, which can pounds. We believe that the fragmentation patterns in the

; ; : ; APCI mass spectra of 10-formyl-7,8-dihydrofolic acid and
gi()czs}lt?!z(yﬁg agi):jpllagj'ng?:yA the easier fragmentation of 5-formyl-5,6,7,8-tetrahydropteroic acid suggested in this

Similar to 10-FDHFA, the positive-ion APCI mass work can be useful for the identification of other derivatives

spectrum of 5-FTHPA (Fig. 4) shows ions formed by of folic and pteroic acids. High resolution mass spectro-

characteristic subsequent losses gOHCO and CQ: [M + metry, tandem MS/MS or NMR techniques can provide for
H — H,0]" (m/z327, 9%), [M+ H — C1O]+ (m/z317. 13%) unambiguous confirmation of suggested structures, but the

detailed interpretation of APCI mass spectra may provide
_ + 0 _ _ +
E'\rﬂ /:223 5CG(°)/§]) aﬁglﬁoﬁ’fé&[iﬂégr (|:12/(z)27§ %%]/0) useful structural information even with a simple bench-top

The cleavage of the bond betweegdhd G may give rise Instrument.

to two ions: the first ion with the charge retained og C

—[HOOCGsH4NH,CHg] ™ (m/z152, 7%) or the second ion

with the charge retained ong@m/z192, 14%). The peaks Acknowledgements
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