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Abstract - Under the mild condilions, reductivc cycl~zalions of  2-nilrt1hc11z;1ldcllydcs o r  

2'-nitroacclophenone towards 2.1-henzisoxazolcs werc xcamplishcd in lllc prcscncc 01 2- 

hromo-2-nilropropaneizn in methanotic solulion. The synthetic utll~ty and the nrlc ot 2- 

brom~-2-~lropropane were investigated. 

2,l-Benzisoxazole (Anthranil) has been known for more than 100 years, and a modest number 01'2.1 

henzisoxazole derivatives have a patented usage, i e ,  antiinflammatory, antituberculotic, lipodcrnia, and 

analogs of psilocene and muscomal.lYome of 2,l-benzisoxazole derivatives are also useful key inletniediates 

for the synthesis of biologically active molecules such as quinazolinones and 1,4-ben~odiazepincs.~ The 

utilized methods of preparation include some of the earliest recorded examples of nitro group side chain 

interaction in ortho-substituted nitrobenzene derivatives," namely, reductive transformations by zinc and 

acetic acid,) triethyl p h o ~ p h i t e , ~  thionyl c h l o ~ i d e , ' ~  and catalytic hydrogenation' have bccn suggested. 

However, useful methods for synthesizing 2,l-benzisoxazoles have no1 bccn well established. 

In the course of our study on reductive cyclization reaction of 2-nitroarcncs? we found an c f h h n l  

synthetic method for 2,l-benzisoxazoles by using 2-bromo-2-nitropropanc (BNP) and Zn dust. Hel-cin wc 

wish to report unique reductive cyclizations of 2-nitrobenzaldehyde derivatives or 2'-nitroace~ophenone 
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towards 2,l-benzisoxazoles which were accomplished in the presence of BNPIZn dust in methanolic 

solution. 

The reaction of 2-nitrobenzaldehyde (1) with BNP (1.2 equiv.) and Zn (5 equiv.) in methanol at 50 '% 

produced 2,l-benzisoxazole (2) in 98% yield. Surprisingly, only a small amount (1 - 2%) of 2- 

aminobenzaldehyde was observed and acetal of 2hitrobenzaldehyde was not formed. Increased amount of 

BNP did not affect too much (2 equiv.; 94%, 3 equiv.; 92%) for the yield of 2. However, the reaction 

was not effective with a catalytic amount of BNP [lIBNP(0.5 equiv.)lMeOWSO '%I5 h, 37961. In all 

cases, a mace amount of 2.3-dimethyl-2,3-diniuobutane, the dimer from BNP radical, and easily removablc 

2-nitropropane were observed. 

In control experiments, without BNP it produced 2 in a trace amount while retaining most of the reactant. 

In the absence of Zn [ l lBNP (3 equiv.)lMeOW50 "Cl12 h], it gave rise to a trace amount of acctal, 

o-O,NC,H,CH(OMe), and 93% of starting material (1) was recovered. In acidic conditions (aq. 35% 

HCUZnIMeOH) which is similar to known procedure,' the yield of 2 was relatively low and some 

by-products including 2-aminobenzaldehyde were observed. Even with an optimum condition [aq. 35% 

HCI (5 equiv.)/Zn (5 equiv.)lMeOH], only 74% of cyclized product (2)  was obtained along with more 

than 23% of 2-aminobenzaldehyde by-product which was not easy to separate from the reaction mixture. 

Obviously, bolh BNP and zinc dust were essential for the reductive cyclization of 2-nitrobenzaldchydc 

under the neutral conditions. Furthermore, it was much better than the acidic condition reaction as Par as 

the by-product formation concerned. The role of BNP is likely to be an electron acceptor due to its low 

lying antibonding n-orbital which has been employed in S,,1 process, and the utility of BNP has hccn 

described by G. A. Russell el al . I 0  

In order'to test the synthetic utility of the BNPlZn condition, we examined the reductive cyclizations ol' 

various substituted 2-nitrobenzaldehydes and 2'-nitroacetophenone under the optimized condition.' ' RcsulLs 

are summenzed in Table I. In most cases, cyclization was success~ul with excellen1 yields independent of 



Table I. The reactions of substituted 2-nitrobenzaldehydes or 2'-nitroacetophenone in the prescncc 

of 2-bromo- 2-niuopropane (BNP, 1.2 equiv.)/Zn (5 equiv.) in MeOH at 50 "C. 

entry substrate time (h) product yield (Yo)' 

'GC yield with an internal standard, b ~ o  2-bromo-2-niwopropane was addcd, 'Starting material was 

recovered. 

the position and the character of the substituent. 

In case of chloro-substituted o-nitrobenzaldehydes, the corresponding chloro-substituted 2, I -bcnzisoxazolc 

product was obtained in high yield without giving any dechlorinated producB (Table I ,  cnuics 3,4). Trial 

for the Pd-catalyzed reduction of halogenated aromatic nitro compound was rcported to providc dchalogcnatcd 

products.12 Moreover, the reductive cyclization ofnitroarcnes substituted with acid lahilc alkoxy iunclionill 

groups using BNPIZn provides an efficient and selective method l'nr thc synthesis 01' 2 ,  I -hcnzisoxazdc 

derivatives (Table I, entries 5 .  6). Additionally, thc reductive cyclization ol' 2'-nitrt~acctophcnonc undcr 

our mild conditions yielded more than 90% of the desired 2,l-benzisoxazole dcrivalivc (Tahlc I ,  cntry 7). 
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while i t  produced about 1 : l  mixture of cyclized product and 2'-aminoacetophenone under the acidic 

condition [aq. 35% HCl (5  equiv.)lZn (5 equiv.)/MeOH]. It is clear that our neutral conditions givc hcttcr 

results than the acidic conditions for the conversion o i  2'-nitroacclophcnonc L C )  corresponding 2.1 - 

benzisoxazole derivative. 

The reductive cyclization of 2.6-dinitrobenzaldehyde was strongly relarded because of dinitro iunctionalily 

(Table I, entry 8). However, it is worth mentioning that 2.6-dinitrohenzaldehydc was selectively converted 

to 5-nitro-2,l-benzisoxazole without reduction of 5-nitro groups. 

For mechanistic purposes, some inhibition experiments were carried out. Under O 2  atmosphere, thc 

reactions of l/BNP/Zn/O, at 50  "C for 5 hours gave nothing and the rcactant was fully recovered (Table 11, 

entry 2). In the presence of 10 mol% of m-dinimbenzene, the reductive cyclization reaction was retarded 

and the yield of cyclized product (2) decreased to 39% at 50  'C (Table 11, c n t y  3).13 Also, the reactions in 

the presence of di-tert-butyl nitroxide resulted in effective inhibition (Table 11, entries 4 ,  5).'3.'4 Apparently 

electron transfer processes are involved during the reductive cyclimtion reaction resulting in 2,l -bcnzisoxamlc. 

Table 11. The reactions of 2-niuohenzaldehyde wilh 2-hrc1m0-2-nitropr1)pilnc ( 1.2 cqun. )  and 

Zn (5 equiv.) in the presence of inhibitors in MeOH at 50 "C. 

entry Inhibitor time (h) 1 (Yo yield)' 2 ('h yield)" 

1 none 5 

2 0, 5 

3 m - ~ ~ ~ b  5 

4 DBNC 5 40 5 4 

5 DBN" 5 77 17 

"GC yield with an internal standard. bm-~i~trobenzene.  10 molLb. 'Di-lrrr-huty] nitroxidc, 

5 mol%. *Di-tert-butyl nitroxide. 10 rnol%. 

BNP (-0.13 V,  Hg cathode, 0.1 M LiClOJMeOH, AglAgC1,20 mVls) could he a good electron acceptor 

but not an electrophile, and may more like assist the reaction by enhancing the electron transfer ahilily. 

Electron transfer from Zn or BNP radical anion to o-nitrobenzaldehydc (-0.59 V, -0.84 V, Hg cathode, 0. I 

M LiCIO,/MeOH, AgIAgCl. 20 mV/s) may lead to nitrosobcnzaldchyde intermcdialc." Additional controlled 
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experiments are currently under way to prove pathways of the reaction mechanism in dctail. 

In conclusion, we have now established a mild and novel reaction route lor 2.1-henzisoxazolc dcrivativcs 

by using 2-bromo-2-nitropropane and Zn dust which would be a new synthetic rncthodology. 
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