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FORMATION OF STABLE [3+2] CYCLOADDUCTS IN REACTIONS OF BENZOTHIAZOLIUM N-PHENACYLIDE

WITH METHYLENECYCLOPROPENES
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Research Institute of Industrial Science, Kyushu University 86, Hakozaki, Higashi-ku, Fukuoka 812

Benzothiazolium N-phenacylide adds to the cyclic double bond of methylenecyclo-

propenes having no acyl group on the 4-position to give stable [3+2] cycloadducts. 
This is the first example for the formation of stable [3+2] cycloadducts in the 

reaction of 1, 3-dipoles with methylenecyclopropenes.

Methylenecyclopropenes undergo cycloaddition reactions with a variety of 1, 3-dipoles. 1-7) The 

modes of these reactions depend not only on the nature of 1, 3-dipoles, but also on the substituents on 

the 4-position of methylenecyclopropenes. It has been reported that the reaction of pyridinium N-

phenacylide with methylenecyclopropenes having two acyl groups afforded pyran derivatives with the 
elimination of pyridine. 1) In contrast to the above observation, however, we have recently found that 

benzothiazolium N-phenacylide 1 reacted with methylenecyclopropenes bearing an acyl group to give 

3a, 11a-dihydro-5aH-furo [3', 2': 2, 3] pyrido [6, 1-b] benzothiazole derivatives via intermediary 3-butadienyl-

benzothiazolium betaines, whereas the reaction of 1 with a methylenecyclopropene having two cyano 

groups gave a cyclobutane together with benzothiazole2) (Scheme 1).

Scheme 1

During the course of an investigation of the effect of the nature of substituents of methylene-

cyclopropenes on the reaction with 1, we have found that certain methylenecyclopropenes added to 1 to 

give stable [3+2] cycloadducts. It has been demonstrated that diazoalkanes, 3' 4) mesoionic oxa r 
zolones, 5) and a nitrile ylide6) added to the cyclic double bond of methylenecyclopropenes to yield 
initial [3+2] cycloadducts, which were transformed into stable compounds. However, evidence for the 
formation of intermediary [3+2] cycloadducts has so far been obtained in only one case; benzo-
nitrilium-p-nitrobenzylide reacted with a methyelnecyclopropene to yield a [3+2] cycloadduct, which
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was easily transformed into a pyridine derivative. 6) 

In this paper we wish to report the reaction of benzothiazolium N-phenacylide 1, generated in situ 

from 3-phenacylbenzothiazolium bromide8) and triethylamine, with certain methylenecyclopropenes leading 

to the formation of stable [3+2] cycloadducts. This is the first example for the isolation of [3+

2] cycloadducts from the reaction of 1, 3-dipoles with methylenecyclopropenes. 

Typical procedure for the reaction is as follows; 3-phenacylbenzothiazolium bromide (1.0 mmol) was 

added to a solution of triethylamine and a methylenecyclopropene (each 1.0 mmol) in dry THE (50ml) at

0℃. Under nitrogen, the reaction mixture was stirred at 0℃ for 3h, and then at room temperature for

1h. The precipitated triethylammonium bromide (quantitative) was removed by filtration, and then the 

filtrate was concentrated in vacuo to leave a residue, which was purified by chromatography on silica 

gel. 

In order to compare with 2-cyano-2- (2, 3-diphenyl-2-cyclopropenylidene) acetophenone giving two iso-

meric dihydrofurans , 2) the reaction of 1 with ethyl 2-cyano-2- (2, 3-diphenyl-2-cyclopropenylidene)-
acetate 29) was first performed. In this reaction three 1:1 adducts 3 [mp 158-160℃ (dec)], 4 [mp 168-

170℃ (dec)], and, 5 [mp 188-189℃ (dec)] were obtained in 58, 9, and 7% yields, respectively, 10)

On the basis of chemical conversions and spectral datall), especially 13C NMR spectra indicating 

the presence of two quaternary carbon atoms, the products 3 and 4, were assumed to be stereoisomeric 

[3+2] cycloadducts. 
On treatment with Raney Ni (W-2) both 3 and 4 afforded the same desulfurized dihydropyridine 6.12) 

If the geometry of exo-methylene moiety is neglected, four stereoisomers 3, 3', 4, and 4' are possible 

for the [3+2] cycloadducts. An inspection of Dreiding models indicates that the order of favorable

configurations is as follows: 3>>3', 4>>4'. In the 1H NMR spectra the long-range coupling between

Scheme 2

Ha and Hb was observed in the minor adduct, but not in the major one. This implies that Ha and Hb are 

situated syn in the minor adduct, whereas those anti in the major one. It thus seems reasonable to 

assume that the major adduct is 3, and the minor one is 4. 

On the other hand, another 1:1 adduct 5 was assigned as the dihydrofuran derivative on the basis 

of spectral data. 13) Its stereochemisty was assumed by comparison with spectral data of analogous di-

hydrofurans reported previously. 2)
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Similarly, 1 reacted with 2-phenyl-2- (2, 3-diphenyl-2-cyclopropenylidene) acetonitrile _714) and 9-

(2, 3-diphenyl-2-cyclopropenylidene) anthrone 89) to give the corresponding [3+2] cycloadducts 9 and 10 

as the sole products in 82 and 81% yields, respectively (Scheme 3). Structural elucidation of 9 and 10 

was accomplished on the basis of spectral data. 15)

Scheme 3

Reduction of 9 with LiAlH4 in THE at room temperature for 1h afforded the corresponding alcohol 

11 in 66% yield. 16)
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