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The Acyloin Condensation.
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Synthesis of a [4,2,2]-Propellane

(Tricyclo[4,2,2,0"*ldecane)' Derivative

By JorpAN J. BLooMFIELD,*} RONALD A. MARTIN, and JANICE M. NELKE}

(Department of Chemistry, The University of Oklahoma and tCentral Research Department, Monsanto Company, 800 N.
Lindbergh Blvd., St. Louis, Missouri 63166)

Summary Acyloin condensation of dimethyl bicyclo-
[4,2,0]octane-1,6-dicarboxylate in the presence of chloro-
trimethylsilane produces 7,8-bis(trimethylsilyloxy)-[4,2,2]
propell-7T-ene (256—409%,) and the bis-(trimethylsilyloxy)-
dimethoxy-keten acetal of 1,4-cyclo-octane dicarboxylate
(40—589,); solvolysis of the propellane in weakly acidic
methanol gave 1-methoxy-8-hydroxybicyclo[4,2,2]de-
cane-7-one by apparent homoconjugate attack at the
central carbon-carbon bond.

GINSBURG? has pointed out that when at least two of the
rings contain five atoms, synthesis of propellanes is fairly
easy. However, a greater challenge is offered by the
smaller ring systems because of increased ring strain.

Wiberg® and Gassman?® have described the synthesis and
properties of [3,2,1]-propellanes, the smallest system to date.
In contrast, we have investigated the synthesis of [%,2,2]
propellanes by the acyloin method which succeeded for
[4,4,2]- and [4,4,4]-propellanes.® The recent results of
Eaton® and Paquette? on the synthesis of {4,4,2]-propellanes
prompts this preliminary account of our simple, relatively
high yield entry into this ring system.
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Dimethyl bicyclo[4,2,0]octane-1,6-dicarboxylate was pre-
pared by esterification (949, yield) of the anhydride
produced via photochemical addition of ethylene to 3,4,5,6-
tetrahydrophthalic anhydride (959, yield).8:1® The diester
was converted into the bis(trimethylsilyloxy)propellene (1),

1 N.m.r. spectral shifts in CCl, were measured downficld from the OSiMe, peaks.

and —68 Hz (area 42) and 0-0 Hz (OSiMeg) (arca 90).

b.p. 69—73° at 0-1 Torr, (25—409,) using highly dispersed
sodium in an inert solvent. In addition a higher boiling
compound (2) b.p. 108—110° at 0-1 Torr, was obtained
(40—589%,). Compound (2) was the sole product when a
large excess of 1:1 NaK alloy was used.

From the n.m.r. spectrum,} it was deduced that (2) was a
mixture of isomers of bis(trimethylsilyloxy)dimethoxy-
keten acetal of 1,4-cyclo-octandicarboxylate. Confirma-
tion of this assignment was obtained by adding (2) to
methanol (vigorously exothermic) which produced a mixture
of cis- and #rans-dimethylcyclo-octane-1,4-dicarboxylate.§®

Treatment of freshly distilled (1), with dry oxygen-free
methanol, under nitrogen, produced the free acyloin (3)
(97%); m.p. 76-77°, vy (cyclobutanone) 1775 cm—1;
m/je 166. Under less stringent conditions a major con-
taminant, vpax 1715 cm~! (large ring CO), was detected.
Prolonged treatment with MeOH or treatment for a short
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time with methanol containing a drop of conc. HCI gave
(4) (49—609%,), m.p. 116—118°; M+, m/e 198; vpax 3340
(OH) cm~1; § (60 MHz; CDCl,; Me,Si): 3-73 (s, 1H, CH-OH),
329 (s, 3H, OMe) and multiplets at 2-6, 2-13, and 1-75
p.pm. In (CDy),SO doublets appeared at 56 (CH-OH)

(1) gave two peaks centred at —98 Hz (area 21)

(2) gave three peaks, a doublet —191 (corresponding to different isomer

positions) (d, OMe, area 33), — 121 ( m, arca 44), —88 (m, area 23), and 0-0 Hz (OSiMe,, area 97).

§ Identical by g.l.c. with mixtures prepared by hydrogenation of dimethyl 1,3,5-cyclo-octatriene-1,6-dicarboxylate (E. Vogel, O.
Roos, and K. H. Disch, Annalen, 1962, 653, 55) or dimethyl 1,3-cyclo-octadiene-1,4-dicarboxylate (J. J. Bloomfield, unpublished

work.)
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and 86 (CH-OH). Treatment of (3) in aqueous acidic
tetrahydrofuran produced the analogous hydroxy-com-
pound (5), m.p. 175 (decomp.) Confirmatory evidence for
the structures of (4) and (5) was obtained by treatment of
(3) with periodate to produce pseudo-acid (6), m.p. 130 (1)
(decomp.); while (4) gave 4-formyl-4-methoxycyclo-octane-

carboxylic acid, b.p. 172—176 at 1 Torr, with no observable H Me

splitting of the aldehyde hydrogen in the n.m.r. spectrum,

thus establishing the relative positions of the three sub-

stituents. Prolonged treatment of (4) or direct treatment of

(5) with periodate gave 4-oxocyclo-octanecarboxylic acid, OH
m.p., 59-0—60-0°. 0 —————

Because the rearrangement of the acyloin is acid cata-
lysed it is suggested that the reaction proceeds by protona- Me " wOH
tion of the carbonyl oxygen on carbon atom 7 followed by (4)
nucleophilic attack of methanol at carbon atom 1, to
produce an enol of (4). Thus the bicyclohexanone skeleton
is readily opened by what appears to be homoconjugate
addition of methanol to the central bond. The acid lability

| 0SiMe; MeOH
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not believe we shall be successful because attempts to
prepare the [3,2,2]-propellane derivative from dimethyl
bicyclo[3,2,2]heptane 1,5-dicarboxylatel® gave only the

of the central bond in propellane (3) is in considerable
contrast to the beliaviour observed in other [4,2,2] pro-
pellanes %7

Although we are continuing to investigate the acyloin route
to other [#,2,2]-propellanes as well as to [#,2,1] systems we do

keten acetal of cycloheptane-1,4-dicarboxylate.!!
All new compounds described gave satisfactory elemental
analyses.

(Received, Novewmber 9th, 1971; Com. 1943.)
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