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Abstract: Methoximes are a special group among oxime ethers; they are notoriously the most 

widely used oxime derivatives both, in chemical synthesis and in the pharmaceutical industry. For 

this reason, there is an interest in the synthesis of such compounds. More than 20 reactions were 

carried out with different aldehydes and ketones. Those under Mn(II) promotion proceeded gen-

erally in shorter reaction times and in some cases, even better yields were obtained when compared 

to the cerium-based catalysis. This is also advantageous, since manganese salts represent an even 

greener and inexpensive alternative, because manganese is of great abundance on Earth. 
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1. Introduction 

Oximation is a very efficient strategy for the derivatization of aldehydes and ke-
tones. Theoretically and practically, the synthesis of methoximes is an important process 

in carbonyl chemistry [1]. Methoximation has been used for characterization and purifi-
cation of carbonyl compounds, for the protection or activation of carbonyl groups in 

multistep synthesis, [2–5] as well as for C–H bond activation, Heck-type reactions, N–O 
bond cleavage/C–N bond formation, O–H bond cleavage and couplings [6]. 

Methoximes are also useful synthetic intermediates and many relevant compounds 

display this group as its characteristic motif. Many methoxime derivatives, such as 1 [7], 
the pesticide 2 [8] the fungicidal 3 [9], the antibacterial 4 [10], and the antiproliferative 

agent 5 [11] are found in patents. They have also been prepared as enzyme inhibitors (6, 
7) [12,13], antiparasitic agents (8) [14], prodrugs (9, anticonvulsant) [15], and receptor 
agonists (10) [16]. In addition, several methoxime derivatives are being currently mar-

keted, such as moxidectin [17]. 

A variety of carbonyl substrates, including aliphatic, aromatic and heterocyclic have 

hitherto been subjected to methoximation. In view of this situation, developing a 
straightforward and practical catalytic system for the methoximation of aromatic alde-
hydes and ketones is desirable, especially in view that in a recent review it was pointed 

out that the metal-mediated oximation of carbonyl derivatives has been scarcely report-
ed, being “still-uncommon” and that “the synthetic potential of many of these ap-

proaches is not high” [18].  
We have recently shown that the methoximation of aldehydes and ketones can be 

accelerated by various Lewis acids, highlighting CeCl3.7H2O as a suitable promoter, 

being efficient under mild conditions [19].  
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Figure 1. Selection of relevant bioactive methoxime derivatives. 

During this study, we also observed that manganese salts [Mn(OAc)3·2H2O, 
MnSO4·4H2O, MnCl2·4H2O] were able to accelerate the methoximation of a model ketone, 

with the chloride salt exhibiting the best performance [19]. Since manganese is the third 
most abundant transition metal in the Earth’s crust, and it is environmentally benign, its 

derivatives are particularly attractive, because of their low cost and low toxicity, com-
pared to other transition metals [20,21]. 

Taking into account our interest in the development of simple, efficient and 

eco-conscious transformations and synthetic procedures [22–24], we decided to make a 
comparison between the performances of the methoximation reaction under MnCl2.4H2O 

[25] and CeCl3.7H2O [19] catalysis. 

2. Results and Discussion 

At the outset of the investigation, initial conditions for the transformation were de-
fined based on our experience. The suitability of the different alternatives were con-

firmed, monitoring by TLC (run every 10 min) the time required for complete consump-
tion of the starting material.  

The reaction temperature was set at 50 °C, as it is a suitable reaction condition, still 
mild compared to methods that require solvent reflux. NaOAc was employed as base to 
remove HCl and set free the methoxylamine. The anhydrous form of the salt was used for 

the experiments. NaOAc is a GRAS (Generally Regarded as Safe) substance, which helps 
to fulfil our aim of process eco-friendliness [26,27]. We also observed that the presence of 

small amounts of H2O did not hinder the transformation under CeCl3 catalysis (entry 13 
and 14), but it seemed to slightly lower the reaction rate. Therefore, the hydrated salts 
were used in both cases. 

As shown in Table 1, when the reactions were performed in absolute EtOH, it was 
observed that in the absence of promoter, the starting ketone was not fully consumed 

even after 120 min (entry 1). Considering that the catalytic ability of simple manganous 
salts also depends on the counterion [28,29], the effect of 5 mol% of different manganous 
salts such as the sulfate (entry 2), acetate (entry 3), perchlorate (entry 4) and MnCl2.4H2O 

(entry 5), was examined. Even though it may be argued that addition of NaOAc to the 
reaction may afford Mn(OAc)2, it was found that the transformation was most efficient in 

the presence of MnCl2.4H2O, resulting in complete consumption of the starting ketone in 
only 30 min (entry 5 vs. entry 3). Therefore, the latter was employed for further studies. 
MnCl2.4H2O is also a GRAS substance [26]. The salt is a mild and moisture compatible 
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Lewis acid, suitable for use in protic solvents, that has been rather scarcely used in or-
ganic chemistry. 

Considering that the transformation proceeds optimally in alcoholic media, the 

performances of MeOH (Entry 6 and 7), and 2-PrOH (Entry 8 and 9) were compared 
against the use of EtOH (Entry 5 and 12). It was verified that in the latter case the reaction 

was completed in 30 min, whereas the transformation was slower in the other media, not 
reaching completeness even after 75 min. This observation enabled to conclude that 
EtOH should be the solvent of choice. 

Table 1. Optimization of the reaction conditions. 

 

Entry 

N° 
Solvent 

Promoter 

(5 mol%) 

Temperature 

(°C) 

Time 

(min) a 

1 EtOH - 50 >120 

2 EtOH MnSO4.H2O 50 45 

3 EtOH Mn(OAc)2.4H2O 50 60 

4 EtOH Mn(ClO4)2.6H2O 50 60 

5 EtOH MnCl2.4H2O 50 30 

6 MeOH CeCl3.7H2O 50 >50 

7 MeOH MnCl2.4H2O 50 >75 

8 2-PrOH MnCl2.4H2O 50 >75 

9 2-PrOH CeCl3.7H2O 50 >50 

10 EtOH MnCl2.4H2O 27 >60 

11 EtOH MnCl2.4H2O 40 50 

12 EtOH CeCl3.7H2O 50 30 

13 EtOH 96% CeCl3.7H2O 50 30 

14 EtOH 80% CeCl3.7H2O 50 40 
a Time to achieve complete consumption of the starting material, according to the TLC. 

Once the optimal reaction conditions were established, the scope of the method was 

examined, by subjecting to methoximation various aldehydes and ketones, with different 
steric and electronic characteristics. 

In general, it was observed that the transformation was efficient with aldehydes and 
ketones, generally proceeding with a yield greater than 75%. Aldehydes were more re-
active than ketones, and reactions were generally completed in less than 5 min. Besides, 

the process showed to be insensitive to steric effects, since the yields of the methoximes of 
ortho-substituted aldehydes or those carrying additional functionalities in other positions 

were similar enough to the derivatives of aldehydes lacking ortho substituents. On the 
other hand, the results appeared to show that ketones lacking an ortho substituent gave 
the corresponding products in about 15-30 min, while some of their congeners that had 

an ortho-carbonyl functionalization reacted at a rate that depended on the nature of the 
substituent. 

Curiously, in most cases, the signals of E/Z (anti/syn) mixtures of methoximes (with 
one of them clearly predominant) were easily visible in the NMR spectra of the com-

pounds. Nevertheless, unfortunately, these mixtures could not be separated by column 
chromatography. 

With all the acquired data, a comparison was made between the performances ob-

tained with CeCl3.7H2O and MnCl2.4H2O as catalysts (Table 2). It was carried out on a set 
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of eight compounds, including aromatic aldehydes and ketones, as well as a pair of ali-
cyclic derivatives. 

Table 2. Comparative performance of CeCl3.7H2O and MnCl2.4H2O as catalysts for the methoximation of aldehydes and 
ketones. 

Entry 

N° 
Compound 

CeCl3.7H2O MnCl2.4H2O 

Time 

(min) 

Yield 

(%) 

Time 

(min) 

Yield 

(%) 

1 

 

40 80 20 93 

2 

 

60 84 18 96 

3 

 

1080 98 360 89 

4 

 

1080a 89 2100 86 

5 

 

40 92 5 97 

6 

 

24 88 5 68 

7 
 

36 79 15 80 

8 
 

24 96 35 81 

a The reaction was incomplete at the time. 

The analysis revealed that MnCl2.4H2O showed a performance at least similar and 
often even superior to that of the cerium (III) salt, and that it can conveniently act as its 

alternative or substitute of the latter under analogous reaction conditions. Furthermore, it 
is highly advantageous that the manganese (II) salt is easily available and less expensive 

than CeCl3. 7H2O. 

3. Experimental Section 

3.1. General Experimental Details 

The reactions were executed with oven-dried glassware and freshly distilled anhy-
drous solvents. The reactions were monitored by TLC, where the spots were detected by 

exposure to 254 nm UV light, and by spraying with ethanolic p-anisaldehyde/H2SO4. All 
new compounds gave single spots on TLC plates run in different solvent systems. The 
flash column chromatographies were run with silica gel 60 H (particle size 63–200 μm), 

eluting under positive pressure with hexane-EtOAc mixtures, and employing gradient of 
solvent polarity techniques. 

The NMR spectra were recorded on a Bruker Avance 300 spectrometer (300.13 MHz 
for 1H and 75.48 MHz for 13C). The melting points (uncorrected) were measured on an 
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Ernst Leitz Wetzlar model 350 hot-stage microscope. The FT-IR spectra were acquired 
with a Shimadzu Prestige 21 spectrophotometer, with the samples as solid dispersions in 
KBr disks or as thin films held between NaCl. High-resolution mass spectra were ob-

tained from UMYMFOR (Buenos Aires, Argentina) with a Bruker MicroTOF-Q II in-
strument. Detection of the ions was performed in ESI+ mode. 

3.2. Compound Characterization 

3.2.1. (E)-2-Bromo-5-methoxybenzaldehyde O-Methyloxime  

Yellow oil; yield: 87%. IR (film, ῦ): 3003, 2963, 2936, 2899, 2833, 2818, 1591, 1564, 

1464, 1418, 1404, 1348, 1292, 1273, 1233, 1171, 1061, 1047, 1016 and 910 cm−1. 1H NMR (300 
MHz, CDCl3): δ = 8.41 (1H, s, H-1), 7.42 (1H, d, J = 8.9, H-6′), 7.39 (1H, d, J = 3.1, H-3′), 6.81 

(1H, dd, J = 3.1 and 8.8, H-4′), 4.00 (3H, s, N-OMe) and 3.83 (3H, s, OMe). 13C NMR (75 
MHz, CDCl3): δ = 158.9 (C-5′), 148.0 (C-1), 133.7 (C-3′), 132.1 (C-1′), 118.5 (C-4′), 114.6 
(C-2′), 111.2 (C-6′), 62.3 (N-OMe) and 55.6 (OMe). HRMS (ESI-TOF): m/z [M+H]+ calcd. for 

C9H11BrNO2: 243.9968; found: 243.9970. 

3.2.2. (E)-1-(3,4-Dimethoxyphenyl)ethan-1-one O-Methyloxime 

White solid; yield: 96%; mp 58–59 °C. IR (KBr, ῦ): 2961, 1576, 1516, 1464, 1416, 1339, 
1277, 1252, 1231, 1175, 1150, 1045, 1020, 918, 866 and 812 cm−1. 1H NMR (300 MHz, CDCl3): 

δ = 7.30 (1H, d, J = 2.0, H-2′), 7.14 (1H, dd, J = 2.1 and 8.4, H-6′), 6.85 (1H, d, J = 8.5, H-5′), 
3.99 (3H, s, N-OMe), 3.93 (3H, s, 4′-OMe*), 3.90 (3H, s, 3′-OMe*) and 2.21 (3H, s, H-2). 13C 

NMR (75 MHz, CDCl3): δ = 154.2 (N-OMe), 150.0 (C-4′), 148.9 (C-3′), 129.4 (C-1′), 119.1 
(C-6′), 110.6 (C-5′), 108.6 (C-2′), 61.8 (N-OMe), 55.9 (3′-OMe and 4′-OMe) and 12.5 (C-2).  

4. Conclusions 

We carried out a comparative study between MnCl2.4H2O and CeCl3.7H2O as pro-

moters of the methoximation of aromatic aldehydes and ketones, which revealed that 
using MnCl2.4H2O results in equal or better yields and shorter reaction times compared 

to CeCl3.7H2O. The transformation, which is of considerable substrate scope, features low 
catalyst loading, proceeds without the use of an external ligand and illustrates a unique 
catalytic use, recently reported by us [25], of manganese salts for derivatization of car-

bonyl compounds under mild conditions, when so far this transformation has been car-
ried out under generally harsher conditions.  

Although catalysis with MnCl2.4H2O has been shown to be barely outperformed in 
some cases, both approaches are promising and complementary, as the use of excess re-
agents or more expensive or even toxic additives is avoided. 
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