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Abstract – Matrix for analysis of low molecular weight compound by 

MALDI-TOF MS was investigated. We found the new type of matrix, 

5-aryl-1H-tetrazoles, which are suitable for the detection of low molecular weight 

compound ions. When propranolol hydrochloride was measured with 

5-aryl-1H-tetrazoles, the strong matrix-derived peaks are not detected in low mass 

range.  

 

Matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS) has been 

shown to be an especially useful tool for the characterization of high molecular weight molecules.
1
  The 

results obtained for high-mass molecule from MALDI mass spectrometry experiments give not only 

molecular weight information but also structural information.
2  

In addition, the advantage of MALDI 

mass spectrometry is higher availability to high-throughput analysis of a lot of samples compared with 

other mass spectrometry.  However, the strong peaks based on matrix molecule derivative always are 

detected in the low mass range and cause interference to detect the small molecule ions because of ion 

suppression and overlapping matrix peaks. The better compound for low molecular measurement is not 

yet found though the matrix of an organic compound is variously examined.
3
  This destined feature of 

MALDI-TOF MS makes the analysis of small molecules difficult.  For avoiding this disadvantage for 

the analysis of low molecular weight compounds, following four strategies have already studied:  
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a)  No matrix compound (Laser desorption/ionization-MS) 

b)  Development new type sample target for suppressing the matrix molecule ions 

c)  Using steady polymer matrix 

d)  The matrix of inorganic compounds
 4-6

 

 

The surface assisted laser desorption/ionization (SALDI), was developed as a solution of a) and b) types 

strategies.
7,8

  Soltzberg et al.
9
 reported one method of type c) that the matrix derivative ions were not 

observed in Mass spectra when poly(3-octylpolythiophene2,5-diyl) was used as matrix. Schlosser et al. 

proposed to added the ammonium citrate and KCl as a method of d)
10

 and can reduce the amount of 

matrix derivative ion peaks in using the -cyano-4-hydoxycinnamic acid (CHCA)
11 

/ 

2,5-dihydoxybenzoic acid (DHB)
12

 for detection of the peptide compound.  However, the price of 

commercial SALDI target is too expensive for routine screening analysis and the methods of other 

strategies don’t have enough sensitivity.  Since CHCA and DHB, standard matrices, are aromatic 

carboxylic acids, we were intended to investigate organic matrices by replacement of carboxylic acid 

functionality.  We report here 5-aryl-1H-tetrazole derivatives 1a-c as a new type of matrix for low 

molecular weight compound analysis (Figure 1).  The derivative ion peaks of these organic compounds 

were less observed in Mass spectra and didn’t suppress the detection of sample ions.  
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Figure1. CHCA, DHB, and 5-aryl-1H-tetrazoles 1a-c 

 

We chose tetrazole moiety as an isoster of carboxylic acid functionality according to bioisosters in 

medicinal chemistry.
13

  The mass spectra of 5-phenyl-1H-tetrazole 1a (Mw=146.15) under positive and 

negative mode conditions are shown in Figure 2.  A relatively weak peak of m/z at 168 could be 

assigned to the Na
+
 adduct ion for 1a under positive mode, whereas an obvious peak for 1a (145, [M - H]

-
 

under negative mode was observed.  Regardless of the ratio of the sample and the matrix, the advantage 

of the tetrazole 1a is not to be observed on [M + H]
+
 by measurement of the positive ion detection mode 

but detected on the [M - H]
-
 by negative ion detection mode. 
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Figure 2.  MALDI-TOF mass (positive and negative modes) spectra of  

5-phenyl-1H-tetrazole 1a (35 nmol/well) on stainless plate 

 

 

We next compared 5-phenyl-1H-tetrazole 1a with both CHCA and DHB in MALDI-TOF MS analysis of 

propranolol hydrochloride as a sample (Figure 3).  When 1a was used as a matrix, the peaks derived 

from 1a were not detected in Mass spectra under positive ion mode. Propranolol (Mw=259.34) was 

detected as 260, [M + H]
+
; 282, [M + Na]

+
; and 298, [M + K]

+
.  In the case of CHCA as a matrix, peaks 

of m/z at 171, [matrix + H - H2O]
+
; 189, [matrix + H]

+
; 211, and [matrix + Na]

+
 were detected.  DHB as 

a matrix resulted in the detection at 153, [matrix]
+
.  These peaks derived from CHCA and DHB were 

detected in the low mass field by the positive ion mode.  These peaks would make the analysis of low 

weight molecular compounds difficult.  In cases of both CHCA and DHB, only peak for propranolol 260 

[M + H]
+
 was observed.   

Having a candidate for a new type of matrix in hand, we further tested 5-(2-bromophenyl)-1H-tetrazole 

1b (Mw=225.05) and 5-(4-hydroxyphenyl)-1H-tetrazole 1c (Mw=162.15).  Mass spectra for propranolol 

hydrochloride with 1b and 1c under positive mode condition are shown in Figure 4. It is noted that there 

were no signals, [matrix + H]
+
, of the matrices in both cases.  The peak for propranolol (260, [M + H]

+
) 

was clearly detected in both cases. 

HETEROCYCLES, Vol. 85, No. 4, 2012 929



 

 

Figure 3.  MALDI-TOF mass (positive mode) spectra of propranolol HCl (30 nmol)  

using matrix (CHCA, DHB and 5-phenyl-1H-tetrazole 1a; 30 nmol) on stainless plate 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.  MALDI-TOF mass (positive mode) spectra of propranolol HCl (30 nmol)  

using 5-aryl-1H-tetrazoles 1b and 1c (30 nmol) per well on stainless plate 
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Figure 5 shows the S/N in each sample volume.  5-(2-Bromophenyl)-1H-tetrazole 1b showed S/N equal 

with DHB and CHCA. Other tetrazoles 1a and 1c were low S/N ratio.  In the amount of 30 nmol, the 

detection of matrices peaks are not detected as for the all matrices, and only the sample peaks are 

detected.   

 

 

Figure 5.  Sample/Noise in each sample volumes with propranolol HCl in matrices under positive mode.  

Closed square: CHCA, Closed triangle: DHB, Open square: 5-phenyl-1H-tetrazole 1a, Closed circle: 

5-(2-bromophenyl)-1H-tetrazole 1b, Open circle: 5-(4-hydroxyphenyl)-1H-tetrazole 1c  

 

 

The tetrazole derivatives have an excellent character that only the peak of the sample can be detected.   

Therefore, when the low molecular weight compound is measured, it turned out that this matrix is 

extremely effective.  Since these matrices do not ionize the biological macromolecule compounds such 

as the proteins, these matrices could be effective for the analysis of the drug distribution throughout the 

body and the drug metabolism. 

In conclusion, we found a new type of matrix, 5-aryl-1H-tetrazole, for the analysis of low molecular 

weight compounds by MALDI-TOF MS.  The advantage of the tetrazole matrix in comparison with 

CHCA and DHB was demonstrated by MALDI-TOF MS analysis of propranolol.  Noteworthy that  

there were no signals of the matrix and peaks for propranolol ([M+H]
+
, [M+Na]

+
 and [M+K]

+
) were 

detected under positive mode condition.  Moreover, this matrix can be measured in stainless plate 

usually used. This result shows the possibility of new strategy of MALDI-TOF MS satisfied cheaper 

running cost and enough usefulness of low molecular weight compound analysis. 
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EXPERIMENTAL 

5-Phenyl-1H-tetrazole 1a and propranolol hydrochloride were purchased from Sigma-Aldrich Co. 

5-Aryl-1H-terazole derivatives 1b and 1c were synthesized from the corresponding nitrile derivatives.
14

   

Measurement of MALDI-TOF MS 

The measurement of Mass spectra was performed by MALDI-reflectron-TOF MS (AXIMA-CFR, 

Shimazu Kyoto Japan). An equal amount of sample and matrix solutions (30 mmol/L) in MeCN were 

mixed for preparing equimolar mixture solution. 1L of the above mixture solution was applied on a 

sample target. Finally, 30 nmol of sample and matrix was used for measuring Mass spectra.  CHCA and 

DHBA were used as standard matrices.  
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