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New cage lactones were synthesized by the photocyclization of the tricyclodienolactones 1a, 1b, 2 which
were available from the Diels-Alder reactions of 2-pyrones with p-benzoquinones or norbornadiene. Retro-
Diels-Alder reactions of cross-adducts between 2-pyrone-mono-adducts and p-benzoquinone were also de-

scribed.
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Considerable interest in the synthesis and thermal cy-
cloreversion of energetic cage compounds has increased
during past decade [1). Pentaprismane, one of them, has
been synthesized by way of a cage lactone [2]. Although it
is known that the Diels-Alder adducts derived from 2-pyr-
ones are usually labile and susceptible to decarboxylation,
methyl 2-pyrone-3-carboxylate (MP) gave rather stable
Diels-Alder adducts [3,4]. It may thus open the route to
synthesis of a new cage lactone from the stable Diels-Alder
adduct derived from MP which carries suitably located
two unsaturated bonds, via an intramolecular cyclization.

In this paper we report the synthesis of new cage lac-
tones from photocyclization of tricyclodienolactones la
[3], 1b [3), and 2 [5] which were prepared from Diels-Alder
reactions of MP with p-benzoquinone, that of 2-pyrone
with 2-methyl-p-benzoquinone, and that of MP with nor-
bornadiene, respectively. In addition, retro-Diels-Alder
reactions of cross-adducts, which were expected to give
another type of cage compounds, between 2-pyrone-mono-
adducts and p-benzoquinone are described.

Irradiation of the tricyclodienolactone la in dichloro-
methane with a 400W high-pressure mercury lamp at
room temperature afforded a cage lactone 4a in 89% yield
(Scheme 1). The compound 4a was assigned as a dihydrate
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of the initially formed cage lactone 3a. Such high reactivi-
ty of cage compounds having y-dicarbonyl moiety toward
moisture are found in literature {7]. The structural elucida-
tion of 4a was accomplished on the basis of spectral data:
13C nmr spectrum shows seven tertiary and three quater-
nary carbons in 4a. The similar photoreaction of 1b af-
forded a cage lactone 4b in 75% yield. Similarly, tricyclo-
dienolactone 2 gave a cage lactone 5 in 90% yield.
Since tricyclodienolactones 1 and 2, having dihydropen-
tene or dihydroquinone moiety, gave cage lactones by the
irradiation, we next investigated the synthesis of tetracy-
clic compound 7 and tricyclic compound 10, which were
also expected to produce the another type of cage com-
pounds, by using diene equivalents 2 and 9 [3] with p-
benzoquinone. The reaction of 2 with p-benzoquinone at
140° gave 6-methoxycarbonyl-1,4-naphthoquinone (8) via
retro-Diels-Alder reaction of the tetracyclic compound 7
{Scheme 2). Similarly, the reaction of 9, which decomposed
at 170° to give methyl benzoate and m-methoxycarbonyl-
benzoic acid [4], with p-benzoquinone was hated at 140° to
afford 8 via similar retro-reaction of 10. These results sug-
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gest that intended compounds 7 and 10, being
tricyclo[6.2.2.027]dodecane-4,9-diene-3,6-diones, are sus-
ceptible to retro-Diels-Alder reaction by the ease of aroma-
tization at 140°. The proper precursor of diene and dieno-
phile, and suitable reaction conditions are required for the
preparation of cage compounds.

EXPERIMENTAL

All melting points were determined using a Yanagimoto Mel-
temp apparatus and are uncorrected. The ir and mass spectra
were recorded with JASCO A-3 and JEQL JMS-OISG spectrom-
eters. The 'H and '*C nmr spectra were obtained with JEOL
JNM-MH-100 (100 MHz) and JEOL FX-100 (25 MHz) spectrom-

eters using TMS as the internal reference.

Methyl 9,12-dihydroxy-5-0xo-4,13-dioxahexacyclo[6.4.19.12.0.027.
03.11,06.10)rridecane-2-carboxylate (4a).

A solution of 1a (200 mg, 0.76 mmole) in dichloromethane (20
ml) was irradiated with a Riko merry-go-round type 400W high-
pressure mercury lamp for 1.5 hours. The solvent was removed
under reduced pressure and the resulting solid was crystallized
from ethyl acetate to give 4a (202 mg, 89%).

Compound 4a had mp 97-99°; ir (potassium bromide): 3550,
3250, 1780, 1760 cm™'; 'H nmr (acetone-d¢): 6 = 2.8-3.04 (m, 5H,
1-, 7-, 8-, 10-, 11-H), 3.11 (s, 2H, H,0), 3.41 (bt, 1H,6-H,] = 4.0
Hz), 3.81 (s, 3H, Me), 5.22 (d, 1H, 3-H, ] = 6.0 Hz), 6.06, 6.56
(each s, 1H, OH); **C nmr (acetone-d¢): 6 = 50.8 (2-C), 41.5, 42.9,
45.8, 50.4, 50.8, 51.9 (1-, 6-, 7-, 8-, 10-, 11-C), 52.7 (Me), 80.4 (3-C),
107.1, 111.7 (9-, 12-C), 171.9, 172.0 (C=0); ms: m/z (relative in-
tensity) 262 (M - 2H,0, 100).

Anal. Caled. for C,H,,0,: C, 52.55; H, 4.70. Found: C, 52.62;
H, 4.79.

9,12-Dihydroxy-1(or 8)-methyl-4-,13-dioxahexacyclo[6.4.19.12.0.
027,03:11,06,10]tridecan-5-one (4b).

A solution of 1b (200 mg, 0.92 mmole) in dichloromethane (20
ml) was irradiated for 1.5 hours. The solvent was removed and
the crude residue was crystallized from acetone to give 4b (162
mg, 75%).

Compound 4b had mp 175-178°; ir (potassium bromide): 3320,
1740 cm™; 'H nmr (DMSO-d¢): 6 = 1.00 (d, 3H, Me), 2.2-2.8 (m,
6H, 1 (or 8), 2-, 6-, 7, 10-, 11-H), 4.90 (bt, 1H, 3-H, ] = 6.0 Hz),
7.15, 7.25 (each s, 1H, OH); ms: m/z (relative intensity) 218 (M
-H,0, 100).

Anal. Caled. for C,H,,0,: C, 61.01; H, 5.08. Found: C, 61.27;
H, 5.24.

Methyl 6-Oxo-7-oxapentacyclo[6.3.0.025.03.11,049]undecane-9-
carboxylate (3).

A solution of 2 (435 mg, 1.98 mmoles) in dry acetone (200 ml)
under nitrogen was irradiated with a Riko immersion-type 400W
high-pressure mercury lamp through a Pyrex vessel at room tem-
perature for 16 hours. The solvent was removed under reduced
pressure. The residue was chromatographed on a silica gel col-
umn with cyclohexane-ethyl acetate 5:1 v/v mixture to give 5 (390
mg, 90%).
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Compound 5 was obtained as an oil; ir (neat): 1755, 1730 cm™;
'H nmr (deuteriochloroform): § = 1.68, 1.90 (each bd, 1H, CH,),
2.76-3.3 (m, 6H, 1-, 2-, 3-, 4-, 5-, 10-H), 3.70 (s, 3H, Me), 5.06 (bs,
1H, 8-H); *C nmr (deuteriochloroform). § = 34.4 (11-C), 36.5,
39.0, 39.3, 39.9, 40.5, 48.9 (1-, 2, 3-, 4-, 5-, 10-C), 46.8 (9-C), 52.3
(Me), 84.5 (8-C), 170.5, 172.1 (C=0); ms: m/z (relative intensity)
220 (M*, 11), 66 (100).

Anal. Caled. for C,,H,,0,. C, 65.45; H, 5.45. Found: C, 65.30;
H, 5.45.

The Reaction of 2 with p-Benzoquinone and that of 9 with p-Ben-
zoquinone.

A solution of 2 (0.44 g, 2.0 mmoles) and p-benzoquinone (0.26
g, 2.4 mmoles) in xylene (30 ml) was refluxed for 18 hours, and
the usual workup afforded 39 mg (9%) of 6-methoxycarbonyl-1,4-
naphthoquinone (8) (mp 98-100°) (lit [8], 97-98°). Similarly, the
reaction of 9 (0.45 g, 2.0 mmoles) with p-benzoquinone (0.26 g,
2.4 mmoles in xylene (30 mi) under reflux for 20 hours gave 8
(117 mg, 27%).
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