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Introduction

The determination of small, polar analytes (MW<200) by LC/MS/MS is problematic 
because of the high number of background ions present in that region and because the 
analytes have a tendency for non-specific binding in the ion source.  These issues result 
in lower specificity and higher background noise.

Derivatization of these analytes increases compound mass and makes the compounds 
more amenable to chromatographic separation.  While these advantages have normally 
been leveraged for GC/MS analysis, these attributes also lend themselves to LC/MS/MS 
analysis.  Using this approach, an LC/MS/MS method was developed for  5-fluorouracil 
in the presence of one of its prodrugs, Tegafur.

Figure 1.  Structures of Analytes

Figure 2. Proposed Structures of PFB Derivatives

Tegafur
Exact mass: 200.06

5-Fluorouracil (5FU)
Exact Mass: 130.02

Mono-PFB-Tegafur
Exact Mass: 380.06

Bis-PFB-5-Fluorouracil
Exact Mass: 490.02
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Experimental

Extraction Procedure

250 µL of plasma were diluted with 500 µL of an acidic buffer and extracted with ethyl 
acetate. The organic layer was transferred to a clean test tube and evaporated to 
dryness.

Derivatization Procedure

The dried extracts were dissolved in an aprotic solvent.  2,3,4,5,6-Pentafluorobenzyl 
bromide (PFBBr) was added to the samples along with an organic base to catalyze 
the reaction.  After derivatization, the analytes were back extracted into hexane/ethyl 
acetate.  The organic layer was transferred to a clean test tube and evaporated to 
dryness.  The samples were reconstituted in methanol.

LC/MS/MS Conditions

        

 

Instrumentation

• LC-10ADvp pumps, Shimadzu (Columbia, MD)
• Rheos 2000 HPLC pump, Flux Instruments AG (Basel, Switzerland)
• LEAP PAL autosampler, CTC Analytics (Zwingen, Switzerland)
• SIL-HTc autosampler, Shimadzu (Columbia, MD)
• API3000 mass spectrometer, PE Sciex (Concord, ON)

HPLC column: Luna Phenyl-Hexyl
(Phenomenex, Torrence, CA)

Injection volume: 10 - 20 µL
LC Program: 6 minute gradient
Ionization Mode: Negative-Ion APCI
Scan Type: Multiple Reaction Monitoring (MRM)
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Issues

• Tegafur and 5-FU are small polar molecules that are weakly retained under both 
 reversed-phase and normal-phase conditions (Figure 1).  
• Tegafur loses the tetrahydro-2-furfuryl group to produce 5-FU in the ion source
 resulting in detected signal for both Tegafur and 5-FU transitions. 
•  Baseline separation of these compounds minimizes the effects of source 
 fragmentation.   However, their tendency to stick in the APCI source increases 
 the baseline noise over time.
• When the underivatized compounds are assayed simultaneously, about 50% of 
 the Tegafur ion signal will be present in the 5-FU chromatogram (Figure 3).
• The most intense peak in the 5-FU chromatogram results from in-source 
 fragmentation of Tegafur because the plasma concentration levels of Tegafur will  
 be ten times greater than that of 5-FU.

Results and Discussion

• Derivatization of both analytes with PFBBr produces mono-PFB-Tegafur and 
 bis-PFB-[5-FU] (Figure 2). 
• Upon ionization, derivatized Tegafur loses the tetrahydro-2-furfuryl group, 
 producing an [M-H-C4H6O]- ion at m/z 309 (Figure 4a).  
• Derivatized 5-FU produces an [M-H]- ion at m/z 489, a base ion corresponding 
 to the [M-H-HF]- ion at m/z 469 and an [M-H-C7H2F5]

- ion at m/z 309
 (Figure 4b).  
• Thus, the formation of m/z 309 from derivatized 5-FU should have no affect on 
 Tegafur.  However, the formation of m/z 309 from derivatized 5-FU is low
 (<10% of base ion) and 5-FU plasma concentrations will be lower.  
• The derivatization allows for separation while maintaining the needed sensitivity 
 for 5-FU.
•. Figure 5 presents a reanalysis of a sample similar to that shown in Figure 3 when 
 derivatization is used.  The ability to differentiate the compounds by both mass 
 and chromatography produces chromatograms where the most intense peak 
 corresponds to the analyte of interest.  As a result, peak identification and 
 integration become much simpler.
• This approach allowed for the development of an assay for 5-FU in the presence 
 of Tegafur.  Some of the statistics from that validation are shown. (Table 1).
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Figure 3. Source Fragmentation of Underivatized Tegafur to 5-FU 
(5-FU at 0.05% of Tegafur)

Figure 4a. Q1 Spectrum for Derivatized Tegafur

Figure 4b. Q1 Spectrum for Derivatized 5-FU

Enlargment of 5-FU Chromatogram 
5-FU retention time = 0.65 min

Most intense peak 
in from source 
fragmentation of 
Tegafur

5-FU Chromatogram, full scale

Tegafur Chromatogram
Tegafur retension time = 0.95 min

[M-H-C4H6O]-

[M-H-C7H2F5]
-

[M-H-HF]-

[M-H]-
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Figure 5. LC/MS/MS Differentiation Between Derivatized Analytes
(5-FU at 0.01% of Tegafur)

Table 1. Standard and QC Performance for 5-FU Validation

5-FU Chromatogram, full scale
Derivatized 5-FU retension time = 2.0 min

Tegafur Chromatogram
Derivatized Tegafur retention time = 1.35 min
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Conclusions

Analysis of underivatized 5-FU in the presence of Tegafur was complicated by 
 (a)  source fragmentation of Tegafur to 5-FU.
 (b) unfavorable conditions for separation of compounds and detection by
  LC/MS/MS.

Derivatization with PFBBr 
 (a)  reduced source fragmentation of Tegafur to 5-FU.
 (b)  produced hydrophobic products that were easily amenable to LC/MS/MS.

This approach has been used successfully to validate assays for these small, polar 
compounds.


