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This application note covers the monitoring of intermediates formed 
during synthesis of fallypride in electrospray droplets from a tosyl 
precursor using the Advion expressionion Compact Mass Spectrometer 
(CMS).



INTRODUCTION

Fluorine has been exploited extensively in drug design and development and incorporation into a small 
molecule can enhance a number of pharmacokinetic and physicochemical properties such as increased lipid 
solubility, drug transport and binding affinity etc.1-3

This application note covers the synthesis of fallypride in electrospray droplets from a tosyl precursor. Fallypride 
is a high affinity dopamine D2/D3 receptor antagonist used in medical research, usually in the form of 
18F-fallypride as a positron emission tomography (PET) radiotracer in human studies4. Work by Banerjee et al.5 
and Yan et al6 also investigated the acceleration of reactions in  droplets formed in an  electrospray ion source. 
Recent studies have shown that reactions inside small droplets can proceed at accelerated rates as compared 
to the macroscopic7 or flask reactions, especially when charged droplets are formed by electrospray.

To determine if a fluorination 
reaction could be accelerated by 
using droplets in the electrospray 
ion source (ESI) of a mass 
spectrometer, the reaction to 
prepare fallypride was chosen 
as an initial test reaction. For 
the source of fluoride, cesium 
fluoride, was chosen as it is 
soluble in acetonitrile and 
would make a simple source of 
fluoride. The concentration of 
cesium fluoride in acetonitrile 
at saturation has been reported 
to be approximately 35 µg/mL, 
without the use of crown ethers8.

The basic reaction in the 
formation of fallypride is shown 
in the Figure 1. In the reaction 
to prepare fallypride, a number 
of other species, caused by 
hydrolysis of the precursor or 
dehydration of the alcohol may 
also be formed and be observed 
in the mass spectrometer. (Figure 
2).

Figure 1: Reaction scheme for the conversion of the tosylate precursor of fallypride to fallypride by the 
reaction with cesium fluoride.

Figure 2: Compounds observed in the mass spectrometer. 
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EXPERIMENTAL SETUP

Preparation of the Spray Solution
A saturated solution of cesium fluoride was prepared by placing ~12 mg of cesium fluoride (anhydrous) in 20 
mL of acetonitrile (anhydrous) and vortexing for 2 minutes.

A stock solution of tosyl fallypride precursor was prepared by taking 2 mg of Fallypride tosylate (ABX 1550002, 
ABX GmbH, Dresden, Germany) and dissolving in 2 mL of acetonitrile (anhydrous). 

Six mL of the saturated cesium fluoride solution and 100 µL of the tosyl fallypride precursor solution were 
placed into a 10 mL glass vial, capped with a 20 mm teflon faced cap and vortexed for 30 seconds. Then the 
vial was placed in the calibration vial assembly (Figure 3). The final concentration of the fallypride precursor 
in the vial was ~32 nmol/mL.

Initial Ion Source Settings
Default ion source settings for the expressionion CMS 
equipped with ESI were used for the experiment. The 
initial ion source settings start at a low temperature 
and standard ion source settings and were ramped 
up to investigate the reaction mechanistics in the 
electrospray droplet.

Figure 3: (Left) Location of the calibration vial on Advion CMS.  (Right) To remove calibration solution, slide the holder along the arrows to release the calibrant 
vials.  Replace with reaction vial and to lock, push forward in the opposite direction.
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Ion Source Parameters
Polarity Positive

Capillary Temperature (ºC) 100

Capillary Voltage (V) 180

Source Voltage Offset (V) 25

Source Voltage Span (V) 0

Source Gas Temperature (ºC) 200

ESI Voltage 3,500
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Press the “Start Acquistion” button and once the acquisition commences, press the “Ion Source” button and 
make alterations in the settings. The settings should be altered in the following order:

1. Capillary Temperature (ºC): 100 - 300
2. Source Voltage Offset (V): 15 - 50
3. Gas Temperature (ºC): 100 - 300
4. ESI Voltage (V): 1,000 - 5,000

The enduser must note the time during acquisition 
and the readback of the parameters that are being 
modified. The data can be processed in DataExpress 
by producing extracted ion chromatograms (XICs) of 
the following ions in Table 1 and plotting each of the 
XICs obtained versus the parameter to be studied.

Figure 4 shows the masses observed during the 
infusion of the solution and identifies the species or 
intermediates in the mass spectrum. The peak at m/z 
= 132.9 is the free cesium ion, the fallypride is seen 
as a potassium adduct and as a dimer with cesium 
at m/z = 402.7 and 861.6 respectively.

The XICs of the ions were plotted versus the capillary temperature. The plot against capillary temperature 
(Figure 5) shows that the yield of the product fallypride (red trace), increased with increasing temperature, 
up to ~275 ºC. The fallypride elimination (purple trace) and the fallypride precursor hydrolysis product, the 
alcohol (green trace) showed no significant increase as the temperature increased. The ratio of the fallypride 
product versus the tosyl precursor shows the ratio also increased until 275˚C (Figure 6).

Figure 4: Masses observed during the infusion ESI-MS experiments with compound assignments.
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Table 1. Ions to be extracted from the data

m/z ions (M+H)+ Compound
132.9 Cesium+

345.3 Elimination Product + H+

363.2 Alcohol + H+

402.7 Fallypride + K+

517.2 Tosyl Fallypride + H+

649.2 Tosyl Fallypride + CS+

861.5 Fallypride Dimer + CS+
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[F-18] Fluorination Reactions
[F-18] fluoride can be produced in either a reactor or a particle accelerator/cyclotron. The common method is 
using a cyclotron and bombarding enriched [O-18] water (water that has been enriched in Oxygen-18).9 The 
formation involves the nuclear reaction of the insertion of a proton and ejection of a neutron, which converts 
the oxygen-18 to fluorine-18. 18O(p,n)18F.  

Radiofluorinations are typically performed in the presence of a cation and a complexing agent to improve the 
solubility. The aqueous solution obtained from the cyclotron target is generally isolated from the O-18 target 
by the use of a trap and release cartridge10 and then the fluoride is eluted from the cartridge using a solution 
containing up to 25% water. The resulting fluoride solution is azeotropically dried to prepare an anhydrous 
fluoride solution. 

Figure 5: Plot of compound signal intensities detected in the solution being 
infused into the ESI ion source versus capillary temperature. Fallypride 
combined is the summation of the potassium adduct and the dimer of fallypride 
with cesium intensities.

Figure 6: A plot of the ratio of the fallypride species observed versus the tosyl 
fallypride precursor as an estimate for yield.

Figure 7: Plot of ratio of fallypride to tosyl precursor versus the water content of the solution being infused into the ion source. 
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To test the ability of the above fallypride reaction to also occur in the presence of water and hence allow the 
use of such F-18 derived fluoride source, tests were performed with the addition of water up to 10%. The results 
of the experiment are shown in Figure 7.

Figure 7 shows an interesting pattern, that even at low temperatures there is an increase in the formation of 
fallypride as the water content increases. A fluoride elution solution of ~10% water in acetonitrile is normally 
the highest water content used to elute the fluoride from the trapping cartridge with the standard cesium 
carbonate or potassium carbonate–kryptofix solution. A recent study on the use of different trapping cartridge 
preparation and various elution solutions still requires the azeotropic drying of the fluoride using acetonitrile 
at elevated temperatures prior to performing the fluorination reactions.11 In a typical fluorination reaction 
approximately 1 mg of precursor is used which is approximately 2-6 µmols of precursor in the reaction. In 
these test reactions, the amount of precursor used is 100µg (~0.2µmols) and with a water content of 10% 
water in the 6 mL solution prepared (~30,000 µmols of water), there is almost 200,000 times more water 
molecules present compared to the tosyl precursor. Yet, even at this high concentration of water, the formation 
of Fallypride is still occurring in the electrospray. These results indicate that the fluoride generated by normal 
elution of fluoride from a trap and release cartridge could be used directly without the need to azeotropically 
dry the fluoride, which is required in typical fluorination reaction.

Collection Method for Material Prepared in the Ion Source
To verify that fallypride was actually being produced 
in the ion source and was not being formed in the vial 
as the solution sat at room temperature or artificially 
created in the mass spectrometer, a production run 
was performed and the material being produced in 
the electrospray was partially collected and then 
analyzed by LC/MS. The collection of materials 
being electrosprayed is typically performed using 
a number of electrospray deposition techniques.12, 

13 A schematic of the basic electrospray deposition 
system is shown in Figure 8. 

A simple method for the collection of material being 
produced in the charged droplets of an ESI ion 
source was developed. The ion source sprayer was 
moved to its highest position to provide maximum 
reaction time of the electrospray droplets and the 
material was partially captured on a homemade 
foil trap (Figure 9). The foil was required to be kept 
electrically separate from the cone capillary inlet to 
prevent grounding of the voltage on the capillary 
inlet, however the foil was grounded to the frame of 
the unit.

Figure 8: Schematic diagram of a basic electrospray deposition system. Inset: 
This shows the formation of the taylor cone, jet zone and the start of the spray 
zone which contains droplets.
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Figure 9: Layout of changes to the ESI system to partially collect the reaction products prior to entering the mass spectrometer capillary. (Left) A foil is laid over a 
weighing boat that had the center portion removed to allow the inlet capillary to still be partially accessible by the ions formed. The foil is held in place by double 
sided tape. (Center) A slit is made in the center of the foil and the foil is folded back in a V shape. The assembly is held in place by use of the same double-sided 
tape. The smallest opening end of the V shape is placed to the back of the ion source. (Right) After the production run, a small amount of solid is visible as a white 
powder on the edge of the foil. 
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This production experiment was performed using a 
solution prepared as described above, but with 5% 
water added to the solution. The settings of the ion 
source were as shown in Table 2. The system was 
run and about 4 mL of solution was passed through 
the ion source.

The area where a portion of the ion source spray was visibly indicated (Figure 9, right) by the deposition of 
material on the foil was cut out and placed into a scintillation vial. Acetonitrile was added (2 mL) to the vial 
and the vial was vortexed for 2 minutes, then the acetonitrile solution was transferred to a new scintillation vial 
and the acetonitrile solution was concentrated to ~0.5 mL under a stream of nitrogen at room temperature. This 
solution was then analyzed by LC/MS.

HPLC System

Table 2. Production Experiment Ion Source Settings
Capillary Temperature (ºC) 175

Capillary Voltage (V) 180

Source Voltage Offset (V) 20

Source Voltage Span (V) 30

Source Gas Temperature (ºC) 200

ESI Voltage 3,500

Table 3. Ion source settings for HPLC analysis
Capillary Temperature (ºC) 250

Capillary Voltage (V) 180

Source Voltage Offset (V) 20

Source Voltage Span (V) 30

Source Gas Temperature (ºC) 200

ESI Voltage 3,500

Table 4. HPLC Gradient Profile

Time (min) %A %B
Flow Rate 
(mL/min)

0.00 75.0 25.0 0.200

1.00 75.0 25.0 0.200

5.00 5.0 95.0 0.200

10.0 5.0 95.0 0.300

10.1 75.0 25.0 0.200

12.00 75.0 25.0 0.200

HPLC System
Solvent A 10 mM Ammonium Formate

Solvent B Acetonitrile

Column Thermo Scientific, 2.1 X 50 mm Accupore RP-MS
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Analysis of the captured material collected from the production run (Figure 10, top) showed the desired 
product at Rt ca. 8.3 min. 

To verify that the material being produced was formed in the ion source and was not a result of a reaction in 
the vial, the starting solution was analyzed after the production run completed and no fallypride was detected 
(Figure 10, bottom).

Further data analysis by generating extracted ion chromatograms (XIC) of each of the components which 
can be formed in the reaction showed that the two main products formed in the starting material vial were the 
alcohol and the elimination product (Figure 11 B and D). The results of the analysis indicate that fallypride was 
not detected in the vial holding the starting material.

XIC of each of the components which can be formed in the reaction were performed on the data obtained 
during the HPLC analysis of the product solution as well (Figure 12). The three main products detected in the 
electrospray product were the desired product fallypride, the alcohol and a small amounts of the elimination 
product (Figure 12 A, B and D).

Figure 10: (Top) HPLC analysis of the material produced by electrospray and captured as shown before. The peak at ~8.3 min is the desired fallypride product 
whereas the peak at ~9.2 min is the tosyl precursor. (Bottom) HPLC analysis of the starting material in the infusion vial prior to the electrospray. The peak at ~9.2 
min is the tosyl precursor and, as expected, the fallypride peak is not observed in this sample.

10

8



Figure 11: XICs of the starting material in the vial. (A) Fallypride. (B) Alcohol hydrolysis product. (C) Tosyl precursor. (D) Elimination product.

Figure 12: XICs of the starting material in the vial. (A) Fallypride. (B) Alcohol hydrolysis product. (C) Tosyl precursor. (D) Elimination product.
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If we assume that the ionization efficiency, ion 
transmission and detector response of each of the 
products and by-products are similar in the mass 
spectrometer, then we can see that in the pre-infusion 
starting material vial there is no conversion of the 
precursor to fallypride and the major impurity seen 
is the alcohol, which results from the hydrolysis of 
the tosyl fallypride precursor. After the reaction in 
the electrospray ion source, there is a significant 
production of fallypride and only a slight increase 
in the production of the alcohol hydrolysis product.

Table 4. Yield of products and by-products in pre-infusion 
starting material and post electrospray material captured.  
Yield calculation assumes equal ionization efficiency of all 
compounds in the mass spectrometer.

Compound
% in Starting 

Material
% After 

Electrospray
Fallypride <0.1 16.6

Alcohol 1.5 4.9

Tosyl Fallpride 
precursor

97.9 77.9

Elimination product 0.5 0.7
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CONCLUSIONS

The reaction of cesium fluoride and the tosyl precursor of fallypride was studied in  droplets formed in an ESI 
ion source. The main reaction conditions studied were capillary temperatures and water content.  All of the 
expected species were observed in the reaction to varying degrees and fallypride was formed in the reaction 
even in the presence of up to 10% water content in the infusion solution. This indicates that the reaction to 
prepare fallypride can tolerate a high concentration of water.

We believe this to be an interesting method which may be used for preparation of fluorine containing species, 
and may be useful for the study of other fluorination reactions.

This study indicates that use of a spray of charged droplets from an electrospray ion source could be used to 
both detect the product or products of the fluorination reaction and, with the appropriate collection system, to 
collect small amounts of the desired compound.  With a properly designed system, this could also include the 
formation of radioactive species, such as [F-18] materials. 
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