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Abstract 

To discover novel triazole-based antimicrobial agents, design and synthesis of acid chlorides 
possessing a 1,2,4-triazole core was reported in this journal in 2018. However, we found that the reported 
spectroscopic data did not show any agreement with the proposed acid chloride structure. Herein, we 
described our opinion, which was supported by IR data, circumstantial evidences, and mechanistic 
insight, that the products obtained in the topical paper would be thioesters. 
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Introduction 

1,2,4-Triazole derivatives are one of the most promising frameworks to obtain a wide variety of 
biologically active compounds, such as antibacterial, antifungal, hypoglycemic, antihypertensive and 
analgesic agents [1]. 

As one of the medicinal chemical investigations on 1,2,4-triazole derivatives, in an article published 
in this journal in 2018 [1], the authors reported the synthesis of acid chloride derivatives 2 by the 
treatment of various thiols 1 with chloroacetyl chloride, followed by the recrystallization from ethanol 
(Scheme 1). However, we started doubting these series of results after finding the inconsistent 
assignments of the spectral data as well as from the mechanistic insight. Herein, we propose our opinions 
on the characterization of the products and the usefulness of the reaction products as a lead compound of 
further drug development. 
 
Results and discussion 

To analyze the physical data of 2a1 to 2d7, the calculated (left) and reported (right) data [1], were 
depicted in Table 1. We first focused on the elemental analysis (EA). As a result, to our surprise, none of 
the 20 reported EA data were found to show agreement with the calculated values, taking into account 
that the acceptable error of EA is usually < 0.4 %. Since the reported values are far different from the 
calculated ones, (e.g., although EA of 2a1 should be C 43.21 %, H 2.04 %, and N 12.63 %, the reported 
values were C 67.51 %, H 4.33 %, and N 10.15 %), we should wonder the authors might copy and paste 
incorrect data of different compounds. 
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Scheme 1 Reported synthesis of acetyl chlorides 2 from thiols 1.  

 
 
Second, comparison of the mass spectrometric (MS) data gave the identical conclusion, i.e., all the 

reported data for 2a1-2d7 did not match the calculated ones. Also in this case, the differences were never 
in the range of acceptable error of low resolution (< 1 Da) and of high resolution MS analyses (5 ppm or 
0.003 Da).  

Third, important disagreement can be extracted from the reported infrared (IR) spectroscopic data. 
One of the most meaningful IR signals is the absorption by the stretching of carbonyls, therefore, only the 
carbonyl stretching (CS) signals of the 20 compounds were picked up and shown in Table 1. Furthermore, 
the average of the reported wave numbers was calculated to be 1698 cm−1. Since in general, aliphatic acid 
chlorides are known to have CS peaks at around 1785 - 1815 cm−1 [2], the reported CS values seem to be 
too small, although only 2d7 showed a reasonable one (1813 cm−1) [3].  

Then, if the reported IR data were all correct, what compounds would be the most suitable to 
rationale the reported IR data? We here suggest the formation of thioesters, whose CS signals usually 
appear at around 1700 cm−1. Moreover, acid chlorides are usually more reactive than alkyl chlorides to 
nucleophiles. Hence, it is reasonable to consider thiols 1 attacked to the acid chloride moiety of 
chloroacetyl chloride to form thioesters 4, faster than to the alkyl chloride part to afford thioethers 2 
(Scheme 2). 

Our hypothesis is also supported by numbers of circumstantial evidences. First evidence lies in the 
recrystallization that the authors conducted to purify the final products. Although it was reported in the 
paper that 2 were all recrystallized from ethanol, acid chlorides 2 seem to be incompatible with ethanol 
because they will react to form ethyl esters 3. In contrast, this successful recrystallization makes sense if 
the products are thioesters 4, which will be stable enough in ethanol, under neutral conditions. Another 
evidence was obtained from a literature, reported by Gineinah, Badr and co-workers (Scheme 3) [4]. 
Indeed, 4,5-diaryl-4H-1,2,4-triazole-3-thiols 5 and 6, which are very similar to thiols 1, were treated with 
chloroacetyl chloride in the presence of triethylamine in refluxing toluene, to afford thioesters 7 and 8. 
Furthermore, the IR spectra showed that the CS signals of 7 and 8 appear at 1658 and 1662 cm−1, 
respectively. Nonetheless, appropriate combination of spectral data, e.g., agreeable elemental analyses, 
(HR)MS, well-assigned 1H–, 13C– and some 2D–NMR (such as HMBC and HMQC), and IR, would be 
necessary to unambiguously determine the structure of the products. 
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Table 1 Comparison between calculated and reported physical data. 
 

Compounds 

Calculated Reported 

Formula 

Elem. Anal.  
C  
H 
N 

Exact 
MS 
m/z 

[M+H]+ 

Elem. Anal.  
C 
H 
N 

MS 
m/z 

[M+H]+ 

IR  
Carbonyl 

Stretching / 
cm−1 

2a1 C16H9Cl3N4O3S 
43.21 
2.04 

12.63 
441.95 

67.51 
4.33  
10.15 

639 1709 

2a2 C18H15ClN4O3S 
53.67 
3.75 

13.91 
402.06 

49.42 
3.37 
7.24 

439 1654 

2a3 C16H10Cl2N4O3S  
46.96 
2.46 

13.69 
407.99 

48.17 
3.61 

14.17 
558 1614 

2a4 C17H13ClN4O4S  
50.44 
3.24 

13.84 
404.03 

59.15 
4.41 
8.89 

459 1678 

2a5 C16H10ClN5O5S  
45.78 
2.40 

16.68 
419.01 

48.25 
2.88 
7.12 

673 1686 

2a6 C16H9Cl3N4O3S 
43.21 
2.04 

12.63 
441.95 

45.25 
3.31 

12.43 
509 1678 

2a7 C16H10ClN5O5S  
45.78 
2.40 

16.68 
419.01 

59.39 
4.07 
8.41 

508 1720 

2a8 C16H11ClN4O3S  
51.27 
2.96 

14.95 
374.02 

43.42 
2.24 
7.11 

659 1716 

2b1 C16H10Cl3N3O2S 
46.34 
2.43 

10.13 
412.96 

41.76 
3.21 

11.59 
645 1728 

2b2 C18H16ClN3O2S 
57.83 
4.31 

11.24 
373.07 

64.18 
4.12 
9.11 

648 1666 

2b3 C16H11ClN4O4S  
49.17 
2.84 

14.34 
390.02 

47.52 
2.42 
6.47 

623 1624 

2c1 C18H14ClN5O5S  
48.27 
3.15 

15.64 
447.04 

47.25 
2.41 
6.57 

429 1654 

2c2 C16H9ClN6O7S  
41.35 
1.95 

18.08 
463.99 

42.84 
3.12 

11.98 
369 1707 

2d1 C18H17ClN4OS  
57.98 
4.60 

15.03 
372.08 

62.39 
4.15 
9.21 

693 1725 
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Compounds 

Calculated Reported 

Formula 

Elem. Anal.  
C  
H 
N 

Exact 
MS 
m/z 

[M+H]+ 

Elem. Anal.  
C 
H 
N 

MS 
m/z 

[M+H]+ 

IR  
Carbonyl 

Stretching / 
cm−1 

2d2 C16H12Cl2N4OS 
50.67 
3.19 

14.77 
378.01 

41.63 
2.18 
6.49 

483 1708 

2d3 C16H12ClN5O3S  
49.30 
3.10 

17.97 
389.03 

41.92 
3.11 

12.69 
453 1720 

2d4 C16H11Cl3N4OS 
46.45 
2.68 

13.54 
411.97 

38.50 
3.54 
8.68 

473 1717 

2d5 C16H12ClN5O3S  
49.30 
3.10 

17.97 
389.03 

41.29 
2.26 
6.32 

659 1716 

2d6 C16H13ClN4OS  
55.73 
3.80 

16.25 
344.05 

38.48 
2.67 

10.95 
383 1717 

2d7 C16H11Cl3N4OS 
46.45 
2.68 

13.54 
411.97 

51.40 
3.22 
7.30 

541 1813 

Average - - - - - 1698 
 
 

 
 
Scheme 2 Proposed formation of thioester 4 by the reaction of 1 with chloroacetyl chloride. 
 
 

 
 
Scheme 3 Thioester formation via the reactions between aromatic thiols and chloroacetyl chloride, 
reported by Gineinah, Badr and co-workers. 
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Finally, we should also recommend the reconsideration of the authors’ design. This is because, in 
the modern medicinal chemistry, it is considered that both α-halo-substituted carbonyl and thioester 
functionalities should be excluded from the drug candidate [5], due to their high electrophilicity, which 
tends to accept SN2 and acyl nucleophilic substitution reactions, respectively. That is, these moieties will 
easily react with endogenous nucleophiles (e.g. cysteine residues of peptides and proteins [6], or amines) 
to form undesired conjugates that may trigger unfavorable events in physiological conditions.  
 
Conclusions 

Herein, we discussed the possibility of misassignment of the products, synthesized from 4,5-
(substituted diphenyl)-4H-1,2,4-triazol-3-thiols and chloroacetyl chloride, which had been reported in a 
paper published in this journal. Our interpretation of the reported IR spectra, search of literatures, and the 
mechanistic insight suggested the formation of α-chloro-substituted thioesters, which may still have a 
concern to show unfavorable properties as a drug from the viewpoint of modern medicinal chemistry. 
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