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ABSTRACT 

Environmentally friendly Friedel-Craft diacylation of aromatic ring as well as sydnone ring has been used for a 
rapid, efficient, clean and environmentally benign exclusive synthesis of a series of 4-acyl-3-(3,5-disubstituted) 
phenyl sydnones with excellent yields under microwaves irradiation. The results are compared with conventional 
method. Structural assignments are based on physical, analytical and spectroscopic data (IR, 1H-NMR & 13C-NMR). 
Keywords: Green chemistry, Microwave irradiation, Sydnones, Friedel-Craft Diacylation. 
 

 
INTRODUCTION 

Green chemistry1-4 revolves around the design, development and implementation of chemical processes 
and products that reduce or eliminate hazardous substances in a way that is feasible and economically 
viable. Various green strategies have been worked out. One of the thrust areas for achieving this target is 
to explore alternative reaction conditions and reaction media to accomplish the desired chemical 
transformation with minimized by-products or waste as well as eliminating the use of conventional 
organic solvents, if possible. Among the important tools the use of microwave irradiation (MI) 5,6 as 
alternative energy source is becoming an attractive alternative. 
The application of microwave irradiation (MI) to provide enhanced reaction rate and improved product 
field in chemical synthesis has been extending to modern drug discovery in complex multi-step synthesis 
and it is proving quite successful in the formation of a variety of carbon-heteroatom bonds. Further, its 
unique capabilities allow its applications in transformations which are difficult or impossible to carry out 
by means of conventional methods.        
Mesoionic compounds are of special interest among heterocycles due to their unusual structure. Sydnones 
are the most important representatives of mesoionic compounds because they possess physiological 
activity of different types depending on substituents in heterocycle ring. A vast array of sydnone 
derivatives have been found to show varied biological properties7, antioxidant activity8, and liquid 
crystalline properties9. Furthermore, these have been used as precursors in 1, 3-dipolar additions10, 
material chemistry 11, and in battery applications 12. The extensive works on sydnone chemistry have been 
carried out by conventional methods with a few by green chemical methods13,14. However, the use of 
microwave technique in sydnone chemistry has not been explored commonly as expected. The present 
paper deals with the use of green technique for the rapid, efficient, clean and environmentally benign 
exclusive synthesis of a series of 4-acyl-3-(3,5-disubstituted) phenyl sydnones using Friedel-Craft 
reaction with excellent yields under microwaves irradiation. 

 
EXPERIMENTAL 

All starting reagents were purchased from commercial sources and used without further purification.  
Melting points were determined on a Mel-Temp melting point apparatus and are uncorrected.  Infrared 
spectra were recorded on Nicolet Impact-410 FTIR spectrophotometer.  NMR spectra were recorded on a 
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Brucker Varian-300 MHz NMR spectrometer in CDCl3 with TMS as an internal standard. The chemical 
shifts are expressed in δ-scale downfield from TMS and proton signals are indicated as s = singlet, d = 
doublet, t = triplet, q = quartet, m = multiplet. All compounds were analysed satisfactorily for C, H and N 
using Carl-Ebra 1106 elemental analyser in micro analytical laboratory.  
 
General procedure for Friedel-Craft Diacylation 
Since acylation 15,16 had proven successful with a variety of sydnones and anhydrides, it was hoped that 
activated aromatic rings would allow acylation on the sydnone ring as well as the phenyl ring, as observed 
with bromination. In a pressure tube 3, 5-dimethoxyphenyl sydnone (6.167x10-4 mol), bismuth triflate 
(1.542x10-4 mol, 25 mol %), and acetic anhydride (2.467x10-4mol) were mixed and the reaction mixture 
was kept inside a microwave oven (BPL make-model, BMO: 700T) operating at 160 W for about twenty 
minutes (Scheme-1).  After completion of the reaction the product was poured in water and then allowed 
to cool to room temperature. The reaction mixture was extracted with methylene chloride (3 x 10 mL), 
and the combined extracts were removed in vacuo.  The resulting solid was recrystallized from hot 
ethanol. The progress of the reaction was monitored by TLC after every 3 minutes. TLC showed complete 
conversion after 16 minutes, however two spots higher running than the starting material were observed. 
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Scheme-1: Microwave irradiated Friedel-Craft diacylation of 3, 5-Dimethoxyphenylsydnone 

 
RESULTS AND DISCUSSION 

The Table-1 and Table -2 present the characterisation data of Friedel-Craft diacylation of 3, 5-
Dimethoxyphenylsydnone under traditional and microwave irradiated methods along with the chemicals 
used for purification of synthesized products. 

Table-1: Microwave irradiated and Traditional methods 
 

Compound MW Method Traditional Methods 

No. Ration 
(monoacyl:diacyl) Time(min.) Yield (%) Time(Hr.) Yield (%) 

1 1:3 08 93 12 58 
2 1:1 10 89 15 52 
3 1:4 12 87 18 61 
4 2:1 12 83 24 48 
5 1:2 14 85 36 53 
6 2:1 16 88 48 46 
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Table–2: Melting points and chemical used for purification 
 

Compound Observed M.P. 
(0C) 

Literature M.P. 
(0C) 

Chemical for  
purification 

1 130-1 130-2 Hot ethanol 
2 110-1 110-2 Hot ethanol 
3 117-8 115-7 Hot ethanol 
4 150-1 149-51 Hot ethanol 
5 138-9 138-40 Hot ethanol 
6 57-8 57-8 Hot ethanol 

 
As expected for (1), the proton NMR had singlets at 2.5 and 3.9 ppm for the acetyl methyl and the 
symmetrical methoxy groups on the phenyl ring, respectively. The aromatic region had a doublet at 6.6 
and a triplet at 6.7 ppm, with integration being two to one. In the carbon-13 NMR spectrum, the C-4 peak 
appeared at 106.07 ppm and the two aromatic C-H signals were located just up field at 103.97 and 103.40 
ppm. The aromatic carbon attached to the sydnone was deshielded to 136.20 ppm, and the methoxy group 
shifted the adjacent aromatic carbon signal downfield to 161.09 ppm. The symmetrical methoxy carbons 
had a signal at 55.85 ppm and the signal for the acetyl methyl was located at 28.14 ppm. The carbonyl 
signals were present at 167 and 183.99 ppm for the sydnone and acetyl carbonyl carbons, respectively. 
The I.R. spectrum had two peaks that also confirmed acylation, a peak at 1777.09 cm-1 for the sydnone 
carbonyl and a peak at 1670 cm-1 for the acetyl carbonyl stretch. 
It had been shown previously, that bromination of 3, 5-dimethoxyphenyl sydnone 17 occurred at the 2 
position but not at the 4 position of the phenyl group, although both positions were activated by the 
methoxy groups, which are ortho/para directors. The same phenomenon was observed with acylation, 
causing the phenyl group to lose symmetry, which was apparent in the proton and carbon-13 NMR 
spectra. The proton NMR spectrum of (4) showed two doublets in the aromatic region for the protons on 
the aromatic ring. The singlets for the acetyl methyl groups appeared at 2.45 and 2.5 ppm. The singlets for 
the methoxy groups were present at 3.9 and 4.1 ppm. As expected, 14 peaks were present in the carbon-13 
spectrum. Downfield, signals for three carbonyls were present. The acetyl group attached to the phenyl 
ring does not experience as much resonance as the sydnone carbonyl and the acetyl group on the C-4 
carbon, therefore, is most downfield at 196.86 ppm. The acetyl attached to the sydnone C-4 carbon has a 
signal at 184.40 ppm while the sydnone carbonyl is present at 165.85 ppm. As discussed earlier, the 
methoxy groups deshielded their adjacent aromatic carbons, which are present at 162.55 and 160.01 ppm. 
The other aromatic carbons are present at 106.98, 104.41, and 101.59 ppm. The sydnone C-4 carbon is 
present at 106.98 ppm and the methoxy groups appear 56.31 and 56.09 ppm. The acetyl methyl signals 
appear at 32.00 and 27.58 ppm. In the I.R. spectrum, the sydnone carbonyl stretch is present at 1768.41 
cm-1 and the other two carbonyl stretches appear as a double peak at 1682.59 and 1668.13 cm-1.  
The next steps for this project were to find the conditions in which complete conversion from (1) to (4) 
could be achieved and to test the utility of the bulkier anhydrides. The first step was to allow more time 
for the reaction to stir since, previously, it was worked up once the starting material was consumed, which 
was about one and a half hours later. In the modified procedure, Stirring was continued overnight, but 
TLC indicated that (1) was still present in the reaction mixture. Table -1 show the different amounts of 
catalysts and anhydride used in attempts to achieve complete conversion. None of these efforts resulted in 
complete conversion, however; it was evident that too much catalyst or anhydride decreased the 
conversion and the yield. Since increasing the reaction time, apparently caused sydnone ring cleavage, 
thus decreases the yield. When the amount of acetic anhydride was increased to 10 equivalents, for 
example, the conversion was low and small amounts of product were obtained. Although the yields 
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decreased upon allowing the reaction to stir for a longer time, the conversion to the diacyl product was 
increased, a trade-off that may be necessary to facilitate product separation. 
The proton NMR spectrum of (5) showed two doublets of the same intensity in the aromatic region and 
the methoxy groups appeared at 3.8 and 3.9 ppm. The peaks for the expected quartets overlapped around 
2.8 ppm for the methylene protons and the same was observed for the triplets for the methyl protons 
around 1 ppm. The carbon-13 NMR spectrum was more conclusive for the formation of the diacyl species 
(5). The two methylene signals were present at 37.34 and 33.37 ppm, while the methyl signals were up 
field at 8.18 and 7.07 ppm. The methoxy carbons were present at 56.25 and 56.04 ppm; their neighboring 
aromatic carbons appeared at 162.26 and 159.60 ppm. The quaternary carbon attached to the sydnone ring 
appeared at 135.25 ppm, while the other two were more up field, located at 104.17 and 101.56 ppm. The 
two sydnone carbons appeared where expected, at 165.71 ppm for the carbonyl and 107.00 ppm for the C-
4 carbon. The carbonyl attached to the C-4 carbon appeared at 187.93 ppm and the carbonyl attached to 
the aromatic ring was present at 200.64 ppm.  
Proton NMR showed (6) to have a doublet and a triplet in the aromatic region, with a ratio of 2:1. A 
singlet appeared at 3.9 ppm, indicating the symmetrical methoxy groups. The methylene protons on the 
butyryl group appeared as a triplet at 2.9 ppm and a sextet at 2.7 ppm and the methyl group appeared as a 
triplet around 1 ppm. In the carbon-13 NMR spectrum, the methylene adjacent to the carbonyl on the 
butyryl group appeared at 42.10 ppm, while the other methylene and the methyl appeared at 16.82 and 
13.64 ppm, respectively. The methoxy signal was present at 55.83 ppm and the aromatic carbon attached 
to that methoxy group was located at 161.07 ppm. The aromatic carbon neighboring the sydnone ring was 
at 136.32 ppm. The other aromatic carbons were further up field at 103.82 and 103.40 ppm while the 
sydnone C-4 carbon was located at 106.05 ppm and the sydnone and butyryl carbonyl were located at 
165.97 and 187.05 ppm, respectively. 

CONCLUSIONS 
In the present protocol, we observed better yields in a shorter period compared to the reactions carried out 
in the acetonitrile medium. The compounds have been characterized by comparing their melting points 
and by the spectral data. 
In conclusion, we have described here an efficient and environmentally benign Friedel-Crafts diacylation 
of 3, 5-dimethoxy-3-phenylsydnones under microwave irradiation using water and ethanol as solvents and 
Bi-triflate as green catalyst. Further, this method is simple, mild and ecofriendly from green chemistry 
point of view. 
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