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     A new sequence for cyclopentenone annelation is described which 

involves the rearrangement of protonated bicyclic acetylcyclopropanes 

as a key step. Applications of the annelation procedure to cyclo-

hexene and cycloheptene afforded the bicyclo[4.3.0]nonane and 

bicyclo[5.3.0]decane frameworks, respectively. Further elaboration 

of the bicyclodecane derivative provides a simple and efficient 

synthetic route to 2-substituted azulenes.

     1,4-Dicarbonyl compounds are valuable intermediates for further elaboration to 

either furan or cyclopentenone systems, and a variety of synthetic routes to these 

compounds have been developed. 1) In our continuing investigation of the synthetic 

utilization of cyclopropane rearrangements, we have recently reported 2) a new 

synthetic route to 1,4-dicarbonyl compounds and cyclopentenones including dihydro-

jasmone which is based upon the utility of the rearrangement 3) of protonated 

cyclopropyl ketones (eq 1).

     We now wish to report an interesting application of the convenient reaction 

sequence to bicyclic cyclopropyl ketones providing a new method for cyclopentenone 

annelation, and to demonstrate the potential applicability of the annelation method 

to synthesis of 2-substituted azulene starting with cycloheptene. Scheme I outlines
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the reaction sequence for the new cyclopentenone annelation.

     Bicyclic ketones 2a and 2b were prepared from the corresponding cycloalkene 

and diazoacetone following the literature procedures. 4) The rearrangement of 2 into

the respective oxolan-2-ylium ions(3) was carried out in 75% sulfuric acid at 75%

for 1 hr; the nmr spectra of the resulting solutions confirmed the complete

rearrangement [3a (n=2), δ6.70 (m, 1H) and 3.58 (s, 3H); 3b (n=1), δ6.57 (m, 1H)

and 3.70 (s, 3H)]. Further treatments of the resulting solutions containing 3 with 

an aqueous solution of sodium bicarbonate followed by extractive work-up afforded

γ-hydroxyketones 4 [4a (n=2), 93%; it (film), 3430(OH) and 1700 cm-1 (C=O, weak 5))

; nmr (CDCl3), δ1. 555) (s, 3H); 4b (n=1), 80%; it (film), 3400 (OH) and 1705 cm 1

(C=O, strong); nmr (CDCl3), ƒÂ3.85 (m, 1H) and 2.21, 2.196) (2s, 3H)].

Jones' oxidation of 4 gave γ-diketones 5 [5a (n=2), 48%;5) it (film), 1700 cm-1

(C=O); nmr (CCl4), 2.10 (s, CH 3CO); 5b (n=1), 92%; it (film), 1705 cm-1 (C=O);nmr

(CCl4) , δ2.12 (s, CH 3CO)].

γ-Diketones 5 were further cyclized with 5% ethanolic potassium hydroxide to

bicyclic cyclopentenones 6 [6a (n=2), 70%;ir (film), 1685 (C=O) and 1605 cm-1 (C=C)

;nmr (CCl4 ), δ5.80 (m, >H); 2.4-dinitrophenylhydrazone, mp 172-4℃(lit.7)

184-5

•Ž

);6b (n=1), 60%; it (film), 1700 (C=0) and 1620 cm-1 (C=C); nmr (CCl4),

δ 5.75 (s, >-H); 2.4-dinitrophenylhydrazone, mp 186-8 ℃ (lit. 7) 200 ℃ )].

     The structures of 5a and 6a were confirmed by comparisons of the it and nmr 

spectra with those of authentic samples prepared by the method of Islam. ) The 

structures of 29) and 5b8) were confirmed by comparisons of the it and nmr data
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with the reported literature values. 

     As a consequence of the cyclopentenone annelation onto cycloheptene, hydro-

azulenone Ga is accessible as a starting material for the synthesis of 2-substituted 

azulenes. Thus, we have carried out a simple synthesis of 2-methylazulene 8. 

Scheme II outlines the sequence of reactions utilized.

Treatment of: 6a with methyllithium in ether at 0℃ followed by usual work-up10)

afforded 7 quantitatively; it (film), 3400 (OH) and 1640 cm-1 (C=C); nmr (CDC13),

45.25 (m >-H). Dehydration and dehydrogenation of 7 were accomplished by heating

with sulfur in triglyme at 200℃ under nitrogen at reduced pressure for several

minutes followed by column chromatography on alumina using pentane as the eluent,

yielding 2-methylazulene 8 as a blue oil [40%; visible spectrum (pentane), λ max 670,

646, 610, 590, and 560 nm]. The spectral data were essentially identical with the 

reported literature values. 11) 

     Finally, it should be pointed out that the present cyclopentenone annelation 

sequence is of particular interest since only a limited number of methodology exists 

for cyclopentenone ahnelation, 12),13') especially onto seven-membered ring systems. 

Furthermore, this approach offers significant features in comparison with the 

recently developed methods; 12) the starting materials, bicyclic acetylcyclopropanes, 

are readily accessible and the procedure is operationally simple. Further study on 

the application of the cyclopentenone annelation procedure is in progress. 

     This work was supported in part by the Grant-in-Aid (to T.N.) from the 

Ministry of Education.
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