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p-Tropogquinone 1 is a quinone unique in nonbenzenoid series in that, Iike in benzenoids, the corre-

sponding hydroquinone, 5-hydroxytropolone, is a stable compound. Since its synthesis]), we have been

investigating its chemical behavior ) for the comparison with benzenouds3). This communication describes

the selectivities disclosed in its cycloaddition reaction with dienes and the successful synthesis of 1,2,5-
benzotropoquinone 2, a seven-membered analog of naphthoquinone, utilizing the reaction. The synthesis

4)

completes the benzolog triads of 1, 2 and 1,2,4,5-dibenzocyclohepta-1,4-diene-3,6, 7-trione 3,

o
o O O O
1 3
Cycloaddition Reactions of 1, By the reaction with 1-acetoxybutadiene (benzene, room temp.,

16 hr) 1 yielded two regioisomeric 1:1 cycloadducts, 4 and 5, in 18% and 51% yield, respectively,
after recrystallization from benzene [4, yellow needles, m.p. 118-119° (dec.), 5, colorless granules,

m.p. 98-99° (dec.)l. 5

~

can be converted quantitatively to the ethyl acetal 6, m.p. 104-107° (dec.)
with efhano|5). The structures of 4 and § were determined by detailed PMR analyses: The position of
the acetoxyl group and stereochemistry in § were derived from the coupling constants (J] 7=4.3, J] "

’ 14
3.4, J7’ 86=5.5, J7’ 80=]'0’ J5,7=0.5 Hz) and the presence of intramolecular hydrogen-bonding (v (CC|4)
3458 cm=1, concentration independent), while those in 4 rest on the coupling constants (J] 7=4.0, J] 11p
_ _ _ _ 6) ’ r
=5.0, J],”u—l.S, J7,8_3'5’ J5’7—0.7 Hz) ™.
For the quantitative determination of the regioselectivity of the reaction, the solvent was replaced

by <:ce|'or\e-d6 after the reaction and PMR spectrum was measured. The spectrum exhibited a methy! signal
at' & 1.80 in addition to those due to 4 and § at & 1,67 and 1.63, respectively, in the ratio of 48:29:23,

and, upon addition of DZO' the first signal disappeared and the ratio of the other two changed to 27:73.
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This established that the orientation leading to the primary product 7 is favored to that leading to 4, in
the transition state, the result being in accord with the prediction based on the CMR spectrum and HMO
colculcﬁonz).

With cyclopentadiene (benzene, room temp.) 1 yielded the endo 1:1 adduct 8 which was character-
ized as a quinoxaline derivative, red needles, m.p. 109-111° (dec.). 8 is very sensitive to acid and on
SiO, chromatography enolized to the tricyclic tropolone g (80% yield from 1), yellow needles, m.p. 251-
254° (dec.); & (DMSO-dé) 2.00 (t, J=2.0 Hz, 2H), 4.34 (m, 2H), 6.83 (t, 2.0, 2H), 7.05, 7.13 (d,
12.0, each 1H); Amax 244 (log ¢ 4.45), 262 (4.22 sh), 295 (3.80 sh), 331 (4.03), 342 (3.97 sh), 376
(4.05 sh), 393 (4.12), 424 nm (3.24 sh). DDQ oxidation of ¢ afforded the stable tricyclic p-tropoquinone
10 (91% yield), orange needles, m.p. 102-1030; 6§ 2.25 (t, J=1.5 Hz, 2H), 4,37 (m, 2H), 6.82 (s, 2H),
6.94 (t, 2.0, 2H); v 1675, 1642, 1600 cm™!; Amax (CH2CI2) 268 (log ¢ 3.96), 323 (3.13), 383 (3.00),

520 nm (1.46 sh)’).



No. 26 2291

When the reaction with cyclopentadiene was carried out at 60°C, the 1:2 adduct 11, m.p. 159-
160°, was obtained in 60% yield. For the determination of the relative stereochemistry of the two cyclo-
pentene moieties, 1] was converted to its quinoxaline derivative 12, m.p. 210-213° (dec.) and then by
LAH reduction to the alcohol 13, m.p. 217-219° (dec.). While the coupling pattern of H]3 (H]5) [s
3.85, dd, J=11.8, 2.9 Hz} and H8 (H5) [5 4.18, dd, J=11.8, 3.5 Hz]l in PMR spectrum of 12 revealed
the endo configuration of both cyclopentene moieties, that of H]4 in 13 5 4.41, br.s, J£1 Hzldisclosed
syn configuration. Thus 1] has the endo-syn-endo configuration. This stereochemistry is different from
that of the benzoquinone-cyclopentadiene 1:2 adduct which has endo-anti-endo configuroﬁona). The
difference probably originates from the smaller steric hindrance in the syn ottack of cyclopentadiene to 8,
compared to the benzoquinone cyclopentadiene 1:1 adduct. The most stable conformation of 8 has more
open face in syn side compared with anti side because of the bridgehead hydrogens.

1, underwent photochemical cycloaddition with styrene under N2 and UV irradiation ( ~340 nm) to
afford (9% yield) the dioxene derivative 14, m.p, ]33—]350; Amax 237 (log e 4.32), 352.5 (4.25), ca.
363 nm (4.13 sh), although unreactive with diphenylacetylene and 2-methyl-2-butene.

Synthesis of 2 Acetylation of 4 (Ac20, NaOAc) or § (Ac20, H2$O4) gave the diacetoxybenzo-
tropone 15, m.p. 124-125°, acid hydrolysis of which afforded after sublimation (at 1307/0.04 torr), 5-
hydroxybenzol c1tropolone 16 (55% yield), yellow needles, m.p. 166.5-169° (dec.); & (acefone-dé) 6.72
(br.d, J=10.5 Hz, 1H), 7.09 (d, 10.5, 1H), 7.7-8.0 (m, 2H), 8.64 (m, TH), 8.94 (m, 1H); Amax 242
(log ¢ 4.34), 261 (3.96 sh), 287 (3.51 sh), 300 (3.35 sh), 362 (3.41), 408 (3.48), 486 nm (2.79). Oxi-
dation of 16 with excess silver ccxrbconc:i'e-—celii'e9 (dichloromethane, room temp., dark, 4 hr) provided a
yellow liquid which after drying was sublimed at 60%/0.04 torr to give 2 as yellow needles, m.p. 83-84°,
in 50% yield.

The structure of 2 is based on its spectra. Mass spectrum shows a strong molecular ion peak (m/e 186),
and the fragmentation pattern is very similar to that of 1,4-nophfh0quinone3).
cies,v 1678, 1656, 1630-1620 (sh) cm_], resemble those of 1, PMR signals due to the seven-membered ring,
appearing as AB type (J=12.8 Hz) ot § 6.89 and 7.14, differ from those of 1 (6 6.88, s)]). The small

While its carbonyl frequen-

downfield shift due to benzene annelation has a precedence in benzoquinone-naphthoquinone series (A%
0.25 ppm)3). CMR signals, & 130.7 (C8), 130.9 (C7), 132.7 (Cé), 133.8 (C9), 134.0 (C3), 141.5 (C4),
189.1 (C5), 190.3 (C2), 191.3 (C]) can be assigned on the basis of HMO cu|cu|uﬁon'0). UV spectrum
[Amax (CH2C|2) 249 (log ¢ 4.16), 318 (3.47), ca. 450 nm (1.7, sh)] is similar with 1,4-naphthoquinone.
Polarogram (ImM in acetonitrile, at 25°, supporting electrolyte: 0.05M-EI;‘NCIO4) shows one-electron
half-wave potential at E]= -0.42 volt, more negc:t]i\)/e than that of 1, E]=0.28]), and more positive than
those of p-benzoquinone and 1,4-naphthoquinone 7.

2 is stable under anhydrous conditions in the dark but is hygroscopic, forming a hydrate, yellow
liquid, which reverts to 2 when dried in vacuo. Its tendency of hydration lied between that of 1 and 3.

Upon the addition of methanol, 2 reversibly forms methylacetals 17 and 18 in 1:3 ratio. 2 gives a

vinoxaline derivative, pale orange needles, m.p. 172.5-174° with o-phenylenediamine and is catalyticall
q P 9 P pheny y
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reduced (5% Pd-C, in ethyl acetate) to 16. Thiele acetylation (Ac20, HZSO4, room temp.) afforded the

nophthaldehyde derivative 19, m.p. 141-]43.5012) in 11% yield; the similar behavior to ,L2b). Hydrogen
chloride also adds to 2 (chloroform-ethanol) but the adduct 20 obtained in 74% yield exists in the keto
Form]3). gg, colorless plates, m.p. n7° (dec.); & 1.30 (t, J=7.0 Hz, 3H), 2.22 (dd, 14.2, 3.3, 1H),
3.09 (dd, 14.2, 11.2, 1H), 3.72 (q, 6.7, 1H), 3.75 (q, 7.1, TH), 4.53 (dd, 11.2, 3.3, TH), 5.17 (br,
1H), 7.4-7.85 (m, 3H), 8.05-8.3 (m, 1H); v 3470, 1700, 1602 em™), Upon oxidation with silver carbon-
ate-celite, 20 yielded in 30% yield the indigoid 2], dark violet powder, m.p. 227-229° (dec.); m/e

372 (M+, 90%), 343 (100%); & 1.57 (t, J=7 Hz, éH), 4.31 (g, 7, 4H), 7.44 (+d, 8, 2, 2H), 7.58 (id,
8, 2, 2H), 7.80 (dd, 8, 2, 2H), 8.14 (dd, 8, 2, 2H), 8.37 (s, 2H); v 1605, 1590, 1558 cm_]; Amax
(CH2Cl2) 281 (log ¢ 4.28), 320 (4.03), 640 nm (4.15). "

Thus, 2 was shown to be a genuine quinone similar to 1,4-naphthoquinone and 1 /.
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