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weight of 156 by mass spectral analysis. Nmr (CCly)
indicates the following protons: four aromatic, two
vinyl, two benzylic methinyl, and four allylic methyl-
ene. The benzylic hydrogens (8 3.65) are further down-
field than usual’ for benzylic hydrogens, which is in
agreement with their location on a eyclobutene ring.”#
Equivalency of the benzylic hydrogens is indicated, as
they have the same chemical shift and do not split one
another (a J of 6-10 magnitude’ would be required).
Also absence of mutual splitting and identical chemical
shift indicate equivalency of the vinyl hydrogens.
The absence of carbon-to-carbon double bond stretch-
ing in the 1600-1680-cm~! region of the ir spectrum,
as well as the overall simplicity of the ir and nmr spec-
tra, agrees with the symmetrical structure of 2.

The most likely structures for the dihydro inter-
mediate which must form first and then go on to tetra-
hydro products 2 and 4 are 2,4a-dihydrobiphenylene
(5), 4a,8b-dihydrobiphenylene (6), and 1,4-dihydro-
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biphenylene (7). 3 is the product predicted® by
Streitwieser, who used molecular orbital theory based
on protonation at sites of highest electron density in
the radical anion and anion intermediates. Further
reduction of 5 would be expected to form 3. Isomer-
ization of 5 to 1,8b-dihydrobiphenylene (8) by the
ethoxide ion present is reasonable and further reduec-
tion would lead to 2 and 3.

Experimental Section!

Biphenylene (1) was prepared in 259 yield by the procedure
of Friedman,' mp 108-110°.

Reduction of Biphenylene (1).—To a stirred, refluxing (—33°)
mixture of 500 ml of liquid ammonia, 150 ml of anhydrous ether,
and 2.00 g of 1 (0.0132 mol) was added 0.90 g of sodium (0.039
mol). The blue solution was stirred for 15 min and then 15 ml
of absolute ethanol was added over a 5-min period. The blue
color disappeared and the NH; was allowed to evaporate. The
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residue was mixed with 150 ml of water and extracted with ether.
Evaporation of the ether from the dried extracts (MgSO,) yielded
1.70 g of a mixture of solid and liquid. Glc analysis indicated
that 1, 2, and 4 were present in the ratio of 11:4:1 and that
biphenyl was absent. Nmr confirmed the absence of biphenyl.
Preparative glc gave enough material for spectral and elemental
analysis.

TUse of lithium instead of sodium required no ethanol but gave
the same results. When the amount of sodium was increased to
4.5 equiv, then no unreacted 1 remained and the amounts of 2
and 4 were increased proportionally.

1,4,4a,8b-Tetrahydrobiphenylene (2): nmr (CCl) & 2.35
(“filled-in”’ t, J = <3 Hz, 4 H), 3.65 (“filled-in”’ t, J = <3
Hz, 2 H), 5.60 (“filled-in” t, J = <3 Hz, 2 H), 6.95 (m, 4); ir
(neat) 3.3, 3.4, 3.5, 6.9, 13.5 (ortho-disubstituted benzene), and
14.8 u (c2s-HC=CH); uv max (ethanol) 214 (e 5184), 261 (e
1410), 266.5 (e 2150), and 273 nm (e 2570); mol wt 156 (mass
spectrum).

Anal. Caled for CirHis:
92.10; H, 7.71.

The dibromide of 2 was prepared by addition of bromine in
CCly, mp 87-88°, recrystallized from ethanol.

Anal. Caled for CoHy,:Bry: C, 45.60; H, 3.83; Br, 50.57.
Found: C,45.37; H, 3.98; Br, 50.50.

4,5-Benzobicyclo[4.2.0]octa-2,4-diene (4): nmr (CCly) same
as published spectrum?! & 1.8-2.7 (m, 4, two CHs), 2.9-3.9 (m, 2,
methyl CH), 5.75 (double d, 1, Jas = 10 Hz, J = 3 Hz, vinyl
CH), 6.30 (d, 1, Jas = 10, vinyl CH), 6.93 (m, 4, aromatic
CH); ir (neat) 13.2 p; uv max (ethanol) 219.5 nm (e 22,265),
226 (e 17,877), 248.5 (e 7801), 271 nm (e 6825), lit.! max 248 nm
(e 8600); mol wt 156 (mass spectrum).

Anal. Caled for CpHy: C, 92.25; H, 7.74.
92.15; H, 7.55.

C, 92.25; H, 7.74. Found: C,

Found: C,
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A recent report? has suggested that bromination of
acetals is acid catalyzed and that the exclusive attack
of bromine on the a position of the acetal 6,8-dioxa-
bicyclo[3.2.1]octane (1) is the result of initial cleavage
of the protonated acetal to give the oxocarbonium jon
2 and/or 6 (path A and/or B of Scheme I) which in
turn would lose a proton to form an intermediate a,8-un-
saturated ether 3 and/or7. Bromine attack on 3 and/or
7 would produce the species 4 and/or 8 which would then
suffer intramolecular attack by the hydroxyl group to re-
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Notes

Scueme I

OH + Br

Br Br

generate the bicyclic molecule 5 now containing the bro-
mine atom in the « position. Both the exo and endo
monobromo isomers are obtained. No firm decision
could be made as to which path of reaction (A or B)
is preferred or whether both routes are followed, one
giving the exo and the other the endo monobromo
isomer. However, path B was considered? to be the
preferred route on the basis of the apparent greater
ease of cleavage of the C-5—-0-6 bond in the hydrolysis
or alcoholysis of substituted bicyelic structures such
asl.

Work on the hydrogenolysis of acetals and ketals
by mixtures of LIAIH, and AlCl; in ether? has indicated
that, as is the case for the hydrolysis of acetals, the
rate-controlling step of the hydrogenolysis reaction is
the cleavage of the C-O bond, weakened by the associ-
ation of its oxygen atom with the Lewis acid. How-
ever, the subsequent addition of the hydride ion to the
resulting oxocarbonium ion is very fast and irreversible.
Product analysis then provides clear evidence of the
preferred route of bond cleavage.

We have subjected 1 to hydrogenolysis by AIH,Cl,
prepared from the appropriate quantities of LiAlH,
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and AICl;,* and found that 2-hydroxymethyltetrahy-
dropyran (9, eq 1) was produced in excellent yield.

CH,OH
AlH,Cl
_._2_—> 0 (1)
ether
9

No other product could be detected by gas-liquid
chromatography (gle) of the reaction mixture. Since
the model of 1 shows that both oxygen atoms are
readily accessible to the Lewis acid (AIH,Cl), this reac-
tion provides evidence to support our view that acid-
catalyzed bromination of 1 occurs by path B.

Experimental Section

To a stirred solution of lithium aluminum hydride (0.427 g,
0.01125 mol) in 10 ml of dry ether kept at 5° by an ice bath,
was added dropwise 10 ml of ether solution of aluminum chloride
(1.49 g, 0.01125 mol). After the addition, the solution was
stirred at room temperature for 15 min. To this stirred mixture
was then slowly added a solution of 1.71 g (0.015 mol) of 6,8-
dioxabicyclo[3.2.1]octane (1) in 10 ml of dry ether. The mix-
ture was then stirred at room temperature for 2 hr whereupon a
159, aqueous solution of potassium hydroxide was slowly added
until no further reaction occurred. The solids were removed by
filtration and washed with ether. 'The combined ether solutions
were dried (Na;S0,) and freed from solvent. The residue was
analyzed by gle with a column of 20% butanediol succinate on
Chromosorb W 60-80 mesh. The compound 2-hydroxymethyl-
tetrahydropyran was obtained in 939 yield as the only detectable
product.
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Over the past several years, our investigations of
alumina-catalyzed dienol dehydration'? have led us to
investigate the formation and subsequent reactions of
various 1,3-cyclohexadienes.? Several workers*® have
alluded to the possibility of the intermediacy of 1,3-
cyclohexadiene in the alumina-catalyzed dehydration
of cyclohexanone, even though it is found only as a
minor produet. Most of the reported product anal-
yses, however, were incomplete, due mainly to diffi-
culties in the separation of complex hydrocarbon mix-
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