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Synthesis of Spiro[4.6]undecane-1,6-dione
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As a part of our long-range objective of exploring the
chemistry of spirarenes,?:® we have undertaken the syn-
thesis of spiro[4.6]undeca-1,3,6,8,10-pentaene (1). An at-
tractive precursor in the synthesis of 1 is the previously
unknown spiro[4.6lundecane-1,6-dione (4). We now wish
to report the synthesis of 4, prepared as shown, via an
acid-catalyzed intramolecular Claisen condensation of 4-
(2’-oxocycloheptyl)butyric acid (3).
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The acid-catalyzed intramolecular Claisen condensation
represents a reaction type which only recently has been
exploited as a means of synthesizing in moderate to high
yields nonenolizable 3-diketones.* Qur procedure is an ex-
tension of the work of Gerlach and Miiller, who have re-
ported®-6 that 4-(2’-oxocyclopentyl)butyric acid undergoes
cyclization with polyphosphoric acid-acetic acid solution
to give an 85% yield of spiro[4.4]nonane-1,6-dione. The
lower yield in the synthesis of 4 (52%) as compared to that
of spiro[4.4]nonane-1,6-dione is presumably due to the
higher strain energy of the former.

The structure of the spiro ketone 4 was confirmed by
physical methods. The infrared spectrum of 4 showed
Pmax at 1735 and 1695 ¢cm ! due to the carbonyl stretching
frequency of cyclopentanone and cycloheptanone rings,
respectively. The nmr, uv, mass spectrum, and composi-
tion analysis are all consistent with the structure proposed
for 4.

The acid-catalyzed intramolecular Claisen condensation
described here offers a facile method for the synthesis of
spirocyclic  1,3-diketones. Furthermore, this method
should be general and provide an alternate synthetic route
to spiro molecules in which at least one of the rings is a
five- or six-membered ring.

Experimental Section?

Preparation of Diethyl 4-(1’-Carbethoxy-2'-oxocyecloheptyl)-
butyrate (2).8 The keto diester 2 was prepared by the general
procedure of Huisgen and Pawallek.®2 A 56% yield of 2 was ob-
tained as a clear oil: bp 133-137° (0.10 mm) [lit.8 bp 110-115°
(0.01 mm)}}; ir (CCly) 1730 (ester C=0), 1700 (cycloheptanone
C=0), 1175 cm~1; nmr (CCly) § 1.40 (6 H, six lines), 1.40-2.20
(m, 12 H), 2.20-2.90 (m, 4 H), 4.30 (m, 4 H).

Preparation of 4-(2’-Oxocycloheptyl)butyric Acid (3).° The
keto acid 3 was obtained by the procedure of Kimeki and Bien.?

Notes

An 84% yield of 3 was obtained as a clear oil: bp 142-145° (0.15
mm) [lit.° bp 138-140° (0.01 mm)]; ir (CCls) 3400-3000 and
2700-2400 (OH), 1700 (C=0), 935 cm~1; nmr (CDCL3) 6 2.1-1.0
(m, 12H), 2.9-2.1 (m, 3 H), 11.26 (s, L H).

Preparation of Spiro[4.6]undecane-1,6-dione (4). To a stirred
solution of 34.1 g (0.10 mol) of polyphosphoric acid1® and 65.0 g
(1.08 mol) of purified glacial acetic acid’! under N, was added
(dropwise) 10.0 g (0.051 mol) of 3. The reaction mixture was heat-
ed for 6 hr at 100° in an oil bath, cooled, poured onto ice, and ex-
tracted with benzene (3 X 100 ml). The combined benzene ex-
tracts were washed with saturated NaHCO;z; (3 X 100 ml) and
dried (MgS04), and the benzene was removed. Vacuum distilla-
tion of the residue gave 4.75 g (52%) of 4 as a clear, colorless oil:
bp 101-103° (1.25 mm); ir (CCly) 1735 (cyclopentanone C==0),
1695 (cycloheptanone C=0), 1145 cm~1; uv (95% ethanol) Anax
303 nm (e 127); nmr (CCly) 6 2.90-1.0 (m); mass spectrum (70 eV)
m/e (rel intensity) 180 (23, M+), 152 (16), 135 (16), 125 (25), 124
(17), 123 (25), 110 (17), 97 (24), 96 (31), 95 (22), 81 (38), 79 (18),
89 (15), 68 (15), 67 (37), 57 (28), 55 (88), 54 (17), 53 (17), 43 (100},
39 (39).

Anal. Caled for C11H1602: C, 73.30; H, 8.95. Found: C, 73.45;
H, R8.75.
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Despite the enormous success of the Wittig reaction for
the preparation of olefins,-4 this method does have cer-
tain limitations. One complication is that the alkylidene-
phosphorane can function as a proton acceptor and pro-
mote enolate condensation reactions.! Another side reac-
tion that occasionally occurs in the 1,4 addition of the al-
kylidenephosphorane to the §-carbon atom of a conjugate
ketone. We now report a study which shows that the Mi-
chael addition of certain alkylidenephosphoranes with
a,8-unsaturated ketones can be advantageously utilized
for the synthesis of substituted 1,3-cyclohexadienes.



