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The oxidation of naphthalenes with tris(2,4-pentanedionato)manganese(III) in acetic acid gave diacetylme-
thyl derivatives in good to moderate yields. Using excess amounts of the oxidant, the acetylmethyl-substituted
naphthalenes were further oxidized and 3-acetoxy-3-naphthyl-2,4-pentanediones were obtained. The similar
oxidation of anthracenes also produced (diacetylmethyl)anthracenes together with diacetylmethylene derivatives
which were further oxidized. It was found that this direct diacetylmethylation was effective when the ionization
potential of the aromatic compound was lower than 8.12 eV, and that the diacetylmethyl radical which was
generated directly by the thermolysis of tris(2,4-pentanedionato)manganese(III) has an electrophilic nature based
on the result of the oxidation of substituted naphthalenes. The reaction pathway for the oxidation of anthracene

is also discussed.

Tris(2,4-pentanedionato)manganese(III), Mn(acac)s,
is a well-known catalyst in polymerization, autoxida-
tion, and peroxide reactions.? However, the use as an
oxidant itself is rare in the literature, although the
oxidative coupling reaction of phenols? or thiols¥
and the oxidative intramolecular cyclization of pheno-
lic oximes? have been reported. Recently, the present
author has found that the oxidation of olefins with
Mn(acac)s gave dihydrofurans in good yields.® This
reaction has been explained as follows. Manganese-
(III) complexes generally tend to undergo a rapid
exchange of ligands in a donor solvent such as acetic
acid which can complex manganese(III) ions,® and
therefore, Mn(acac)s will be easily decomposed in ace-
tic acid to form diacetylmethyl radical, - CH(COCHj3)sz.
The attack of the - CH(COCH3)s radical on olefins and
subsequent oxidative cyclization afforded dihydro-
furans. In the case of 9-benzylidene-9,10-dihydroan-
thracene, the corresponding dihydrofuran was not obtain-
ed, but one of the methylenic hydrogens of the start-
ing olefin was replaced by the - CH(COCH3): radical
(Scheme 1).9 This led to the present investigation of
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the reaction of aromatic compounds with Mn(acac)s
in the hope that direct diacetylmethylation may take
place. As for the similar reaction using manganese(I1I)
complex, it is well-known that olefins are oxidized with
manganese(III) acetate to give <y-lactones in good
yields,® while the oxidation of aromatic compounds
with manganese(Ill) acetate afforded carboxymeth-

yl, acetoxymethyl,? diacetoxymethyl,® and carboxy
derivatives.? These manganese(IlI) acetate oxidations
involve the carboxymethyl radical, -CH2CO2H.” In
this paper, the author describes a new direct diacetyl-
methylation of aromatic compounds with Mn(acac)s.

Results

When 2-methoxynaphthalene (1a) was oxidized with
four molar equivalents of Mn(acac)s in acetic acid at
100°C, the reaction was completed within 13 min to
give 2a (Table 1, Entry 1). The product 2a showed a
parent ion peak at m/z 256 in the mass spectrum and a
broad absorption band in the IR spectrum which could
be assigned to an enolized B-diketone. The 'H NMR
spectrum of 2a indicated the presence of a l-acetyl-2-
hydroxy-1-propenyl group and an AB quartet (J=9.0
Hz) due to aromatic protons. Consequently, this spec-
troscopic evidence supported the structure of 2a be-
ing 1-(1-acetyl-2-hydroxy-1-propenyl)-2-methoxynaphtha-
lene. The reaction of la with Mn(acac)s in another
solvent, such as CH3CN, did not occur.

Oxidation of 1-methoxynaphthalene (1b) under the
same reaction conditions produced 3b together with
a diacetylmethyl derivative 2b (Table 1, Entry 2). The
structure of 3b was determined to be 4-(l-acetoxy-
l-acetyl-2-oxopropyl)-1-methoxynaphthalene on the
basis of the spectral data. The 13C-off-resonance de-
coupling of 3b collapsed the peak at 6=102.613 (C-2)
to a doublet, but the peak at §=120.369 (C-4) did not
collapse. This shows that the l-acetoxy-l-acetyl-2-
oxopropyl group was introduced at the C-4 position.
Moreover, the position of the substituent group was
also supported by comparing its tHNMR spectrum
with that of 1b. When this reaction was carried out ata
molar ratio of 1:10 at reflux temperature, 3b was
obtained as the sole product (Table 1, Entry 3).

2,7-Dimethoxynaphthalene (lc) was oxidized with
four molar equivalents of Mn(acac)s to give (acetyl-
methyl)naphthalene 2¢, while a nearly equimolar
mixture of 2c¢ and 3¢ was obtained in a 1:10 molar
ratio reaction (Table 1, Entries 4 and 5). It was con-
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Fig. 1. Oxidation of naphthalenes (1a—k) with Mn(acac)s in AcOH
at 100°C.
Table 1. Oxidation of Naphthalenes with Mn(acac)s in Acetic Acid at 100°C
Entry Compound Molar ratio of Time Product (yield/%)®
substrate : Mn(acac)s min

1 la 1: 4 13 2a (54)
2 1b 1: 2 10 2b ( 9) 3b (40)
3» 1b 1:10 2 3b (62)
4 1c 1: 4 15 2c (52)
5 Ic 1:10 25 2¢ (36) 3c (31)
6 1d 1: 4 14 2d (46)
7 le 1: 4 10 2e (41)
8 1f 1: 4 14 2f (30)
9 1g 1: 4 13 2g (24)
10 1h 1: 4 15 2h (15)
11 i 1: 4 15 2i (8)
12 2c 1: 2 3 3c (50)

a) The yields are based on the amount of the substrate consumed. b) The reaction was carried out at the

reflux temperature.

firmed that the product 3c was derived from the further
oxidation of 2c with Mn(acac)s since the diacetylmethyl
derivative 2c was oxidized under the same reaction
conditions to give only the pentanedione 3¢ (Table 1,
Entry 12).

The oxidations of 2,6-dimethoxynaphthalene (1d),
2,3-dimethoxynaphthalene (1e), 1,8-dimethylnaphthalene
(1f), acenaphthene (1g), 1-methylnaphthalene (1h), and
naphthalene (1i) with Mn(acac)s were also carried out
in acetic acid to yield the corresponding diacetylmeth-
yl derivatives (2d—i) (Table 1, Entries 6—11). The reac-
tion of 1-nitronaphthalene (1j) with Mn(acac)s did not
occur under these conditions and 1j was recovered. 1-
Dimethylaminonaphthalene (1k) was oxidized with
Mn(acac)s under the same reaction conditions to give
intractable tarry materials and no diacetylmethylated
products were detected.

Anthracene (4) gave four products (5, 6, 7, and 8)

(Table 2, Entries 1 and 2). The products 5 and 6
were determined to be anthracenes substituted by
diacetylmethyl groups in their enol forms. The 7
showed characteristic carbonyl absorptions of di-
acetylmethyl group in the IR spectrum, and its 'H
NMR spectrum revealed an AB quartet (J=10.2 Hz)
due to four protons which were assigned to methine
protons of 9,10-dihydroanthracene and diacetylmeth-
yl group. Therefore, the structure of 7 was considered
to be 9,10-bis(diacetylmethyl)-9,10-dihydroanthracene.
The spectroscopic data of 8 supported the symmetri-
cal structure of 9,10-bis(diacetylmethylene)-9,10-dihydro-
anthracene which seemed to be formed by the further
oxidation of 6 or 7.

Acridine (9), xanthene (11), and pyrene (17) were
oxidized with Mn(acac)s to give corresponding di-
acetylmethyl derivatives in good to moderate yields
(Table 2, Entries 5, 6, 8, and 9). In the oxidation of
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Fig. 2. Aromatic substrates and their oxidation products.
Table 2. Oxidation of Aromatic Compounds (4, 9, 11, 14, and 17)
with Mn(acac)s in Acetic Acid at 100°C
Entry Compound Molar ratio of Time Product (yield/%)
Substrate Mn(acac)s min
1 4 1:2 2 5(47) 6 (1) 7 (4 8(5)
2 4 1:4 10 5(22) 627 7(4) 822
3 9 1:4 14 10 (49)
4 11 1:2 5 12 (71) 13 (21)
5 14 1:4 19 15 ( 7) 16 (78)
6 17 1:2 3 18 (45) 19 (24) 20 ( 6)
7 17 1:4 8 18 (35) 19 (23) 20 (24)

a) The yields are based on the amount of the substrate consumed. b) The reaction was carried out at the

reflux temperature.

anthrone (14), however, a diacetylmethylene derivative
15 was obtained in poor yield, and a major product was
a dimeric compound 16. It has been reported that the
product 16 was also obtained by the oxidation of 14
with manganese(III) acetate in acetic acid.!*®

Discussion

The oxidation of aromatic compounds with manga-
nese(I1I) acetate was studied in detail by Dewar et al.1®
and Heiba et al.? Methoxynaphthalenes (la and 1b)
and anthracene (4) were oxidized with manganese(III)
acetate in acetic acid to give naphthoquinones'®®® and
anthraquinone,!? respectively. These reactions were
explained by the electron-transfer mechanism.® On
the other hand, it is well-known that the free-radi-
cal mechanism involving the carboxymethyl radical,
-CH2CO:zH, simultaneously competes with the electron-
transfer process in the manganese(IlI) acetate-acetic
acid system.” The attack of -CH2COzH radicals on
the aromatic ring and further oxidation mainly

produces acetoxymethyl derivatives, Ar-CH2OAc.
Heiba and his co-workers proposed that the electron-
transfer mechanism in the manganese(IIl) acetate-
acetic acid system was observed only with aromatic
compounds such as anthracene and 2-methylnaph-
thalene, having ionization potentials less than 8.0
eV.? It is also well-known that y-lactones are ob-
tained in good yields, when the -CH2CO:zH radicals
add to alkenes followed by oxidative cyclization. For
this lactone annulation, it has been confirmed by
subsequent experiments!? that the lower ionization
potential cutoff for useful alkenes was 8.2eV; below
this level the electron-transfer process occurred com-
petitively. Accordingly, the free-radical mechanism
in the manganese(III) acetate oxidation is character-
istic for aromatic compounds and alkenes having
ionization potential higher than about 8eV.

The ionization potentials of the aromatic com-
pounds used in this Mn(acac)s oxidation!® and the
total yields of their diacetylmethylated products are
summerized in Table 3. As can be seen from this Table,
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Table 3. Ionization Potentials of Aromatic Compounds and the
Yields of Their Diacetylmethylated Products
Entry Compound Ionization potential Diacetylmethylated
eV product yield/%®

1 Anthracene (4) 7.36% 75

2 Pyrene (17) 7.37% 82

3 2,6-Dimethoxynaphthalene (1d) 7.58" 46

4 1-Dimethylaminonaphthalene (1k) 7.599 of

5 1-Methoxynaphthalene (1b) 7.70% 62

6 2-Methoxynaphthalene (la) 7.829 54

7 1-Methylnaphthalene (1h) 7.96 15

8 Naphthalene (1i) 8.12% 8

9 Anisole 8.399 0®
10 1-Nitronaphthalene (j) 8.59% oP

a—d) Ref. 13. e) Total yields. f) An intractable mixture was obtained. g) No diacetylmethylated

products were detected. h) This reaction did not occur and the starting material was recovered (see

Experimental).

Table 4. Oxidation of Diacetylmethylated Products with Mn(acac)s in Acetic Acid at 100°C

Entry  Compound Molar ratio of Time Product (yield/%)® Recovery
Subsrate:Mn(acac)s min %
! 5 1:2 2 6 (40) 8 (24) 29
2 6 1:2 2 8 (66) 33
4 7 1:4 6 8 (18) 77
5 12 1:2 2 13 (29) 68

a) The yields are based on the amount of the substrated used.

it has been proved that the diacetylmethylation was
effective when ionization potential of the aromatic
compound was lower than 8.12eV. This behaviorasan
oxidant is in contrast to that of manganese(III) acetate
and it shows that Mn(acac)s is a weaker oxidant than
manganese(III) acetate. The reason why the reaction of
1-dimethylaminonaphthalene (1k) with Mn(acac)s did
not give any diacetylmethylated products in spite of the
ionization potential was low is thata lone-pair electron
on the nitrogen atom is more liable to be abstracted by
Mn(acac)s than a m-electron of the aromatic ring, and
then, another side-reaction such as polymerization
might ensue.19

The existence of the -CH(COCH3)2 radical in this
reaction was proved indirectly by the isolation of 3-
acetyl-4-hydroxy-3-hexene-2,5-dione (21), since 21
must be formed by a bimolecular coupling reaction
of -CH(COCHs3;); radicals. The 21 was produced
regardless of the substrate used in the Mn(acac)s-acetic
acid system, and particularly, the formation of 21 was
the best when the oxidation was carried out at room
temperature (see Experimental and Reference).1¥

It has been suggested that the - CH(COCH3); radical
has an electrophilic nature like the - CH2CO:zH radical
generated in the manganese(III) acetate-acetic acid
system,? since the diacetylmethyl group is situated at a
position ortho or para to the electron-donating group
in the oxidation of naphthalenes (Table 1 and Fig. 1).

When the enol 5 was oxidized with two molar
equivalents of Mn(acac)s, the bis(enol) 6 and the

bis(diacetylmethylene)anthracene (8) were obtained
(Table 4, Entry 1). The oxidation of 6 under the same
reaction conditions gave only 8 (Table 4, Entry 2). Al-
though 9,10-bis(diacetylmethyl)-9,10-dihydroanthracene
(7), on the other hand, did not react with Mn(acac)s in
a molar ratio of 1:2, a small amount of 8 was formed
in a molar ratio of 1:4 (Table 4, Entries 3 and 4). There-
fore, the route from 7 to 8 is not important. The reac-
tion pathway for the oxidation of anthracene (4) with
Mn(acac)s is illustrated in Scheme 2.

Thus, it is concluded that this new direct diacetyl-
methylation i) takes place in Mn(acac)s-acetic acid
system, ii) is characteristic for aromatic compounds
having ionization potential lower than about 8eV,
and iii) the -CH(COCHS3); radical involved in this
oxidation system is somewhat electrophilic.

Experimental

Measurements. Melting points were determined with an
Electrothermal apparatus and are uncorrected. The IR spec-
tra were taken on a JASCO A-102 infrared spectrophotom-
eter, and the IR spectral data are expressed in cm™. The
IH and BCNMR spectra were recorded on a Hitachi
Perkin-Elmer R-24 (60 MHz) and a JEOL FX-100 instru-
ment at room temperature. Chemical shifts are recorded in
the & scale, relative to TMS as an internal standard. The
mass spectra were obtained with a JEOL JMS-DX-300
mass spectrometer using a direct-insertion probe at an
ionizing voltage of 70eV.

Materials. Mn(acac)s was prepared by the method de-
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scribed in the literature.’® Methoxynaphthalenes (la—e)
were synthesized by the methylation of the corresponding
naphthols with dimethyl sulfate. Other starting materials
(1f—k, 4, 9, 11, 14, and 17) were obtained from commercial
samples from the Wako Pure Chemical Industries, Ltd.

General Procedure for the Oxidation of Aromatic
Compounds with Mn(acac)s. The oxidation of aromatic
compound (1 mmol) with a suitable amount of Mn(acac)s
(indicated in the Tables) was carried out in acetic acid
(25cm3) at 100°C until an opaque dark brown mixture
changed to a clear brown solution. The solvent was
removed in vacuo, and the residue was triturated with 2M
(1M=1 moldm~3) HCI (25cm3) and then extracted with
chloroform. The products were separated on TLC (Wako gel
B-10), with chloroform as the developing solvent. The
yields are summarized in Tables 1, 2, and 4.

Oxidation Products. 1-(1-Acetyl-2-hydroxy-1-propenyl)-
2-methoxynaphthalene (2a): Colorless needles (from eth-
anol), mp 133.5—134.5°C; IR (CHCIs) 1620 (COC=COH)
and 3300—3600 (OH); 'HNMR (CDCls) §=1.71 (6H, s,
2XCHs), 3.88 (3H, s, OCH3s), 7.29 (1H, d, J=9.0 Hz, H-3), 7.86
(1H, d, J=9.0Hz, H-4), 7.2—7.9 (4H, m, ArH), and 16.90 (1H,
s, OH); MS m/z (rel intensity), 256 (M+, 100), 213 (40), 169
(30), 141 (20), and 43 (50). Found: C, 74.79; H, 6.18%. Calcd
for C16H1603: C, 74.98; H, 6.29%.

4-(1-Acetyl-2-hydroxy-1-propenyl)-1-methoxynaphthalene
(2b): Colorless needles (from methanol), mp 114.0—114.5
°C; IR (CHCIs) 1610 (COC=COH) and 3300—3600 (OH);
IHNMR (CDCls) 6=1.74 (6H, s, 2XCHas), 3.96 (3H, s,
OCHs3), 6.77 (1H, d, J=8.4Hz, H-2), 7.17 (1H, d, J=8.4 Hz, H-
3), 7.30—8.40 (4H, m, ArH), and 16.80 (1H, s, OH). Found: C,
74.67; H, 6.25%. Calcd for Ci16H160s: C, 74.98; H, 6.29%.

4-(1-Acetoxy-1-acetyl-2-oxopropyl)-1-methoxynaphthalene
(8b): Colorless cubes (from ethanol), mp 179.5—180.0°C; IR
(CHClIs) 1722 and 1749 (C=0); *H-NMR (CDCl3) §=2.223 (6H,
s, 2XCH3), 2.336 (3H, s, OAc), 4.034 (3H, s, OCH3), 6.795 (1H,
d, J=8.3 Hz, H-2), 7.373 (1H, d, J=8.3 Hz, H-3), and 7.258—
8.400 (4H, m, ArH); 3C NMR (CDCl3)'? 6=20.827 (q, CHa3),
27.525 (q, 2XCHs), 55.665 (q, OCHs), 95.359 (s, =CZI),
102.613 (d, C-2), 120.369 (s, C-4), 122.826 (d, C-8), 124.903 (d,
C-7), 125.664 (d, C-6), 126.775 (s, C-8a), 126.980 (d, C-3),

127.536 (d, C-5), 132.128 (s, C-4a), 157.080 (s, C-1), 170.330 (s,
C=0), and 200.810 (s, 2XC=0); MS m/z (rel intensity), 314
(M+, 10), 272 (20), 230 (50), 158 (30), and 43 (100). Found: C,
68.83; H, 5.81%. Calcd for Ci1sH1s0s: C, 68.78; H, 5.77%.

1-(1-Acetyl-2-hydroxy-1-propenyl)-2,7-dimethoxynaphthalene
(2¢): Colorless needles (from methanol), mp 120.0—120.5
°C; IR (CHCI3) 1624 (COC=COH) and 3300—3600 (OH);
1H NMR (CDCls) 6=1.77 (6H, s, 2XCHg3), 3.83 (3H, s, OCH3),
3.88 (3H, s, OCHa3), 6.93—7.78 (3H, m, ArH), 7.15 (1H, d,
J=9.6 Hz, H-3), 7.79 (1H, d, J=9.6 Hz, H-4), and 16.87 (1H, s,
OH). Found: C, 71.16; H, 6.31%. Calcd for C17H1504: C,
71.31; H, 6.34%.

1-(1-Acetoxy-1-acetyl-2-oxopropyl)-2,7-dimethoxynaphthalene
(8¢c): Colorless needles (from ethanol), mp 176—177°C; IR
(CHClIs) 1723 and 1760 (C=0); 'H NMR (CDCls) 6=2.25 (9H,
s, 2XCH3s and OAc), 3.88 (3H, s, OCH3s), 3.92 (3H, s, OCH3),
7.03 (1H, dd, J=9.0and 2.4 Hz, H-6), 7.13 (1H, d, J=9.0 Hz, H-
3), 7.39 (1H, d, J=2.4Hz, H-8), 7.71 (1H, d, J=9.0 Hz, H-5),
and 7.86 (1H, d, /J=9.0 Hz, H-4). Found: C, 66.23; H, 5.96%.
Calcd for Ci9H2006: C, 66.27; H, 5.85%.

1-(1- Acetyl-2-hydroxy-1-propenyl)-2,6-dimethoxynaphthalene
(2d): Colorless prisms (from ethanol), mp 134—135°C; IR
(CHClIs) 1620 (COC=COH) and 3300—3600 (OH); *H NMR
(CDCls) 6=1.75 (6H, s, 2XCH3), 3.88 (6H, s, 2XOCH3), 7.0—
7.7 (3H, m, ArH), 7.25 (1H, d, J=9.6 Hz, H-4), 7.78 (1H, d,
J=9.6 Hz, H-5), and 16.89 (1H, s, OH). Found: C, 71.07; H,
6.39%. Calcd for C17H1804: C, 71.31; H, 6.34%.

1-(1-Acetyl-2-hydroxy-1-propenyl)-2,3-dimethoxynaphthalene
(2e): Colorless needles (from methanol), mp 117—118°C;
IR (CHCIls) 1600 (COC=COH) and 3300—3600 (OH);
1H NMR (CDCls) 6=1.77 (6H, s, 2XCH3), 3.89 (3H, s, OCH3),
3.97 (3H, s, OCH3), 6.91 (1H, s, H-4), 7.05—7.80 (4H, m, ArH),
and 16.88 (1H, s, OH). Found: C, 71.10; H, 6.37%. Calcd for
C17H1804: C, 71.31; H, 6.34%.

4-(1-Acetyl-2-hydroxy-1-propenyl)-1,8-dimethylnaphthalene
(2f): Colorless needles (from methanol), mp 149—150°C;
IR (CHCls) 1605 (COC=COH) and 3300—3600 (OH);
HNMR (CDCls) 6=1.750 (6H, s, 2XCH3s), 2.965 (6H, s,
2XCHs), 7.151 (1H, d, J=7.1Hz, H-2 or 3), 7.284 (1H, d,
J=17.1Hz, H-3 or 2), 7.275—7.734 (3H, m, ArH), and 16.70
(1H, s, OH); 3C NMR (CDCls)!? §=23.762 (q, 2XCH3s), 26.161
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(q, CHs), 26.249 (q, CH3), 113.125 (s, =C=), 124.328 (d, C-3 or
6), 125.762 (d, C-6 or 3), 128.511 (d, C-5), 129.243 (d, C-2 or 7),
129.798 (d, C-7 or 2), 133.045 (s, C-8a), 133.689 (s, C-4), 134.830
(s, C-4a), 136.000 (s, C-1 or 8), 136.175 (s, =C-O and C-8 or 1),
191.519 (s, C=0). Found: C, 80.06; H, 7.13%. Calcd for
C17H1502: C, 80.28; H, 7.13%.

5-(1-Acetyl-2-hydroxy-1-propenyl)acenaphthene (2g): Color-
less needles (from methanol), mp 141.5—142.5°C; IR
(CHCI3) 1603 (COC=COH) and 3100—3600 (OH); tH NMR
(CDCls) 6=1.79 (6H, s, 2XCHz3s), 3.40 (4H, s, 2XCHy), 7.17—
7.47 (5H, m, ArH),and 16.79(1H, s, OH). Found: C, 80.77; H,
6.47%. Calcd for C17H1602: C, 80.92; H, 6.39%.

4-(1-Acetyl-2-hydroxy-1-propenyl)-1-methylnaphthalene (2h):
Colorless plates (from methanol), mp 122°C; IR (CHCls)
1600 (COC=COH) and 3200—3600 (OH): *H NMR (CDCls)
6=1.75 (6H, s, 2XCH3), 2.74 (3H, s, CH3s), 7.21 (1H, d, J=
7.2Hz, H-2 or 3), 7.37 (1H, d, J=7.2Hz, H-3 or 2), 7.20—
8.11 (4H, m, ArH), and 16.80 (1H, s, OH). Found: C, 79.67; H,
6.73%. Calcd for CieH1602: C, 79.97; H, 6.71%.

1-(1-Acetyl-2-hydroxy-1-propenyl)naphthalene (2i): Pale
orange needles (from methanol), mp 105—106°C; IR (CHCls)
1600 (COC=COH) and 3200—3600 (OH); *H NMR (CDCls)
6=1.75 (6H, s, 2XCHs), 7.2—8.0 (7H, m, ArH), and 16.80 (1H,
s, OH). Found: C, 79.38; H, 6.25%. Calcd for Ci1sH1403: C,
79.62; H, 6.24%.

9-(1-Acetyl-2-hydroxy-1-propenyl)anthracene (5): Colorless
needles (from ethanol), mp 176—177°C; IR (CHCls) 1597
(COC=COH) and 3200—3600 (OH); 'H NMR (CDCls) 6=1.59
(6H, s, 2XCH3), 7.32—8.17 (8H, m, ArH), 8.49 (1H, s, H-10),
and 16.97 (1H, s, OH). Found: C, 82.43; H, 5.79%. Calcd for
Ci19H1602: C, 82.58; H, 5.84%.

9,10-Bis(1-acetyl-2-hydroxy-1-propenyl)anthracene (6):
Colorless needles (from ethyl acetate), mp over 300°C; IR
(CHCI3) 1598 (COC=COH) and 3200—3600 (OH); tH NMR
(CDCls) 6=1.65 (12H, s, 4XCH3s), 7.51—8.22 (8H, m, ArH),
and 16.98 (2H, s, 2XOH). Found: C, 76.91; H, 6.05%. Calcd
for C2aH2204: C, 76.98; H, 5.92%.

9,10-Bis(diacetylmethyl)-9,10-dihydroanthracene (7): Colorless
plates (from ethanol), mp 215—216°C; IR (CHCls) 1695 and
1735 (C=0); 'THNMR (CDCl3) 6=2.10 (12H, s, 4XCH3), 4.44
(2H, d, J=10.2Hz, H-9 and H-10), 4.89 (2H, d, J=10.2Hz,
2X =CH-), and 7.12 (8H, s, ArH). Found: C, 76.69; H, 6.49%.
Calcd for C24H2404: C, 76.57; H, 6.43%.

9,10-Bis(diacetylmethylene)-9,10-dihydroanthracene (8):
Colorless needles (from ethanol), mp 219°C; IR (CHCls) 1686
(C=0); 'H NMR (CDCls) 6=2.27 (12H, s, 4XCH3), and 7.24—
7.56 (8H, m, ArH). Found: C, 77.34; H, 5.56%. Calcd for
C24H2004: C, 77.40; H, 5.4]%.

9-(1-Acetyl-2-hydroxy-1-propenyl)acridine (10): Pale yel-
low needles (from ethanol), mp 189—190°C; IR (CHCls)
1610 (COC=COH) and 3100—3600 (OH); 'H NMR (CDCls)
6=1.65 (6H, s, 2XCHas), 7.35—8.44 (8H, m, ArH), and 17.05
(IH, s, OH). Found: C, 77.89; H, 5.60; N, 4.96%. Calcd for
Ci1sH150:N: C, 77.96; H, 5.45; N, 5.05%.

Oxidation of Xanthene (11). A mixture of xanthene (11)
(364.4mg; 2mmol) and Mn(acac)s (1.4160g; 4 mmol) was
heated in acetic acid (25 cm3) at 100°C for 5 min, followed by
treatment in a manner similar to that mentioned above,
which gave a mixture of 12 and its enol form (263.3 mg), 13
(79.2 mg), and 11 (recovered 122.3 mg). The ratio of keto and
enol was 2:1 based on the HNMR spectrum. The mixture
was recrystallized from ethanol and only the keto compound
(12) was isolated.
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9-(Diacetylmethyl)xanthene (12): Colorless needles (from
ethanol), mp 142.5°C; IR (CHCls) 1697 and 1731 (C=0);
1H NMR (CDCls) keto form 6=1.84 (6H, s, 2XCH3), 4.08 (1H,
d, J=9.6 Hz, H-9), 4.84 (1H, d, J=9.6 Hz, = CH-), and 6.95—
7.30 (8H, m, ArH); enol form 6=1.84 (6H, s, 2XCHjs), 5.30
(1H, s, H-9), 6.8—7.4 (8H, m, ArH), and 17.16 (1H, s, OH).
Found: C, 77.20; H, 5.90%. Calcd for Ci1sH160s: C, 77.12; H,
5.75%.

9-(Diacetylmethylene)xanthene (13): Pale yellow needles
(from ethanol), mp 144—145°C; IR (CHCIs) 1676 and 1706
(C=0); 'HNMR (CDCls) 6=2.20 (6H, s, 2XCHas) and 6.95—
7.57 (8H, m, ArH). Found: C, 77.44; H, 5.06%. Calcd for
C1sH1403: C, 77.68; H, 5.07%.

Oxidation of Anthrone (14). 10-(Diacetylmethylene)anthrone
(15): Colorless needles (from ethanol), mp 161°C; IR
(CHClI3) 1669 and 1707 (C=0); 'H NMR (CDCls) 6=2.22 (6H,
s, 2XCH3) and 7.5—8.4 (8H, m, ArH). Found: C, 78.59; H,
4.91%. Calcd for C1sH140s: C, 78.60; H, 4.85%.

10,10’-Bianthrone (16): Pale yellow needles (from CHCIs),
mp 268—269°C (lit, '™ mp 230—250°C); IR (KBr) 1657
(C=0); THNMR (CDCl3) 6=4.69 (2H, s, H-10 and 10’) and
6.70—7.98 (16H, m, ArH). Found: C, 86.91; H, 4.66%. Calcd
for CasH1802: C, 87.02; H, 4.69%.

Oxidation of Pyrene (17). 1-(1-Acetyl-2-hydroxy-1-propen-
ylDpyrene (18): Pale orange needles (from ethanol), mp
158.0—158.5°C; IR (CHCls) 1602 (COC=COH) and 3200—
3600 (OH); 'H NMR (CDCl3) 6=1.76 (6H, s, 2XCHa3), 7.69—
8.26 (9H, m, ArH), and 16.86 (1H, s, OH). Found: C, 83.87;
H, 5.35%. Calcd for C21H1602: C, 83.98; H, 5.37%.

1-(1-Acetoxy-1-acetyl-2-oxopropyl)pyrene (19): Colorless
needles (from ethanol), mp 178.0—178.5°C; IR (CHCl;) 1722
and 1749 (C=0); tH NMR (CDCls) 6=2.26 (6H, s, 2XCH3),
2.39 (3H, s, OAc), and 7.82—8.43 (9H, m, ArH). Found: C,
76.79; H, 5.06%. Calcd for CasH1504: C, 77.08; H, 5.06%.

1-(1-Acetoxy-1-acetyl-2-oxopropyl)-6-(1-acetyl-2-hydroxy-
1-propenyl)pyrene (20): Colorless needles (from methanol),
mp 218—219°C; IR (CHCl3) 1603 (COC=COH), 1722 (C=0),
1749 (OAc), and 3300—3600 (OH); tH NMR (CDCls) 6=1.77
(6H, s, 2XCHs), 2.26 (6H, s, 2XCOCHz3), 2.39 (3H, s, OAc),
7.90 (1H, d, J=9.0 Hz, ArH), 7.99 (1H, d, J=9.0 Hz, ArH), 8.27
(1H, d, J=9.0 Hz, ArH), 8.47 (1H, d, J=9.0 Hz, ArH), 8.0—8.2
(4H, m, ArH), and 16.84 (1H, s, OH). Found: C, 73.46; H,
5.23%. Calcd for CasH2406: C, 73.67; H, 5.30%.

Oxidation of 1-Nitronaphthalene (1j). 1-Nitronaphthalene
(1j) (198.7 mg; 1 mmol) was oxidized with Mn(acac)s (1.4298
g; 4mmol) in acetic acid (25cm3) at 100°C. The reaction
was terminated after 15 min and 1j (173.0 mg) was recovered.

Formation of 21 in the Mn(acac)s Oxidation. 1-Me-
thoxynaphthalene (1b) (319.2mg; 2mmol) and Mn(acac)s
(1.4240 g; 4 mmol) were heated at 100°C in acetic acid (30 cm3)
for 10 min, affording 2b (17.4mg), 3b (93.7mg), and 21
(105.2mg). The 21 was formed in all the Mn(acac)s-acetic
acid oxidation.

3-Acetyl-4-hydroxy-3-hexene-2,5-dione (21): Colorless prisms
(from benzene), mp 115—116°C; IR (CHCls) 1668, 1708 (C=0),
and 3000—3600 (OH); HNMR (CDCls) 6=1.607 (3H, s,
CH3), 2.389 (3H, s, CH3), 2.605 (3H, s, CHas), and 6.395 (1H, s,
OH); 13C NMR (CDCl3) 6=197.558 (s, C=0), 196.910 (s, C=0),
194.919 (s, C=0), 112.959 (s, C=C), 106.294 (s, C=C), 29.648
(q, CHs), 21.810 (q, CHa), and 18.816 (q, CHs); MS m/z (rel
intensity), 170 (M*, 6), 127 (80), 85 (50), 67 (100), and 43
(97). Found: C, 56.38; H, 5.95%. Calcd for CsH1004: C, 56.46;
H, 5.92%.



June, 1986]

Oxidation of 2c. The 2¢ (102.2 mg; 0.36 mmol) and Mn-
(acac)s (258.5mg; 0.72 mmol) were heated in acetic acid
(15 cm3) at 100°C for 3 min. Thereaction mixture was treated
in a manner similar to that described above to give 3c (29.0
mg) and 2c (recovered 53.6 mg).

Oxidation of 5. The (diacetylmethyl)anthracene (5) (99.1
mg; 0.36 mmol) was oxidized with Mn(acac)s (266.4 mg;
0.72 mmol) in acetic acid (20 cm3) at 100°C for 2min. After
separation by TLC, 6 (53.9 mg; 40%), 8 (32.2 mg; 24%), and 5
(recovered 28.7 mg; 29%) were obtained.

Oxidation of 6. A mixture of bis(diacetylmethyl)anthracene
(6) (103.5mg; 0.28mmol) and Mn(acac)s (198.2mg; 0.56
mmol) was heated in acetic acid (20cm3) at 100°C for
2min, affording 8 (67.5mg; 66%) and 6 (recovered 33.8 mg;
33%).

Oxidation of 7. The reaction of 7 (50.8 mg; 0.135 mmol)
and Mn(acac)s (103.4 mg; 0.27 mmol) was carried out in acetic
acid (10cm3) at 100°C for 2min. After work-up, however,
only 7 was recovered. On the other hand, 7 (52.0 mg; 0.135
mmol) was oxidized with Mn(acac)s (199.5 mg; 0.54 mmol)
in acetic acid (10 cm3) at 100°C for 6 min, giving 8 (9.2 mg;
18%) and 7 (recovered 40 mg; 77%).

Oxidation of 12. 9-(Diacetylmethyl)xanthene (12) (102.6
mg; 0.37 mmol) and Mn(acac)s (262.0 mg; 0.74 mmol) were
heated on a water bath for 2min. After the treatment de-
scribed above, 9-(diacetylmethylene)xanthene 13 (29.9 mg;
29%) and 12 (recovered 69.3 mg; 68%) were obtained.

Oxidation of 1a with Mn(acac)s in CHsCN. The reaction
of 1a (175.3 mg; 1 mmol) with Mn(acac)s (1.4146g; 4 mmol)
was carried out in CH3CN (25 cm3) at 100°C for 3h. The
solvent was removed under diminished pressure and the
residue was triturated with 2M HCI (25 cm3). The aqueous
mixture was extracted with CHCIls and separated on TLC,
which gave only 1a (recovered 136.1 mg).
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