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CHEMISTRY IN THE DROPLETCHEMISTRY IN THE DROPLET

This application note covers the monitoring of intermediates formed 
during the Pomeranz−Fritsch synthesis of isoquinoline using the Advion 
expressionion Compact Mass Spectrometer (CMS).



INTRODUCTION

In the course of a typical organic reaction a number of intermediates may be formed. This application note 
covers the monitoring of intermediates formed during the Pomeranz−Fritsch synthesis of isoquinoline by mass 
spectrometry. In the classical isoquinoline synthesis, concentrated acid is used as a catalyst in the reaction 
between benzaldehyde and 2,2-dialkoxyethylamine and heated at 100 ̊ C for 3.5 hours to form the intermediate 
which is then isolated and re-dissolved in concentrated sulfuric- and phosphoric acid and heated at 160 ˚C1. 
Banerjee et al.2 have investigated the gas-phase production of isoquinoline by performing collisional activation 
studies on benzalaminoacetal, the first intermediate in the classic solution-phase Pomeranz−Fritsch synthesis 
of isoquinoline. Work by Banerjee et al.3 and Yan et al.4 also investigated the acceleration of reactions in the 
droplets formed in the electrospray ion source.

Recent studies have shown that reactions inside droplets can proceed at accelerated rates as compared to 
the macroscopic5 or flask reactions, especially when droplets are formed in the electrospray ion source. The 
purpose of this application note is to describe how the isoquinoline synthesis may be monitored on the Advion 
expression CMS and to show an example of mass spectrometry driven mechanistical study and understanding 
of chemistry in electrospray ionization (ESI) generated droplets. Such a study can be utilized in undergraduate 
and graduate teaching courses.

The reaction to form isoquinoline involves a number 
of intermediate species which may be observed in 
the mass spectrometer as well and help interpret the 
mechanism of reaction in ESI generated droplets.

Figure 1: Reaction scheme for the conversion of benzaldehyde (MW=106.04) 
and aminoacetaldehyde diethyl acetal (MW=133.11) to the intermediate 
imine (MW=221.14) and then the formation of isoquinoline (MW=129.06). 

Figure 2: Intermediates observed in the mass spectrometer. The numbers below the structures in red indicate the m/z which is observed for the ions (M+H)+. Black 
numbers refer to the compounds cited in the text.
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EXPERIMENTAL SETUP

Default ion source settings 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 droplet. 
Acquisition time and the readback of the parameters were noted and plotted on a graph.

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

Table 1. Ions to be extracted from the data

m/z ions (M+H)+ Compound Number
130.07 Isoquinoline, 11

134.12 2, aminoacetaldehyde diethyl acetal

148.08 8, 9, 10

176.11 4, 5, 6

194.12 7

222.15 3

The data was then processed in DataExpress by producing extracted ion chromatograms (XIC) of the following 
ions (refer to Figure 2 for m/z values to be extracted). See Table 1 for the values used in this experiment. 

PREPARATION OF THE SPRAY SOLUTION
A concentrated stock solution was prepared by dissolving 440 µL (0.4g, 3 mmol) of aminoacetaldehyde 
diethyl acetal and 390 µL of benzaldehyde (0.4 g, 3.8 mmol) in 100 mL of anhd. methanol. The solution was 
then vortexed for 2 minutes. When not in use the concentrated solution was stored in a refrigerator at ~4 ˚C 
and was warmed to room temperature and vortexed again prior to use. 

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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To the 10 mL calibration glass vial containing 10 mL of anhd. methanol,  100 µL of the concentrated solution 
was added and the solution capped with a 20 mm teflon cap, then vortexed for 30 seconds. After that the vial 
containing the reaction solution was placed in the calibration vial assembly (Figure 3).

RESULTS

Figure 4 shows the masses observed during the infusion of the solution and identifies the species or intermediates 
in the mass spectrum. For two of the masses, 148.1 and 176.1, there are three species for the masses. 

The XICs of the ions were plotted versus the various 
parameters. The plot against capillary temperature 
(Figure 5) shows that the yield of the product 
isoquinoline 11 (blue trace), increased with increasing 
temperature, up to ~250˚C. Both pathways (the 
tetrahydroisoquinoline and tetrahydroisoquinolin-4-
ol) indicated in Figure 2 are observed in the data 
(yellow and grey traces).

Figure 4: Plot of compounds detected in the solution being infused into the ESI source. The compounds in brackets indicate the possible compounds which can be 
attributed to the m/z.

Figure 5: Plot of compounds detected in the solution being infused into the 
ESI source versus capillary temperature.
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The variation of the source gas temperature, the gas being used to evaporate the droplets formed, while 
holding the other parameters constant gave no significant change in the yield of isoquinoline. This would 
indicate that the source gas temperature is not a significant parameter in the formation of isoquinoline.

The variation of the electrospray voltage, the electric field which causes the dispersion of the liquid stream 
into a highly charged electrospray (ES) droplets while holding the other parameters constant, indicated a 
significant change in the yield of isoquinoline with voltage up to ~4000 V.  It is known, that depending on the 
experimental conditions used, the solution pH may change and the magnitude of the pH change will be most 
significant for non-buffered solutions near neutral pH, such as that used in these conditions.6 This change in 
pH may have an effect on the reaction rates, especially as the reaction under normal macroscopic conditions 
requires low pH for the reaction to proceed.

CONCLUSIONS

The reaction of benzaldehyde and aminoacetaldehyde diethyl acetal in the droplets of an ESI source has 
been studied at different capillary temperatures, source gas temperatures and electrospray voltage. All of 
the expected species were observed in the reaction to varying degrees. As an aid in the study of reaction 
mechanisms in droplets, the use of this technique would allow students to quickly vary the substituents on 
the benzaldehyde 1, such as methyl, methoxy, or halo substituents and the position of such substituents, and 
observe the effect on the formation of the intermediates and ultimately the yield of the respective isoquinoline 
derivative. We believe this to be an interesting method which can be used for studying the mechanisms involved 
in other single and multistep reactions.
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Figure 6: Plot of the intensity of Isoquinoline and aminoacetaldehyde diethyl 
acetal versus source gas temperature.

Figure 7: Plot of the intensity of Isoquinoline and aminoacetaldehyde diethyl 
acetal versus ESI Voltage.
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