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Gas phase decompositions of protonated methyl benzoate and its conjugates have been 

studied by using electrospray ionization-collision induced dissociation-tandem mass 

spectrometry (ESI-CID-MS/MS). Loss of CO2 molecule, thus transfer of methyl group, 

has been observed. In order to better understand this process the theoretical 

calculations have been performed. For methyl benzoate conjugates, it has been found 

that position of substituent affects the loss of CO2 molecule, not the electron 

donor/withdrawing properties of the substituent. Therefore ESI-MS in positive ion 

mode may be useful for differentiation of isomers of methyl benzoate conjugates. 
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Introduction 

When upon gas phase decomposition of the given ion, a certain moiety migrates from 

one part of the ion to another it may complicate the interpretation of the product ion 

spectrum. As a consequence it may hamper the structural elucidations based on the obtained 

product ion spectrum. On the other hand, such intramolecular transfers are very interesting 

from the gas phase ion chemistry point of view, therefore there is a number of examples of 

detailed studies of such processes. The examples involve transfer of such moieties as 

amino,
[1]

 halogen,
[2,3]

 methoxy,
[4]

 benzyl,
[5-7]

 tosyl,
[8]

 trimethylsilyl,
[9]

 oxygen,
[10]

 alkyl,
[11]

 

hydroxyl
[12] 

and, as expected, most examples involve transfer of methyl group.
[13-20]

  

Very recently, it has been observed that upon gas phase decomposition of protonated 

benzoic acid molecule (and similar compounds) transfer of two protons occurs, which leads 

to the formation of protonated benzene molecule. This process has been discussed in details 

by Attygalle and co-workers.
21

 In this work we decided to check if upon gas phase 

decomposition of protonated methyl benzoate (and its conjugates) the transfer of methyl 

group can occur. As demonstrated further, although the methyl group is definitely less prone 

to transfer than proton, the process occurs. It also worth adding that the loss of CO2 molecule 

has been also observed for metastable methyl benzoate molecular ion (obtained by electron 

ionization, EI), however, in the standard EI mass spectra (70 eV) this process has not been 

observed (http://webbook.nist.gov/chemistry/).
22

 

 

Experimental 

Methyl benzoate, methyl hydroxybenzoates (all isomers), methyl 2-fluorobenzoate, 

methyl 3-fluorobenzoate, phenyl benzoate, methyl 2-naphthoate were obtained from Sigma-

Aldrich (Poznań, Poland) and used without purification.  

Methyl 4-fluorobenzoate, methyl 1-naphthoate, methyl 2,6-dimethylbenzoate, methyl 

2,6-dichlorobenzoate, ethyl benzoate and isotope labeled methyl benzoates (C6H5COOCD3 

and C6D5COOCH3) were prepared by esterification of respective acids (acids were obtained 

from Sigma-Aldrich). The esterification procedures were as follows: 200 mg of acid was 

dissolved in 10 ml of methanol (Sigma-Aldrich). The obtained solution, after addition of 0.5 

ml of thionyl chloride was heated under reflux for 1 h and concentrated on a rotary 

evaporator. The oily residue was dissolved in 5 ml of ethyl ether (Sigma-Aldrich), washed 

three times with saturated sodium bicarbonate (POCh) water solution, dried over anhydrous 

sodium sulfate (Chempur) and filtered. After solvent removal by evaporation on a rotary 

http://webbook.nist.gov/chemistry/
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evaporator the white-yellowish solid product was obtained. To synthesize isotopically 

labelled ester C6H5COOCD3 the same procedure was used, but the acid, CD3OD and thionyl 

chloride were used in smaller amounts i.e. 100 mg, 3 ml and 0,25 ml, respectively. 

In order to synthetize methyl 2,6-dichlorobenzoate, different procedure was  used. A 

portion of 200 mg of the acid was dissolved in 3 ml of thionyl chloride and stirred for 1 h. 

The solution obtained was evaporated on rotary evaporator and a portion of 5 ml of methanol 

was then dropwise added to the oily residue and the mixture were heated under reflux for 1 h 

and after that the product was isolated using above described procedure. 

Product ion spectra were taken on a Waters/Micromass (Manchester, UK) Q-tof 

Premier mass spectrometer (software MassLynx V4.1, Manchester, UK). The sample solution 

of bilirubin was prepared in methanol/water 3/1 at concentrations about 2x10
-5

 mol/L. The 

sample solutions were infused into the ESI source by a syringe pump at a flow rate of 5 

L/min. The electrospray voltage was 2.7 kV and the cone voltage - 30 V. The source 

temperature was 80
o
C and the desolvation temperature was 250

o
C. Nitrogen was used as the 

cone gas and desolvating gas at the flow-rates of 0.8 and 13 L/min, respectively. Argon was 

used as a collision gas at the flow-rate 0.5 mL/min in the T-wave collision cell. This flow rate 

resulted in the collision cell pressure 0.3 Pa. Collision energy (CE, laboratory frame) was 5-

20 eV. Only  representative examples were selected for presentation, taking into account the 

abundances of fragment ions. The applied collision energy, the most important parameter for 

CID-MS/MS experiments, is indicated in each product ion spectrum shown. Because of a 

wide window (low resolution of the quadrupole analyzer), the selected ion beam and as a 

consequence the signals of fragment ions, contained isotope signals. The resolution of the 

second analyzer (time of flight analyzer) was 5000 - FWHM definition. 

Full geometry optimizations and energy calculations were performed, within DFT 

framework at B3LYP/6-311++G(d,p).
23-25

 level of theory because B3LYP (Becke, three-

parameter, Lee-Yang-Parr) is one of the most popular functional and can be applied for many 

different systems.
22, 26-27

 6-311++G(d,p) basis set (augmented with diffuse and polarization 

functions) is recommended for calculations for simple molecules that include electronegative 

elements and for comparisons with experiment.
28

 Wiberg bond indices
29

 were calculated by 

Natural Bond Orbital (NBO) analyse
30, 31

 for bonds between the aromatic or naphthyl ring 

and the carboxyl carbon atom. All quantum chemical calculations were performed with 

the GAUSSIAN 09.
32
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Results and Discussion 

Figure 1 shows the product ion spectra of protonated methyl benzoate. As shown in 

Figure 1, at low collision energy (CE = 7 eV) the most abundant fragment ion is that formed 

by CO2 loss. At higher collision energy this fragment ion is also abundant. 

 

FIGURE 1 

 

It can be taken for granted that the loss of CO2 from protonated methyl benzoate leads to the 

formation of protonated toluene (m/z 93). In other words, upon gas phase decomposition of 

protonated methyl benzoate the transfer of methyl group occurs. 

In the product ion spectra shown in Figure 1 there is also a peak at m/z 91, which 

corresponds to the well-known, stable, tropylium (benzylium) ion.
33

 The ratio of tropylium 

ion/protonated toluene increases with increasing collision energy. At the higher collision 

energy there is also the phenylium ion at m/z 77 (Figure 1). It can be assumed that both 

tropylium ion and phenylium ion are formed from protonated toluene (by the loss of H2 and 

CH4 molecule, respectively,
34, 35

) although their direct formation from protonated methyl 

benzoate cannot be definitely excluded. 

In supporting information there are product ion spectra obtained for deuterium labeled 

methyl benzoate (Figures 1s-4s) with brief discussion which confirm the interpretation shown 

in Figure 1. 

Since the ion under this study is protonated methyl benzoate, thus it is reasonable to 

determine the protonation site of methyl benzoate. Our calculations showed that for methyl 

benzoate the most energetically favored protonated structure is obtained when the proton 

is attached to the oxygen atom of the carboxyl group (Scheme 1). According to results the 

structure in which the proton bonded to this oxygen atom is oriented towards the aromatic 

ring has lower energy than the structure with proton oriented in the opposite direction 

(the latter was of about 2.6 kcal/mol higher in energy). 

 

SCHEME 1 
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It is reasonable that the first step of the CO2 loss from protonated methyl benzoate is 

analogous to the first step of the CO2 loss from protonated benzoic acid.
21

 Namely, the proton 

attached to carbonyl oxygen atom is transferred to the ortho position of the aromatic ring 

(protonation at ipso position is less favored than protonation at ortho position, Scheme 1). It 

is also reasonable that the proton transfer is accompanied by the breaking of the C-C bond 

between benzene ring and ester group and then hydrogen is transferred to the ipso position. 

As a consequence, we deal with formation of the ion-neutral complex C6H6
…

COOCH3
+
. 

Dissociation of this complex leads to the formation of low abundant ion [COOCH3]
+ 

at m/z 

59 (Figure 1) or ion [COOCD3]
+ 

at m/z 62 (supporting information, Figure 2s and 3s). 

However, the main process occurring  for this complex is the transfer of methyl group to the 

benzene ring, the loss of CO2 molecule, and formation of protonated toluene. Such process 

should not be affected sterically, therefore should be also observed for protonated methyl 2,6-

dimethylbenzoate. And indeed, as shown in Figure 2, the loss of CO2 molecule occurs for 

protonated methyl 2,6-dimethylbenzoate.  

 

FIGURE 2 

 

 The product ion spectrum of protonated methyl 2,6-dimethylbenzoate shows that 

transfer of methyl group is not sterically affected. However the question is if the process can 

be affected by the electron effect and if yes in which way. As shown in Figure 3 the only 

process that occurred upon gas phase decomposition of protonated methyl 2,6-

dichlorobenzoate is the formation of benzoyl ion (loss of a methanol molecule). It is clear that 

because of the electron effect of chlorine atoms the loss of CO2 molecule (thus methyl group 

transfer) does not occur. 

 

FIGURE 3 

 

 In order to better understand the electron effect, the product ion spectra were obtained 

for protonated methyl benzoate substituted at ortho, meta and para positions by both electron 

withdrawing and electron donor substituent. Figure 4 shows the product ion spectra of methyl 

fluorobenzoate isomers, while Figure 5 shows the product ion spectra of methyl 

hydroxybenzoates isomers. Fluorine is an electron withdrawing substituent and hydroxyl 

group is and electron donor substituent.
36
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FIGURE 4 

FIGURE 5 

 

As clearly shown in Figures 4 and 5, the loss of CO2 molecule is an efficient process for meta 

isomers, whereas for ortho and para isomers it is of minor importance. In other words the 

position of substituent affects the loss of CO2 molecule, not the electron donor/withdrawing 

properties of the substituent. It can be explained on the basis of respective resonance 

structures. For ortho and para isomers we can deal with structures containing positive charge 

on the substituent and double bond between aromatic ring and carboxyl carbon atom 

(supporting information, Scheme 1s). The loss of CO2 molecule requires breaking of the bond 

between the aromatic ring and the carboxyl carbon atom. Formation of the structure for 

which this bond is double (thus stronger) prevents the breaking of this bond. 

We have also performed the calculations for protonated methyl fluoro- and 

hydroxybenzoates conjugates. Analogously  as for unsubstituted methyl benzoate, the most 

energetically favored protonated structures are those with the proton attached to the oxygen 

atom of the carboxyl group (supporting information, Schemes 2s-7s). Furthermore, for the 

favored structures, the calculated Wiberg bond indices for bonds between the aromatic ring 

and the carboxyl carbon atom, for meta isomers are slightly lower than for ortho and para 

isomers (supporting information, Schemes 2s-7s). 

 It has to be added that besides fluorine and hydroxyl groups other groups can 

influence the loss of CO2 molecule from respective protonated methyl benzoates. In order to 

minimize other effects than the electron one we have decided to check the influence of 

fluorine and hydroxyl moieties. For example, for an amino group, which has stronger electron 

donor properties than a hydroxyl group
36

, we could deal with its protonation instead of 

protonation of carbonyl oxygen atom. For a nitro group, which has stronger electron 

withdrawing properties than fluorine
36

, we would deal with its decomposition namely with 

the loss of NO molecule,
37

 and this process may compete with the loss of CO2 molecule. 

If it is true that that the efficiency of the loss of CO2 molecule can be explained on the 

basis of respective resonance structures, for methyl naphthoate isomers we should deal with 

different efficiencies of the loss of CO2 molecule. And indeed, as shown in Figure 6 for 

methyl 2-naphthoate, the loss of CO2 molecule is definitely more efficient than for methyl 1-
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naphthoate. It may be explained on the basis of respective resonance structures (supporting 

information, Scheme 8s and 9s). 

 

FIGURE 6 

 

We have also performed the calculations for protonated methyl naphthoates. 

Analogously as for the other compounds discussed above, the most energetically favored 

structures were obtained when the proton was attached to the oxygen atom of the carboxyl 

group (supporting information, Scheme 10s and 11s). Furthermore, for the favored structures, 

the calculated Wiberg bond indices for bonds between the naphthyl ring and the carboxyl 

carbon atom, for methyl 2-naphthoate are slightly lower than for methyl 1-naphthoate 

(supporting information, Scheme 10s and 11s). 

We have also checked if the loss of CO2 molecule can occur for other esters of 

benzoic acid (other than methyl ester). In other words, we wanted to answer the question if 

any other moiety than that of methyl can be transferred to the aromatic ring upon gas phase 

decomposition of protonated ester. As shown in supporting information (Figure 5s and 6s), 

for protonated ethyl benzoate and protonated phenyl benzoate, the loss of CO2 molecule does 

occur. Thus, the moiety other than methyl one are not transferred to the aromatic ring. 

Methyl para-hydroxybenzoate has a number of practical applications e.g. as a food 

preservative (it is called methylparaben and is coded under the number E218). ESI-MS 

coupled with liquid chromatography, usually in negative ion mode, has been used for its 

analysis in various samples.
38-42

 Methyl ortho-hydroxybenzoate (methyl salicylate) has been 

found in various natural sources usually by using electron ionization (EI) mass spectrometry 

coupled with gas chromatography.
43-46

 It is worth adding that EI mass spectra of all methyl 

hydroxybenzoate isomers are very similar (http://webbook.nist.gov/chemistry/), which may 

cause a problem with their correct identification.
43

 As shown in Figure 5, the product ion 

spectra of all methyl hydroxybenzoate isomers are substantially different. Therefore ESI-MS 

in positive ion mode may be useful for their identification. Obviously it requires more 

detailed analytical studies. 

 

Conclusions 

The loss of CO2 molecule, thus transfer of a methyl group, occurs upon gas phase 

decompositions of protonated methyl benzoate and its conjugates, as demonstrated by the 

http://webbook.nist.gov/chemistry/
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respective product ion spectra. It is reasonable that this process occurs through the ion-neutral 

complex. For methyl benzoate conjugates, it is the substituent position that affects the 

process, not its electron donor/withdrawing properties. Therefore, the product ion spectra of 

the protonated molecules may be useful for differentiation of isomers of methyl benzoate 

conjugates. 
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Scheme 1. Investigated types of protonation patterns of methyl benzoate. 

E - relative energy, 
A
 - absolute energy baseline: -460.593103 [hartree]. 
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Figure 1. Product ion spectra of protonated methyl benzoate. 
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Figure 2. Product ion spectrum of protonated methyl 2,6-dimethylbenzoate. 
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Figure 3. Product ion spectrum of protonated methyl 2,6-chlorobenzoate. 
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Figure 4. Product ion spectra of protonated methyl fluorobenzoates isomers. 
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Figure 5. Product ion spectra of protonated methyl hydroxybenzoates isomers. 
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Figure 6. Product ion spectra of protonated methyl naphthoate isomers. 

 


