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Abstract-The one-step transformation of 2- or 3-(I-hydroxyalky1)-2, 3-dihydro- 

benzofurans (1 or 2 )  to the 2- or  3-acylbenzofurans (5 or 6) with N-bromo- 

succinimide was performed with good yields. The reaction is characterized to take 

place via the continuous bromination-dehydrobromination process. Yields are 

dependent on the solvent and the kind of additive compounds as a scavenger of the 

hydrogen bromide by-produced during the reaction. 

The oxidation of benzyl alcohols to benzaldehydes using N-haloimide is well-known.' On the other hand, 

this agent reacts with olefins to add a halogen to the double bond in an ionic manner and also acts as an 

agent for halogenation at the allylic or henzylic position in a radical manner. In particular, N- 

bromosuccinimide (NBS) which is used as a specific agent for allylic monobromination has been 

successfully used to introduce double bonds. The method involves the hromination-dehydrobromination 

process. In many cases, the intermediate bromide is isolatable and the dehydrobromination proceeds with 

treatment by a base.' However, if aromatization is the driving force of the dehydrobromination, the 

intermediate would be labile under the reaction conditions and spontaneously lost hydrogen bromide to form 

an elimination p r ~ d u c t . ~  

We now wish to report the one-step transformation of the 2- or 3-(I-hydroxyalky1)-2, 3-dihydro- 

benzofurans (1 or 2 )  to the 2- or 3-acylbenzofurans (5  or 6 )  via benzofurans (3 or 4) with 2 equivalents of 

NBS (Scheme I). 

We first searched for the appropriate reaction conditions which would transform 2-hydroxymethyl-2, 3- 

dihydrobenzofuran (7)4 into 2-formylbenzofuran (8). The results are shown in Table I . ~  The reaction with 

NBS proceeded smoothly at 80 CC in benzene to furnish product (8) in moderate yield (entry 3). The 

reactions in other solvents such as chlorinated hydrocarbons and with other N-haloimides such as NCSand 

NIS produced low yields (entries 1 ,  2 and 4-45). Interestingly, the presence of additives significantly 

affected the yield (entries 7-14). Particularly, the addition of cyclohexene oxide raised the yield, even ifthe 
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Scheme 1 

reaction was carried out in chlorinated hydrocarbons (entries 7 and 8). Thus, the use of cyclohexene oxide 
or potassium carbonate in benzene was the best reaction conditions (entries 9 and lo), as the additives 
trapped the by-product hydrogen bromide during the reaction and benzene dissolved NBS more than the 
chlorinated hydrocarbons. 

Table 1 

entry N-haloimide solvent additive time (min) yield (9%) 

I NBS CCI, none 60 <5 
2 NBS (CH2CI)Z none 60 44 
3 NBS PhH none 30 77 
4 NCS CCI, none 8 h N R ~  
5 NCS PhH none 4 h <5 
6 N I S  CCl, none 12 h <5 
7 NBS CCI, C6H~o@ 60 6 1 
8 NBS (CHzCI), C6H LOO 70 59 
9 NBS PhH C6H,00 60 80 

10 NBS PhH K2C0,  30 86 
11 NBS PhCl C ~ H I O O  60 72 
12 NBS PhH Cs2Cq 20 66 
13 NBS PhH C 3 ~ 6 0 d  2 h 71 
14 NBS PhH NaOAc 15 71 

b d a2, 2'-Azobisisobutyronitrile. 7 was recovered. CCyclohexene oxide. Propyleneoxide. 

Furthermore, we found that the 2, 3-dihydrobenzofurans (9)4 possessing electron-withdrawing substituents 
such as a nitro, halogen, methoxycarbonyl, and mesyloxy group on the benzene ring were converted to the 
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corresponding acylbenzofurans (10)  in good yields under conditions similar to that described above (Table 

2). Especially, the reaction of 2, 3-dihydrobenzofuran having a phenyl group in the 3-position gave a 

satisfactory result (entry 8). Thus, substituent groups on the benzene ring and the hydroxyalkyl groups of 

the 2 ,  3-dibydrobenzofurans (9) exerted no influence during the oxidation. 

Table 2 

entry substrate (9) additive time (min) product (1  0) yield (%) 

I -OH K2C03 50 o 89 

NO2 NO* H 

a Benzoyl peroxide (BPO) wasused as the radical initiator instead of AIBN. For theseentries,adiastereomeric 
mixture was used for the reaction. The ratio was not determind. 

On the other hand, although the reaction of 4, 6-dimethoxy-2,3-dihydrobenzofuran ( I l l 6  possessing 

electron-donating groups on the benzene ring with 2 equivalents of NBS in benzene under free radical 

conditions did not yield the expected (12), the 5, 7-dibromobenzofuran derivative (13)  was isolated in 85% 
yield, and 13 was converted to 14 with 2 more equivalents of NBS. When the reaction of 1 1  with 4 

equivalents of NBS was carried out under the same conditions. 14 was expectedly formed via 1 3  in good 

yield (Scheme 2). Thus, 2, 3-dihydrobenzofuran (11)  having two methoxy groups, which activate the 

benzene ring, is initially brominated on the benzene ring rather than at the 3-position. In a recent publication, 
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the regioselective electrophilic bromination of methyl-substituted anisoles with NBS under free radical 

conditions was reported.' 

S c h e m e  2 

2 NBS 

Me0 boH O1 - BPO Me0 
Me 

11 12 Me 
\ 

I \ 4 NBS. BPO 

1 2 NBS, BPO (95%) 
(85%) 

OMe \ QMe 

2 NBS 

Br*oH spa 
Me0 

(99%) Me0 Brho 
Br Me Br Me 

In another experiment, the radical reaction of 2,3-dihydrobenzofuran (156 or 18) having the both of a 

electron-withdrawing and -donating group on the benzene ring with NBS gave the following results. The 

radical bromination of 15 in the 3-position with 2 4  equivalents of NBS in benzene was prevented owing 

to the influence of phenolic hydroxy group, and then 7-brominated compound (1 6) was obtained as a sole 
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product in 82% yield, with no acylbenzofuran (17). Probably the phenolic hydroxy groups acts radical 

scavengers. On the other hand, methoxyl congener (18) was reacted with 3+quivalents of NBS to 
transform into acylbenzofuran (19), together with 7-bromoacylbenzofuran (20). These were obtained in the 
ratio of 1.3 : 1. The former product (19)  was not converted to the bromide (20)  under the same conditions 
and the starting material (19 )  was recovered in quantitative yield. These facts suggest that electrophilic 
bromination on the benzene ring in 18 takes place in competition with radical bromination in the 3-position, 

and that owing to influence of newly gained acetyl group in the 2-position benzene ring of 1 9  becomes 
inert to electrophilic bromination, therefore, 2 0  was afforded through another intermediary: 7-bromo-2. 3- 
dihydrobenzofuran (2 1). 

In conclusion, a one-step transformation of 2- or 3-(I-hydroxyalkyl)-2, 3-dihydrobenzofurans (1 or  2 )  to 
the 2- or 3-acylbenzofurans (5 or 6 )  with NBS under free radical conditions has been developed. This work 

also provides a novel strategy for the synthesis of acylbenzofurans, since it is found that twice of the 
bromination-dehydrohromination process was easily achieved. 
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