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Thermolysis 0 f Spiro[2,2-dimethylbicyclo[2.2.2]octa-5,7

diene-3,3-cyclopropene]. An Attempt to Synthesize 4,4

Dimethylmethylenecyclopropene

Akira MORI*+ and Ramon MOSQUERA*++

Spiro[2,2~dimethylbicyclo[2.2.2]octa-5,7-diene-3,3-eyclopropene], a potential

precursor to 4,4-dimethylmethylenecyclopropene, has been synthesized. Thermolysis

of the spirotriene gave isopropylireneacetylene rather than 4,4-dimethylmethylene
cyclopropene, exclusively.

Scheme 1

Flash thermolysis of 1 was carried out at
400-430 "C under the nitrogen stream in a
previously described apparatus. 13) The pyrol-
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Shaking of 4 with 10% aq. H2S04 solution
gave the unsaturated ester (S) mp 45 CC, which
on LiAI~ re<hIction in cry ether afforded
unsaturated alcohol (6), mp 37 CC, in overall
yield of 69% from 4. This 6 was oxidized by
MnOz at room temperature in ether to give the
altkhyde (7), mp 75 "C, in 68% yield, then
tosylhydrazone (8), mp 217 CC (dec), 88% yield.
When a THF solution of 8 and NaOMe was
irradiated until the disappearance of the pink
color of the solution, the spirotriene (1) was
afforded in 56% yield after quick Si02 column
chromatography with pentane. The structure of
1 was dedJced as shown in Scheme 1 from
physical data.

After intensive efforts1-6) on the preparation
of methylenecyclopropenes (triafulvenes), the
simplest cross-conjugated cyclic hyetocarbon,
Billups7) and Staley8) have inrependently
succeeded to characterize the parent methylene
cyclopropene, which was synthesized from
dehyetohalogenation of 2-halogenomethylene~

cyclopropanes through a column packed with
potassium tert-butoxire on Chromsorb W at
room temperature under reduced pressure. As
expected, methylenecyclopropene was a highly
reactive compound; dilute solutions in pentane
showed a half-life of approximately 20 h at -78
cC.

Other successful studies were the pyrolysis
of 2-phenylsulfinylmethylenecyc1opropane,9)
cyclopropenyl diazomethyl ketone, 10) and 3
methylenetricyclo[3 .2.2.02,4] nona-6,8-diene
derivatives. 11) Since in all the previous
studies the flash thermolysis technique was
applied to introdJce the strained rouble bond in
the small ring, we thought that the introduction
of the exocyclic rouble bond by flash
thermolysis might be even prospective.

In this paper, we will report the synthesis
and the thermal behavior of the title compound
(l), spiro[2,2-dimethylbicyclo[2.2.2]octa-5,7
diene-3,3-cyclopropene], a potential precursor to
4,4-dimethylmethylenecyclopropene (4,4-di
methyltriafulvene) (2). Treatment of 3,3-di
methylbicyclo[2.2.2]octa-5,7-dien-2-one (di
methylbarrelenone) (3) lZ) with ethoxy
acetylene and ethylmagnesium bromide in cry
ether resulted in 68% of carbinol (4).
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ysate was deposited on the liquid nitrogen-cooled
Dewar wall and analyzed by gas-liquid
chromatography and NMR spectra comparing
with authentic samples. 14) The pyrolysates
identified from the reaction at 400-430 CC were
shown to be only benzene and 2-methyl-2
penten-4-yne (9). No other C6HS· species were
detected under these reaction conditions.

The formation of 9 would be explained as
shown in Scheme 2. The spirotriene (1) would
form, by C-C bond fission, the biradical (or
zwitter ion) intermediate (10), which by the
subsequent C-C bond fission would give the
desired 2. Unfortunate ring opening of 2,
however, gave 9 via a biradical (11) or even a
bicyc10[1.1.0]butene (12). These plausible
pathways have been already reported in the
literatures. IS) The reason why 4,4-dimethyl
methylenecyc1opropene could not survive
during the reaction course would be attributable
to its large heat of formation caused by strain
energy. 16)
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Preparation of the Carbinol4. To an
ether solution (45 cm3) of ethoxyethynyl
magnesium bromide prepared from ethoxy
acetylene (6 g), Mg (1.95 g), and ethyl bromide
(7 cm3) under nitrogen atmosphere, an ether
solution (39 Cin3) of 3 (1.1 g) was ai:Jed in one
portion and the solution was stirred for 12 h at
room tern perature. After the addition of 20% aq.
N14C 1 solution, the ice-cooled reaction
mixture was extracted with ether. The ether layer
was washed with 10% aq.~Cl solution, dried
and evaporated The colorless oil, 1.1 g (68%)
was obtained by basic Al203 column
chromatography. v 3400 and 2250 cm-I. 80.93
(3H, s), 1.06(3H, s), 1.36 (3H, t,]=7 Hz), 1.46
(IH, s, exchangeable withD20), 3.10 (IH, m),
3.70 (IH, m), 4.00 (2H, q, 1=7 Hz), and 6.20
(4H, m).

Dehydration of 4 into S. The ether
solution (25 cm3) of4 (1.36 g) was stirred for 40
h with 10% aq. H2S04 solution (0.3 cm3). The
ether solution was washed with saturated aq.
NaCl solution, aq. NaHCOJ solution and H20.
Basic A1203 column chromatography of the
reaction mixture yielded 5, mp 45 CC, 940 mg
(69%), Found: m/e 218.1305. Calcd for
C14HlS02: 218.1306: v 2900, 1715, 1645, and
1175 cm-I. 8 1.10 (6H, s), 1.23 (3H, t,]=7 Hz),
3.28 (IH, m), 4.05 (2H, q,]=7Hz), 5.40 (IH, s),
5.86 (IH, m), and 6.26 (4H, m). A.max
(hexane) 235 nm (E: 13000).

LiAIH4 Reduction of 5 to 6. The
anhydrous ether solution (20 cm3) of5 (940 mg)
was treated with LiAI14 (660 mg) at room
temperature to give6, mp 37°C, 750 mg (99%),
m1z 176. v 3400, 3400, 2960, 1660, 1380,
1360, 1350, and 1040 cm-I. 81.03 (6H, s), 2.46
(IH, br s, exchangeable with D20), 3.23 (IH,
m), 4.06 (2H, d, 1=7 Hz), 4.36 (IH, m), 5.16
(IH, t, 1=7 Hz), and 6.16 (4H, m).

Mn01 Oxidation of6 t07. The ether
solution (30 cm3) of 6 (830 mg) was stirred at
room temperature for 3 h with Mn~ (6 g). The
mixture was filtered and evaporated the solvent
to give 7 , mp 75°C, 560 mg (68%), m1z 174. v
3060, 2950, 2820, 2730, 1675, 1620, 1600,
1150, and 700 cm-I. 8 1.10 (6H, s), 3.35 (IH,
m), 5.25 (IH, m), 5.68 (IH, d, 1=7.5 Hz), 6.32
(4H, m), and 9.98 (IH, d, 1=7.5 Hz). Tosyl
hydrazone 8 of7. mp 217 CC (dec),8 1.00 (6H,
s), 2.36 (3H, s), 3 .33 (2H, br m), 4.60 (IH, m),
5.73 (IH, d,1=9Hz), 6.40 (4H, m), 7.40 (2H, d,
1=8 Hz), 7.73 (2H,d,1=8 Hz), and 8.03 (IH, d,
1=9 Hz).

Irradiation of 8. Synthesis of 1. The
THF solution (15 cm3) of 8 (500 mg) and
NaOMe (214 mg) was stirred overnight at room
temperature. The degassed solution was
irradi ated in Dry lcelCC4 bath for 6 h until the
disappearance of the pink color. After the solid
was filtered, the solvent was evaporated at the
normal pressure very carefully. The residue was
purified by Si02 column chromatography with
n-pentane and the solvent was removed at the
normal pressure to give 1, colorless oil, 127 mg
(56%), Found: m1z 158.1092. Calcd. forCl2Hl4:
158.1095.80.56 (6H, s) 2.40 (IH, m) 3.23 (IH,
m), 6.26 (4H, m), and 6.93 (2H, s).

Thennolysis of 1. 92.5 mg of 1 in the
glass tube was put in the sublimation zone and
heated at 400-430 CC under nitrogen atmosphere.
The pyrolysate was collected on the liquid
nitrogen-cooled Dewar wall and analyzed by
gas-liquid chromatography (SE 30 (7 ft) 15% on
Chromsorb WHP 80/100 mesh), finding
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16. N. C. Baird and N. J. S. Dewar, J. Am.
Chem. Soc., 8 9, 3966 (1967).

17. The NMR and IR spectra were measured in
CCI4 and the chemical shift were expresed
in 0 unit from the internal standard, Me4Si.

On the other hand, Shelvin et al. have also
obtained 14 from carbene rearrangement of
cyclobutenylidene (16), which was
generated from cyclobutenone and atomic
carbon: S. F. Dyer, S. Kammula, and P. B.
Shelvin, J. Am. Chem. Soc., 99, 8104
(1977).

It. J. Krebs, D. Griggisberg, U. SUimpfli, and
M. Neuenschwander, Helv. Chim. Acta, 69,
835 (1986).

12. R. T. Luibrand and E. M. Fujimori, J. Org.
Chem., 45, 958 (1980).

13. a) J. F. King, P. de Mayo, C. L. McIntosh,
K. Piers, and D. J. H. Smith, Can. J. Chem.,
48, 3704 (1970). b) P. de Mayo,
Endeavour, 3 1, 135 (1972).

14. The authentic 2-methyl-2-penten-4-yne
was synthesized by P. A. Ashurst and D. R.
J. Law's method(J. Chem. Soc. (C), 1966,
1615.)

15. It has been reported that the products from
pyrolysis or photolysis of cis-I-meth
ylenecyclopropane-2,3-dicarboxylic anhy
dride (13) were 1,3-butenyne (14) and
acetylenes instead of methylenecyclo
propene (15).1)
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benzene (54-60%) and 2-methyl-2-penten-4-yne
(9, 22-24%). V 3320, 2980,2900,2110,1625,
1440, 1380, 1330, 1195, 1080, and 818 cm-I. ~
1.82 (3R, s), 1.90 (3H, s), 2.83 (lH, d,J=2Hz),
and 5.17 (lH, m). Amax (pentane) 221 nm (e:
10000), which is irentical with the authentic
sample.
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