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Abstract - Novel heterocyclic-annulated furo[3,3a-d]isoxazoles were 
synthesized through the ring transformation reaction of heterocyclic ring- 
substituted isoxazoline-2-oxides promoted by Lewis acid such as titanium 
tetrachloride. Structural determinations by single crystal X-ray and nmr 
analyses are reported. 

Previously we described novel ring transformation of 3,5-bis(methoxycarbonyl)-4-phenyl-2- 

isoxazoline-2-oxides into benzofuro[3,3a-d]isoxazoles in the presence of Lewis acid such as 
Tic!,.' To exploite this ring transformation, we used heteroaromatic ring-substituted isoxazoline- 
2-oxides in this ring transformation and wish to report here the synthesis of novel heterocyclic 
annulated furo[3,3a-d]isoxazoles (4 a, 4b,  and 4c) through the ring transformation of indole- or 
furan- substituted isoxazoline-2-oxides (3 a, 3 b, and 3c) by Lewis acid such as titanium tetra- 
chloride(Scheme 1). 
Isoxazoline-2-oxides (3 a, 3 b, and 3c)' were prepared4 by the reaction of the corresponding 
aldehydes (2a, 2 b, and 2c) with two molar amount of methyl nitroacetate (1 ) in the presence of 
diethylamine, then employed in a following manner. Compound (3 a) was allowed to react with 
four-fold molar excess of titanium tetrachloride in dichloromethane for 1.5 h at room temperature, 
and then the reaction mixture was quenched with 10% aqueous sodium carbonate and 
extracted with chloroform. Purification by column chromatography on silica gel(hexane-ethyl 
acetate, 1 :1) afforded two fractions, ie., dimethyl 3a,4-dihydro-6-tosyl-5aH-indo[2,3-b]furo- 

[3,3a-d] isoxazole-3,4-dicarboxylate (4 a)' (58% mp 86.0-88.0' C from benzene-petroleum 
ether) and methyl 3a-chloro-a-hydroxy-2-methoxycarbonyl-l-oxido-8-tosylindo[2,3-b]-1-pyrroline- 

3-acetate (5)= (22% mp 190-193. C from ethyl acetate-hexane). On the other hand, when 

compound (3b and 3c) were allowed to react with two-fold molar excess of titanium tetrachloride 
in dichloromethane for 1 h at 0 -  C, 6-hydroxyfuro[2,3-b]furo[3,3a-d]isoxazole (4 b)' (33% mp 
134-1 36- C) and 7-hydroxyfuro[3,2-b]furo[3,3a-d] isoxazo le(4~)~ (28% mp 96-98. C) were 
isolated from the complex reaction mixture, respectively. 
Structures of these products were confirmed as follows : Compounds (4 a, 5, and 4 b) were 



Scheme 1 

analysed by single crystal X-ray analyses9. The ORTEP drawing of 4 a,5, and 4 bare shown in 
Figure 1. The structure of 4c  was assigned by comparing the 'H-'H chemical shif correlation 

spectra (COSY) of 4c with those of 4 b : H-5a appears as a singlet at F 5.95 in the spectrum of 

4 b. On the other hand, H-5a at S 4.98 is coupled with methylene protons (H-6 and H-6') on 
the furan ring and the methylene protons are coupled with one ring proton(H-7) (J=l1.0 and 
6.0 Hz) in the spectrum of 4c. Other correlation of 'H signals between the spectra of 4 band 
4c are almost identical (Table 1). By these spectroscopic results, the structure of 4c was 
determined as a constitutional isomer of 4 b, ie., 7-hydroxyfuro[3,2-b]furo[3,3a-d]isoxazole, 
The postulated mechanisms of the formation of 4 a.5, and 4 b are illustrated in Schemes 2 and 
3 . The formation of spiro-intermediate(8) from the nitrosonium intermediate(A)la through an 
intramolecular ipsoattack" by oxygen atom of nitrosonium species in A leads to afford 4 a. On 
the other hand, intramolecular addition of nitrosonium species at C-2 of the indole ring in the 
intermediate(A), followed by chlorination with TiCI, gives product (5) (Scheme 2). The former 
mechanism is also adopted in the formation of 4 b, except introduction of a hydroxy group 
into the furan ring in the intermediate(C) through the acid-catalysed hydration to afford 4b  

(Scheme 3). 
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Figure 1. Perspective Drawings of 
Compounds (4a.5, and 4b) 

Table 1. Selected 'H-Mnr Shifts(pFd and 
Coupling Constants(Hz) for 4b 
and 4c (300 MHz, i n  CDCI,) 
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Table 2. Crystallographic Data for Compounds 4a ,5 ,  and 4b 

Formla  
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