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A&@ - In title cycloadditious microwave inadiation improves pmduct yields and 
reduces dmnatically reaction times in comparison with classical heating with and with- 
out refluxing solvents. lo the double cycloaddition of nitrile oxides to anthracene a se- 
lectivity in favour of unsymmetrical bis-cycloadduct is observed. 

Within our studies aimed at examining the reactivity of polycyclic aromatic hydrocarbons (F'AHs) in order 

to find new derivatives for their potential use in the environmental chemistly, recently we reported that 

PAHs react with nitrile oxides'' to give cycloadducts, which show peculiar properties towards reducing 

agents. 

However, PAHs are poor dipolarophiles because their 1,3-dipolar cycloaddition reactions require a high 

cost of energy to overcome their resonance energy. In fact, we found that the most efficient nitrile oxides 

were mesitonitrile oxide and its 3,s-dichloro derivative with high reaction temperatures and times to  afford 

low yields of cycloadducts (4.3-16.5%). In these conditions benzonitrile oxide undergoes the diierization 

process rather than the cycloaddition process." 

Then we decided to repeat the above reactions of PAHs with nitrile oxides under microwave heating under 

solvent eee  conditions because this technique proved to be efficient in some 1.3-dipolar cycloadditions of 

pyridinium dicyanomethylide with allcyne$ and of nitrile oxides and nitrones with ketene acetal~,'.~ al- 

kynes,' nitriless and trifluoroacetoacetate or a-trifluor~meth~lst~ene.~ In these reactions an acceleration of 

the reaction rate with consequent shortening reaction times and an improvement of the product purities 

and yields have been found. Moreover no changes in selectivity have been observed compared with the 

classical heating. 

Here we report the results of reactions conducted under microwave irradiation under solvent-free condi- 
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tions between phenanthrene (la), pyrene (lb), anthracene (lc), and perylene (Id) with 2,4,6-trimethyl- 

(2a) and 3,5-dichloro-2,4,6-trimethylbenzonivile oxide (2b) in the same ratio used in the classical heating. 

RESULTS AND DISCUSSION 

Reactions were performed in a simple microwave oven at 650 W without solvent by using two equivalents 

of the 1,3-dipole for PAH which are the same equivalents as the previous reactions conducted in rduxing 

benzene or to~uene.'~ The results are summarked in Table 1. By chromatography of reaction crudes, the 

same cycloadducts obtained by the classical heating were also isolated and moreover the symmetrical bis- 

cycloadduct (6a) was isolated, too. Previously, this latter was too small amount to isolate (Scheme). As 

shown in Table 2 (Experimental), 'H NMR data of all reaction products (3a,b7a,b and 8b) are reported. 

Scheme 
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Compound (6a) was identified on the basis of its spectral data. Particularly, the 'H NMR spectrum exhibits 

two doublets at 6 4.949 and 4.951 (1 = 8.08 and 8.12 Hz) for isoxazolinic 4-H protons and two double 

doublets at 6 5.378 and 5.382 (J = 3.38 and 3.42 Hz) for isoxazolinic 5-H protons, because the struchlre 

(6a), like (6b). are not symmetrical as it also appears by their minimized geometries calculated with 

M M ~ "  program (Figure). An anti-stereochemistry is suggested for 6a.b by the small coupling constant 

(3.09-3.11 and 3.38-3.42 Hz) through the bond comecting the two five-membered heterocyclic rings. 

Figure 

The most important differences between the two reaction conditions concern cycloadduct yields and reac- 

tion times (Table 1). 

Table 1. Comparison of d o n s  of l a d  with 24b by classical heating and under microwive irradiation. 

6a (trace) 6b (4.3) a (10.2) 6b  (16.5 

"PAHs l a d  and 24b in the 1:2 ratio were duxed for 24 h in dry benzene or toluene;' b)PAHs l a d  and 2b in the 
1:2 ratio were placed in a silicon oil bath preheated at 180 "C until 2b wds consumed (5-10 min); L)lsolated yields 
from d. 1 and 2; %elated yields; 'by employing a 1:4 ratio yield improved to 25.1%. 
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As shown in Table 1, reaction times were shortened dramatically from 24 hours to 3-10 minutes by passing 

from heating at reflux to microwave irradiation. Approximately, yields of cycloadducts (4a,b) and (8b) 

redouble, and those of 3b, 6a,b and 7a,b increase of a 3 ,4  and 7.5 factor, respectively, while those of 5a.b 

reduce of a third. There is, then, a selectivity in favour of unsymmetrical bis-cycloadducts (7a.b) that 

previously was not observed because bis-cycloadducts were minor products. The highest yields of bis- 

cycloadducts on that of mono-cycloadducts suggested that these could be due to the effect of the lowest 

temperature used in classical heating. So we repeated the reaction of PAHs with 2b in neat conditions and 

in refluxing decalin, but we found that from mixtures of PAHs and two equivalents of 2b, placed in a 

silicone oil bath preheated at 180 "C until 2b was consumed (5-10 min), yields of compounds (6b) and 

(7b) redouble and that of 5b reduces of a third, while those of compounds (3b, 4b and 8b) are only ca. 

30% higher than those obtained by classical heating in refluxing toluene (Table 1). A failure was observed 

in the case of reactions in refluxing decalin because the 1,3-dipole preferentially undergoes the degradation 

process rather than the cycloaddition process. 

As in the classical heating (with and without solvent), perylene does not react with 2a, as well as naphtha- 

lene and triphenylene do not react with 2a,b under microwave irradiation in the absence of solvents. 

EXPERIMENTAL 

Melting points were determined with a Kofler hot-stage apparatus and are uncorrected. XR spectra were 

taken on a Perkin-Elmer 281 spectrophotometer using potassium bromide discs, 'H and 13C NMR spectra 

were recorded on a Bruker W P 80 spectrometer using tehamethylsilane as internal standard and deutem 

chloroform as solvent. Elemental analyses were performed on a Carlo Etba Elemental A d y s e ~  1106. Thin layer 

chromatography was performed on Merck silica gel 60-Em precoated aluminium plates and flash chromatogra- 

phy was performed on Merck silica gel 60 by using mixtum of cyclohexaneethyl acetate as eluents. Micro- 

wave irradiatiohs were conducted in a Moulinex FM 5745 A domestic oven at 650 W. 

Starine materials. Mesitonitrile oxide1' and 3,5-dichloro-2,4,6-trimethylbe1~~onitrile oxide12 were prepared 

following literature methods. PAHs were purchased fiom Aldrich Co. 

General procedure for cvcloaddition reactions. a) Microwave irradiiion conditions. The PAH and two 

equivalents of the 1,3-dipole were mixed in a pyrex vessel and irradiated at 650W for the indicated time 

(see Table 1) and the products were isolated from the crude mixture by flash chromatography. Physical and 

spectral data of cycloadducts have been already given,12 however, 'H NMR data of all reaction products 

(3a.b-7a.b and 8b) are reported in Table 2. From the reaction mixture of l c  and 2a the symmetrical bis- 

cycloadduct (6a) was also isolated. Previously this was not found because it was in so small amount that it 

escaped isolation. b) Neat condition$. The PAH and two equivalents of the 2b were mixed in a pyrex 
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vessel and placed into a silicon oil bath preheated at 180 "C until 2b was consumed (5-10 min). The same 

which were obtained under microwave irradiatio~ were isolated by flash chromatography of 

the crude mixtures and identified by their physical and spectral data. 

Table 2. 'H NMR data of cycloadducts (3a.b-7a.b and 8b). 

aromatic H), 7.42 (m, 4W 
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3s,9al2a.l2b-Tetr~hydro-3,10-d'm~itylaathfaeen0[13~[4~di'1~0@ (6s). Yield 10.2 %; mp 

278 "C (decomp) from ethyl acetate (Anal. Calcd. For C M 2 9 :  C.81.57; H, 6.44; N, 5.60. Found: C, 

81.54; H, 6.47; N, 5.59.); v- W r )  1450, 1380 m-'; & (CDCh) 1.30 (s, 6H, methyl H), 2.30 (s, 6H, methyl 

H), 2.48 (q 6H, methyl H), 4.949 ( 4  lI-& J =  8.08 I-k i s o ~ ~ ~ ~ l i n i c  4-H),4.951 ( 4  lH, J = 8.12 IIq isoxazalinic 

4'-H), 5.378 (d4 IH, J = 8.08 and 3.42 Hq iwxamlinic 5-H), 5.382 (d4 lH, J = 8.12 and 3.38 isoxamlinic 

5'-H), 6.65 (s, 2H, aromatic El), 6.93 (s, 2I-I. aromatic H),7.00 (s, 2H, aromatic H), 7.33 (s, 4H, aromatic H); 

6c (CDCg) 19.14, 20.03 and 21.14 (methyl C), 50.78 ( i i l i n i c  W), 77.46 (iwxazolinic G5), 124.87, 

126.26, 127.22, 127.84, 128.49, 132.11, 136.07, 138.00,139.17(aromaticC), 160.75 (iixazolinicC-3). 
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