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Abstract 
Acyclic (1a–c), and cyclic (4a–f) secondary amides are N-chlorinated by N-chlorobenzotriazole 
under 15–20 minutes of microwave heating to give the corresponding N-chloro secondary 
amides (3a–c, 5a–f) in yields of 50-80%. 
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Introduction 
 
N-Haloamides are used as photoinitiators for radical polymerization1 and in room temperature 
vulcanization for the preparation of adhesives, caulks and sealants.2 They are also versatile 
reagents in organic synthesis as oxidizing agents in aqueous and non aqueous media.3 Photolysis 
of N-haloamides gives amidyl radicals and halogen atom intermediates.4-9 The amidyl radicals so 
produced undergo efficient intramolecular addition to olefinic bonds.5, 9-12 Olefinic amidyl 
radicals can ring-close to lactams or N-heterocyclic amides.13 N-chloroamides undergo the 
Hofmann reaction14 and Orton rearrangements.15, 16 

Many literature methods are reported for the synthesis of primary N-chloroamides.17 Routes 
to synthesize secondary N-chloroamides include chlorination of secondary amides with NaCl in 
the presence of oxone,18 t-butyl hypochlorite,19-21 sodium hypochlorite,22-24 and N-
chlorosuccinimide.25 These methods for the synthesis of secondary N-chloroamides have their 
own limitations. t-Butyl hypochlorite is unstable and hazardous,18  reaction with NaCl in 
presence of oxone can require 2-5 hours.18 

Microwave heating has emerged as an environmental friendly technique to accelerate a 
variety of chemical reactions.26, 27 Automated and focused microwave flash heating has recently 
been demonstrated to improve the preparative efficacy and to dramatically reduce reaction times 
for many different types of organic trasformations.26, 28 We now report that by applying 
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microwave heating, the N-chlorination of cyclic and acyclic secondary amides can be done in 
15–20 minutes using N-chlorobenzotriazole as the chlorinating agent. 

 
 

Results and Discussion 
 

Optimization of the reaction conditions was carried out for the chlorination of secondary amides 
and different combinations of temperature, time and irradiation power were studied for N-
methylbenzamide (1a) in order to achieve the maximum chemical yield at the lowest reaction 
temperature.  Microwave irradiation of 1a for more than 20 minutes caused decomposition.  The 
power and the temperature of reaction for the different compounds were set according to the 
melting points of the starting materials. Maximum yields were observed when the power is 80–
90 W. On increasing the power above 90 W, decomposition took place. The completion of 
reaction was checked by disappearance of the secondary amide in TLC. Scheme 1 shows the 
time and temperature used for the preparation of secondary N-chloroamides. 

The reaction of N-methylbenzamide (1a) with N-chlorobenzotriazole was attempted in the 
absence of microwave irradiation. After refluxing N-methylbenzamide (1a) with N-
chlorobenzotriazole in acetonitrile for 16 h, a yield of 60 % of the product was obtained. In 
contrast, the reaction was completed (as monitored by TLC) in 20 minutes in the case of 
microwave heating. 

Literature reports have characterized secondary N-chloroamides by IR, UV and NMR 
spectroscopy,18 chlorine estimation,29 iodometric assay30 and CHN analysis.30, 31 The NMR data 
showed the absence of N-H protons. In 1H and 13C NMR, the N(Cl)-CH2 protons showed a 
downfield shift as compared to the NH-CH2 protons. In our experiments, the completion of the 
reaction was confirmed by the disappearance of the amide on TLC followed by the 
disappearance of NH proton in NMR, which was further confirmed by CHN analysis. The NMR 
data of 1-chloro-2-azepanone was in close agreement with the literature data.18 
 

O

N
H

R1 R2

N
N

N

Cl

O

N
R2

Cl
R1+ microwave

15-20min

1a-c 2 3a-c  
 
Scheme 1. Synthesis of secondary N-chloroamides. 
 
Table1. Microwave conditions and yields for the preparation of secondary N-chloroamides 

 R1 R2 Time 
(min) 

Temp 
(oC) 

Power 
(Watts) 

Yield 
(%) 

Lit. yield (%) 

3a -C6H5 -CH3 15 65 80 80 8532 
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9833 
3b -C6H5 -CH2C6H5 15 65 90 82 - 
3c -CH3 -C3H7 20 50 80 87 7134 

 
The synthesis of N-chloro-N-methylbenzamide was reported with t-butylhypochlorite in high 

yields but requires 12 h; our reaction conditions are mild and the reaction can be finished in 15 
minutes time. The same methodology converted cyclic secondary amides into the corresponding 
N-chloro amides in good to excellent yields in 15 minutes (Scheme 2). The benzotriazole formed 
in the reactions was removed by washing with a saturated solution of sodium carbonate to give 
pure products. 
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Scheme 2. Synthesis of N-chloro cyclic secondary amides. 
 
Table2. Microwave conditions and yields for the preparation of N-chloro cyclic secondary 
amides 

 n R Time 
(min) 

Temp 
(oC) 

Power 
(Watts) 

Yield 
(%) 

Lit. yield 

5a 1 H 15 60 80 80  
5b 2 Me 15 60 80 56  
5c 3 H 15 60 80 55 649

5d 4 H 15 60 80 65 73.531

4335 
5e 6 H 15 60 80 81 * 
5f 10 H 15 60 80 85 * 

* The yields of 5e and 5f are not reported in the literature. 
 

Reported methods for the synthesis of 5d and 5e comprises exposing a solution of lactam in 
an organic solvent to chlorine gas in the presence of UV light35 which also promotes 
polymerization to some extent. However, in our reactions we didn’t observe any polymerization 
and the reagents used are non-hazardous with minimal solvent and short reaction time. 
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To summarize, this paper provides an effective method for the preparation of N-chloro 
secondary amides: microwave irradiation leads to reaction rate enhancement, improved yields 
and safe conditions.  
 
 
Experimental Section 
 
General Procedures. Melting points are uncorrected. All the reactions under microwave 
irradiation were conducted in heavy-walled Pyrex tubes sealed with aluminum crimp caps fitted 
with a silicon septum under controlled conditions in a safe and reproducible procedure. Single 
mode microwave irradiation was used at a fixed temperature, pressure and irradiation power 
during the reaction time by an automatic power control. Microwave heating was carried out with 
a single mode cavity Discover® microwave synthesizer (CEM Corp., NC), producing continuous 
irradiation at 2455 MHz. 1H NMR (300 MHz) and 13C NMR (75 MHz) spectra were recorded in 
CDCl3 (with TMS for 1H and chloroform-d for 13C as the internal reference) unless specified 
otherwise. 
Materials. 1-Chloro-1H-benzotriazole (2) was synthesized according to the previously published 
procedure:36 white crystals (94 %), mp 104–106 °C (103–105 °C)36. 
 
General procedure for the chlorination of secondary amides 1a–c and 4a–f using 
microwave irradiation 
A dried heavy-walled Pyrex tube containing a small stirring bar was charged with secondary 
amide 1 (2.0 mmol) and N-chlorobenzotriazole (2) (2.0 mmol). The tube containing the reaction 
mixture was sealed with an aluminum crimp cap fitted with a silicon septum and then it was 
exposed to microwave irradiation (80–90 W) for 15–30 min at a temperature of 60–100 oC. The 
buildup of pressure in the closed reaction vessel was carefully monitored and was found to be 
typically in the range 4–10 psi. After the irradiation, the reaction tube was cooled with high-
pressure air through an inbuilt system in the instrument until the temperature had fallen below 
40 oC (ca. 2 min). The crude reaction mixture was checked by TLC for the disappearance of the 
amide. The reaction mixture was washed successively with saturated solution of aqueous sodium 
carbonate to remove benzotriazole. The solvent was evaporated to give the pure product. The 
same procedure was used for the synthesis of 5a–f using 4a–f as the starting materials 
respectively. Analytically pure samples of compounds 5e–f were prepared by column 
chromatography. 
N-Chloro-N-methylbenzamide (3a).29, 32, 34, 37 Yellow oil; yield 80%; 1H NMR δ 3.44 (s, 3H), 
7.40−7.48 (m, 3H), 7.54−7.57 (m, 2H); 13C NMR δ 43.6, 127.9, 128.3, 130.9, 133.3, 171.7. 
Anal. Calcd for C8H8ClNO: N, 8.26. Found: N, 8.64.  
N-Benzyl-N-chlorobenzamide (3b). White plates; yield 82%; mp 109−110 oC; 1H NMR δ 4.89 
(s, 2H), 7.29−7.46 (m, 8H), 7.57 (d, J = 6.9 Hz, 2H); 13C NMR δ 58.0, 127.6, 127.7, 128.0, 
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128.3, 128.6, 130.8, 133.3, 135.0, 171.1. Anal. Calcd for C14H12ClNO: C, 68.44; H, 4.92; N, 
5.70. Found: C, 68.63; H, 4.89; N, 5.98. 
N-Chloro-N-propylacetamide (3c).32 Yellow oil; yield 87%; 1H NMR δ 0.88 (t, J = 7.4 Hz, 
3H), 1.61–1.73 (m, 2H), 2.20 (s, 3H), 3.62 (t, J = 7.0 Hz, 2H); 13C NMR (80 °C) δ 10.4, 20.4, 
21.5, 53.9, 171.3. Anal. Calcd for C5H10ClNO: N, 10.33. Found: N, 10.12.  
1-Chloro-2-azetanone (5a). Yellow oil; yield 80%; 1H NMR δ 3.19 (t, J = 4.4 Hz, 2H), 3.61 (t, 
J = 4.4 Hz, 2H); 13C NMR δ 38.4, 46.9, 166.9. Anal. Calcd for C3H4ClNO: C, 34.15; H, 3.82; N, 
13.27. Found: C, 34.45; H, 3.48; N, 12.85.  
1-Chloro-3-methyl-2-pyrrolidinone (5b). Yellow oil; yield 56%; 1H NMR δ 1.23−1.27 (m, 
3H), 1.78−1.90 (m, 1H), 2.36−2.54 (m, 2H), 3.53−3.58 (m, 2H); 13C NMR δ 16.3, 27.0, 34.0, 
50.3, 175.2. Anal. Calcd for C5H8ClNO: N, 10.49. Found: N, 10.18.  
1-Chlorotetrahydro-2(1H)-pyridinone (5c).9 Yellow oil; yield 55%; 1H NMR δ 1.84−1.92 (m, 
2H), 1.95−2.03 (m, 2H), 2.59 (t, J = 6.6 Hz, 2H), 3.75 (t, J = 6.0 Hz, 2H); 13C NMR δ 21.2, 24.9, 
33.9, 57.2, 167.5. Anal. Calcd for C5H8ClNO: C, 44.96; H, 6.04; N, 10.49. Found: C, 45.17; H, 
6.36; N, 10.80.  
1-Chloro-2-azepanone (5d).18, 30, 31, 35, Yellow oil; yield 65%; 1H NMR δ 1.66−1.85 (m, 6H), 
2.63−2.68 (m, 2H), 3.86 (br s, 2H); 13C NMR δ 22.5, 26.7, 28.8, 35.6, 57.8, 173.0. Anal. Calcd 
for C6H10ClNO: C, 48.82; H, 6.83; N, 9.49. Found: C, 48.63; H, 6.91; N, 9.73.  
1-Chloro-azonan-2-one (5e).30 Yellow oil; yield 81%; 1H NMR δ 1.32−1.42 (m, 2H), 1.49−1.57 
(m, 2H), 1.63−1.70 (m, 2H), 1.82−1.89 (m, 4H), 2.62−2.66 (m, 2H), 3.91 (t, J = 5.7 Hz, 2H); 13C 
NMR δ 19.6, 24.6, 26.2, 26.5, 28.0, 35.9, 54.3, 173.4. Anal. Calcd for C8H14ClNO: C, 54.70; H, 
8.03; N, 7.97. Found: C, 54.68; H, 8.03; N, 7.97. 
1-Chloro-azacyclotridecan-2-one (5f).33 Colorless oil; yield 85 %; 1H NMR (80 oC) 
δ 1.28−1.37 (m, 12H), 1.39−1.46 (m, 2H), 1.67−1.81 (m, 4H), 2.56 (br s, 2H), 3.80 (br s, 2H), 
13C NMR (80 oC) δ 24.1, 24.2, 25.2, 25.3, 25.7, 26.2, 26.3, 26.6, 26.7, 33.2, 51.6, 167.3. Anal. 
Calcd for C12H22ClNO: C, 62.19; H, 9.57; N, 6.04. Found: C, 62.47; H, 9.83; N, 6.29. 
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