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Benzoannulation of Quinones by a Cycloaddition-Fragmentation
Approach. A Simple Synthesis of Methoxycarbonyl-Substituted
Polyacenoquinones

Teh-Chang Chou* ( J& 7% ), Chia-Jung Hsu ( 85 @k ) and Jao-Yu Chen ( [ilZ 4T )
Department of Chemistry and Biochemistry, National Chung Cheng University,
Ming Hsiung, Chia Yi 621, Taiwan, R.O.C.

The cycloadducts 2A-5A obtained from the Diels-Alder cycloadditions of 1,2,3,4-tetrachloro-4,5-di-
methoxycyclopentadiene (1) with p-benzoquinone (2), 1,4-naphthoguinone (3), 1,4-anthraquinone (4), and
2,3-dicyano-1,4-benzoquinone (5) were subjected to the reaction with triethylamine in dichloromethane at
room temperature. Cycloadducts 2A and 5A enolized to give the corresponding hydroquinones 2B and 5B,
which were oxidized with DDQ to aff ord naphthoquinone ester 2D and anthraquinone ester 5D, respectively.
In the cases of cycloadducts 3A and 4A, the enolization occurred concurrently with oxidation and fragmenta-
tion to produce directly the polyacenoquinone esters 3D and 4D, respectively. Under the same reaction condi-
tion, the unsymmetrical cycloadduct 6A derived from naphthoquinone ester 2D and 1 yielded isomeric
polyacenoquinone esters 6Da and 6Db in aratio of about 8:1.
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INTRODUCTION

Ever since its preparation was first reported by New-
comer and McBee in 1949, 1,2,3,4-tetrachloro-4,5-dimeth-
oxycyclopentadiene (1) has been extensively utilized asacy-
clic diene in the Diels-Alder cycloadditions with a wide
range of dienophiles.? This electron deficient cyclic diene 1
reacts successfully with dienophiles having both electron de-
ficient and electron rich groups under mild conditions and
generally provides excellent yields of cycloadducts with a
high degree of stereoselectivity (eq. 1). The Diels-Alder
cycloadducts A thereby formed possess 1,2,3,4-tetrachloro-
7,7-dimethoxybicyclo[2.2.1]heptene ring skeleton and con-
stitute important building blocks for the synthesis of diverse
complex non-natural® as well as natural products.* The ring
skeleton contains an electrofugal group (CH3O-C-) and a
nucleofugal atom (-Cl), which are intercalated by a but-2-
en-1,4-diyl (-C-C=C-C-) fragment. This combination creates
asetting for the event of Grob-type fragmentation® (eq. 2) to
occur that isrelayed by the C2-C3 double bond and driven by
therelief of ring strain. The fragmentation would occur much
more readily in the reactions of the corresponding tetrachlo-
roketones, which are derived from the cycloadducts A by
deketalization, and a nucleophile, such as hydroxide and
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alkoxides,® and could be further facilitated by the electron-
withdrawing substituents at ring-junction carbon atoms and
the eventual aromatization. Thisintrinsic feature offers addi-
tional application of cycloadducts A to the synthesis of chlo-
rinated aromatic acids and esters.’
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As part of a current research program that is aimed at
the design and synthesis of photochromic molecules, it was
necessary for us to search for the derivatives of polyacene-
quinones and polyacenes. In this context, we undertook a
study on the accessibility of an approach that was based on a
combination of Diels-Alder cycloaddition and fragmentation
reaction using cyclic diene 1 and quinone dienophiles, as out-
lined in Scheme |. It has been shown that the Diels-Alder
cycloadduct of cyclic diene 1 and dimethy| acetylenedicar-
boxylate undergoes thermal fragmentation to produce tri-
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methyl 4,5,6-trichlorobenzene-1,2,3-tricarboxylate and chlo-
romethane below the temperature (110 °C) required for its
formation.® We thus envisioned that once the annulated 1,4-
quinones 2C-5C were formed by the oxidation of hydro-
quinones 2B-5B, they would likely undergo rapid fragmenta-
tion to afford polyacenoquinones 2D-5D. Theoverall conver-
sion to polyacenoquinone esters shown by Scheme | wasfirst
described by Kniel on the bromination reaction of cyclo-
adduct 3A toyield directly the fragmented anthraquinone es-
ter 3D,% which could also be obtained by the thermolysis of
3A at 240 °C followed by the oxidation with CrOs.* Morere-
cently Mehta'® and Marchand'® reported that the enolization
of cycloadduct 2A to hydroquinone 2B followed by a
CAN-promoted oxidation of 2B did not furnish the corre-
sponding annulated 1,4-benzoquinone 2C. Instead, fragmen-
tation occurred with concomitant aromatization to afford
naphthoquinone ester 2D. In this paper, we report our results
of preparing the polyacenoquinone derivatives 2D-5D by
benzoannulation of 1,4-quinones 2-5 based on a Diels-Alder
cycloaddition-fragmentation approach using cyclic diene 1
as benzoannulating agent (Schemel). In most cases, the prep-
aration consists of only two operations with a mild reaction
condition for the one-pot, tandem enolization-oxidation-
fragmentation (2A-5A—2D-5D) using triethylamine to pro-
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mote enolization and air as the oxidant supplier. The study
was extended to the unsymmetrical cycloadduct 6A, which
was made availablefrom the Diels-Alder cycloaddition of 2D
with cyclic diene 1. The triethylamine-promoted fragmenta-
tion reaction of 6A was found to yield 6Da/6Db directly and
displayed significant regioselectivity. The result is also re-
ported herein.

RESULTS AND DISCUSSION

Following the established procedure with modifica
tion,™ the preparation of Diels-Alder cycloadducts of cyclic
diene 1 and the 1,4-quinone dienophiles 2-5 was performed
in toluene at refluxing temperature, and the results are sum-
marizedin Table 1. The structures of cycloadducts 2A and 3A
were assured by comparison of *H NMR spectral data with
the reported ones,™® and those of 4A and 5A by the spectral
and elemental analyses. Since the stereochemistry of the
Diels-Alder cycloadducts 2A and 3A has been established to
have endo-configuration in accordance with the Alder-rule
by converting to the corresponding cage compounds using a
photochemical [2+2]cycloaddition,™ the stereochemical out-
come of all cycloadducts 2A-5A prepared in this investiga-
tion is assumed to have endo-configuration as well and was
therefore not determined.™

As reported, cycloadduct 2A could be aromatized with
NaOH in methanol*® or over silica gel'® to give the corre-
sponding hydroquinone 2B. In our hands, however, applica-
tion of the latter method to enolize cycloadducts 3A-5A was
either sluggish or totally ineffective.”® Thus, an effort was
taken to find an appropriate base for enolization, which could
be both effectivein the reactions performed at room tempera-
ture and also not destructiveto the resulting products. The ef-
fort led us to perform the enolization reactions in dichloro-
methane at room temperature by using triethylamine asapro-
moter. In the reactions of cycloadducts 2A and 5A, the corre-
sponding annulated hydroquinones 2B and 5B thus formed
were stable and isolatable. Their identity wasindicated by the
disappearance of enone groups and the presence of phenolic
hydroxyl groups viainfrared, *H and **C NMR spectral anal-
yses. Without purification, hydroquinones 2B and 5B were
subsequently subjected to oxidation with 2,3-dichloro-5,6-
dicyano-1,4-benzoquinone (DDQ), thereby resulting in the
formation of fragmented products 2D and 5D, respectively.
However, in cases of the enolization of cycloadducts 3A and
4A, the reactions produced directly the corresponding poly-
acenoquinone esters 3D and 4D. Apparently, the hydroqui-
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Table 1. Diels-Alder Cycloadditions of 1,4-Quinones 2-5 with 1,2,3,4-Tetrachloro-5,5-

dimethoxycyclopentadiene (1)
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2 |solated yields after recrystallization from chloroform.

nones 3B and 4B thereby formed inthereactionswererapidly
oxidized by air to the unstable annul ated 1,4-quinones, which
subsequently underwent Grob-type fragmentation to afford
3D and 4D. Attempts of isolating hydroquinones 3B and 4B
(or 3C and 4C) from the reactions performed under N, atmo-
spherewere not successful. Table 2 summarizesthe results of
the triethylamine-promoted fragmentation of cycloadducts

moted fragmentation reaction of the corresponding unsym-
metrical cycloadduct 6A (Schemell). To thisend, asolution
of cyclic diene 1 and 2D in toluene was heated under reflux
for 4 days and the corresponding Diels-Alder cycloadduct 6 A
was obtained in 86% yield after recrystallization from chlo-
roform. The *H NMR spectrum displaysthree singletsfor the

2A-5A to form polyacenoquinones 2D and 5D. Scheme 11
The structure of known anthraquinone ester 3D was
suggested by similar mp and the infrared (IR) spectral ab- 1% c o d o
sorptions as those reported® and further supported by addi- O‘ ‘@s ben
tional spectral analysis (*H and *C NMR, and MS). The PhCH3, o
structures of polyacenoquinone esters 2D, 4D, and 5D were o] reflux, 4 d
H3CO o 86% HsCO o

established by spectral analysis (IR, *H and **C NMR, and
MS) and supported by elemental analysis. All the fragmenta-
tion products 2D-5D show one singlet at & ~ 4.10 in the *H
NMR spectraand two signals at 8 ~ 165.0 and 53.0 in the **C
NMR spectra, which together are assignable to the methoxy-
carbonyl group.

The unsymmetrical naphthoquinone ester 2D has per-
mitted us to extend the investigation of the current approach
for synthesizing bis-methoxycarbonyl substituted anthra-
quinone and the regioselectivity in the triethylamine-pro-
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Table 2. Base-Promoted Fragmentation of Diels-Alder Cycloadducts 2A-5A to

Benzoannulated Quinones 2D-5D
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2 Total isolated yields after recrystallization from chloroform. Yields were not optimized.
P Obtained by oxidation of the corresponding hydroguinone (2B/5B) with DDQ.

three chemically nonequival ent methoxy! groups, and the *C
NMR spectrum has 19 lines indicating the expected dissym-
metric property of 6A. When a solution of cycloadduct 6A in
dichloromethane was treated with triethylamine for 2 h, the
reaction produced two fragmented products 6Da and 6Db in
about 8:1 ratio asindicated by the intensity of two (and only
two) singletsin the '"H NMR spectrum of crude product mix-
ture. Themajor product 6Da, which could be easily separated
and purified by recrystallization from chloroform, had an ele-
mental analysis in accordance with the molecular formula
Ci1sH6ClsOs. The minor product 6Db, which could only be
obtained in the spectrum-pure form by repetitive recrys-

tallization, was found to be isomeric to 6Da by the similarity
of spectral data. It is impossible to differentiate between
these two isomers by IHNMR, IR, and M S spectral analyses,
all of which are in harmony with the structures of 6Da and
6Db. However, one of the molecular structures of these two
diester products (6Da) has a mirror-plane of symmetry (o),
perpendicular to the ring framework through the two car-
bonyl groups of the central benzoquione moiety, and the
other structure (6Db) acenter of symmetry (/). The major iso-
meric product, which shows a ten-line **C NMR spectrum
containing two carbon absorptions at 6 178.6 and 178.3 at-
tributed to these two carbonyl groups, could only bein agree-
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ment with the structure of 6Da. On the other hand, the **C
NMR spectrum of the minor product 6Db displays only nine
lineswith only one such absorption signal at 8 178.2; thetwo
carbonyl groups in 6Db are rendered chemically equivalent
by inversion through a center of symmetry.

The triethylamine-promoted reaction of cycloadduct
6A resulting in the formation of 6Da as a major fragmenta-
tion product merits additional comment. A plausible mecha-
nism for the formation of 6Da and 6Db isdepicted in Scheme
[11. We suggest that once the annulated hydroquinone 6B is
formed from 6A by the triethylamine-promoted enolization
(aromatization), it is oxidized by air to the corresponding
guinone 6C, which istoo unstable to be isolated under the re-
action condition and rapidly undergoes Grob-type fragmen-
tation (eg. 2) to formintermediates6Da’ and 6Db’. The frag-
mentation is assisted by the o, 3-unsaturated carbonyl moiety

Scheme 111
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and relayed by the enone C-C double bond. Presumably, the
relative population of 6Da’ and 6Db’ is determined by the
polarity of two carbonyl groups, which in turn depends on
their relative position (ortho- vs meta-) to the existing
methoxycarbony! substituent on the trichlorinated benzene
ring (insert, Scheme I11). Carbonyl group ortho to the exist-
ing methoxycarbony! substituent would be expected to be
more electrophilic by polarization, and thus directs the direc-
tion of ring cleavage to afford 6Da as the major product.

In summary, we have developed a simple, two-step
preparation of chlorinated polyacenoquinone esters by the
benzoannulation of various quinones using cyclic diene 1 as
benzoannulating agent. The approach is based on acombina-
tion of the Diels-Alder cycloaddition and the triethylamine-
promoted fragmentation of the resulting cycloadducts. The
latter process consists of three reactions (enolization, oxida-
tion, and fragmentation) that occur concurrently in one-pot.
In the fragmentation reaction of the unsymmetrical cyclo-
adduct 6A, significant regioselectivity in forming two prod-
ucts 6Da and 6Db was observed. Further work to elucidate
the effect of substituent on regioselectivity and to extend this
approach toward the preparation of polyacenoquinonesisun-
derway.

EXPERIMENTAL SECTION

General

Melting points were determined in capillaries on a
Thomas-Hoover apparatus and are uncorrected. Infrared (IR)
spectra were recorded on a JASCO 400-plus spectrophoto-
meter as a solid suspended in a KBr disk. *H and *C NMR
spectra were collected on a Varian Gemini-200 or Bruker
DPX-400 spectrometer using CDCl; as solvent (unless other-
wise specified). All chemical shifts were expressed in &
(ppm) with reference to CHCl3 (5 7.26 for *H and & 77.0 for
13C). Coupling constants are reported in hertz. The number of
attached hydrogen on the carbon atom was determined by the
DEPT analysis. Mass (MS) spectra were obtained on aVG
Trio-2000 GC/MS instrument by the EI mode unless other-
wise indicated. Microanalyses were performed by the Ana-
lytical Center of Chung Hsing University, Taichung, Taiwan.

p-Benzoquinone (2) and 1,4-naphthoquinone (3) were
commercially available and were purified by recrystalliza-
tion. 1,4-Anthraquinone (4) was prepared from 1,4-hydro-
xyl-9,10-anthraquinone (quinizarin).** 2,3-Dicyano-1,4-ben-
zoquinone (5) was made from commercially available 2,3-
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dicyano-1,4-hydroquinone by oxidation with Pb(OACc)4 in
ethyl acetate.”

General procedure for the preparation of Diels-Alder
cycloadducts 2A-6A

A solution of tetrachlorodimethoxycyclopentadiene 1
(1.1 mmol) and a quinone dienophile (2-5/2D, 1.0 mmol) in
toluene (20-30 mL), under N, atmosphere, was heated to re-
flux with stirring. The progress of the reaction was monitored
viathin layer chromatographic (tlc) analysis. After the reac-
tion was completed, solvent was removed under reduced
pressure and the resulting solid residue was suspended in
hexane (~20 mL) with vigorous stirring for 10 min., and then
filtered to remove unchanged 1. The solid thus collected
was recrystallized from chloroform to afford pure 2A-6A.
Adducts 2A and 3A were characterized viaanalysisand com-
parison of their 'H NMR spectra and mp’s with those previ-
ously reported.**

1,2,3,4-Tetrachloro-1,4,4a,12a-tetrahydro-1,4-dimethoxy-
methanonaphthacene-5,12-dione (4A)

(Yellow microcrystalline solid, 92%): mp 271-272 °C;
IR (KBr) 1678 (vs), 1602 (m), 1263 (s), 1189 cm™ (s); H
NMR (400 MHz, CDCls) 4 8.55 (s, 2H), 8.05 (dd, /= 3.3, 6.2
Hz, 2H), 7.70 (dd, J = 3.3, 6.4 Hz, 2H), 3.93 (s, 2H), 3.72 (s,
3H), 3.60 (s, 3H); *C NMR (100 MHz, CDCls) § 191.0 (s),
135.2 (s), 131.4 (s), 130.1 (d), 129.8 (d), 129.5 (s), 129.1 (d),
111.5(s), 78.1(s), 56.0 (d), 53.1 (), 52.2 (q); MS (El, 70eV)
m/z (relative intensity) 474 (w), 472 (w), 470 (M*, w), 439
(30), 437 (100), 435 (M*-Cl, 81), 257 (10), 255 (14), 252
(13), 126 (31), 125 (47), 59 (21). Anal. Calcd for C1H14Cl4Ou:
C, 53.42; H, 2.99; O, 13.55. Found: C, 53.09; H, 2.87; O,
13.14.

2,3-Dicyano-5,6,7,8-tetrachloro-4a,5,8,8a-tetrahydro-5,8-
dimethoxymethano-1,4-naphthoquinone (5A)

(Bright yellow microcrystalline solid, 73%): mp 164-
165 °C; IR (KBr) 2228 (m), 1704 (s), 1596 (m), 1253 (s),
1193 cm™ (s); *H NMR (400 MHz, CDCl3) & 3.82 (s, 2H),
3.67 (s, 3H), 3.61 (s, 3H); *C NMR (100 MHz, CDCl3) &
182.8 (s), 132.0 (s), 129.7 (s), 110.8 (s), 109.3 (s), 77.8 (9),
55.6 (d), 53.4 (q), 52.5 (q); MS (El, 70 V) m/z (relative in-
tensity) 391 (4), 389 (39), 387 (99), 385 (M - Cl, 100), 357
(12), 355 (30), 353 (29), 343 (16), 341 (15), 340 (62), 338
(59), 256 (8), 254 (9), 59 (25); Anal. Calcd for C1sHgClaN2Os:
C, 42.69; H, 1.91; O, 15.16. Found: C, 42.43; H, 1.97; O,
15.00.
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2,3,4,5,6,7,8-Heptachloro-9,10-dioxo-5,8,8a,9,10,10a-hexa-
hydro-5,8-dimethoxymethanoanthracene-1-carboxylic
acid methyl ester (6A)

(White microcrystalline solid, 86%): mp 200-201 °C;
IR (KBr) 1742 (s), 1702 (s), 1600 (m), 1289 (s), 1234 (s),
1189 cm™ (s); *H NMR (400 MHz, CDCl3) & 3.98 (s, 3H),
3.90(d,J=9.1Hz, 1H), 3.87 (d, J= 9.1 Hz, 1H), 3.67 (s, 3H),
3.58 (s, 3H); *C NMR (100 MHz, CDCls)  188.0 (s), 187.9
(), 164.4 (s), 141.1 (s), 136.9 (s), 134.8 (3), 133.7 (), 133.0
(9), 132.9(s), 129.6 (s, 2C), 112.1(s), 77.6 (s), 57.5(d), 57.1
(d), 53.4(q), 53.2 (q), 52.3(q); MS (El, 70 eV) m/z (relative
intensity) 588 (w), 584 (w), 580 (M*, w), 555 (3), 553 (11),
551 (34), 549 (68), 547 (94), 545 (46, M*-Cl), 289 (27), 287
(28), 259 (20), 257 (33), 255 (65), 253 (68), 209 (38), 207
(58), 206 (100), 180 (30), 178 (35), 59 (97); Anal. Calcd for
Ci19H11Cl706: C, 39.11; H, 1.90; O, 16.45. Found: C, 38.89; H,
1.92; O, 16.06.

General procedure for the triethylamine-promoted reac-
tions of cycloadducts 2A-6A. Preparation of polyaceno-
quinone esters 2D-6D

Into a stirring solution of cycloadduct (2A-6A, 0.5
mmol) in dichloromethane (50 mL) was dropwise added
triethylamine (1 mmol) at room temperature with reaction
bottle open to the air. The progress of the reaction was moni-
tored viathin layer chromatographic (tlc) analysis. After the
cycloadduct completely disappeared, the reaction mixture
was cooled with an ice-water bath and quenched by the addi-
tion of saturated aqueous ammonium chloride solution. The
organic layer was separated and washed sequentially with
water (3 x 30 mL) and brine (30 mL). The organic layer was
dried over anhydrous magnesium sulfate, and filtered, and
thefiltrate was concentrated in vacuo. The colored solid resi-
due thus obtained was purified viarecrystallization.

2,3,4-Trichloro-5,8-dioxo-5,8-dihydronaphthalene-1-car-
boxylic acid methyl ester (2D)

Application of the general procedure described above
for the reaction of 2A with triethylamine (reaction time: 3 h)
furnished 5,6,7,8-Tetrachloro-5,8- dihydro-5,8-dimeth-
oxymethanonaphthalene-1,4-diol (2B) (80%) as a white
powder: mp 197-198 °C (lit.*® 198-199 °C); IR (KBr) 3351
(m), 2946 (w), 2845 (w), 1651 (w), 1488 (s), 1455 (w), 1360
(m), 1258 (s), 1176 (m), 1155 (s), 999 (w), 807 (w), 776 cm™
(9); '"H NMR (400 MHz, CD3COCD3) & 7.81 (s, 2H), 6.62 (s,
2H), 3.63 (s, 3H), 3.48 (s, 3H); **C NMR (100 MHz,
CD3COCD3) 6 146.0(s), 136.5(s), 125.7 (s), 122.2 (s), 118.4



Benzoannulation of Quinones

(s),77.6(s),52.3(q), 52.1(q). Thismaterial, asobtained, was
subjected to oxidation with DDQ.

Compound 2B (0.7 g) was dissolved in dichromethane
(10 mL) containing DDQ (0.4 g, 1.8 mmol). The reaction
mixture was stirred until 2B totally disappeared, and the re-
sulting white precipitate was removed by filtration. The fil-
trate was concentrated to leave a yellow solid residue which
wasrecrystallized from chloroformto afford 2D (0.4 g, 70%)
asabright yellow crystal: mp 189-190 °C (lit.*° 189-191 °C);
IR (KBr) 1735(s), 1680 (s), 1670 (s), 1620 (m), 1300 cm™ (s);
"H NMR (400 MHz, CDCls) & 7.01 (d, J = 10.4 Hz, 1H), 6.94
(d, J = 10.4 Hz, 1H), 4.05 (s, 3H); *C NMR (100 MHz,
CDCl3) 8 181.7 (s), 181.4 (s), 165.4 (s), 141.2 (s), 140.2 (d),
137.0(s), 136.4 (d), 135.5(s), 133.5(s), 129.1 (s), 127.6 (9),
53.4(q); MS(EI, 12eV) m/z (relativeintensity) 322 (10), 320
(26),318(M", 28), 291 (30), 289 (96), 287 (100), 261 (4), 259
(4). Anal. Calcd for C12HsCl304: C, 45.11; H, 1.58; CI, 33.29.
Found: C, 45.12; H, 1.60; Cl, 33.60.

2,3,4-Trichloro-9,10-dioxo-9,10-dihydroanthracene-1-car-
boxylic acid methyl ester (3D)

Application of the general procedure described above
for thereaction of 3A with triethylamine (reaction time: 38 h)
afforded 3D (bright yellow microcrystalline solid, 78%): mp
192.5-1193.5 °C (lit.° 196 °C); IR (KBr) 1737 (s), 1678 (),
1615 (w), 1291 (s), 1243 (s), 1145 cm™ (s); *H NMR (400
MHz, CDCl3) & 8.19-8.27 (m, 2H), 7.81-7.86 (m, 2H), 4.10
(s, 3H); ®*C NMR (100 MHz, CDCls) & 180.2 (s, 2C), 165.9
(9), 141.3(s), 136.9(s), 135.9(s), 135.2(d), 134.4(d), 133.92
(s), 133.88(s), 131.5(s), 130.8(s), 129.6 (), 127.7 (d), 127.2
(d), 53.4(q); MS(EI, 70 eV) m/z (relative intensity) 372 (4),
370 (16), 368 (M", 15), 341 (27), 339 (100), 337 (99), 255
(17), 253 (17), 220 (31), 218 (45).

2,3,4-Trichloro-5,12-dioxo-5,12-dihydronaphthacene-1-
carboxylic acid methyl ester (4D)

Application of the general procedure described above
for thereaction of 4A with triethylamine (reaction time: 18 h)
afforded 4D (81%) as a bright yellow microcrystalline solid:
mp > 275 °C; IR (KBr) 1739 (s), 1686 (m), 1615 (w), 1293
cm™ (s); *H NMR (400 MHz, CDCl3) 8 8.79 (s, 1H), 8.75 (s,
1H), 8.06-8.11 (m, 2H), 7.71-7.74 (m, 2H), 4.14 (s, 3H); **C
NMR (100 MHz, CDClIs) 6 180.22 (s), 180.16 (s), 166.1 (s),
141.3 (s), 137.0 (s), 136.1 (s), 135.6 (s, 2C), 135.0 (s, 2C),
134.1(s), 131.9(s), 130.8(s), 130.3 (d), 130.2 (d), 130.1 (d),
130.0 (d), 129.8 (s), 127.7 (s), 53.4 (q); MS (El, 70 eV) m/z
(relative intensity) 422 (12), 420 (40), 418 (M*, 37), 393 (6),
391 (39), 389 (100), 387 (88), 194 (35). Anal. Calcd for
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Cx0HoCl304: C, 57.24; H, 2.16; O, 15.25. Found: C, 57.40; H,
2.53; O, 15.36.

2,3,4-Trichloro-6,7-dicyano-5,8-dioxo-5,8-dihydronaph-
thalene-1-carboxylic acid methyl ester (5D)

Application of the general procedure described above
for the reaction of 5A with triethylamine (reaction time: 3.5
h) furnished 2,3-Dicyano- 5,6,7,8-tetrachloro-5,8-dihydro-
naphthalene-1,4-diol (5B) (71%) as a white powder: mp
178-179 °C (decomp.); IR (KBr) 3506 (m), 2952 (w), 2848
(w), 2232 (m), 1603 (m), 1475 (s), 1418 (m), 1215 (s), 1185
(s), 1164 (s), 1139 (s), 1011 (m), 973 (m), 756 cm™ (s); *H
NMR (400 MHz, CDCl53) & 6.88 (s), 3.65 (s), 3.52 (s); *C
NMR (100 MHz, CDCl3) 6 148.1 (s), 135.8 (s), 131.1 (s),
124.3(s), 112.0(s), 106.0 (s), 78.2 (), 53.7 (), 53.4 (q).

This material 5B, as obtained, was subjected to oxida-
tion with DDQ by the same procedure as that used to oxidize
2B to 2D described above, thereby producing 5D (86%) as a
bright yellow microcrystalline solid: mp 219-220 °C; IR
(KBr) 2203 (m), 1734 (s), 1629 (m), 1290 cm™ (s); *H NMR
(400 MHz, CDCl3) & 4.07 (s, 3H); *C NMR (100 MHz,
CDCl3)  174.1 (s), 173.1 (s), 163.8 (s), 144.1 (s), 139.6 (9),
137.4(s), 134.5 (s), 130.3 (s), 127.9 (s), 127.0 (5), 126.2 (),
109.7 (s), 109.2 (s), 54.0 (q); MS(EI, 70 eV) m/z (relative in-
tensity) 372 (3), 370 (13), 368 (M*, 13), 343 (3), 341 (26),
339 (83), 337 (100), 254 (25), 253 (22), 144 (23), 142 (32).
Anal. Calcd for C14H3CI3N204: C, 45.50; H, 0.82; O, 17.32.
Found: C, 45.36; H, 0.98; O, 17.26.

2,3,4,5,6,7-Hexachloro-9,10-diox0-9,10-dihydroanthracene-
1,8-dicarboxylic acid dimethyl ester (6Da) and
2,3,4,6,7,8-hexachloro-9,10-dioxo-9,10-dihydroanthracene-
1,5-dicarboxylic acid dimethyl ester (6db)

Application of the general procedure described above
for the reaction of 6A with triethylamine (reaction time: 2 h)
afforded a mixture of isomeric products 6Da and 6Db in ra-
tiosof 7-10:1 (total yield 70%) asadeep red solid. The major
product 6Da could be isolated in pure form via recrystal-
lization from chloroform as a yellow microcrystalline solid:
mp 249-250 °C; IR (KBr) 1740 (s), 1689 (s), 1272 (s), 1241
(s), 1142 cm™ (s); *H NMR (400 MHz, CDCl3) 6 4.01 (s, 6H);
3C NMR (100 MHz, CDCls) § 178.6 (s), 178.3 (), 164.6 (9),
141.8 (s), 137.1(s), 135.0 (s), 133.2 (s), 131.6 (s), 129.2 (9),
54.6 (q); MS (El, 70 eV) m/z (relative intensity) 534 (4), 532
(11), 530 (13), 528 (M*, 6), 503 (33), 502 (11), 501 (87), 499
(100), 497 (M" - OCHg, 51), 468 (22), 440 (12), 236 (40), 233
(64), 179 (15), 178(19), 177 (22). Anal. Calcd for C15HsCl6Os:
C, 40.72; H, 1.14; O, 18.08. Found: C, 40.38; H, 1.53; O,
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18.22.

The red-colored mother liquid was concentrated and
the resulting solid residue was recrystallized from ethyl ace-
tate to afford 6Db as a yellow microcrystalline solid: mp
254-255 °C; IR (KBr) 2951 (w), 2920 (w), 1736 (s), 1684
(m), 1542 (w), 1436 (m), 1388 (w), 1287 (s), 1263 (s), 1221
(), 1143 cm™ (s); *H NMR (400 MHz, CDCl3) § 4.08 (s, 3H);
3C NMR (100 MHz, CDCls) § 178.2 (s), 165.0 (s), 141.3 (9),
138.0 (s), 135.5 (s), 133.6 (), 131.8 (s), 128.6 (s), 53.6 (q);
MS (El, 70 eV) m/z (relative intensity) 534 (7), 532 (16), 530
(31),528 (M", 16), 503 (36), 502 (37), 501 (79), 500 (72), 499
(100), 498 (74), 497 (M™ - OCHj, 55), 496 (36), 468 (6), 440
(8), 233 (10), 178 (15).
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