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Usnic Acid. XIV." The Photo-Oxidation of Usnic Acid
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Irradiation of d-usnic acid at —20° under oxygen atmosphere afforded 2,4-diacetyl-
6-methyl-phloroglucinol (IV), together with racemic usnic acid, and decarbousnic acid
afforded also the same compound under the same conditions. The mechanism of the
photo-oxidation of usnic- and decarbousnic-acids was studied.
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In a previous paper of this series,® the authors reported on the structural elucidation
of photolysis products of dihydro- and methyldihydro-usnic acids and proposed the mecha-
nism of the photolysis. While ortho-type cyclohexadienones undergo a facile ring fission
to acids or their derivatives by irradiation (>>300 nm) in the presence of a suitable nucleophile
under nitrogen atmosphere,? /-usnic acid was reported to result only in racemization in dio-
xane.> This fact indicates that the fate of the ring fission products from such cyclohexa-
dienones would be the recyclization, if a suitable nucleophile is not present in the reaction
medium. This paper deals with the photo-reaction of d-usnic acid in the absence of nucle-
ophile under oxygen atmosphere affording the decomposition product obviously arisen from
the ring fission intermediate. d-Usnic acid (I) in tetrahydrofuran (THF) was irradiated by
a high pressure mercury lamp at —20° in the presence of benzophenone as a sensitizer to
afford colorless needles, C;;H;,05 (IV) of mp 172°, which was proved to be identical with 2,4~
diacetyl-6-methyl-phloroglucinol,® obtained from the ozonolysis product of diacetyldecarbous-
nic acid, by the mixed fusion and spectral evidence. In this case, the racemization of d-
usnic acid was observed. Even on irradiation in the absence of benzophenone under the
same conditions, d-usnic acid still afforded the same compound (IV).” The racemization
of d-usnic acid (I) as observed in the present experiment demonstrated that the oxidation
of IT to III is competed with the recyclization of II to the racemic isomer (I) under these con-
ditions. The mechanism is not only consistent with the racemization mechanism of /-usnic
acid proposed by Barton and Quinkert,® but also supported by the fact that decarbousnic
acid (V) by irradiation under the identical photo-oxidation conditions afforded the same com-
pound (IV). Although additional work is required for a detailed mechanistic proposal, this
photo-oxidation reaction (I—IV) is most easily interpreted on the basis of an initial ring
fission giving the ketene (II), followed by the oxidation by singlet oxygen (Ene reaction®)
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to the hydroperoxide (III),” which decomposes giving the observed product (IV). (Chart 1).19
The remarkable difference between the photo-reactions of usnic- and dihydrousnic-acids
observed in this and the previous works have demonstrated the importance of ortho- dlenone
function in the former compound.
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Chart 1
Experimental

Melting points were taken on a Kofler type hot plate and uncorrected. The infrared (IR) spectra were
taken in KBr pellet with Nippon Bunko IR-G spectrometer, the UV spectra with a Hitachi recording spectro-
meter 323, the optical rotation at 589 nm with Nippon Bunko automatic polarimeter DIP-SL, the proton
nuclear magnetic resonance (PMR) spectra with a JNM-PMX 60 NMR spectrometer at 60 MHz in CDCl,
or C,D,N with (CH,),Si as internal reference and mass (MS) spectra with JMS-01SG mass spectrometer, the
ionizing current kept at 200 wA, while ionization energy being maintained at 75 eV and source temperature
at 120°. The thin-layer chromatogram (TLC) was performed on silica gel G (Merck), and silicic acid (Mal-
linckrodt) and silica gel (Stahl, 60) were used for the chromatography. Abbreviation: sh, shoulder; s, singlet;
br, broad.

Irradiation of d-Usnic Acid in Tetrahydrofuran at —20° a) d-Usnic acid (3.2 g) and benzophenone
(103 mg) in tetrahydrofuran (560 ml) was irradiated for 15 hr at —20° under oxygen in a pyrex flask by a
high pressure mercury lamp (Halos type PIH-300). The reaction mixture was then evaporated in vacuo to
afford a resinous substance, which was treated with hot methanol (200 ml). The methanol-insoluble fraction
afforded racemic usnic acid of mp 195° ([e]p=0°, c=1.0, CHCl,) (1.2 g), after crystallization from benzene.
The methanol-soluble fraction was column chromatographed over silicic acid (290 g) with benzene-AcOEt
(10: 1). A fraction of Rf 0.38 (TLC, silica gel impregnated with 0.1~ (COOH),, benzene-AcOEt=10:1)
afforded pale yellow needles, which were again chromatographed over silica gel (22 g) with benzene-AcOEt
(10:1) and a fraction of Rf 0.34 (TLC, silica gel, benzene-AcOEt=10: 1) afforded compound (IV), colorless
needles of mp 172°, after crystallization from 809% methanol. Yield: 110 mg. FeCl; test: red-brown.
Awnal. Calcd. for C;;H,,04: C, 58.92; H, 5.40. Found: C, 58.64; H, 5.29. UV AZ0F nm (log ¢): 274 (4.38),
295 (4.25, sh), 336 (3.68), 382 (3.42, sh). IR »E3% (cm~%): 3420 (OX), 1635 (chelated C=0O), 1620 (chelated

9) While there are ample examples of the ene-reactions of indoles to give indolenine-3-hydroperoxides,
precedents of the same reaction in the benzofuran derivatives are quite rare. See for example, J.J.
Basselier, Compt Rend. Acad. Sei., Paris, C, 273, 514 (1971).

10) The mechanism involving the formatlon of the dioxetane (VI) from either II or T1II and its decompos1t10n
to IV can not be reagally excluded at present.
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=0), 1590 (aromatic rc=c), 1490, 1440, 1360, 1270, 1190, 1130, 1100, 980, 875. PMR (é-value in C;D;N):
2.28 (s, 3H, CH,), 2.78 (s, 6H, 2xCOCH,), 10.53 (s, 3H, 3 X OH). MS (m/e, relative intensity): 224 (68,
M+), 209 (100, M+—CH,), 191 (33, m/e 209—H,0), 182 (2, M+—C,H,0), 181 (2, M+—COCHy,), 167 (7, m/e
209—C,H,0), 143 (3), 135 (4, mfe 191—CH,-C=C=0), 123 (5), 122 (8), 121 (8), 105 (9), 104 (14), 93

H

(7), 87 (10), 83 (9, mfe 167—CH,;CO-C=C=0), 43 (42).
H

b) d-Usnic acid (1.2 g) in tetrahydrofuran (520 ml) was irradiated for 12 hr under oxygen at —20° without
benzophenone. The reaction mixture was treated as mentioned above to afford racemic usnic acid (78 mg)
and IV (100 mg) (mixed fusion). The compound (IV) was proved to be identical with 2,4-diacetyl-6-
methyl-phloroglucinol® by the mixed fusion and UV, IR, PMR.

Ozonolysis of Diacetyl Decarbousnic Acid® Diacetyl decarbousnic acid (3 g) was dissolved in CCl,
(150 ml) and the ozonized oxygen was passed through for 4 hr at 15° and then the solvent was distilled off
in vacuo to afford a resinous substance, which was boiled in 809 ethanol for 2 hr. After the ethanol being dis-
tilled off i» vacuo, the remaining resinous substance was boiled in 2N Na,COj; solution for 15 min and then
the solution was acidified with dil.HCl to afford a precipitate (1 g), which was chromatographed over silicic
acid (100 g) with benzene-acetone (10: 1) to afford two fractions of Rf 0.66 (500 mg) and Rf 0.11 (110 mg)
(TLC, silica gel impregnated with 0.1~ (COOH),, benzene-acetone=30: 1). The fraction of Rf 0.66 was
again chromatographed over silica gel (50 g) with benzene-acetone (30: 1) and a fraction of Rf 0.35 (TLC,
silica gel, benzene-acetone=30: 1) afforded colorless needles (IV’) of mp 120—121°, after crystallization
from ethanol. Yield: 350 mg. Awal. Calcd. for C,,H,,04: C, 58.64; H, 5.30. Found: C, 58.62; H, 5.30.
IR »55% (cm—1): 1770 (OAc), 1620 (chelated C=0), 1280, 1180, 1160, 1080, 890, 870. MS Mt=m/e 266, m/e
224 (M+—C,H,0) and all species that were observed on the MS of the compound (IV). PMR (d-value in
CDCly): 1.90 (s, 3H, CH,), 2.38 (s, 3H, OCOCH,), 2.55 (s, 3H, COCHj), 2.73 (s, 3H, COCHj), 14.82 (s, 1H,
chelated OH), 15.35 (s, 1H, chelated OH). Compound (IV’) (100 mg) was hydrolysed with conc. H,0S,
(1 ml) for 10 min in cold to afford 2,4-diacetyl-6-methyl-phloroglucinol (IV) of mp 172° (66 mg), after puri-
fication by the column chromatography (silica gel, benzene~AcOEt=20: 1) by the mixed fusion and IR,
indicating that IV’ is 2,4-diacetyl-1-acetoxy-6-methyl-phloroglucinol. The fraction of Rf 0.11, mentioned
above, was chromatographed over silica gel (60 g) with benzene-acetone (30: 1) and a fraction of Rf 0.18
(TLG, silica gel, benzene—acetone=230: 1) afforded colorless needles of mp 172°, namely 2,4-diacety!-6-methyl-
phloroglucinol (mixed fusion and IR, PMR). Aual. Calcd. for C,;H,,04: C, 58.92; H, 5.40. Found: C,
59.20; H, 5.30.

Irradiation of Decarbousnic Acid a) Decarbousnic acid (1 g) in tetrahydrofuran (250 ml) was ir-
radiated for 8 hr at —20° under oxygen. The reaction mixture was then evaporated in vacuo to afford
a resinous substance, which was purified by the column chromatography (silica gel, benzene—~AcOEt=20: 1)
three times. A fraction of Rf 0.28 (TLC, silica gel, benzene—~AcOEt=20: 1) afforded compound (IV), color-
less needles of mp 172°, after crystallization from 809, methanol (mixed fusion and IR). Yield: 45 mg.

b) Decarbousnic acid (0.3 g) and benzophenone (6 mg) in tetrahydrofuran (75 ml) was irradiated for 8 hr at
—20° under oxygen. The reaction mixture was then evaporated ixn vacuo to afford a resinous substance, which
was chromatographed over silica gel (60 g) with benzene—-AcOEt (20: 1) and a fraction of Rf 0.28 (TLC, silica
gel, benzene—AcOEt=20: 1) afforded compound (IV), colorless needles of mp 172° (mixed fusion and IR).
Yield: 10 mg.
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