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Although 1,6-methanoOOJannulene is well known to be aromatic (1), those with trigonol Cl1 provides 

additional’interesting problem with respect to the intemction of the P, orbital of bridge.and peripheral 

IOn-electron system. Thus, 11 methylene-1,6-methanoClObnnuIene synthesized by Vogel (2) disclosed 

pmctically no intemction between two s-electron systems. However, attempted syntheses of another 

compound of this type, 1,6-methanoClO]annulen-11 -one, by oxidation of the correspond& alcohol yielded 

only naphthalene and a-naphthaldehyde (2). In the course of our study on cycloaddition of trapone with 

dienes, we have obtained a bicycloC4.4.1Iundecan-11 -one system and derived the longed ketone therefrom. 

When tropone was heated at 130” in xylene for 10 hrs with either butadiene or sulfolene, two types 

of the 1:l adduct were obtained: The [6+4] adduct I (75% .yield) [liquid, M’ 160, v 1702 cm’, G.lX 
. 

247.5 (a 4600), 255 (4800), 264 (3500), 29Q nm (740), 6 2.53 (4H, m, CQ, 3.51 (2H, br.q, J=6.2, 

6.2, 5.8, Clj), 5.5-6.4 (6H, m, -Cjj=). Semicarbazone, m.p. 198~201’ (decomp.)]and a mixture of 

the [4+2] adducts II (8% yield) [liquid, v 1665 cm“; hmax 233.5 nm (a 6650), 8 1.1-2.6 (2H, m), 

2.6-3.7 (3H, m), 4.8-5.3 @I, m), 5.4-6.8 (4H, m), 6.8-7.4 (TH, m) (44)): 

NoBH4 reduction of I afforded the alcohol III, m.p. 96-98”, in 60% yield [hmax 238 (s 3970 sh), 

248 (5800), 255 (6500), a65 nm (62P), v 3400 cm-‘, 6 2.21 (lH, d, J=lO.5, OH), 2.33 (4H, m, C-j&$, 

3.00 @-I, m), 3.97 (lH, m), 5.62 (2H, quintet, J=6, 3, 3, -CH=CH-), 5.70 @l-t, br. m, C&CHCH=CH-), 

5.83 (2H, dt, J=l3, 3.5, 3.5, CH=CH-Clj=CH-)], and the alcohol IV, unstable crystals,in Ii% yield 

C6 1.50 (lH, s), 1.72-2.32 (2H, m), 2.5-3.0 (3H, m), 3.12 (IH, m), 4.47 (TH, m),5.43-5.8(6H, m)]. 

The orientation of the hydroxyl group in III was determined by NMR using Eu(DPM)3 Sigmls due to diem 

2223' 



2224 No. 22 

I X, Y=O, R,=%=H 

III X=OH, Y=t$=R2=H 

IV X=f+=R2=H, Y=OH 

V X=OAc, Y=Rl=R2=H 

VIII x,Y=O, R,=Me, T$=H 

X X,Y=O, Rl=H, R2=M” 

0 
Br 

a ci5 I 

VI X=OAc, Y=R,=l$=H Br 
XII 

VII X,Y=O, R,=R2=H 

0 
IX X,Y=O, R,=M+ f$=H 

H 

XI x,Y=O, R,=H, i$=Me 

& 

r 

Br 

H 

XIII 

system shifted down-field nearly twice as much as the quintet due to the other olefinic hydrogens. 

Acetyfation of III yielded the acetate V, m.p. 93’ lhmax 237 (s 4458 sh), 246 (6500), 254 (7380), 

a63 nm (4788), v 1726, 1240, 1023 cm+, cct4 6 1.93 (3H, s, CH3CO), 2.33 (4H, m, CH2), 2.93 

(2H, m, -$H-), 5.17 (TH, t, J=4), 5.45590 (6H, m, <Hz)]. Heating of V with NBS in the 

presence of axobisisobutyronitrile yielded, after SiO, chromatography, 11 -acetoxy-2,6-methanollO]- 

annulene (VI), m.p. 93-93.5” (9.1% yield) with the same physi%l properties with those reported by 

Vogel (2). VI was also obtained in lower yield by heating V with dichlorodicyanobenzoquinone (DDQ) 

at 108’ for 10 hrs in benzene; the reagent used by Nelson and Untch (5). 

Taking advantage of the direct formation of the 1,6-methano[TO]annulene system from its tetmhydro 

derivative, I was heated with DDQ at 120° in benzene for 24 hrs. After SiO, chromatogmphy of the 

reaction mixture, 1,6lnethanoflObnnulen-11 -one (VII), easily sublimable, colorless prisms (from cyclo- 

hexane), m. p. 183-185O (sealed tube), was obtained in 8.5% yield together with a tmce of naphthalene. 

However, I was recovered quantitatively from the reaction with NBS. 

The structure of VII was based on its spectroscopic properties. UV spectrum with maxima at 258.5 

(c 775(X)), 296 (7ooo), 352 (95)r 362 (T24), 9) (T69), 379 (228), 391 (275) and 402 nm (3x), is practically 

superimposable with those of 1,6-methandl0lannulene (1) and 1 I-methylene-1,6-methanoIlOJannulene (2). 

-I IR spectrum exhibits a strong carbonyl band at 1743 cm besides those due to CH and C=C at 3324, 

1520, 1398, 805, 783 and 710 cm’. Its NMR spectrum consists of eleven olefinic proton signals 

(AA’BB’) centered at 7.46 ppm. Analysis of the pattern disclosed the following parameters: S2 5’7.55, 
I 
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63,4=7.36, J2,3=9.22, J3,4 =9. 21, J2,4=0.04, J2,5 =0.70. Moss spectrum of VII displays very weak 

M+peak (m/e 156) and a strong MC0 peak (m/e 128, base peak), the rest of the spectrum being very 

similar with that of nophtholene (6). 

These physicochemical &to disclosed not only the structure of VII but olso the similority of the 

geometry of peripheral chromaphon between VII ond other 1,6-methano[lO~nnulenes, and the absence 

of opprecioble interaction between the IOn-electron system and the bridged corbanyl group. 

The reaction sequence hos general applicability. Thus, heating tropone with tmns-piperylene under 

the same condition yielded the [6+4] odduct VIII, colorless liquid, in 60% yield [Amax 237 (s 3200 sh), 

247 (3908 sh), 253 (4100), a53 (3200 sh), 288 nm (500), v 1705, 733, 675 cm’, “14 6 1.11 (CH3, d, 

J=6.5), 2.45 (H5H5,, m), 2.87 (H2, m), 3.04 (H,, ddd, J=8.0, 7.0, 1.4), 3.35 (H6, br.q, tl=7.5, 

6.5, 5.0, 1.4), 5.32-6.10 (6H, olefinic, m)]. Dehydrogenotion of VIII using DDQ under the some, 

condition offorded 2-methyl-1,6-methonaIlOJannule-11 -one (IX), pale yellow prisms, m. p. 159-162a, in 

5% yield [X,x 254.5 (s 63700), 336 (6800), 399.5 (320), 408 nm (320), v 1745, 813, 760, 680 cm“, 

6 2.68 (CH3), 7.20-7.83 (7H), MS m/e 170 (M+, 3.7%), 142 (lOO%), 141 (93.5%), 115 (38.1%), 

89 (1.8?h)j. 

Likewise tropone and isaprene yielded the odduct X, colorless liquid, in 86% yield which can be 

dehydrogenated to the annulenone Xl, colorless prisms, m. p. 132-l 34’, in 2% yield [Xmax 255 (s 69200), 

297 (7360), 387 (220 sh), 395 (240), 405.5 nm (220), vmax 1748, 818, 705 cmi, 6 2.65 (CH.j, 7. T2- 

7.65 (7H), MS m/e 170 (M+, 2%), 142 (lOO%), 141 (88.3%), 115 (34%), 89 (2.2%)]. 

Application to I of the another general method (bromination-dehydrobrominotion (1)) used for the 

syntheses of 1,6-methanoannulenes did not lead the desired ketone VII. Brominotion of I yielded the 

dibromo compound with isolated olefines XII, m.p. 117-l la”, in 4% yield [v 1702 ch’, 8 2.46 (4H, m, 

CH2-), 3. J) (2H, dd, J=l2.5, 5.0, CH-), 5.03 (2H, dd, J=7.5, 3.5, CyBr), 5.95 (4H, m, CH=)] 

and the one with conjugated diene XIII, m.p. 81-82’, in 33% yield lXmax 246 (s 4508), 252 (4800), 

262 nm (3400 sh), v 1700 cm’]. NMR spectrum of XIII is complex but NMTR irradiating at 8 2.2 and 

6 2.9 (Cti2) simplify CHBr to a clear AB pattern (J=5. 2) at 4.67 and 4.74’ppm. The coupling constant 

of this AB pattern suggests, when dipole-dipole interaction of the bromine atoms is token into consideration, 

the trans configuration of bromine atoms. Dehydrobrominotion of XIII with KOH in EtOH led the ketol 




