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Rearrangements of Bicyclo[3.2.2]nonatrienes 
Sir: 

Only recently has bicyclo[3.2.2]nona-2,6,8-triene (la) 
been obtained1 and the first nontrivial chemical prop­
erty, if of a derivative (the photochemical transfor­
mation of 2 to 3), been reported.2 We here supple­
ment such, and previously obtained,3,4 knowledge 
with a rational and efficient synthesis of the parent 
ketone lb and alcohol Ic and a preliminary outline of 
three distinguishable rearrangements of their carbon 
skeleton. 

o X = Y = H 
b X , Y= = 0 
c X = H , Y = OH 

mp 154-156° (lit.9 152.5-154.5°), completes the proof 
of structure. 

Accompanying the production of lb was that of the 
dihydroindenone (5), characterized by its ultravi-
olet10a'c and nmr10 spectra as well as by the melting 
point (240 °) u and infrared spectrum100 of its maleic 
anhydride adduct. Tautomerization of 5, both ac­
companying its formation and subsequently, permitted 
the isolation of indanone (6) in 44 % yield (based upon 
4). In support of the anticipated12 reaction paths, 
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X = H1OH 

8a 8b 

lb,6bp 113-113.5° (10 mm), mp 44°, semicarbazone6 

mp 214° dec, was isolated in 40 % yield after treatment of 
the readily available cyclohepta-2,4,6-trienylacetyl chlo­
ride6 with triethylamine. Its spectroscopic properties7 

closely resemble those of 2; catalytic hydrogenation 
(3.1 equiv, Pt-EtOAc) to the known9 hexahydroketone, 
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less than 2 % of 5 or 6 could be detected when lb was 
resubjected to the reaction conditions. Similar (but 
less than optimal) preparative conditions permitted 
spectroscopic detection of the presumed aldoketene 
dimer.13 

The transformation lb -*• 6 could, however, be ef­
fected by sulfuric acid at 0°. In close analogy with 2,2 

irradiation of a cyclohexane solution of lb through 
Pyrex provided 5 . u 

The alcohol Ic,5 mp 54-56°,16 was conventionally 
obtained from lb (LiAlH4, ether, -80° or NaBH4, 
methanol, 0°) and its structural assignment was as­
sured by concordant spectroscopic properties and by 
reoxidation (MnO2) to lb. It proved to be more 
labile than lb, both thermally and to Lewis acid ca­
talysis. Thus, gas chromatographic conditions which 
permitted recovery of lb16 transformed Ic into cyclo-
hepta-2,4,6-trienylacetaldehyde (54%), a reaction most 
simply regarded as an "oxy-Cope" rearrangement.9 

Ethereal AlCl3,
17 by contrast, isomerized Ic to an 

(10) (a) E. Vogel and E.-G. Wyes, Chem. Ber., 98, 3680 (1965); (b) 
J. E. Baldwin, Can. J. Chem., 44, 2051 (1966); (c) E. Baggiolini, 
E. G. Herzog, S. Iwasaki, R. Schorta, and K. Schaffner, HeIo. Chim. 
Acta, SO, 297 (1967). 

(11) Lit. mp 241°,10a 239-241 °,10b 239°.10° 
(12) (a) W. E. Hanford and J. C. Sauer, Org. Reactions, 3, 108 (1946); 

(b) M. R. Wilcott and V. H. Cargle, / . Am. Chem. Soc, 89, 723 (1967); 
(c) J. M. Brown, Chem. Commun., 638 (1967), ref 3, and further examples 
there cited. 

(13) K52J 1870 and 1730 cm"'; r 0 D C " 3.29 (d,» 6.5), 3.86 (m), 4.28 
(m), 5.16 (m), 6.08 (d, 8.0), and 7.68 ppm (m) of relative areas 1.0:4.2: 
4.2:5.1:1:2.7. 

(14) Further insight is provided by the report that photolysis of 5 in 
methanolic solution affords methyl cyclohepta-2,4,6-trienylacetate.10(! 

(15) Purification achieved by Mr. S. Natowsky. 
(16) "On-column" injection, 5 ft X 3/s in. column packed with 8% 

Carbowax M on 60-80 mesh Chromosorb P, 140°. 
(17) Otherwise identical treatment of lb with ethereal AlCU permitted 

90% recovery of a 9:1 mixture of lb and 6. 

Journal of the American Chemical Society / 89:24 / November 22, 1967 



6357 

alcohol (58% yield) whose room-temperature nmr 
spectrum is uniquely consistent with that of fluxional 
tricyclo[3.3.1.02'8]nona-3,6-dien-9-ol(barbaralol,7, X = 
OH).18-19 Correspondingly, LiAlH4-AlCl3 reduc­
tion20 of lb provided barbaralol (7, X = OH, 30%), 
indan (13%),17 and barbaralane (7, X = H, 30 %).2 1 

Ia could not be detected. 

X 
rS.+ 

X = H1OH 

8a 8b 

These facile cationic rearrangements are difficult 
to reconcile with any hope that the six-ir-electron 
bicyclo[3.2.2]nonatrienyl cation (8a) might enjoy the 
unusual stability suggested by its alternative formulation 
as a "bicyclotropylium" ion (8b), for if one chooses 
to rationalize these results by invoking an unusually 
selective nucleophilic capture of a stable 8b, one is then 
compelled to predict correspondingly unusual high 
solvolytic rates for appropriate derivatives of 7.23 

Since acetolysis of barbaryl tosylate (7, X = OTs) is, 
in fact, a remarkably sluggish reaction,19 one is led to 
favor the simpler alternative: 8 possesses no unusual 
stability. In the accompanying communication,24 any 
suggestion to the contrary is shown to be incompatible 
with the theoretical prediction that 8 be "antibicyclo-
aromatic." 
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Bicycloaromaticity. The Am + 2, An Rule 

Sir: 
The elaboration of w MO theory, and of Hiickel's 

rule in particular, requires a prior segregation of a and 
7T orbitals. This, in turn, is rigorously permitted only 
by a planar geometry. It is less clear that experimental 
manifestations of aromaticity demand this geometry as 
a prerequisite. With this in mind and stimulated by 
recent preparative achievements,1 the author here out­

lines a w MO treatment of CmHm bicyclic hydrocar­
bons which leads to a simple theoretical rule for 
anticipating aromaticity, if only when m is odd (cations 
and anions). 

TT bicycloaromaticity is first defined as the enhanced 
thermodynamic stability (measured or predicted) of 
the hydrocarbon 1 in comparison with an appropriate 
reference compound, one that possesses the same num­
ber of trigonal carbons and 7r electrons. The latter, 2, 
is a bicyclic representative of Winstein's bishomocon-

H 
I 

(CH)1 (CHV (CH)Z 

H 
I 

(CH)U (CH)„ (CH2)* 

^ C ^ 

H H 
1 2 

x+y+z=u+v 

jugated series2 chosen such that u + v = x + y + z. 
k, the number of methylene groups in 2, is an experi­
mental parameter wisely adjusted so as to minimize 
differences between the <r-bond interactions of 1 and 2. 

Following a well-explored sequence of approxima­
tions,3 one recognizes that odd systems (odd z in 1, 
odd v in 2, all other bridges even) permit the neglect 
of all bridge-bridge interactions except for that one 
between the NBMO4 of (CH), or (CH)0 and the HBMO 
or LABMO of the even bridges. Only one of these 
latter two can possess the same symmetry as does the 
NBMO (symmetric (S) or antisymmetric (A) with 
respect to the plane bisecting the bridgehead-bridge­
head axis). Its interaction then lowers the lower 
energy MO of the interacting pair while raising that 
of the higher one somewhat more.5 

Bishomoconjugation. As illustration, if y = 1, 
5. ..Aq+ 1, the S-NBMO of (CH), in 2 must mix with the 
S-HBMO of (CH)U whenever u = 2, 6 . . Ar + 2. The 
(u + v — 1) 7T electrons of the cation are then accom­
modated within 2(q + r) + 1 BMO's, the highest of 
which has now been stabilized. The (u + v + 1) 
7T electrons of the corresponding anion must in addition 
now occupy a (formally antibonding) destabilized MO. 
Alternatively, if v = 3, 7...Aq + 3, the A-NBMO 
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