
Tetrahedron Letterm No. 33, pp 2821 - 2824, 1975. Pcrgtmon Prcto. Prrnttd in Great Brltarn, 

8-OXOHEPTAFULVENE VII. HOMOPOLY~ERIZATION AND STEREOCHEMISTRY 

OF AODUCTS OF 8-OXOHEPTAFULVENE WITH OLEFINS 

Noboru %rfta' and Toyonobu Asao 

Department of Chemistry, College of General Education, Tohoku ?Inlverslty 
Kawauchi, Sendal 980, Japan 

Yoshlo Kitahara 

Department of Chemistry, Faculty of Science, Tohoku University 
Aramakl Aoba, Sendal 980, Japan 

(Rectlvtd m Japan 7 June 1975; rtctlvtd in uk for publrcatron 30 June 1975) 

We have already reported2 that the reactions of 8-oxoheptafulvene with several oleflns 

and carbonyl compounds afforded the corresponding adducts, their rearrangement products or 

their decarboxylation products We now studied the homopolymenzatlon, and further reactlons 

of 8-oxoheptafulvene with several oleflns to fnvestlgate the stereochemistry of the addition 

reaction because the properties of the ketene moiety may be affected by the cyclic ConJugated 

unsaturated moiety 

When the reddlsh solution of 8-oxoheptafulvene (1) obtained by the reaction of 7-cyclo- 

heptatrienecarbonyl chloride with tnethylamine in anhydrous n-hexane or ether at room 

temperature was stirred for 2 hr, the solution became dark brown. After the precipitated 

tnethylamine hydrochloride was removed, the product was isolated by column chromatography on 

silica gel using benzene as solvent, and unstable blue crystals (2). mp around 70°C, were 

obtained in a poor yield (ca. 2%) as only isolable pure product. The compound (2) was 

determined as 1,3-di(cycloheptatnenylmethanoyloxy)-2-phenylazulene, corresponding to the 

tetramer of 1, from the following spectral data; molecular formula, C32H2404 (mass spectr 

obs, 472.1684, calcd, 472.1673),3 UV XEtoH max 244 nm (lo9 E 4.30), 269 (4.32). 302 (4 53). 351 

(3.29), 378 (3.08), 620 (2 47). 660sh(2.42), IR (KBr) 1760 cm-', NMR (CDC13) 6 2.78 (t,d, 

J-5 5, 1.0 Hz, 2H). 5.35 (d,d, J=9 0, 5 5 Hz, 4H), 6.18 (d,m, J=9 0 Hz, 4H), 6.56 (t, J=3 0 

hz, 4H), 6.89 (d,d, J-9.5, 9.5 Hz, 2H), 7 l-7.7 (m, 6H) and 7 92 (d, J=9.5 Hz, 2H) 

The mechanism of the formation of the azulene (g) can be rationalized by two possible 

pathways depicted below the one is initiated by dfmenzatfon of 1 by the mode of [2 + 21 

cycloaddftlon at each ketene group to form cyclobutane-1,3-dlone (3) followed by Cl.73 shift4 
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of one of the cyclobutane bond to cycloheptatriene moiety to give cyclopentanedione derivative 

(3) and successive rearrangement of one of cycloheptatriene to phenyl, and estenflcatlon of 

resulting dlhydroxyazulene by 8-oxoheptafulvene afforded 2. The other path involves the initial 

dunerization of l_by the mode of [8 + 21 cycloaddltion to give the intermediary dlone (3). 

The reaction of 8-oxoheptafulvene (1) with ms-2-butene afforded a single isolable 

product , cis-2&dunethylspiro[J 6]deca-5,7,9-triene-l-one (5) as colorless 011, bp 60-70°C/ 

0.001 nHg, in 31.4% yield, whose structure was assigned by the following spectral data, 

MW (mass spectr.) 174, 19 (neat), 1760 cm -I, NMR (CDC13) 6 0 62 (d,J=7.2 Hz, Me3), 0.91 (d, 

J=7.2 Hz, Me2), 2.02 (d,q, J=lO 5, 7 2 Hz, H3), 3.55 (d,q, J=10.5, 7 2 Hz, H2), 5 26 (d, J=9.0 

Hz, H5 or Hlo), 5.35 (d, J=9.0 Hz, H10 or H5), 6.06-6.44 (m, H6 and Hg), 6 51 (m, H7 and H8) 

However, j_dld not react smoothly with trutas-2-butene, and a small amount of azulene (2) and 

2.2% of cis-adduct (5) were obtained, and no trans-adduct could be lsolated.5 

8-Oxoheptafulvene (1) reacted smoothly with czs- and tpans-cyclooctene to give single 

stereoisomerlc products, czs-2,3-hexamethylenespiro[3.6]deca-5,7,9-triene-l-one (6; 67.3%) and 

the trans isomer (I, 88.1%), both as colorless oils, respectively. NMR spectra of fi and 1. show 

H2 protons at 8 3 36 (d,d,d, J=lO 0, 10 0, 3.0 Hz) and 3.09 (d,d,d, J=9 5, 9.5, 5.5 Hz), 

respectively, from the coupling constants the stereochemistry could not be clarified. However, 

the stereochemistry of 5 and 1. can be deduced from the comparison of their IR spectra in the 

1500-1400 cm-l region:6 the czs compound (5) shows two bands at 1465 and 1445 cm -1 , whereas 
-1 the trans isomer (L) shows only one band at 1445 cm . 

It has been shownthat 8-oxoheptafulvene reacted with cyclopentadlene or lndene to yield 
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b, 9 = (CH2)3CH3 

c; S = CH2CH(CH3)2 

adducts 
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Furthermore, it became clear that 1 reacted with lsobutene to give 

a regiospecific adduct, 3.3-dlmethylsplro[3:6]deca-5,7,9-trlene-l-one (g) ln 9% yield as 

colorless 011; IR (neat) 1777 cm-', NVR (CC14), 6 1.10 (s, 2Ye). 2.70 (s, CH2). 4.9-5 1 (m, 

H5 and HlO), 6.2-6 45 (m. H6-H9). accompanied with a small amount of azulene (2) 5 

Slmllarly, Lreacted with enol ethers (ethylvinyl, butylvlnyl and lsobutylvlnyl ethers) 

Tahle 1. Yields and physical properties of the compounds (2 and 10) - 

Compound Yield MW IR vco* 
(%) (mass sp) (cm-l) 

NMR 6 (J, Hz) (in CC14) 

1.16 (t, J=7.0, Me), 2.7-3.3 (m, He), 3 39 (q, J=7.0, 

Da) $orless 77.8 190 1775 -OCH2-), 3.82 (d.d, J=6.5, 5 5, H3), 5.07 (d,m, J= 

9.0, H5 or HlO), 5.36 (d,m, J=9.0, HlO or H5). 6.19 

(m, H6 and Hg), 6 39 (m, H7 and H8) 

0 91 (t, J=6.0, Me), 1.1-1.9 (m, 4H), 2.75-3 25 (m, 

(9b) colorless 65 9 218 1775 He), 3 32 (t, J=6.0, -OCH2-), 3 78 (d,d, J=6 5, 5.5, 

011 H3), 5.10 (d,m, HlO), (d,m, J=g 0, H5 or 5.33 J19.0, 

HlO or H5), 6.20 (m, H6 and Hg), 6.39 (m, H7 and H8) 

r1.g (d, J=6.0, 2Me), 1 81 (m, J=6 0, -CH-), 2 75-3.3 

(9c) colorless 66.9 218 1775 (m, H2 and -OCH2-), 3 78 (d,d, J=6.5, 5 5, H3). 5.09 

011 (d, J=g 0, H5 or HlO), 5.36 (d, J=9.0, HlO or H5). 

6.21 (m, H6 and Hg), 6 42 (m,'H7 and H8) 

1 3-2 2 (m, 4H), 3.0-3.3 (m, HZ), 3.3-3.7 (m, -OCH2-), 

(l0) colorless 40.9 202 1775 3.72 (d, J=5.5, Hg), 5.13 (d, J-9.0, H5 or HlO), 5 38 

crystals 
mp 71-72'C 

(d, J=lO.O, HlO or H5). 6.18 (m, H6 and Hg), 6.49 

(t, J=5.5, H7 and H8) 

* Taken ln neat except for (10; in KBr). 
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and 2,3-dihydropyran to give the corresponding regiospecific [2 + 21 cycloadducts (9a-c, lo), -_ 

whose yields and physical data are shown in Table 1. The compounds (2) are unstable and 

easily polymerize to give resinous products on standing in the air, whereas the compound (l_Q) 

1s rather stable. 

These results are in accord with prediction of the Woodward-Hoffmann orbital symmetry 

conservation rule7 as well as with the observed cycloaddition 

olefins.6'8'g 

1) 

2) 

3) 

4) 

5) 

6) 

7) 

8) 

9) 
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