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The reaction of molecular oxygen with several 2,4_disubstituted oxazolones (3a-3g) is 
studied in the present paper. It is shown that oxygen may induce oxidative dimerization 
to dehydrodimers (7a-7g) via the mesoionic form of the oxazolone. The equilibriation 
between the ketonic and the mesoionic forms. It is demonstrated that this equilibrium and 
the dimerization process are dependent on the properties of the solvent and the type of 
substitution in the oxazolones. 

Several groups have found that 2,4_disubstituted oxazolones are unstable in certain 

solvents in the presence of oxygen. For example, Huisgen et al (1) describe the decrease 

in the extinction coefficient of a solution of 2,4-diphenyl-2-oxazolin-S-one in oxygenated 

N-methylformamide. Similar changes are also observed in other solvents. The rate of 

change decreases when the solvents are purified and the solutions kept under nitrogen. 

Padwa et al (2) observed that a solution of 2,2-dimethyl-4-phenyl-2-oxazolin-5-one in 

carbon tetrachloride underwent reactions that produced at least two different dimers. The 

reaction occurred at room temperature and in 24 hours all the original oxazolone had 

reacted. One of the dimers produced corresponds to the structure la (R=Me, R’=Ph). The 

second dimer could not be totally identified because of its instability. 

It has also been observed that during the preparation of the 2,4-diphenyl-2-oxazolin- 

5-one, by treating N-benzoylphenylalanine with acetic anhydride in the presence of air, 

small quantities of a dimeric product are formed. This dimer, which has very similar 

spectral features to those of the monomeric oxazolone (showing bands of C=O and C=N at 

1818 and 1640 cm-l respectively and lack of a tertiary H, as shown by NMR), may be 

assigned the structure lb (R=R’=Ph), corresponding to bis-4,4’-[2,4-diphenyl-2-oxazolin-5- 
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one]. The corresponding dehydrodimers lc, Id and le have been obtained by cyclization 
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reactions of N-benzoylalanine derivatives (3). 
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Schmid et al (4) heated the 2,4-diphenyl-2-oxazolin-5-one at reduced pressure and 

obtained two products. One of them was obtained in 21% yield and was identified as 2,4- 

diphenyl-4-[5~-oxo-2’,4~-diphenyl-3’-oxazolin-2’-ide]-2-oxazolin-5-one, 2. It is very 

likely that these reactions proceed via free radicals. Therefore, it is important to 

understand the chemical reactivity of these compounds and the factors that control their 

radicophylic character. 

The present contribution analyses some of the factors that determine the radicophylic 

character of solutions of 2,4-diaryl-2-oxazolin-5-one in several organic solvents. 

RESDLTS MD DISCIJ SSIOie 

The behaviour of 2-oxazolin-5-ones toward solvents varies, depending on the solvent. 

For example, oxazolones 3a and 3g (Table 1) are stable for at least 48 hours when benzene 

toluene, xylene or chloroform are the solvents, even when air is dissolved in them 

However, the same oxazolones yield the corresponding 4,4’-dehydrodimer when the solvents 
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are dimethyl sulfoxide (DMSO) or dimethylformamlde (DW). These reactions seem to occur 

via free radicals initiated by molecular oxygen in some cases (1,3) or by Ccl, and 

molecular oxygen in others. They are relatively fast and the products are formed in high 

yields (2). Also, these products may be formed by photooxygenation (5) and by the action 

of nickel peroxide (5,6) on oxazolones. 

2a 2b 2e 2d 2s 2! 2g 

In order to define the role of oxygen in these processes, we dissolved the oxasolone 

3a in degassed DHSO. The resulting yellow solution did not produce dimerlc products and 

was stable for more than a week, clearly indicating that oxygen was necessary to induce 

the dimerizatlon reaction. When the same oxazolone was dissolved in xylene and dry air 

was bubbled through the solution, the corresponding dehydrodimer was produced In less than 

24 hours. It is important to note that this oxazolone is stable in dry xylene that 

contains up to 59 ppm of oxygen dissolved in it (7). Similarly, oxazolones 3a and 3g are 

stable in xylene, toluene, benzene and chloroform containing between 35 and 40 ppm of 

oxygen dissolved (7); however , the same oxazolones are unstable in DHSO and DMF with a 

similar concentration of oxygen dissolved. 

The nature of the products of these reactions and the fact that the oxazolone 3a is 

stable in degassed oxygen, indicates that the dimerisation reaction is a free radical 

process in which oxygen plays a primary role. The behaviour towards oxygen in different 

solvents seems to be related to the equilibrium between the structures 3 and 4 (Scheme 1) 

corresponding to the ketonic and q esoionic forms of the oxazolones (1). Molecular oxygen 

is unable to react with the ketonic form (C-E bond 98.7 kcal/mole). The above equilibrium 

Is solvent dependent. In apolar solvents the oxazolones exist predominantly in the 

ketonic form, i.e. 3, while in polar solvents , such as DMSO and DMF, there are significant 

amounts of the mesoionic forms, i.e. 4 (1). 
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It is known that nickel peroxide oxidises organic compounds by free radical reactions 

initiated by hydrogen abstraction (6,9). Therefore, this peroxide may be used towards 

oxazolones to study the action of oxygen and the products formed via the free radical 

processes involved (6). Por instance, the reaction of oxazolones 3a and 3g with nickel 

peroxide in benzene at room temperature produces the corresponding 4,4’-dehydrodimers in 

yields higher than 70%. The structural assignments of the reaction products were based in 

comparisons with described dehydrodimers (5,6), quantitative elemental analysis, 

chromatographic analysis in di-n-butyl ether (where Rf values of these products are 

known), melting points and their characteristic decarboxylation during melting and their 

spectroscopic properties. These products do not possess tertiary C-E and therefore, that 

absorption is absent in the lH-RMR. Also, their IR are very similar to that of the 

corresponding parent oxazolone in the ketonic form. Examples are the IR of dehydrodimers 

la, lb, le-7g. Particularly interesting are the dehydrodimers 4,4’-bis-[2-p-nitrophenyl- 

4-phenyl-2-oxazolin-5-one] and 4,4’-bis-[2-p-chlorophenyl-4-phenyl-2-oxazolin-5-one], 

since the corresponding reactant oxazolones are in their mesoionic form in the reaction 

mixture (lO,ll), while the products are unsaturated B,y-lactones, as evidenced by the 

characteristic absorption at 1820 cm- 1 in the IR spectra of the 4,4’-dehydrodimers, which 

otherwise are very similar to that of the partent oxazolones. These results, as well as 

the similarities between the W spectra of oxazolones and their corresponding reaction 

product, show that the two heterocyclic rings in the reactants have not been destroyed 

during the reaction and exist in the reaction product as unsaturated fl,r-lactones. 

Our work and that of other authors (1,3) indicates that the oxazolone undergoes 

oxidation via its mesoionic form, which reacts with oxygen and yields the reaction 

products. This is supported by the fact that oxazolones 3a and 3g are stable in 

oxygenated solutions in xylene, benzene, toluene, chlorophorm and other solvents that do 

not induce the production of the mesoionic form. 

Instead, nickel peroxide is able to oxidize both the ketonic and mesoionic forms of 

oxazolones. The oxidation of 2-oxazolin-5-ones with nickel peroxide proceeds according to 

the mechanism proposed by Harquez et al (6). The dimerization of oxazolones in aereated 

solutions may proceed according to the scheme below, where the ketonic oxazolone form is 

in equilibrium with the corresponding mesoionic form. The position of the equilibrium is 

solvent dependent. In solvents such as benzene, toluene, xylene, etc. (solvents of low 

polarity) the ketonic form predominates, yielding colourless solutions. Rowever, DNSO 

solutions yield deeply coloured solutions of the mesoionic form. The mesoionic form 

undergoes reaction with oxygen, yielding the radical 5 and superoxide radical anion. 

These products may undergo further reaction to produce radicals BOO and 6. Since the 
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latter is a captodative radical (12), it reacts mainly via dimerization, while the 800 

may abstract a hydrogen from the oxazolone substrate, establishing a chain reaction and 

yielding hydrogen peroxide. Hydrogen peroxide has been detected as a product of the 

reaction of oxazolone 3a in DRSO (13). 

The proposed mechanism has precedents in the oxidation of anions; which is a synthetic 

pathway to produce C-C bonds in dimeriaations (14). There are many examples of oxidative 

dimerization of anions that use a variety of oxidating agents, such as electrochemical 

oxidation (15), cupric chloride (16), ammonium or sodium persulfate (17), potassium 

ferricianide (18), iodine (12) and oxygen (19). Our work points out the importance of 

solvent effects, the generality of oxygen oxidations and the importance of structural 

factors in the substrate that determine whether oxidative dimerization or degradative 

oxidation occurs. 

EXPERINMTAL 

Synthesis of Oxaeolones. 

The following oxazolones were synthetized in very good yields following described 
methods: 2-p-Rethoxypbenyl-4-phenyl-2-oxanolin-S-one (38) (6,20); 2,4-diphenyl-2- 
oxazolin-5-one (3b) (1,6); 2-p-nitrophenyl-4-phenyl-3-oxasolonium-S-one (3~) (1, 10); 2-p- 
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chlorophenyl-4-phenyl-2-oxasolin-S-one (3d) (11) and 2-p-methylphenyl-4-phenyl-2-oxaeolin- 
S-one (3e) (21). 

2-Phenyl-4-p-methoxyphenyl-2-oxazolin-S-one (3f) was synthetized according to the 
following procedure: lg (3.5 mM) of N-benzoyl-a-p-methoxyphenylglycine is added to 2 mL 
of acetic anhydride heated at 80-90-C and under nitrogen. After 5 minutes all the solid 
dissolves yielding a golden yellow solution. Then, the acetic anhydride is distilled at 
reduced pressure and the residue is crystallized from a solvent mixture of petroleum ether 
60-8O.C and benzene. The product obtained has a melting point of 10l°C, while the 
reaction yield was 0.43 g (46.3%). Other product characteristics are as follows. The 
elemental-analysis (X) g&e C 71182; H 4.89 and N 4.96 (required for C1,H,rNOo, is C 71.90; 
H 4.90 and N 5.24). The llURlR spectra (CD&) shows the following bands (ppm): 8.29-8.03 
(d, 28, J,=9.0 Hz); 7.76-7.27 (m, 5H); 6.95 (d, ZH, J419.0 Hz); 5.5 (s, la); 3.84 (s, 38). 
The IR (RRr) cm-i shows bands at 1821 (s), 1658 (m), 1613 (s), 1258, 1163, 1026, 969, 841, 
735 and 699. The W spectrum in dioxane shows a band with maximum absorption at 232.6 nm 
(c=18800 dmrcm-imol-1). 

2-Phenyl-4-p-chlorophenyl-2-oxasolin-S-one (3g) was obtained according to the 
following method: 0.5 g (1.7 mh) of N-benzoyl-a-p-chlorophenylglycine is added to 1.1 mL 
of acetic anhydride heated at 80-90°C under helium. The mixture turns yellow and after 5 
minutes fine yellow crystals of the reaction product precipitate. The reaction is 
continued for another 15 minutes and then is filtered under vacuum. The solid material Is 
washed with benzene. The reaction product is a yellow powder (yield: 0.38 g or 83%) with 
a melting point of 163-170°C. Other product characteristics are shown below. Elemental 
analysis (X): C 66.04; H 3.72; N 4.97 (required for C,,H,,NO,Cl: C 66.31; H 3.71; N 5.16). 
The ‘HNMR spectra (CDCl,) shows the following bands (ppm): 8.2-7.3 (2m, 9H) and 5.5 (s, 
la). The IR (ICRr) cm-l shows bands at 3413, 1835 (w), 1661 (s), 1097, 948, 830, 720 and 
697. The W spectrum in dioxane shows a band with a maximum at 221 nm (c=18800 
dm3cm-lmol-1). 

Synthesis of dehydrodimers 2. 

Two methods of synthesis were used. 

Method 1: This method consists in the reaction of oxaxolones with nickel peroxide 
(nickel peroxide was prepared according to the method of Nakagawa (22)), by dissolving 
1.5 ml4 of oxasolone in 25 mL of benzene and adding nickel peroxide in an amount equal to 
twice the weight of oxazolone (10 meq of nickel peroxide per each meq of oxazolone). The 
reaction mixture is stirred at ambient temperature. The reaction progress may be 
monitored by means of thin layer chromatography. After the reaction Is over, the mixture 
Is filtered and the solid Is crystallized. 

Method 2: In this method, the oxazolones are dissolved In DHSO. The resulting 
solution reacts to yield the corresponding dehydrodimer. 

The following dehydrodimers were obtained using method 1 (the characteristics of the 
corresponding dehydrodimer are given In parenthesis): 4,4’-bis-[2-p-nitrophenyl-4-phenyl- 
2-oxaeolone] (7~) (mp=215’C; Rf=0.71 (n-dlbutyl ether) ; elemental analysis (X): C 64; H 
3.14 (C,,H,,N,O, requires C 64.06; H 3.23). IR (RRr) cm-l: 1818 (s), 1845, 1786, 1661 
(s). ‘HNKR (CDCl,) ppm: 8.4-8.0 (m, broad, 4H), 7.73-7.10 (m, broad, 148). W (dloxane): 
x ,,..=278 nm (c=49300 dmscm-lmol-I)), 4,4’-bis-[2-p-chlorophenyl-2-oxasolin-5-one] (7d) 
(mp=206-207°C; Rf-0.91 (n-dibutyl ether); elemental analysis (X): C 66.77, H 3.63 
(C,,H,,N,O,Cl, requires C 66.55, H 3.35). IR (RRr) cm-l: 3049 (w), 1825 (s), 1653 (s), 
840 (s), 741 (s), 735 (s), 702 (s). ‘HNHR (CDCl,) ppm: 7.38 (two overlapping signals). 
W (dioxane): X,,,= 282 nm (~~41000 dmrcm-lmol-I)), 4,4*-bis-[2-p-methylphenyl-4-phenyl-2- 
oxaeolin-5-one] (7e) (mp=208-209°C; Rf=O.83 (n-dibutyl ether); elemental analysis (X): C 
76.85, H 4.89, N 5.45 (C,,H,,N,O, requires C 76.78, H 4.83, N 5.60). IR (RRr) cm-l: 1812 
(s), 1639 (s), 909 (s), 826 (s), 752 (s), 729 (s), 700 (s). ‘RNMR (CDCl,) ppm: 8.07-6.97 
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(two complex signals, 18E), 2.37 (s, 38). DV (dioxane): La.=258 nm (r=41600 
dmscm-lmol-I)), 4,4~-biz-[2-phenyl-4-p-~ethoxyphenyl-2-oxazolia-S-one] (7f) (mp=183V; 
Rf=0.63 (n-dibutyl ether); elemental analysis (X): C 72.18, E 4.65, N 5.18 (Cz,li,,N,O, 
requires C 72.18, H 4.54, N 5.26). IR (K8r) cm-l: 1818 (s), 1653 (w), 1610 (s), 1258, 
1160, 1026, 968, 840, 735, 699. ‘HNKR (CDCl,) ppm: 8.60-6.70 (three overlapping signals, 
18H). IJV (dioxane): X,,,= 230 nm (r=31900 dm3cm-1mol-1)) and 4,4’bis-[2-phenyl-4-p- 
chlorophenyl-2-oxazolin-S-one] (7g) (mp=184’C; Rf.9.83 (n-dibutyl ether); elemental 
analysis (X): C 66.80, H 3.49, N 4.97 (C,,H,,N,OCl, requires C 66.55, Ii 3.35, N 5.17). IR 
(KBr) cm-l: 1821 (s), 1653 (s), 820 (s), 751 (s), 704 (s), 690 (s). l8NIlR (CDCl,) ppm: 
8.40-7.77 (m, 4H). IN (dioxane): .I,,, 1253 nm (f=35000 dm3cm-1mol-l), ~,,,=215 nm (a=31200 
dm3cm-1mol-1)). 

The following dehydrodimers were prepared according to method 2: 4,4*-bis-[2-p- 
methoxyphenyl-4-phenyl-2-oxazolin-5-one] (7a) (mp=195*C, Rf=0.56 (n-dibutyl ether), 
product identical to that described in (6)), 4,4’-bir-[2,4-diphenyl-2-oxazolin-5-one] (7b) 
(mp=199”C, Rfr0.76 (n-dibutyl ether), product identical to that described in (6)), 4,4’- 
bis-[2-p-chlorophenyl-4-phenyl-2-oxasolin-5-one] (7d) (mp=207’C), 4,4’-bis-[2-p- 
methylphenyl-4-phenyl-2-oxazolin-S-one] (7e) (mp=208’C, Rf-0.82 (n-dibutyl ether)), 4,4’- 
bis-[2-phenyl-4-p-methoxyphenyl-2-oxazolin-S-one] (7f) (mpt183’C, Rf=0.64 (n-dibutyl 
ether)), 4,4’-bis-[2-phenyl-4-p-chlorophenyl-2-oxazolin-S-one] (7g) (mp=184”C, Rfz0.83 (n- 
dibutyl ether)). Each of the products prepared by this method is identical to the 
corresponding product obtained by method 1. 

Stability of oxazolones & and a in several solvents. 

Oxazolones 3a and 3h yield the corresponding dehydrodimers when dissolved in 
dimethylformamide (DMP), acetonitrile or acetone , as they do in DhSO solutions. The 
reaction characteristics (reaction time, product yield) of the dimerizations in DHP are 
similar to those in DHSO; however, reactions in the other solvents occur at a slower rate 
and produce dehydrodimers in lower yields. 

Oxazolones 3a and 3h do not yield dehydrodimers when dissolved in benzene, toluene, 
xylene, dimethoxyethane and chloroform. In all cases, dehydrodimers were undetected after 
48 hours in solution in the corresponding solvent. 

Stability of oxazolone & in degassed DHSO. 

This test was performed in a Y-shaped tube. Oxazolone 3a (0.1 g) is placed in one arm 
of the tube and DMSO (2 mL) in the other arm and the tube is placed in liquid nitrogen. 
When the material is frozen, the pressure is reduced to 10-d Torr, the tube is sealed and 
let to stand at room temperature. After repeating this process four times, the oxazolone 
is mixed with the DMSO. This mixture does not yield detectable dehydrodimer even after 
eight days. 

Detection of hydrogen peroxide as reaction product. 

A solution of 3a (0.3 g) in DMSO (5 mL) is divided in two equal portions; 1 q L of DHSO 
is added to one portion and used as control in the test. Then, 1 mL of potassium 
titaniumIV oxalate and sulfuric acid reagent (K,TiO(C,O,), 2H,O) (16) is added to the 
second portion and the reaction is followed at 410 nm. 
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