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Abstract- When N,O-diacylated Zaminophenols that have different acyl 
substituents on nitrogen and oxygen are treated with p-toluenesulfonic acid in 
refluxing xylenes, mixtures of benzoxazoles are produced. The major product is 
the benzoxazole in which the substituent at the 2-position is derived from the acyl 
group on nitrogen. This product may arise from an unusual case of acid-mediated 
neighboring amido-group assisted hydrolysis. 

2-Aryl- and Zalkyl-substituted benzoxazoles have received a considerable amount of attention in diverse 
areas of chemistry.1 In our previous paper2 we reported that the synthesis of 2-substituted benzoxazoles 
can be accomplished by treating N,O-diacylated 2-aminophenols with p-toluenesulfonic acid (TsOH) in 
refluxing xylenes or toluene. This procedure affords a variety of 2-aryl- and 2-alkyl-benzoxazoles in 
excellent yields, and is preferable to other methods for the preparation of benzoxazoles bearing electron 
withdrawing groups. In studying this transformation further, we were interested in examining the fate of 
N,O-diacylated 2-aminophenols in which the acyl groups on nitrogen and oxygen are not the same (1, R1 
# R2). These mixed, N.0-diacylated Zaminophenols are of interest because they are produced in a 
number of synthetically useful reactions,3 and undergo a facile base-catalyzed acyl exchange ~eact ion.~ 
This paper reports the conversion of these mixed N,O-diacylated 2-aminophenols into benzoxazoles under 
the influence of TsOH. In addition to providing information concerning the potential synthetic utility of 
this conversion, this study has provided some mechanistic rationale for the conversion of N,O-diacylated 
2-aminophenols to benzoxazoles under acidic reaction conditions. 

1 R' NH 

QwR2 TsOH (2 eq.) - 
benzene, reflux 

a Reaction run in xylenes under reflux; when run in benzene under reflux, the reaction requires > 48 h for completion. 
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A series of mixed N,O-diacylated 2-aminophenols (la-dl536 were treated with TsOH in benzene under 
reflux. After aqueous work-up, the benzoxazole products were isolated and the ratio of products was 
determined by GC analysis. For l a  (R1= Me, R2= Et) the major product is 2-methylbenzoxazole, which is 
formed in a 955 ratio with 2-ethylbenzoxazole. When the nature of the N- and 0-acyl groups is reversed, 
as in l b  (R1= Et, R ~ =  Me), the opposite result is obtained; 2-ethylbenzoxazole is formed predominantly. 
We also analyzed the reaction products from reactions of mixed diacylated 2-aminophenols in which R' 
or R2 is an aromatic substituent. In the case of l c  (R1= Me, R'= Ph), the product mixture consists mainly 
of 2-methylbenzoxazole, although a substantial amount of 2-phenylbenzoxazole is also formed (2: 1 ratio). 
Similarly, the reaction of l d  (R1= p-C6H40Me,  R2= Me) gives mainly the 2-(4- 
methoxypheny1)benzoxazole as the major product, along with some 2-methylbenzoxazole (4: 1 ratio). 
The rates of the reactions vary significantly depending on the acyl snbstituents. The reactions of the 
mixed diacylated aminophenols in which the acyl groups are acetyl or propanoyl (la or l b )  proceed 
rapidly in refluxing benzene; whereas, the reaction of compound l c  (R'= Me, R2= Ph) proceeds much 
more slowly, requiring that the reaction be carried out in refluxing xylenes rather than benzene. The 
reaction of i d  (R1=p-CsH40Me, R2= Me) can be accomplished in refluxing benzene, although the time 
for completion of this reaction is significantly longer than the reactions of either l a  or l b .  
When N,O,O'-triacyl-4-aminoresorcinol (5, Scheme 1) was treated with two equivalents of TsOH in 
refluxing toluene for 16 h, 6-acetoxy-2-methylbenzoxazole (6a)7 was isolated as the sole product in 86% 
yield. None of the phenol (6b) was observed in the product mixture. Similarly, when the N-acetyl-0,O'- 
dibenzoate ester (7), prepared from 5 using the procedure of LeRosen,5 was subjected to the standard 
cyclization conditions above, 2-methyl-6-benzoyloxybenzoxazole (8a)E was obtained in 78% yield, along 
with a small amount of 2-phenyl-6-benzoyloxybenzoxazole (12% yield). Again, none of the phenol (8b) 
was observed in the product mixture. 

NHWMe TsOH (2 eq.1 

R 0 
P M  C OCOPh 

8a. R = COPh 7 68,  R=COMs 

8b, R = H (not observed) 6b. R = H (not observed) 

Scheme 1 

One potential mechanism for the formation of benzoxazoles (2) from N.0-diacylated 2-aminophenols (1) 
in the presence of TsOH involves the initial hydrolysis of the ester moiety in 1 to give the 2-amidophenol 
(9), Scheme 2. Subsequent acid-catalyzed cyclization9 of this intermediate leads to the benzoxazole (2) 
with the 2-substituent being derived from the substituent on the amide group, in accordance with our 
results. Support for hydrolysis occurring during the reaction is provided by the isolation of the 2- 
amidophenol(9d) (R' = p-C6H,0Me) from the reaction of 1 (R1,R2 =p-C6H40Me) when the reaction is 
stopped after 30 min. However, when simple phenol esters, such as phenyl benzoate are treated under 
these reaction conditions, no ester hydrolysis is observed. Also, the failure to detect the phenol products 
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(6b) or (8b) from the cyclization of the esters (5) and (7) indicates that if benzoxazole formation proceeds 
through initial ester hydrolysis, this hydrolysis must require the adjacent amido group. 

9 

Scheme 2 

Amide-assisted hydrolysis is well-studied in the case of base-catalyzed ester hydrolysis,10 but is less well 
studied in the case of acid-catalyzed hydrolysis. In the former case, assisted hydrolysis takes place 
through nucleophilic attack of the amide nitrogen on the ester carb0n~l.11 This type of assisted 
hydrolysis would lead to the same 2-imidophenol intermediate, and thus the same product mixtures, from 
both N,O-diacylated 2-aminophenols ( la)  and ( lb) ,  in contrast to what is observed. A similar mechanism 
has been proposed for the facile base-catalyzed acyl-exchange reaction of mixed, N.0-diacylated 2- 
aminophenols.12 However, the observation of different product mixtures from the reactions of l a  and l b  
also argues against acyl exchange occurring during the reaction. 

OH ' 0 OH 

H 11 2 9 
H 2 0  

10 

Scheme 3 

In the case of acid-catalyzed amide-assisted phosphinic ester hydrolysis, the oxygen, rather than the 
nitrogen atom, of the amide serves as the nucleophilic center.13 In the present case, amide-assisted 
hydrolysis of N.0-diacylated 2-aminophenols (I),  intramolecular attack of the amide oxygen on the 
protonated ester (or conversely, attack of the ester carbonyl oxygen on the protonated amide) might 
afford a 3,5,1-benzodioxazepine intermediate (lo), Scheme 3. This 3,5,1-benzodioxazepine intermediate 
may rearrange to the carboxyimidoyl anhydride (11). Under anhydrous conditions this anhydride (11) 
can be converted directly to the benzoxazole (2) by attack of the hydroxyl onto the carboxyimidoyl 
anhydride followed by the loss of carboxylic acid. A similar mechanism has been proposed by 
Mazurkiewiczl4 for the conversion N,N'-diacyl-2-phenylenediamines into benzimidazoles under the 
influence of the Lewis acid Ph,PBr,. In the presence of water in the reaction mixture or during workup 
of the reaction, the anhydride intermediate (11) would be hydrolyzed to form the amidophenol (9). The 
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amidophenol (9) can subsequently be converted to the benzoxazole (2) under the acidic reaction 
conditions.9 The effect of the nature of the acyl groups on the rate of the reaction (vide supra) is also 
consistent with the route shown in Scheme 3. 
In conclusion we have shown that the formation of benzoxazoles from N,O-diacylated 2-aminophenols in 
the presence of TsOH occurs readily to give benzoxazoles in which the substituent on position 2 is 
predominately derived from the acyl group on the nitrogen. The isolation of 2-amidophenols from the 
reaction mixtures, and the observed hydrolytic stability of simple esters to the reaction conditions indicate 
that the reaction may proceed through neighboring amido group-assisted ester hydrolysis. One possible 
mechanism, consistent with the data obtained to date, involves the 3,5,1-benzodioxazepine intermediate 
(lo), Scheme 3. Future work will investigate this mechanism further.15 
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