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Since azaspirodienones are potentially hioactive and interesting precurso rs for all&kis,l carbocyclic 

spirodienonesand azacarbocyclic spirodienones have been well documented. These Spiro compounds have been 

prepared mostly by oxidative intramolecular spirocyclization of the corresponding phenolic derivatives,2 photo- 

induced cycloaddition of dimes with pbenzoquinones.3 or acid-catalyzed spirocyckation of aromatic 

diazoao&mides4 However, an effective synthesis of diazacar bocyclic spirodienone~,~ especially 

trifluorometbylated one is unexplored. We now report a novel ekztrocyclic spirocyclization of the p 

benzoquinone imines 2 leading to the trifluoromethylated spirodiazacarbocycles 3 and 4, and further 

tmnsformation of them to the trifluorcmerhylated 1.3-diaz~pine 7. 

We previously reported that electrochemical oxidation of N-aryl-2~_2-tifluoroethanimidamides 1 followed 
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by Lewis acid-catalyzed cyclization of 2 produced N-aryl2-trifluo~methylbenzimidazoks in high to excellent 

yields.6 

In conuast_ thermal electrucyclic reaction and proton migration proceeded predominantly on heating 2 in a 

polar soivent, affording spirodi ‘~ws&ocz~~~s~ and 4 in good yieids (Scheme 1). The 13C NMR spectta of 
3g showed a carboayl group at 184 ppm and a quatemary carbon at 55 ppm, suggesting a typical spinxlienone 

structure. X-Ray ~~~10~~~ analysis7 revealed uneqaivocally the spirodienone stru&ure of 38. A 

perspective view of the rt~okcuiar &uctue in a hy~~n-~~ dimer is shown in Fig. 1. The products were 
an inseparable mixture of the two tautorners (3 and 4). However, the corresponding N-methyl compounds 3 

and 48 which were separable by column chromatography altJmugh the ratio of the two tautomers was changed. 

Fig. 1. X-IUy Structure of a Hydrogen-bonded Dimer of 3 g. 

Table 1. Solvent Effect for the Wona of 2%~ 

Entry Solvent Temp. (“C) Time (h) 

1 bfzlzena 80 22 

2 tduene 110 18 

3 p-xylem? 145 6 

4 DMSO 120 2 

5 MeCN 80 21 

6 n-&OH 117 2 

7 EtOH 78 4 

8 AcOH if8 2 

3b and 4b (a; yield) 

_b 

_C 

_= 

97d 

91d 

83d 

88d 

32d. 4oe 

I2b (0.5 11111101). solvent (2 ml.). b Recovery of 2b (88 %). ‘A mixture of unidentifkd groducts. 
d A mixhue of the two tautomem (3b and 4b). e Yield of l-(~M~~yphenyl)-2-rri~~oromethyta- 

hydroxybenzimidazole. 
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The spi~izationwasmarkedlyaffect#lbythepo~arityand~dityofthesdvents(Table 1). Mcstof 

the starting material 2 was recoveted on refluxing it in ben~ne. The reaction of 2 at higher temperature in 

toluene and pxylene provided a mixture of the unidentified products. However, a clean reaction occurred 

smoothly in polar solvents such as DMSO and MeCN to give the desired 3 and 4 in excellent yields (entries 4 and 

5 inTable 1). Protic solvents enhanced the reaction tate and were also useful for the purpose (entries 6 and 7). 

But, acetic acid promoted partiatly the acidcatalyzed benxianidazole formation (entry 8,40 %).6 

The results on the thermal spirocycli2aticm of 2 in DMSO are listed in Table 2. Both compounds bearing 

the electron-withdrawing or electron-donating substituent on the aromatic ring provided the spire compounds in 

good to excellent yields. Not only N-substituted phenyl group but also N-(naphthyl) and N-(5,6,7,& 

tetmhydronaphthyl) groups affected the cyclization smoothly. 

Table 2. Thermal Spimcy~lization~ of 2 in DMSO 

compoUnd X Y Z 3and4(%)b Ratio (3 : 4,” 

a H H H 92 1:l 

b OMe H H 97 3:l 

C Me H H 99 11:9 

d Cl H H 97 1:l 

e NO.2 H H 66 1:4 

f H m-M4 84 1:2 

g” H W--W2 w l:o 

hd Cl (CH=cHh 61’ l:o 

a Reaction conditions~ 2 (0.5 mmol). DMSO (2 mL). 120 OC. 2 h. b A mixture of two tautomers(3and 
4). ‘By 13C NMFt analysis. The detailed anslytical data will be reported elsewhere. d After the 
eledrolysisoflgorlln, amixtureof3gand2gor3band2hwasformed. Itwasconvertedto3gor 
3h. respectively on standing for 2 h at room teqe&um. e Only one uunomer (3g. 3b) was formed. 

Readioa Ccmdition: 3g (0.6 mmol), BF,G&O (1.2 mud). ddume (6 aL). 110 ‘C, 2 h. 

scheme2 
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The treatment of the spirodienone 3 g with B-Et20 provided 1,3&iazepine derivative 7 g (73 96) via the 

dienone-phenol rearrangement (Scheme 2).4sg Detailed optimization about the reaction will be discussed 

elsewhere. 
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