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Abstract. The acylation of both aliphatic and aromatic amines, alcohols and amino alcohols by simultaneous infrared-
ultrasound irradiation (SIUI) in solvent-free conditions in short reaction times and with good to excellent yields was 
achieved. The results obtained with SIUI and for thermal, infrared and ultrasound energy sources are compared. This is the 
first report regarding to the application of SIUI in acylation reactions. 
Keywords: Acylation reactions; Green chemistry; simultaneous infrared-ultrasound irradiation (SIUI). 
 
Resumen. Se realizó la acilación de aminas, alcoholes y amino alcoholes alifáticos y aromáticos mediante la irradiación 
simultánea de energía de infrarrojo y de ultrasonido (SIUI), en ausencia de disolventes, en tiempos de reacción cortos y con 
excelentes rendimientos de reacción. Los resultados obtenidos con SIUI fueron comparados con los obtenidos mediante el 
empleo de energía térmica, de infrarrojo y de ultrasonido. Este es el primer informe relacionado a la aplicación de SIUI en 
reacciones de acetilación. 
Palabras clave: Reacciones de acilación; Química Verde; irradiación simultánea infrarrojo-ultrasonido (SIUI). 
 
 
 
Introduction 

Acylation is one of the most used reactions in organic synthesis [1-4] as a protecting group of amine, alcohol, and 
thiol functional groups or as a functional group of the final structure of a product.  
Many variations of this important reaction are known, such as in acetylsalicylic acid, which was introduced to clinical use by 
Dreser in 1899 and is still used as an analgesic around the world. [5,6] Acylation reactions are used in carbohydrate chemistry 
[3,7] and to improve stability for many compounds, [8] such as nucleosides, [9] steroids [10] and natural products. [11] 

A general method for acylation reactions is the use of acetic anhydride at either reflux or room temperature with the 
appropriate substrate, under homogeneous or heterogeneous media, [12] with or without the use of a catalyst. [13,14] Acetyl 
chloride, [15] acetic acid [16] or acyl urea [17] can also be employed. Numerous other strategies have been used, such as with 
a Lewis acid, [18-23], solid supports [24-26] and polymeric acids. [27] In many cases, a solvent is used, such as benzene, 
toluene, and xylenes, [28,29] and also in solvent-free conditions, [30,31] with the use of microwave irradiation, [32] 
ultrasound, [33] infrared, [34] ionic liquids, [35-37] and enzymes. [38,39] Actually the use of a base like triethylamine or 
pyridine, in stoichiometric amounts, it’s the most common reaction condition for acylation reactions. 

One of the so-called non-classical energy forms includes infrared irradiation. This method of promoting a reaction 
has the advantages of minimizing reaction time, improve the product yield and avoid undesired byproducts and is a direct 
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form of heating to activate a reaction. Therefore, the infrared irradiation has found a vast field of application in organic 
synthesis. [40] 

The use of alternative energy sources for the activation of chemical reactions is well known and simultaneous 
microwave-ultrasound (SMUI) is a good example of the combination of energy sources resulting in the enhancement in 
reaction rates by integration of the technologies based on enhanced heat and mass transfer. [41,42]  

The combination of these energy sources results in the improvement of reactions yields and reaction times that go 
from hours by conventional thermal heating to seconds by SMUI. [43-50] 

In this paper, we present a new methodology to perform acylation reactions of a series of anilines, alcohols, and 
amino alcohols by simultaneous infrared-ultrasound irradiation (SIUI) in solvent-free conditions and without the use of any 
catalyst. Besides, these results with other energy sources are compared. 

 
 
Experimental Section 

IR reactions were irradiated at the wavelength of 1100 nm (9.09 cm-1) using a home-made device adapted with a 
THERA-TERM OSRAM infrared bulb of 250 W/125 V and a capacitor to control temperature. [52] Ultrasound experiments 
were carried out in a Cole Parmer 500W/115V instrument with temperature control and with an irradiation frequency of 20 
KHz. For SIUI IR and US, instruments were used: IR at 10 cm from the reaction vessel and employment a rheostat at 80%; 
US with 1.4 cm of the probe horn located in the reaction mixture and 50% of amplitude, Fig. 1. 

 
 

 
 

Fig. 1. SIUI apparatus. 
 
 
 
 

Procedure and spectral data 
General procedure. A mixture of amine, alcohol or amino alcohol (1.0 mmol) and an acylating agent (1.4 mmol) 

with the respective energy by the time shown in the corresponding table was irradiated until substrate was completely 
converted to the acylated product. Then, to the mixture reaction was added ice water and the precipitated product was filtered 
under vacuum and dried.  

Selected spectral data (spectral data of all obtained compounds in Supporting Information file are presented). 
N-Cyclohexylacetamide (I 1 / II 1) [53]. White solid, m.p. 101.5-102.3 °C, 54.4 mg, 99%, Rf = 0.60 (Hex-EtOAc 6:4). 
1HNMR (300 MHz, CDCl3): δ 5.89 (br s, 1 H, NH), 3.67-3.73 (m, 1 H), 1.92 (s, 3 H), 1.85-1.90 (m, 2 H), 1.65-1.69 (m, 2 H), 
1.56-1.60 (m, 1 H), 1.26-1.35 (m, 2 H), 1.05-1.15 (m, 3 H). 13CNMR (75 MHz, CDCl3): δ 169.2, 48.2, 33.1, 25.5, 24.9, 23.5.  
N-Benzylacetamide (I 2 / II 2) [54]. White solid, m.p. 61-63 °C, 283 mg, 99%, Rf = 0.37 (Hex-EtOAc 6:4). 1HNMR (300 
MHz, CDCl3): δ 7.34–7.22 (m, 5 H), 6.14 (s, 1 H, NH), 4.39 (d, J = 4.4 Hz, 2 H), 1.98 (s, 3 H). 13CNMR (75 MHz, CDCl3): δ 
170.0, 138.3, 128.6, 127.8, 127.4, 43.7, 23.2.  
N-Phenylacetamide (I 4 / II 4) [55]. White solid, m.p. 111-113 oC, 130.95 mg, 97 %, Rf = 0.53 (Hex-EtOAc 5:5). 1HNMR 
(300 MHz, DMSO-d6): δ 8.5 (s, 1 H), 7.51 (d, J = 7.8 Hz, 2 H), 7.27 (t, J = 7.8 Hz, 2 H), 7.07 (t, J = 7.5 Hz, 1 H), 2.12 (s, 3 
H). 13CNMR (75 MHz, DMSO-d6): δ 169.1, 137.9, 128.7, 124.1, 120.1, 24.2. 
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N-(2-Bromophenyl)acetamide (I 7 / II 7) [56]. White solid, m.p. 97-99 °C, 236 mg, 99%, Rf = 0.49 (Hex-EtOAc 5:5). 
1HNMR (300 MHz, CDCl3): δ 8.25 (d, J = 8.3 Hz, 1 H), 7.51 (d, J = 23.4 Hz, 1 H), 7.49–7.41 (m, 1 H), 7.28–7.20 (m, 1 H), 
6.90 (t, J = 7.7, 1.6 Hz, 1 H), 2.16 (s, 3 H). 13CNMR (75 MHz, CDCl3): δ 168.2, 135.6, 132.2, 128.3, 125.1, 121.9, 113.2, 
24.8.  
N-(o-tolyl)acetamide (I 8 / II 8) [57]. White solid, m.p. 108-109 °C, 74.1 mg, 99%, Rf = 0.49 (Hex-EtOAc 6:4). 1HNMR 
(500 MHz, CDCl3): δ 7.71 (d, J = 8.0 Hz, 1 H), 7.21 (t, J = 8.0 Hz, 1 H), 7.10 (t, J = 7.5 Hz, 1 H), 2.30 (s, 3 H), 2.19 (s, 3 H). 
13CNMR (175 MHz, CDCl3): δ 168.6, 135.6, 130.5, 129.7, 126.7, 125.4, 123.7, 24.2, 17.8. 
N-(2-Nitrophenyl)acetamide (I 9 / II 9) [58]. Yellow solid, m.p. 93–94 °C, 29 mg, 98%, Rf = 0.48 (Hex-EtOAc 5:5). 
1HNMR (400 MHz, CDCl3): δ 10.33 (br s, 1 H, NH), 8.77 (d, J = 8.4 Hz, 1 H), 8.21 (d, J = 8.4 Hz, 1 H), 7.65 (t, J = 7.8 Hz, 
1 H), 7.18 (t, J = 7.8 Hz, 1 H), 2.30 (s, 3 H). 13CNMR (75 MHz, CDCl3): δ 169.1, 136.4, 136.0, 134.9, 125.8, 123.3, 122.2, 
25.7.  
N-(3-Fluorophenyl)acetamide (I 10 / II 10) [59]. White solid, m.p. 80-82 oC, 143.8 mg, 99%, Rf = 0.46 (Hex-EtOAc 5:5). 
1HNMR (300 MHz, acetone-d6): δ 9.32 (s, 1 H), 7.68 (dd, J = 13.8, 2.1 Hz, 1 H), 7.29 (m, 2 H), 6.79 (m, 1 H), 2.08 (s, 3 H). 
13CNMR (75 MHz, DMSO-d6): δ 169.3, 162.8 (1JCF = 239.2 Hz), 141.6, 130.9 (3JCF = 10.2 Hz), 115.2, 110.0 (2JCF = 20.4 Hz), 
106.3 (2JCF = 27.2 Hz), 24.7. 
N-(3-Chlorophenyl)acetamide (I 11 / II 11) [60]. White solid, m.p. 74-75 oC, 165.62 mg, 99%, Rf = 0.50 (Hex-EtOAc 5:5). 
1HNMR (300 MHz, DMSO-d6): δ 10.11 (s, 1 H), 7.81 (t, J = 2.1 Hz, 1 H), 7.41 (ddd, J = 8.4, 2.1, 1.2 Hz, 1 H), 7.29 (t, J = 
8.1 Hz, 1 H), 7.06 (ddd, J = 8.1, 2.1, 1.2 Hz, 1 H), 2.05 (s, 3 H). 13CNMR (75 MHz, DMSO-d6): δ 168.6, 140.7 133.1, 130.4, 
122.7, 118.5, 117.2, 24.0. 
N-(3-Bromophenyl)acetamide (I 12 / II 12) [61]. White solid, m.p. 85-86 oC, 199.28 mg, 98%, Rf = 0.53 (Hex-EtOAc 5:5). 
1HNMR (300 MHz, DMSO-d6): δ 8.18 (s, 1 H), 7.79 (s, 1 H), 7.41 (d, J = 7.5 Hz, 1 H), 7.13-7.24 (m, 2 H), 2.18 (s, 3 H). 
13CNMR (75 MHz, DMSO-d6): δ 169.0, 138.2, 130.2, 127.2, 123.1, 122.6, 118.5, 24.4. 
N-(3-Iodophenyl)acetamide (I 13 / II 13) [62]. White solid, m.p. 116-118 oC, 255.68 mg, 99%, Rf = 0.51 (Hex-EtOAc 5:5). 
1HNMR (300 MHz; DMSO-d6): δ 9.51 (s, 1 H); 7.96 (s, 1 H), 7.45 (d, J = 8.0 Hz, 1 H), 7.25 (d, J = 8.0 Hz, 1 H), 6.91 (t, J = 
8.1 Hz, 1 H), 2.03 (s, 3 H). 13CNMR (75 MHz, DMSO-d6): δ 168.3, 139.6, 131.4, 129.6, 127.4, 118.0, 93.3, 23.6. 

 
 
Results and Discussion  
 

In order to achieve the projected reactions, we used: acetic anhydride I, acetyl chloride II, trifluoroacetic anhydride 
III, 2,2-dimethylpropionic anhydride IV, benzoic anhydride V, and benzoyl chloride VI as acylating reagents. We focused 
especially on the acetylation process because it is the most used in synthetic procedures. The obtained results for these 
reactions at the beginning in this communication are presented, and then the results with III-VI with selected substrates are 
shown. All reaction temperatures were selected near to the corresponding boiling point for each acylation reagent at the 
atmospheric pressure of the experimental work (100 oC for I and IV-VI; 47 oC for II and 35 oC for III). 

For all reactions, the used relation of amines and alcohols with the acylating reagents was 1:1.4 equivalents, because 
in this relation the yields are slightly improved compared with relation 1:1 and other relations probed. This behavior is 
according to T.-S. Li and A.-X. Li report. [51] 

The first set of aliphatic amines with diverse energy sources was irradiated using I or II and the results are shown in 
Tables 1-2. Notably, in all reactions, SIUI irradiated reactions gave the best yields and, as the main result, with shorter 
reaction times. Although in both results reaction times and yields of acetylated product are similar for irradiation SIUI with I 
and II, the reaction temperature and more reactivity are important differences when II is used. 

These results stimulated us to perform more evaluations using other substrates. Therefore, in Tables 4-7 the 
presented results only correspond for the use of II. (All results using both I and II in Electronic Supporting Information file 
are presented).  
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Table 1. Acetylation of cyclohexylamine with I or II. 

NH2

Energy

HN

O

 I or II

1

Compound 
SIUIa,b

Time (min) / Yield 
(%) 

Thermala,b 

Time (min) / Yield 
(%) 

IRa,b 

Time (min) / Yield 
(%) 

USa,b 

Time (min) / Yield 
(%) 

  I 1 0.91 / 96 15 / 91 20 / 90 24 / 78 
II 1 0.91 / 99 15 / 93 20 / 94 24 / 86 

Average 0.91 / 97.5 15 / 92 20 / 92 24 / 82 
Reactions at: a 100 oC with I. b 47 oC with II. 

Table 2. Acetylation of benzylamine and N-methylbenzilamine with I or II. 

NH
Energy

N

O

R R
 I or II

Compound 
SIUIa,b

Time (min) / Yield (%) 
Thermala,b 

Time (min) / Yield 
(%) 

IRa,b 

Time (min) / Yield 
(%) 

USa,b 

Time (min) / Yield 
(%) 

  I 2 0.66 / 98 45 / 89 26 / 94 46 / 88 
II 2 0.58 / 99 30 / 92 30 / 95 54 / 90 
  I 3 0.80 / 95 55 / 89 35 / 93 56 / 84 
II 3 0.72 / 98 40 / 91 40 / 95 60 / 87 

Average 0.69 / 97.5 42.5 / 90.25 32.75 / 94.25 54.0 / 87.25 
Reactions at: a 100 oC with I. b 47 oC with II. 

For the acetylation reaction of a series of anilines, Table 3, at the same used reaction conditions, the results obtained 
in Table 4 are shown. 

2 R = H
3 R = CH3
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Table 3. Selected anilines used for acetylation reaction. 
Compound R1 R2 R3 R4 

4 H H H H 
5 CH3 H H H 
6 Ph H H H 
7 H Br H H 
8 H CH3 H H 
9 H NO2 H H 
10 H H F H 
11 H H Cl H 
12 H H Br H 
13 H H I H 
14 H H H F 
15 H H H Cl 
16 H H H Br 
17 H H H CH3 
18 H H H NO2 
19 H H H COMe 
20 H H H OCH3 
21 H H H NH-Ph 
22 H H H N=N-Ph 

Table 4. Acetylation of anilines with II. 

NHR1

R4

NR1

R4
R3EnergyR3

R2 R2

O

II

4-22

Compound 
SIUIa

Time (min) / 
Yield (%) 

Thermala

Time (min) / 
Yield (%) 

IRa

Time (min) / 
Yield (%) 

USa

Time (min) / 
Yield (%) 

II 4 0.66 / 97 19 / 95 15 / 94 18 / 96 
II 5 1.00 / 95 20 / 95 16 / 95 20 / 95 
II 6 2.00 / 94 17 / 96 19 / 97 30 / 92 
II 7 1.00 / 97 60 / 95 15 / 99 27 / 94 
II 8 1.20 / 99 47 / 95 16 / 96 23 / 94 
II 9 1.50 / 98 30 / 98 15 / 97 22 / 95 

II 10 0.91 / 99 20 / 96 16 / 98 16 / 93 
II 11 0.92 / 99 16 / 96 27 / 98 19 / 94 
II 12 1.25 / 98 18 / 94 23 / 96 18 / 91 
II 13 0.76 / 99 19 / 95 15 / 97 20 / 93 
II 14 0.85 / 98 20 / 98 16 / 99 20 / 94 
II 15 0.88/ 99 17 / 95 19 / 98 20 / 91 
II 16 1.00 / 99 60 / 98 15 / 99 30 / 95 
II 17 0.83 / 98 47 / 96 16 / 98 27 / 94 
II 18 1.50 / 99 30 / 96 15 / 99 23 / 94 
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II 19 1.10 / 99 20 / 99 16 / 97 22 / 93 
II 20 0.83 / 99  16 / 97 27 / 98 16 / 95 
II 21 1.25 / 99  20 / 98 23 / 97 19 / 94 
II 22 0.91 / 98  15 / 95 20 / 96 24 / 95 

Average 1.07 / 98.05 26.90 / 96.15 18.10 / 97.26 21.79 / 93.79 
a Reactions at 47 oC. 

In most cases, SIUI irradiation gives slightly better reaction yields, but in all reactions, it required shorter reaction 
times as the main advantage of this methodology. Besides, for either electro-withdrawing or electron-releasing substituent in 
either position on the aromatic ring, there is no great influence on the obtained results. 

For the naphthylamines 23-24, similar behavior regarding shorter reaction times for SIUI energy was observed, 
Table 5. For II 24, although the reaction yields are slightly higher with both thermal and IR energies than SIUI energy, the 
reaction times of these two energies are 1000% and 400% higher than SIUI, respectively. 

Table 5. Acetylation of naphthyl amines 23-24. 

Energy

R1

R2

R1

R2
II

Compound 
SIUIa

Time (min) / 
Yield (%) 

Thermala 

Time (min) / 
Yield (%) 

IRa

Time (min) / Yield 
(%) 

USa

Time (min) / 
Yield (%) 

II 23 2.5 / 92 40 / 89 15 / 92 33 / 91 
II 24 3.0 / 91 30 / 92 12 / 94 30 / 92 

Average 2.75 /. 91.5 35.0 / 90.50 13.50 / 93.0 31.50 / 91.5 
a Reactions at 47 oC. 

On the other hand, we evaluated the acetylation reaction of a series of alcohols, Table 6. From this Table, it is 
important to note the higher reaction times and the minor reaction yields for all employed energy sources compared with the 
reactions of amines, because of the minor nucleophilic character of the oxygen atom in alcohols than nitrogen atom in 
amines. Besides, is important to note that the reaction times for Thermal, IR, and US are now greater than SIUI energy in the 
order of 164%, 114%, and 184%, respectively. 

23  R1 = NH2, R2 = H
24  R1 = H, R2 = NH2
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Table 6. Acetylation of alcohols with II. 

Energy O
OHR

O
RII

Compound 
SIUIa

Time (min) / Yield 
(%) 

Thermala

Time (min) / 
Yield (%) 

IRa

Time (min) / 
Yield (%) 

USa

Time (min) / 
Yield (%) 

Benzyl alcohol 
II 25 

Diphenyl methanol 
18 / 92 50 / 87 30 / 91 50 / 86 

II 26 
Phenol 

33 / 88 50 / 85 40 / 84 70 / 76 

II 27 50 / 57 85 / 63 50 / 72 80 / 47 
2-Naphthol

II 28 48 / 94 60 / 87 50 / 89 75 / 82 

Average 37.25 / 82.75 61.25 / 80.50 42.50 / 84.0 68.75 / 72.75 
a Reactions at 47 oC. 

In the same way, for the reaction with aliphatic amino alcohols 29-30, the amide group selectively was obtained, 
while for compound 31, only the amide group was generated, Table 7. These results confirm the highest nucleophilic 
character of both amine and alcohol groups in aliphatic substrates. In addition, we can find that US energy is the softest 
energy employed, due in each reaction the amide group is the only obtained product. That means, the lower the applied 
energy, the greater the selectivity. 

Table 7. Acetylation of amino alcohols with II. 

Compound 
SIUIa

Time (min) / 
Yield (%) 

Thermala

Time (min) / Yield 
(%) 

IRa

Time (min) / Yield 
(%) 

USa

Time (min) / Yield 
(%) 

2-Amino-1-ethanol
II 29 2.5/ 85(A)*, 

10 (B)** 
25 / 89 (A), 

8 (B) 
20 / 84 (A), 

10 (B) 
38 / 85 (A) 

3-Aminopropanol
II 30 3.4 / 80 (A), 14 (B) 26 / 87 (A), 9 (B) 22 / 87 (A), 7(B) 36 / 87 (A) 

o-Aminophenol
II 31 0.91 / 99 (A) 17 / 92 (A) 20 / 95 (A) 34 / 92 (A) 

Average II 29-31 2.27 / 88 (A), 
12.0 (B) 

22.67 / 89.30 (A), 
8.50 (B) 

20.7 (A) / 88.7 (A), 7 
(B) 

36.0 / 88 (A) 

* A: N-Acetylation product. ** B: O-Acetylation product.  a Reactions at 47 oC.

Encouraged with the results obtained, we carried out acylation reactions using III-VI with selected amines, alcohols 
and amino alcohols, Tables 8-10. In order to simplify the results presentation, in these tables we only present the results with 
the use of SIUI irradiation because in general, these results present an equivalent trend to that mentioned above. (All results 
with the other energy sources are included in Electronic Supporting Information). 

25-28
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Table 8. Acylation of amines, alcohols and amino alcohols with III. 

 
Compound 

SIUIa 
Time (min) /  

Yield (%) 

 
Compound 

SIUIa 
Time (min) /  

Yield (%) 
Cyclohexylamine 

III 32 
 

0.93 / 97 
p-Nitroaniline 

III 39 
 

2.2 / 93 
Piperidine 

III 33 
 

0.96 / 91 
p-Methoxyaniline 

III 40 
 

0.91 / 92 
Morpholine 

III 34 
 

0.96 / 97 
Benzyl alcohol 

III 41 
 

50 / 60 
Aniline 

III 35 
 

0.58 / 98 
2-Amino-1-ethanol 

III 42 
 

2.5 / 95* 
o-Bromoaniline 

III-36  
 

0.95 / 97 
o-Aminophenol 

III 43 
 

2.5 / 95* 
o-Nitroaniline 

III 37 
 

2.3 / 94 
p-Aminophenol 

III-44 
 

2.5 / 93* 

p-Chloroaniline 

III 38 
 

0.92 / 95 
 

Average III 32-34 
 

0.95 / 95 
  Average III 35-40 1.21 / 94.8 
  Average III 43-44 2.5 / 94.0 

* N-acetylated product. a Reactions at 35 oC. 
 
 
 
 
Table 9. Acylation of amines and naphthol with IV. 

 
Compound 

SIUIa 

Time (min) /  
Yield (%) 

 
Compound 

SIUIa 

Time (min) /  
Yield (%) 

1-Octylamine 

IV 45 
 

0.91 / 94 
p-Chloroaniline 

IV 54 
 

1.4 / 95 
Pyrrolidine 

IV 46 
 

2.3 / 90 
p-Phenylaniline 

IV 55 
 

1.4 / 94 
Morpholine 

IV 47 
 

1.8 / 86 
p-Acetylaniline 

IV 56 
 

1.8 / 95 
Benzylamine 

IV 48 
 

1.1 / 88 
p-Anilinoaniline 

IV 57 
 

1.9 / 95 
N-Methylbenzylamine 

IV 49 
 

2.5 / 85 
2-Aminonaphthalene 

IV 58 
 

3 / 92 
(1-Aminoethyl)benzene 

IV 50 
 

1.5 / 95 
3-Aminoquinoline 

IV 59 
 

7 / 94 
1,2,3,4-Tetrahydroisoquinoline 

IV 51 
 

5 / 79 
3-Aminopyridine 

IV 60 
 

10 / 74 
Aniline 

IV 52 
 

0.86 / 97 
2-Naphthol 

IV 61 
 

17 / 82 
o-Bromoaniline 

IV 53 
 

1.4 / 98 
 

Average IV 45-51 
Average IV 52-57 
Average IV 58-60 

 

 
2.16 / 88.14 
1.46 / 95.70 
6.70 / 86.70 

a Reactions at 100 oC. 
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Table 10. Acylation of amines, hydrazine and 2-aminoethanol with V and VI. 
 

Compound 
SIUIa 

Time (min) /  
Yield (%) 

 
Compound 

SIUIa 

Time (min) /  
Yield (%) 

Benzylamine 

  V 62  
VI 62 

 
0.91 / 89 
0.91 / 94 

o-Methoxyaniline 

  V 69 
VI 69 

 
1 / 89 
1 / 98 

N-Methylbenzylamine 

  V 63 
VI 63 

 
0.91 / 84 
0.91 / 91 

o- Nitroaniline 

  V 70 
VI 70 

 
1 / 93 

0.91 / 96 
Pyrrolidine 

  V 64 
VI 64 

 
0.91 / 70 
0.91 / 76 

o-Methylaniline 

  V 71 
VI 71 

 
0.91 / 92 
0.91 / 96 

Morpholine 

  V 65 
VI 65 

 
0.91 / 76 
0.91 / 87 

2-Aminopyridine 
  V 72 
VI 72 

 
0.91 / 65 
0.91 / 75 

Cyclohexylamine 

  V 66 
VI 66 

 
0.91 / 90 
0.91 / 94 

Hydrazine 
  V 73 
VI 73 

 
0.91 / 82 
0.91 / 89 

Aniline 

  V 67 
VI 67 

 
0.66 / 91 
0.66 / 96 

2-Aminoethanol 
  V 74 
VI 74 

 
0.91 / 85 (A)* 

0.91 / 65 (A), 19 (B)** 
o-Bromoaniline 

  V 68 
VI 68 

 
1 / 92 
1 / 98 

 
Average V 62-66 

Average VI 62-66 
Average V 67-71 

Average VI 67-71 
Average V 62-71 

Average VI 62-71 

 
0.91 / 81.80 
0.91 / 88.40 
0.91 / 91,40 
0.89 / 96.80 
0.91 / 86.60 
0.90 / 92.60 

* A: N-Acylation product. ** B: O-Acylation product. a Reactions at 100 oC. 
 
 

In view of the results for amines, alcohols, and amino alcohols, it is clear that the new SIUI methodology is the best 
condition to achieve the corresponding acylated compound. This method can be used with certainty that the generation of 
good results in shorter reaction times and with good selectivity for amino alcohols will occur. Therefore, the minor use of 
energy for SIUI is an excellent approach to the sixth principle of green chemistry.  

Affording to results, the new SIUI methodology is a good alternative compared with the other energy sources 
employed to obtain good to excellent reaction yields in shorter reaction times. However, it is important to mention some 
limitations for the SIUI method, such as alcohol acylation reactions and, in the other hand, that is necessary to improve the 
experimental procedure because reactions must be carried out in 1-2 minute periods to avoid projections of the reaction 
mixtures. We are currently making efforts in this regard. 

It is known that electromagnetic infrared irradiation alters both rotational and vibrational behavior of molecules and 
the ultrasound energy, by the high energy level of bubble cavitation, can induce molecule excitation and particle 
fragmentations. It is difficult to propose how the simultaneous combination of these energies act in the presented reactions, so 
this synergism must be studied. 
 
 
Conclusions 
 

The acylation of anilines, alcohols and amino alcohols with the new simultaneous infrared-ultrasound irradiation 
method are successfully achieved with excellent reaction yields, full conversion of substrates to the corresponding acylated 
product and shorter reaction times compared with the other energy sources employed.  

Importantly, in all presented reactions the most valorous advantage of SIUI methodology is not the general superior 
reaction yields, but the shorter reaction times. Therefore, the minor use of energy with SIUI apparatus is an excellent 
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approach to the sixth principle of green chemistry. This new experimental synthetic methodology can be a good alternative in 
organic synthesis and obviously, it must be evaluated in other chemical transformations, which represents next and new 
challenges. 
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