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The oxidation of 1,4-benzoquinone, 2-phenyl-1,4-benzoquinone, 1,4-naphthoquinone, and 1,2-naphthoquinone
by palladium(II) acetate in acetic acid containing arenes gave the corresponding aryl-substituted quinones.
Treatment of 1,4-naphthoquinone with aromatic heterocycles such as furfural, 2-acetylfuran, methyl 2-furoate,
2-acetylthiophene, 1-(phenylsulfonyl)pyrrole, 1-(phenylsulfonyl)indole, 4-pyrone, and 1-methyl-2-pyridone in
the presence of palladium acetate gave the corresponding 2-heteroaryl-substituted 1,4-naphthoquinones.

The quinone moiety is found commonly in nature.
Quinones play an important role in electron-transport
processes. Compounds containing the quinone group have
been shown to have chemotherapeutic value as antitumor,
antifungal, and antibacterial drugs. Model quinone-con-
taining derivatives have been used extensively to study
bioenergetic pathways.! Furthermore, aryl-substituted
quinones are of interest in connection with existence of
naturally occurring compounds such as volucrisporin.?
Aryl-substituted quinones have been synthesized by the
reaction of quinones with aryldiazonium salts,® but no
report of oxidative coupling of quinones and arenes has
been published except for the vy-radiolysis of 1,4-quinones
in benzene.! On the other hand, oxidative coupling of
olefing and aromatic compounds by palladium(II) salts has
been studied as an effective method for the preparation
of aryl-substituted olefins.” However, little attention has
been paid to oxidative coupling of quinones and aromatic
compounds,® although the use of quinones as reoxidants
for the palladium(II) salts catalyzed reactions is now
well-known.” This paper outlines the preparation of aryl-
and heteroarylquinone derivatives by oxidative coupling
of palladium acetate.

Results and Discussions

Treatment of 1,4-benzoquinone (1) with palladium
acetate in acetic acid that contained arenes such as
benzene, p-xylene, and p-dichlorobenzene at reflux tem-
perature under nitrogen gave the corresponding 2-aryl-,
2,5-diaryl-, and 2,6-diaryl-1,4-benzoquinones. The aryla-
tion of 2-phenyl-1,4-benzoquinone (2a) with p-dichloro-
benzene gave 1,4-benzoquinones that bear two different
aryl substituents. Treatment of 1,4-naphthoquinone (5)
with palladium acetate in acetic acid containing arenes also
gave the corresponding 2-aryl-1,4-naphthoquinones in good
vields. The reaction of 1,2-naphthoquinone (7) with
benzene gave 4-phenyl-1,2-naphthoquinone (8a),% but 3-
phenyl-1,2-naphthoquinone® was not detected. Further-
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more, the product isolated from the reaction of 7 and
p-dichlorobenzene was assigned to 4-(2,5-dichloro-
phenyl)-1,2-naphthoquinone (8c) on the basis of the 'H
NMR data compared with that of 8a. These results are
summarized in Table I.

We previously reported that the treatment of methyl
acrylate and polymethylbenzene such as mesitylene and
pentamethylbenzene with palladium acetate did not give
the expected coupling products because of the steric ef-
fects,'” although Watanabe et al.'! reported the oxidative
coupling of styrene and mesitylene. On the other hand,
the arylation of 5 with mesitylene and 1,2,3,4-tetra-
methylbenzene gave the expected coupling products 6e and
6f, respectively. However, the reaction of 5 with durene
and with pentamethylbenzene gave complex reaction
mixtures.

Coupling reactions of olefins and aromatic heterocycles
are an effective method for the preparation of important
precursors of biologically and physiologically active com-
pounds. Therefore, the oxidative coupling of olefins and
aromatic heterocycles such as furans,'?"'® thiophene,'>**
pyrroles,'®!? pyrazoles,'® indoles,!1%'7 and 1-methyl-2-
pyridone!?® by palladium(II) salts has been reported. The
oxidative coupling of 5 and aromatic heterocycles by
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Table I. Arylation of Quinones with Arenes and Palladium Acetate®

quinone Pd(OAc),, AcOH, reacn conv,? od
(mmol) ArH, Ar mmol mL time, h % products (yield," %)
1 (4.0) CeH; (100 mL) 4.0 100 14 78 2a (41) 3a (12) 4a (6)
1 (4.0) 2,5-Me,CgHj (100 mL) 4.0 100 14 80 2b (25) 3b (13) 4b (8)
1(4.0) 2,5-Cl,CsHj (30 g) 4.0 120 14 70 2 (50) 3¢ (3) dc (2)
CeHg Cells Cells Ar
"
0

2a (4.0) 2,5-C1,CH; (30 g) 4.0 120 14 88 3d (36) 4d (19)
0 oy
5 (2.0) CeH; (50 mL) 2.0 50 14 100  6a (85)
5 (2.0) 2,5-Me,CeHj (50 mL) 2.0 50 14 100 6b (78)
5 (2.0) 2,5-Cl,CeHj (15 g) 2.0 60 14 100  6c (70)
5 (2.0) 2.5-F,CH, (5 g) 2.0 25 7 40  6d (76)
5 (2.0) 2,4,6-Me;C¢H, (40 mL) 2.0 40 7 37 6e (69)
5 (2.0) 2,3,4,5-Me,CgH (15 mL) 2.0 35 7 89 6f (86)

40

At

7 (2.0) CeH; (50 mL) 2.0 50 14 100 8a (30)
7 (2.0) 2,5-CL,CeH, (15 g) 2.0 60 14 100 8¢ (27)

¢ All reactions were performed at reflux temperature under nitrogen.

4Isolated.

palladium acetate was further investigated.

Although the attempted oxidative coupling of 5 and
simple aromatic heterocycles such as furan and thiophene
was unsuccessful under our conditions, the reaction of 5
with aromatic heterocycles with attached functional groups
such as formyl, acetyl, and ester groups gave the expected
products. In palladium-catalyzed reactions,!® increasing
interest is being shown in the compatibility of functional
groups.’? Oxidative coupling of 5 and furfural, 2-acetyl-
furan, methyl 2-furoate, and 2-acetylthiophene is of in-
terest from the view point of the compatibility of func-
tional groups. These results are summarized in Table II.

The use of the phenylsulfonyl group as a nitrogen-pro-
tecting group of indoles® and pyrroles? has been reported.
1-(Phenylsulfonyl)pyrrole and 1-(phenylsulfonyl)indole
also reacted with 5 and palladium acetate to give 13 and
14, respectively. Furthermore, the reaction of 5 with 4-
pyrone gave 15 and 16 and with 1-methyl-2-pyridone gave
17 and 18.

In view of the known reports on the oxidative coupling
of arenes and olefins® and our present results, it seemed
reasonable to assume that the coupling of quinones and
aromatic compounds proceeded via aryl- or heteroaryl-
palladium(II) intermediates, as shown in Scheme 1.

Palladium acetate catalyzed oxidative coupling of 5 and
benzene were carried out in air using several reoxidants
which are listed in Table III. Among the reoxidants,
peroxodisulfate salts were found to be particularly effective
for the palladium acetate catalyzed reactions,? although
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shima, M. Tetrahedron Lett. 1981, 4901.

bConversion of quinones. °Yields based on quinones consumed.

Scheme 11

Re-oxidants

Ar
R: + ArH + Pd(OAc)2 ——> Pd + 2 HOAc + R
H
X X
R R X = H and Ar
OH 0

Re-oxidants and Air

potassium peroxodisulfate was already used in the acet-
oxylation of arenes.?? Palladium acetate catalyzed ary-
lation of 5 with p-xylene and of 1 with benzene in the
presence of sodium peroxodisulfate were further investi-
gated. These results are summarized in Table III. The
proposed mechanism of the palladium acetate catalyzed
arylation of quinones in the presence of reoxidants is
shown in Scheme II.

Experimental Section

Melting points were determined on a Yanagimoto micromelting
point apparatus and are uncorrected. Proton magnetic resonance
spectra were obtained with a JEOL PMX60A spectrometer using
tetramethylsilane as an internal standard, and the chemical shifts
are reported in & values. Infrared spectra were measured with
a JASCO IRA-1 spectrometer. The elemental analyses were
performed by the Analytical Center of Kyoto University. Column
chromatography was performed with Wako silica gel C-200,
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Table II. Oxidative Coupling of 1,4-Naphthoquinone and Aromatic Heterocycles by Palladium Acetate®

aromatic heterocycles

mmol reacn time, h conv,® % product(s) (yield,*¢ %)
!ﬂ-‘\'j‘ 2.0 7 53 :
37 ~CHO A /O\)\CHC
X
o
9 (79)
ercome ) /O\ COMe
Q?\)\cowe 1.5 7 67
4»\)\‘*0\@ 20 7 44
RN . -
‘\N\) 1.0 7 67
S0,Csrs
m 1.0 7 60
SN
%OzCsHs
/O\‘ 2.0 17 61
L
» 2.0 17 72
N
.“Ae

17 (56) 18 (18)

aConditions used in all experiments: 1,4-naphthoquinone (1.0 mmol), palladium acetate (1.0 mmol), AcOH (50 ml), at reflux temperature,
under nitrogen. ®Conversion of 1,4-naphthoquinone. °Yields based on 1,4-naphthoquinone consumed. ?Isolated.

Table ITI. Palladium Acetate Catalyzed Arylation of Quinones with Arenes and Reoxidants®

product(s)
yields, %
quinone Pd(0OAc),, mmol reoxidant arene b ¢ (conv,® %)

5 0.25 Na,8,05 CeH, 6a 724 79 (46)
5 0.04 NaszOS CGHG 6a 4025 79 (41)
5 0.25 K,8,04 CeHe 6a 508 67 (41)
5 0.25 (NH,),S,04 CeH, 6a 680 61 (56)
5 0.25 Cu(OAc), CeHg 6a 228 35 (33)
5 0.25 FeCl, CeH, 6a 160 24 (34)
5 0.25 KMnO, CeH, 6a 332 33 (51)
5 0.25 KQCTQO’( CGHS 6a 232 22 (52)
5 0.25 Nay8,04 p-Me,CsHy 6b 980 60 (81)
1 0.25 Na,S8,04 CeH, 2a 454 36 (63)

3a 373 15 (63)

4a 123 5 (63)

s Conditions used in all experiments: quinones (5.0 mmol) in a mixture of acetic acid (50 mL) and arenes (50 mL) in the presence of
reoxidants (5.0 mmol) at reflux temperature for 15 h in air. °Yields based on palladium acetate used. °Yields based on quinones 1 or 5

consumed. ¢Conversion of quinones 1 or 5.

100-200 mesh ASTM, and preparative thin-layer chromatography
was performed with Merck silica gel GF-254 or Wako silica gel
B-5F.

General Procedure for the Stoichiometric Arylation of
Quinones 1, 2a, 5, and 7 with Arenes and Palladium Acetate.
A solution of quinones and palladium acetate in acetic acid that
contained arenes was heated at reflux temperature under nitrogen.
The reaction mixture was evaporated to give a residue, which was

then chromatographed on silica gel column, eluted with benzene,
to give aryl-substituted quinones and recovered quinones. The
results are summarized in Table I. The products 2-phenyl-1,4-
benzoquinone (2a), 2,5-diphenyl-1,4-benzoquinone (3a), and 2-
phenyl-1,4-naphthoquinone (6a) were identified by comparison
with authentic samples obtained commercially. The spectral data
of the other products are given below.
2,6-Diphenyl-1,4-benzoquinone (2a): mp 137-138 °C (lit.*
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mp 136 °C); NMR (CDCl,) 6 6.87 (s, 2 H), 7.4-7.6 (m, 10 H); IR
(Nujol) 1660, 1650, 1595 cm™.

2-(2,5-Dimethylphenyl)-1,4-benzoquinone (2b): mp 77-78
°C; NMR (CDCl,) 6 2.17 (s, 3 H), 2.34 (s, 3 H), 6.63-7.3 (m, 6 H);
IR (Nujol) 1655 cm™. Anal. Caled for C; H;,02: C, 79.22; H,
5.70. Found: C, 78.85; H, 5.93.

2,5-Bis(2,5-dimethylphenyl)-1,4-benzoquinone (3b): mp
184-185.5 °C; NMR (CDCly) 6 2.19 (s, 6 H), 2.34 (s, 6 H), 6.76
(s, 2 H), 6.9-7.34 (m, 6 H); IR (Nujol) 1655, 1610 ¢cm™. Anal. Caled
for CooHy00s: C, 83.51; H, 6.37. Found: C, 83.79; H, 6.41.

2,6-Bis(2,5-dimethylphenyl)-1,4-benzoquinone (4b): mp
129-130 °C; NMR (CDCl,) 6 2.18 (s, 6 H), 2.33 (s, 6 H), 6.74 (s,
2 H), 6.87-7.34 (m, 6 H); IR (Nujol) 1660, 1610 cm™. Anal. Caled
for C5,Hy0y: C, 83.51; H, 6.37. Found: C, 83.82; H, 6.64.

2-(2,5-Dichlorophenyl)-1,4-benzoquinone (2¢): mp 117-118
°C; NMR (CDCl,) 6 6.73-6.95 (m, 3 H), 7.17-7.47 (m, 3 H); IR
(Nujol) 1660 cm™, Anal. Caled for C,,HgO,Cly: C, 56.95; H, 2.39.
Found: C, 56.72; H, 2.35.

2,5-Bis(2,5-dichlorophenyl)-1,4-benzoquinone (3c): mp
223-225 °C; NMR (CDCl,) 6 6.92 (s, 2 H), 7.26-7.36 (m, 2 H),
7.4-7.47 (m, 4 H); IR (Nujol) 1670, 1615 cm™'. Anal. Calcd for
CisHs0,Cl;: C, 54.31; H, 2.03. Found: C, 53.90; H, 1.95.

2,6-Bis(2,5-dichlorophenyl)-1,4-benzoquinone (4c): mp
155-156 °C; NMR (CDCl;) 6 6.89 (s br, 2 H), 7.2-7.47 (m, 6 H);
IR (Nujol) 1670 cm™. Anal. Caled for C;gHg0,Cly: C, 54.31; H,
2.03. Found: C, 54.11; H, 2.29.

2-(2,5-Dichlorophenyl)-5-phenyl-1,4-benzoquinone (3d):
mp 159-160 °C; NMR (CDCl;) 5 6.84 (s, 1 H), 6.94 (s, 1 H),
7.19-7.53 (m, 8 H); IR (Nujol) 1650, 1595 cm™. Anal. Calcd for
CmeOZClZ: C, 6568; H, 3.06. Found: C, 65.61; H, 2.98.

2-(2,5-Dichlorophenyl)-6-phenyl-1,4-benzoquinone (4d):
mp 91-92 °C; NMR (CDCly) 6§ 6.79 (d, 1 H, J = 2 Hz), 6.92 (d,
1H,J =2 Hz), 7.22-7.57 (m, 8 H); IR (Nujol) 1665, 1650, 1595
cm™l, Anal. Caled for C,gH;00,Cly: C, 65.68; H, 3.06. Found:
C, 66.08; H, 2.99.

2-(2,5-Dimethylphenyl)-1,4-naphthoquinone (6b): mp
83-83.5 °C; NMR (CDCly) 6 2.17 (s, 3 H), 2.34 (s, 3 H), 6.88 (s,
1 H), 6.9-7.0 (m, 1 H), 7.1-7.2 (m, 2 H), 7.64-7.9 (m, 2 H), 8.0-8.25
(m, 2 H); IR (Nujol) 1670, 1595 cm™. Anal. Caled for C;gH;,Oy:
C, 82.18; H, 5.52. Found: C, 82.42; H, 5.38.

2-(2,5-Dichlorophenyl)-1,4-naphthoquinone (6c): mp
166-168 °C; NMR (CDCly) § 6.97 (s, 1 H), 7.23-7.45 (m, 3 H),
7.65~7.9 (m, 2 H), 8.0-8.25 (m, 2 H); IR (Nujol) 1670, 1595 cm™.
Anal. Caled for C,gHgO,Cly: C, 63.26; H, 2.95. Found: C, 63.50;
H, 2.66.

2-(2,5-Difluorophenyl)-1,4-naphthoquinone (6d): mp
146.5-148 °C; NMR (CDCl;) 6 6.98-7.14 (m, 3 H), 7.20 (s, 1 H),
7.63-7.93 (m, 2 H), 7.95-8.25 (m, 2 H); IR (Nujol) 1670, 1590 cm™.
Anal. Calcd for C,gHzO,Fy: C, 71.11; H, 2.98. Found: C, 70.82;
H, 2.81.

2-(2,4,6-Trimethylphenyl)-1,4-naphthoquinone (6e): mp
155-157 °C; NMR (CDCl,) 6 2.11 (s, 6 H), 2.33 (s, 3 H), 6.84 (s,
1 H), 6.93 (s, 2 H), 7.6-7.9 (m, 2 H), 7.96-8.26 (m, 2 H); IR (Nujol)
1660, 1610, 1590 cm™. Anal. Caled for C;;H;40,: C, 82.58; H,
5.84. Found: C, 82.56; H, 5.95.

2-(2,3,4,5-Tetramethylphenyl)-1,4-naphthoquinone (6f):
mp 152-153.5 °C; NMR (CDCl,) § 2.09 (s, 3 H), 2.25 (s, 6 H), 2.27
(s, 3 H), 6.86 (s, 1 H), 6.90 (s, 1 H), 7.63-7.9 (m, 2 H), 7.96-8.26
(m, 2 H); IR (Nujol) 1665, 1650, 1590 cm™. Anal. Calcd for
CyH504: C, 82.73; H, 6.25. Found: C, 83.01; H, 6.17.

4-Phenyl-1,2-naphthoquinone (8a): mp 120-121 °C (lit.> mp
120-121 °C); NMR (CDCl,) 6 6.37 (s, 1 H), 7.14-7.7 (m, 8 H),
8.1-8.43 (m, 1 H); IR (Nujol) 1690, 1655, 1585 cm™.

4-(2,5-Dichlorophenyl)-1,2-naphthoquinone (8c): mp
130-131 °C: NMR (CDCly) 5 6.37 (s, 1 H), 6.82-7.02 (m, 1 H),
7.25-7.7 (m, 5 H), 8.08-8.3 (m, 1 H); IR (Nujol) 1700, 1670, 1530
em™l, Anal. Caled for C,¢HgO,Cly: C, 63.39; H, 2.66. Found: C,
63.33; H, 2.64.

General Procedure for the Stoichiometric Oxidative
Coupling of 5 and Aromatic Heterocycles by Palladium
Acetate. A solution of 5 (1.0 mmol), aromatic heterocycles (1.0~2.0
mmol), and palladium acetate (1.0 mmol) in acetic acid (50 mL)
was heated at reflux temperature under nitrogen. The reaction

(24) Borche, W. Ber. 1899, 32, 2935.
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mixture was evaporated to give a residue which was then chro-
matographed on silica gel TLC to give 2-heteroaryl-substituted
1,4-naphthoquinones and 5 recovered. These results are sum-
marized in Table II. The spectral and analytical data of the
products are given below.

2-(5-Formyl-2-furyl)-1,4-naphthoquinone (9): mp 178-180
°C: NMR (CDCly) 6 7.35 (d, 1 H, J = 4 Hz), 7.55 (s, 1 H), 7.7-8.28
{(m, 5 H), 9.77 (s, 1 H); IR (Nujol) 1675, 1650, 1595 cm™!; mass
spectrum, m/e (relative intensity) 252 (M*, 100), 224 (31), 223
(81), 195 (48), 167 (40), 189 (50). Anal. Calcd for C;sHgOy C,
71.43; H, 3.20. Found: C, 71.48; H, 3.08.

2-(5-Acetyl-2-furyl)-1,4-naphthoquinone (10): mp 185-187
°C; NMR (CDCly) & 2.54 (s, 3H), 7.24 (d, 1 H, J = 3.5 Hz2), 7.47
(s, 1 H), 7.6-8.23 (m, 5 H); IR (Nujol) 1675, 1650, 1600 cm™; mass
spectrum, m/e (relative intensity) 266 (M*, 90), 251 (100), 223
(41). Anal. Caled for C,¢H,O4 C, 72.18; H, 3.79. Found: C,
71.91; H, 3.74.

Methyl 5-(1,4-naphthoquinon-2-yl)-2-furancarboxylate
(11): mp 176-177.5 °C: NMR (CDCly) 6 3.93 (s, 3 H), 7.28 (d,
1H,J = 3.5 Hz), 7.52 (s, 1 H), 7.6-8.23 (m, 5 H); IR (Nuyjol) 1750,
1675, 1650, 1600, cm™: mass spectrum, m/e (relative intensity)
282 (M*, 100), 254 (28), 251 (22), 223 (57). Anal. Caled for
CeHi00s: C, 68.08; H, 3.57. Found: C, 68.47; H, 3.43.

2-(5-Acetyl-2-thienyl)-1,4-naphthoquinone (12): mp 202-205
°C: NMR (CDCl,) 6 2.60 (s, 3 H), 7.28 (d, 1 H, J = 4 Hz), 7.74
(s, 1 H), 7.68-8.3 (m, 5 H); IR (Nujol) 1645, 1595 cm™: mass
spectrum, m/e (relative intensity) 282 (M*, 51), 267 (100). Anal.
Caled for C;gH,,058: C, 68.07; H, 3.57. Found: C, 67.90; H, 3.85.

2-[1-(Phenylsulfonyl)-2-pyrrolyl]-1,4-naphthoquinone (13):
mp 201-204 °C; NMR (CDC)y) 5 6.51-6.65 (m, 1 H), 6.95 (s, 1 H),
7.1-7.23 (m, 1 H), 7.4-8.4 (m, 10 H); IR (Nujol) 1670, 1650, 1595,
1580 cm™; mass spectrum, m/e (relative intensity) 363 (M*, 80),
222 (47), 141 (36). Anal. Caled for C»H;3NO,S: C, 66.11; H, 3.61;
N, 3.85. Found: C, 66.37; H, 3.82; N, 3.62.

2-[1-(Phenylsulfonyl)-3-indolyl]-1,4-naphthoquinone (14):
mp 213-215 °C; NMR (CDCl;) 6 7.32 (s, 1 H), 7.2-8.25 (m, 8 H),
8.38 (s, 1 H); IR (Nujol) 1670, 1650, 1600, 1580 cm™*; mass
spectrum, m/e (relative intensity) 413 (M*, 84), 272 (100). Anal.
Caled for Co H;:NO,S: C, 69.72; H, 3.66; N, 3.39. Found: C, 69.77;
H, 3.70; N, 3.14. )

2-(4-Oxopyran-3-yl)-1,4-naphthoquinone (15): mp 217-220
°C; NMR (CDCl;) 6 6.44 (d, 1 H, J = 6 Hz), 7.53 (s, 1 H), 7.81
(d,1H,J =6Hz), 8.24 (s, 1 H), 7.7-8.3 (m, 4 H); IR (Nujol) 1665,
1655, 1595 cm™!; mass spectrum, m/e (relative intensity) 252 (M™*,
100), 196 (32), 154 (32). Anal. Caled for C;sHgO4: C, 71.43; H,
3.20. Found: C, 70.96; H, 3.02.

3,5-Di-1,4-naphthoquinon-2-yl-4-pyrone (16): mp 265-268
°C; NMR (CDCly) 6 7.37 (s, 2 H), 8.13 (s, 2 H), 7.56-8.23 (m, 8
H); IR (Nujol) 1670, 1650, 1595 cm™; mass spectrum, m/e (relative
intensity) 408 (M*, 100), 324 (28). Anal. Calcd for C,5H;,04 C,
73.53; H, 2.96. Found: C, 73.27; H, 3.09.

2-(1,2-Dihydro-1-methyl-2-oxopyridin-5-yl)-1,4-naphtho-
quinone (17): mp 232-235 °C; NMR (CDCly) 6 3.62 (s, 3 H), 6.60
(d, 1 H, J =9 Hz), 6.97 (s, 1 H), 7.3-8.3 (m, 6 H); IR (Nujol) 1670,
1600 cm™; mass spectrum, m/e (relative intensity) 265 (M*, 100),
236 (21). Anal. Caled for ClanNOa: C, 72.44; H, 4.18; N, 5.28.
Found: C, 72.64; H, 4.07; N, 5.24.

2-(1,2-Dihydro-1-methyl-2-oxopyridin-3-yl)-1,4-naphtho-
quinone (18): mp 222-225 °C; NMR (CDCly) § 3.57 (s, 3 H), 6.20
(t,1 H, J =7 Hz), 7.18 (s, 1 H), 7.3-8.2 (m, 6 H); IR (Nujol)
1670-1650 (br), 1595, 1550 cm™; mass spectrum, m/e (relative
intensity) 265 (M*, 100), 237 (37), 236 (29), 209 (54), 208 (21),
181 (22), 180 (29). Anal. Caled for C;gH;;NOg: C, 72.44; H, 4.18;
N, 5.28. Found: C, 72.27; H, 4.26; N, 5.19.

Palladium Acetate Catalyzed Arylation of Quinones with
Arenes in the Presence of Reoxidants. A mixture of quinones
1 or 5 (5 mmol), palladium acetate (0.25 or 0.04 mmol), and
reoxidants (5.0 mmol) in a mixture of acetic acid (50 mL) and
arenes (50 mL) was heated at reflux temperature for 15 h under
nitrogen with vigorous stirring. The reaction mixture was
evaporated to give a residue, which was chromatographed on silica
gel column, eluted with benzene, to give aryl-substituted quinones
and recovered quinones. These results are summarized in Table
III.
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Methoxybenzo[a ]Jpyrene 4,5-Oxides Labeled with Carbon-13: Electronic
Effects in the NITH Shift
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The synthesis of 9-methoxy-4,5-dihydrobenzo[a]pyrene-4-13C 4,5-oxide and -5-13C 4,5-oxide and of 8-meth-
oxy-4,5-dihydrobenzo[a]pyrene-4-13C 4,5-oxide is reported. The compounds were synthesized in yields of 15%
each from unlabeled precursors. 3C NMR analysis of the conversion of the 4,5-oxides to 4-phenols and 5-phenols
(NIH shift) revealed a very strong electronic effect of a 9-methoxy substituent, which gave only the 4-phenol,
and a significant but weaker effect of an 8-methoxy substituent, which gave both phenols with the 5-phenol

predominating.

The environmental carcinogen benzo[a]pyrene un-
dergoes microsomal oxidation to form a variety of phenols,
quinones, diols, and epoxides.! Only a few of these have
been shown to bind to DNA, considered by many to be a
necessary step in tumor formation.? One DNA binding
metabolite is 9-hydroxybenzo[a]pyrene 4,5-oxide (1),
which, like the known carcinogenic metabolite 7,8-di-
hydroxybenzo[a]pyrene 9,10-oxide, also causes DNA
strand breaks in vitro.>* Despite this similarity, 1 appears
to be noncarcinogenic. Why these two compounds show
different activities remains an intriguing question whose
answer may help elucidate the mechanism of benzo[a}-
pyrene-induced cellular transformation.

The in vitro activity of 1 is also markedly different from
that of benzo[a]pyrene 4,5-oxide (2), which does not bind
to DNA,* and suggests that the 9-hydroxyl group plays a
significant role. Though these differences have been ob-
served in enzymatic systems where the hydroxyl group may
affect enzyme binding, another possibility is that the 8-
hydroxyl group exerts a through-bond influence within the
ring system on epoxide opening.

Using 13C-labeled substrates, Hylarides et al. found that
2 reacted with a variety of nucleophiles, showing no
preference for attack at either the 4- or 5-position of the
epoxide.’® Likewise, the acid-catalyzed isomerization of
2 to phenol (the NIH shift) produced equal amounts of 4-
and 5-phenols. This general lack of regioselectivity was
readily determined by the 3C NMR spectra of the crude
product mixtures after workup.

As a result of the above study and to compare 1 and 2
under identical experimental conditions, we embarked on
the preparation of 13C-labeled 9-hydroxybenzo[a]pyrene

*Taken in part from the Ph.D. Dissertation of I.R.S., submitted
to the University of New Mexico in partial fulfillment of the Ph.D.
requirements, 1983.

i Deceased June 4, 1984.

4,5-oxide (1). Though efforts to synthesize 1 as the free
phenol have been unsuccessful, the methyl ether derivative
9-methoxybenzo[a]pyrene 4,5-oxide (3) has been reported
recently” and shown to bind to DNA in a manner similar
to 1.8 The synthesis of 3, reported by Harvey and Cortez,
is not amenable to the incorporation of carbon-13 labels
in the epoxide positions. Herein we describe the synthesis
of 9-methoxybenzo[a]pyrene-4-13C 4,5-oxide (3a-4-1*C) and
-5-13C (3a-5-13C) and 8-methoxybenzo[a]pyrene-4-13C 4,5-
oxide (8b-4-13C). These substrates were studied under NIH
shift conditions, the results of which are presented below.

Ry @@
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. Ry=RpH

3a, R;=OMe, R,=H
3b, R =H, Rp:0Me
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