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Abstiract: The Dieis-Alder reaciions of 8 G'leem) lnapnlalene«l 4 D(BH )-mone with L 4-hexadien-1-ol and its U-acetyl aeruau\e
were mvpchoated in different solvents. The rpmnrhpmlcirv of the rvrlnuddmnn of the hexadienol was determined ﬂsmuoh chemical

correlation of one of the products. The solvem effect on the regloselecuwty and endo’/exo selectivity of this reaction is attnbuted to
intermolecular hydrogen bonding between the hydroxyl group of the diene and the carbonyl oxygen atoms at C-4 and C-5 of the
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quinone in ihe transition siate. The possibie iransiiion staies have becn modeiied by AMI caicuiations in order to beiier inierprei
these experimental results. © 1998 Elsevier Science Ltd. Al rights reserved.
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INTRODUCTION

Functionalized quinones are of interest as potential
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€ to act by
DNA intercalation, free-radical-induced damage to DNA, and/or inhibition of topoisomerase II,l although
different hypothetical mechanisms of action such as interference with mitochondrial electron transport or
inhibition of other redox enzymes cannot be ruled out at this time. 1In fact, unlike the antitumor drugs
mitoxantrone and ametantrone, some natural and synthetic quinones showing activity against the protozoon
Trypanosoma cruzi, the causative agent of Chagas’ disease, may exert their action primarily by upsetting the

parasite’s antioxidative defense mechanisms through interaction with trypanothione reductase.’
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exhibits potent lytic activity in vitro against T. cruzi and several Leishmania species.’ Following this lead, and
assuming that trypanothione reductase might be implicated in this compound’s antiprotozoal actions,

. .
e basis of its X-ray structure
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variously substituted analogues of 1, estimating their interaction energies using a docking protocol.’ It was thus

concluded that functionalization at C-5 or C-8 might provide more active substances. Consequently, and on the

basis of previous experience, the Diels-Alder reactions of quinone 2, were explored with dienes bearing
functionaliz bstituents not directly attached to the diene system

O 0 I\ 0 O

I I I M

it 2 I s
/ lknn Ry O
OR
2 3:R=H S5:R1 = CH20H, R2 =Me
4:R=Ac 6: R1 = Me, R2 = CH2OH
7: R} = CH20Ac, R2 = Me
8. R1 = Me, R2 = CH20Ac

Scheme 1

The role of intermolecular hydrogen bonding in the regio- and stereochemical cutcome of Diels-Alder
reactions has been well recognized, although only a moderate number of examples are known.®’ Diene-

dienophile coordination through hydrogen bonding plays an important role in the course of asymmetric Diels-

Alder cyclo

lic hvdroxvls in
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additions, and it has been stated that this promotes chirali
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the diene moiety exert significant directing effects on diastereofacial selectivity. In the case of dienols, the
preference in adduct formation has been explained by assuming a transition state which involves intermolecular

hydrogen bonding between the diene OH group and the dienophile carbonyl group, and the observed solvent
effects provide good support for this assumption.®” Nevertheless, regioselectivity due to an intermolecular
hydrogen bond between hydroxylated dienes and dienophiles with hydrogen bonding acceptor groups on both
sides of the double bond requires that these groups possess different basicities. This requirement is specially

difficult to satisfy when both groups in the dienophile are similar, as in the case of quinones, cyclic anhydrides or

imides. As far as we know, this problem has not been addressed before.
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RESULTS AND DISCUSSION

w

When naphthalenetrione 2 was allowed to react with (E,E)-2,4-hexadien-1-ol (3) at room temperature

overnight in ethanol, an amphip otic solvent

o~

products 5 and 6 in a 67:33 ratio and about 35% of exo adducts. As has been shown previously, quinone 2

exhibits site specificity: only the C-2/C-3 double bond reacts despite the expected higher reactivity of the internal

double bond, with the presence of the geminal methyl groups at C-8 preventing reactio
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composition of the crude reaction mixture was assessed by using the integrais of the 'H NMR methyl doublets at

4 1.28 and 1.44 ppm (and 1.79 ppm for the exo adducts) or, alternatively, the singlets due to the geminal methyl

Texans 1,

at § 1.35 and 1.55 (major isomer) and 1.47 and 1.51 (minor isomer). No additi

observed in the spectrum. A study of the effect of changing the solvent for this cycloaddition showed that its
regioselectivity and endo/exo selectivity could be improved by the use of less polar solvents. Thus, when

anhydrous benzene, an inert solvent, was used as the reaction milieu under otherwise identical conditi

;\

reaction was aiso quantitative (98%), but the endo adduct ratio was 88:12 with a smail and variabie percentage of
exo products. With acetone, a hydrogen bond acceptor, a mixture of adducts in 92% yield and an 80:20 ratio for

the endo isomers was obtained, with about 20% exo adducts. In all cagses, the same major regioisomer
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predominated. Finally, using formamide, a hydrogen bond donor as solvent, a 50:50 mixture of adducts was
obtained. In the latter case the quantification was performed on the enolized products formed while eliminating

the solvent under high vacuum. When the hydroxyl group of the diene was blocked by acetylation (compound 4),
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the reaction aiso proceeded in high yield (97%) but was not regioseieciive, giving mixtures of adducts 7 and 8 in
a 55:45 ratio in ethanol (with about 15% exo products), or 50:50 in benzene (with, surprisingly, no detectable

exo products), as determined by 'H NMR. These results contrast with the high regioselectivity observed in the
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4) with carbomethoxybenzoquinone.

the authors do not discuss the formation of exo isomers, although they mention the corresponding products for

the cycloaddition of 4 and ethyl acrylate.
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the diene the oxygen atom(s) of at least one of the carbonyl groups in the quinone controls the

and
regiochemistry of this cycloaddition. Also, the decreasing proportion of exo products on going from ethanol to

1 e hudracen handing
eNnzZene, as assessed "‘y H NPA.R, may f the same hy(‘uugc it bunld1115

interaction, which would be expected to favor endo cycloaddition. The slight difference in the regiochemical
in

outcome in ethanol and benzene when using the acetylated diene 4 may be attributable to the modification of the
properties of quinone 2 by hydrogen bonding interactions with ethanol, which may also be responsible for the

differences in the product ratios observed between acetone and ethanol in the cycloaddition of quinone 2 and
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dienophile by competing for the appropriate sites on the reagent molecules.

The presence of the two regioisomers in each reaction mixture was also indirectly established through NMR

gel in benzene solution (Scheme 2). The enolization product ratio, however, proved to be less than the ratio of

the endo cycloadducts. Thus, a crude cycloaddition mixture of 2 and 3 in benzene, containing 8§ (85 mole %) and

NMR spectrum of the product mixture, obtained in 98%

was stirred overnight in benzene with silica gel. The '

yield, showed the signals due to two chelated protons at § 13.50 (9, 67 mole %) and 13.16 ppm (10, 18 mole %),

indicates that the Diels-Alder adducts must revert to the starting materials 2 and 3 and then re-form 5 and 6 in a

less than 85:11 ratio. This is reasonable if it is thought that silica gel may form hydrogen bonds with both 2 and

idea that the Diels-Alder reaction is reversible in the presence of silica gel is supported by the appearance of 15

mole % of the dihydroxynaphthalenone which must be formed from 2 by reduction in the reaction milieu.
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Scheme 2

isolated. Under the same conditions, the acetylated cycloadducts were transformed into the mixture of

dihydroxyanthracenones 11 and 12. With the purpose of assigning the regiochemistry of the corresponding

anthracenetrione 18 by oxidation with active manganese dioxide,'® or DDQ in benzene solution at reflux. It is

noteworthy that the oxidation of the major product with manganese dioxide gave trione 15 in good yield, while
T
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9: Ry = CH20H; Ry = Me 1:Ri=H:R2=H 0
10: R; = Me; R2 = CH0H 15: Ri =H; Rz =Me 19
11: R} = CH20Ac; Ry =Me 16: R1=Me; R2=H
12: R} =Me, R2 = CH20Ac 17: R} =Me; R2 = CH20H
13: R =H;R2=Me 18: R; =Me; R2 =CHO
14: R1 =Me; R2=H 20: R1 = CH20Ac; R2 = Me

21: R1 =Me; R2 = CH20Ac

Scheme 3

By comparison of anthracenetriones 15 and 16 prepared here with the same compounds obtained by
oxidation of the previousiy described dihydroxyanthracenones 13 and i4,® it was possibie to assess the
regiochemistry of the cycloaddition. Thus, the major adduct obtained in the cycloaddition with 2,4-hexadienol
(3) is 8-hydroxymethyl-4,4,8-trimethyl-5,8,8a, 10a-tetrahydroanthracene-1,9,10(4H)-trione (§). The structure of
compound 12 was clarified by the concerted use of HMQC and HMBC heteronuciear two-dimensional NMR
experiments. This also allowed the structures of anthracenones 20 and 21 to be demonstrated unambiguously.
Similar expen'ments confirmed the regiochemistry of the oxidation of dihydroxyanthracenone 9 and made the
complete *C NMR signal assignments of products 17 and 18 possible."'

A mechanism which may explain the formation of product 19 (Scheme 4) involves, in a first step, the
oxidation of both the hydroquinone and the hydroxymethyl moieties to afford the quinone intermediate 22.
Protonation of the carbonyl oxygen at C-9, favored by hydrogen bonding in the product, is foliowed by the

elimination of one of the methine protons in the adjacent ring generating intermediate 23, which through

yieids an aromatic iactoi which is subsequently oxidized to iactone 19.

To evaluate the hypothesis that hydrogen bond interactions in the transition state are responsible for the

o

geometry optimization, were performed along the two reaction coordinates that produce both regioisomers.



[
\e]

e r
-

L =1 =el [ |

3
\
g__
Ny
Q
\
/
oo
O==
N
O>—
o]
o=
.

PPN
MnO, ) |
YK Y TR er s
)__d / d / ' ){A\ I / ’

o HO H 07 "H

-
-]

Scheme 4

were tested by performing a calculation of normal vibration modes. These results are in agreement with previous

modeling of Diels-Alder reaction coordinate calculations.''* We found one negative frequency in each case,
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which corroborates the siruciures corresponding to this distance as those of the activated complexes. The

energies of the two activated complexes show a difference of 1.4 Kcal/mol, possibly due to differences in

hydrogen bonding. The activated complex for the more stable regioisomer presents a hydrogen bond with the
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other activated complex this bond can only involve the carbonyl oxygen located at C-1. Neglecting entropy

differences between both activated complexes, a Boltzmann distribution calculation predicts a 91:9 percentage

T wo products, in excellent agreement with the experimental result (88:12) obtained for the §:6
ratio when the cycloaddition was carried out in benzene.

Finally, we have calculated the energy profile for the rotation of the hydroxyl group of the diene through the
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of rotation of 9 and 12 Kcal/mol, depending upon the sense of rotation.
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bonding to the more basic of two carbonyi groups. The difference between the basicities of both carbonyi groups
in the quinonic dienophile may be explained on the basis of the delocalization of the double bond of the carbonyl

group at C-1 to the other two carbonyl groups located at C-4 and C-5. The carbonyl groups at C-4 and C-5 can

only delocalize io ihe C-1 carbonyl, which expiains the iower basicity of the oxygen atom linked to C-i and
therefore the preference for hydrogen bond formation between the hydroxyl group of the hydroxymethyl diene

and the carbonyl oxygen atoms at C-4 and/or C-5.

General Procedures.
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using a Bruker AVANCE DRX 300
spectrometer operating at 300.13 MHz (‘H) or 75.47 MHz (**C). Measurements were carried out at a probe

temperature of 300 K, using CDCl; containing tetramethylsilane (TMS) as an internal standard. Mass spectra
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Active MnO, was prepared by mixing warm aqueous solutions of MnSO, and KMnO,.” All other reagents and

solvents were purchased from commercial sources and were used without further purification.

Computational Details.

AN a1t i
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mg, 100%) estimated to contain about 2% of exo adducts with a trace of the hydroquinone

coordinates were defined as the distances between C-2 and C-5 of the diene and C-3 and C-2 of the dienophile,

mechanism. The energy of the reacting system was calculated from full geometry optimizations, from a distance

and diene 3 (76 mg, 0.78 mmole) in CsHs (10 mL) was left at room temperature for seven days. Removal of the
solvent gave an 88:12 mixture of 8-hydroxymethyl-4,4,5-trimethyl-5,8,8a,10a-tetrahydroanthracene-1,9,10(4H)-

dienophile, respectively (path II, to give the minor product). In these models we assumed a concerted reaction
reduction product of 2. 'H NMR & (CDCl:) 1.28 (d, 3.1 H, J = 7.4 Hz, 5-CHa), 1.35 (s, 2.7 H, 4-Me), 1.44 (d,

full geometry optimization of the products.

oily liquid (233

6.6 Hz, 5 and 8-Me), 2.22-2.70 (m, 1.3 H), 2.85-2.95 (m, 1.0 H), 2.95-3.20 (m, 2.7 H), 3.53 (dd, 0.13 H, J,

'"HNMR 8 (CDCl;) 0.87 (d, 3 H, J=7.4 Hz, 5- or 8-Me), 0.93 (d,3 H, J

7.3 Hz, 8- or 5-Me), 1.43 (s, 3 H, 4-Me), 1.54 (s, 6 H, 4-Me), 1.60 (s, 3 H, 4-Me), 2.01 (s, 3 H, Ac), 2.03 (s,

1

of products § and 6 were obtained: absolute EtOH, 5:6 = 67:33 (99% yield, of which 35% was estimated to be
of the solvent gave a 1:1 mixture of 8-acetoxymethyl-4,4,5-trimethyl-5,8,8a,10a-tetrahydroanthracene-

(m, 4H), 6.28 (d, 1 H, J=10.0 Hz, 2-H), 6.31 (d, 1 H, /= 10.0 Hz, 2-H), 6.83 (d, 1 H, /= 10.0 Hz, 3-H), 6.88
(d, 1 H, J = 10.0 Hz, 3-H). The use of ethanol as solvent gave a 55:45 mixture of cycloadducts 7 and 8
9, 10-Dihydroxy-8-hydroxymethyl-4,4, 5-trimethyl-5,8-dihydroanthracene-1(4H)-one (9) and 9, 10-dihydroxy-5-

11.0 Hz, /,= 3.7 Hz, CH,-OH), 3.66 (d, 0.13 H.J= 11 Hz, CH;-OH), 4.14-4.27 (m, 0.95 H, CH,-OH), 5.54 (m,
hydroxymethyl-4,4,8-trimethyl-5,8-dihydroanthracene-1(4H)-one (10). The 88:12 mixture of adducts 5 and 6,

H), 6.86 (d, 1.1 H, J= 10.0 Hz, 3-H). Usihg different solvents and the same procedure, the following mixtures
concentrating an analytical sample to dryness, it was found to be a 50:50 mixture of hydroquinones 9 and 10.
mmole) and diene 4 (357 mg, 2.55 mmol) in C¢Hg (35 mL) was kept at room temperature for a week. Removal

(8), as an oily liquid (840 mg, 97%).



mL) was stirred overnight at room temperature. The solution was filtered and the solid was washed repeatediy
with MeOH. Removal of the solvent afforded a yellow solid (180 mg, 98 %) which was shown by 'H NMR to

oduct of 2 (15

Sis L A Ll

contain anthracenones 9 (67 mole%) and 10 (18 mole%) plwe the hvdrnm inone reduction p

moie%). Coiumn chromatography on silica gel with an 80:20 light petroi:EtOAc mixture aliowed both
anthracenones to be separated. 9: 'H NMR & (CDCls) 1.39 (d, 3 H, J = 7.1 Hz, 5-Me), 1.60 (s, 3 H, 4-Me),

1.65 (s, 3 H, 4-Me), 2.50 (s broad, OH), 3.42-3.55 (m, 1 H, CH,0H), 3.67-3.77 (m, 1 H, 5- or 8-H), 3.88-4.03
(m, 2 H, CH,-OH and 8- or 5-H), 4.50 (s, 1 H, OH), 6.00 (dd, 1 H, J; = 9.8 Hz, J>,= 4.6 Hz, 6- or 7-H), 6.08
(dd, 1 H, J, = 9.8 Hz, J, = 4.8 Hz, 6 or 7-H), 6.25 (d, 1 H, J = 10.1 Hz, 2-H), 6.84 (d, 1 H, J = 10.1 Hz, 3-H),
13.50 (s, 1H, OH); 3C NMR § (CDCly) 23.0, 25.2, 25.4, 304, 38.1, 383, 66.3, 122.7, 123.6, !27.3, 1313,
134.6, 140.3, 143 8, 154.3, 161.6, 191.3. M.p. 211-213 °C. IR (KBr) 3431, 1653 and 1592 cm.” Anal. found:
C, 72.09; H, 6.78,; calc. for C1sH204: C, 71.98; H, 6.71. 10: 'H NMR $ (CDCls) 1.29 (d, 3 H, /= 7.0 Hz, 8-
Me), 1.58 (s, 3 H, 4-Me), 1.66 (s, 3 H, 4-Me), 2.6 (s, 1 H, OH), 3.56 (dd, broad, 1 H, J= 9.5 Hz, CH,OH), 3.74

m, 1 H, 8- or 5-H), 4.11 (dd, broad, 1 H, J;= 3.1 Hz, J, = 9.5 Hz, CH;OH), 5.76 (dd,
1H,J;=5.1Hz, J,= 9.7 Hz, 6- or 7-H), 6.13 (dd, 1 H, J= 5.2 and 9.7 Hz, 7- or 6-H), 6.21 (d, 1 H, /= 10 Hz,
I

(e 1TH O Beownn 8¢
\5, 111, Urlj, o NMR & [}

29.6, 38.4, 70.0, 122.5, 124.0, 124.2, 134.9, 135.1, 1444, 144.8, 154.3, 161.5, 191.6. M.p. 243-245 °C. IR
(KBr) 3193, 1667, 1599 cm™. HRMS found M 300.135620; C1sH20, requires M 300.136159.

0 1n N A € toienerdlaed & O Jiliwidonciidliaivnnzan ne (1Y e O 1) Thilenstunans &
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acetoxymethyl-4,4,8-trimethyl-5,8-dihydroanthracene-1(4H)-one (12). A mixture of 7 and 8 (840 mg, 2.45
mmole) and silica gel (6 g) in C¢Hs (30 mL) was stirred for 3 h at room temperature. The solution was filtered

i~
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in a 55:45 ratio. 11: '"H NMR & (CDCl3) 1.39 (d, 3 H, J = 7.1 Hz, 5-Me), 1.60 (s, 3
3.99-4 7(m,1H,8-or5-H)4
[ oYy 6

A — 1N 2 LI, MA A
4.1 Hz, ), =10.3 Hz, CH>-0Ac), 5.97-

6.24 (d, 1 H,J = 10.1 Hz, 2-H), 6.82 (d, /= 10.1 Hz, 3-H), 7.36 (s, 1 H, OH), 13.26 (s,
(CDCh) 21.0, 223, 25.1, 25.3, 30.1, 34.5, 38.1, 67.0, 113.0, 121.5, 124.0, 126.2, 131.1, 133.2, 136.6, 142.0,

154.0, 160.9, 171.0, 191.2. M.p. 150-151 °C. IR (KBr) 3535, 1736, 1667, 1614, 1276 cm”. Anal. found: C
69.98; H, 6.60; calcd. for CxH»0s: C, 70.16, H, 6.48. 12: 'H NMR § (CDCl;) 1.33 (d, 3 H, J= 7.0 Hz, 5-
Me), 1.60 (s, 3 H, 4-Me), 1.67 (s, 3 H, 4-Me), 2.17 (s, 3 H, Ac), 3.7-3.8 (m, 1 H, 5- or 8-H), 3.8-3.9 (m, 1 H, 5-
or 8-H), 3.98 (dd, 1 H, J; = 7.3 Hz, J; = 10.8 Hz, CH,-OAc), 432 (dd, 1 H, J; = 5.8 Hz, J, = 10.8 Hz, CH»-
OAc), 595(dd, 1 H, J; =9.7 Hz, J; = 4.9 Hz, 6- or 7-H), 6.19 (dd, 1 H, J, = 9.7 Hz, J, = 5.1 Hz, 6- or 7-H),

626 (d, 1 H, J=10.1Hz, 2-H), 6.81 (s, 1 H, OH), 6.84 (d, 1 H, J =10.1 Hz, 3-H), 13.17 (s, 1 H, OH),



[«

o))

R. Araya-Maturana et al. / Tetrahedron 55 (1999) 637648

Bo NMR §
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1348, 1439, 1540, 1614, 1718, 1914 Mp. 140-143 °C. IR (KBr) 3369, 1726, 1667, 1613, 1257 emt
HRMS found M’ 342.147310; C2H»Os requires M' 342.146724.

lun.c, -n),uox \u, 1H,/=10.1Hz 3-
H), 7.53 (d, 1 H,J=7.5Hz), 7.62 (t, 1 H, J= 7.6 Hz, 6-H), 7.97 (d, 1H, J= 7.5 Hz); “C NMR & (CDCl;) 22.7,
26.4,39.1, 125.0, 127.3, 130.6, 132.6, 133.5, 133.7, 137.5, 140.8, 157.0, 158.0, 183.3, 183.3, 187.5. M p. 161-

o A 1T~ b4

163 °C. Anal found C, 76.36; H 5.18; calc. for C\;H1405: C, 76.71, H, 5.26. Reaction of the dihydroxy-
anthracenone 9 with DDQ in CsHs at reflux gave compound 185 as a single product in 90% yield.
Oxidation of compound 10.

A mixture of anthracenone 10 (100 mg, 0.14 mmoie) and MnO, (87 mg) in C¢Hs (10 mL) was refluxed for 3 h.
The solution was filtered, the solids washed with EtOAc, and the filtrate was concentrated under reduced

pressure to afford 80 mg of a mixture assayed through 'H NMR. Analytical samples were obtained after column

4,4,8-Trimethylanthracene-1,9, 10(4H)-trione (16, 18 mole % of the mixture): 'H NMR & (CDCls) 1.61 (s, 6 H,
4-Me,), 2.74 (s, 3 H, 8-CH;),6.38 (d, 1 H,J=10.1 Hz, 2-H), 6.79(d, 1 H,J=10.1 Hz, 3-H), 7.54 (d, L H, J =

~ . s - nx 1

IJHZ,D—H),/JSU ll’lJ"'/
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7 Hz, 7-H), 7.95 (d, 1 H, J = 7.1 Hz, 5-H); °C NMR & (CDCh) 21.7, 26.2,
38.5,125.1, 127.5, 130.6, 132.7, 133.8, 135.5, 138.0, 140.3, 154.9, 157.7, 183.3, 184.9, 186.0. M.p. 166-170
°C (dec.). IR (KBr) 1779, 1691, 1648 and 1584 cm”. HRMS found M’ 266.09470; C,7H 405 requires M
266.09429.

9-Hydroxy-5-oxo-4,8,8-trimethyl-1,9(8H)-anthracenecarbolactone (19, 10 mole % of the mixture): 'H NMR §
(CDCl3) 1.69 (s, 6 H, 8-Me), 3.06 (s, 3 H, 4-CH3), 6.34 (d, 1 H, J=10.2 Hz, 6-H), 6.84 (d, 1 H, /= 10.2 Hz,
7-H), 7.53 (dd, 1 H, J; = 0.7 Hz, J> = 7.3 Hz, 3-H), 8.1 (d, 1 H, J = 7.3 Hz, 2-H), 15.6 (s, 1 H, OH); C NMR §
(CDClLs) 23.3, 28.1, 30.1, 37.7, 1104, 118.3, 120.5, 125.5, 126.7, 130.6, 131.0, 133.8, 138.0, 148.0, 158.3,
164.5, 167.1, 191.4. IR (KBr) 3432, 1773, 1644 and 1584 cm”. M.p. 220-224 °C (dec.). HRMS found M’
294.088715; C1gH ;604 requires M 294.089209.

5-Hydroxymethyl-4,4,8-trimethylanthracene-1,9, 10(4H)-trione (17, 6 mole % of the mixture): 'H NMR &
(CDCL) 1.64 (s, 6 H, 4-Me), 2.79 (s, 3 H, 8-CH;), 4.82 (s, 2 H, CH,OH), 6.36 (d, 1 H, J = 10.2 Hz, 2-H), 6.80
(d, 1 H, J=10.2 Hz, 3-H), 7.54 (d, 1 H, J = 8.0 Hz, 7-H), 7.68 (d, 1 H, J = 8.0 Hz, 6-H), C NMR § (CDCL)
22.1,26.6,39.0, 64,8, 127.7, 132.3, 132.7, 134.5, 134.7, 135.4, 138.5, 140.3, 141.0, 155.8, 156.0, 158.2, 183.0,
185.3, 190.2. IR (KBr) 3532, 1687 and 1651 cm™. M.p. 135-140 °C (dec.). HRMS found M' 296.104859,
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C1sH,604 requires M" 296.104859.

7 4 4 0N 1NnsraaMy /18 o ar

5-Formyi-4,4,8-irimeinylaiiihracene-1,9, 10{4H)-irione {18, 66 mole % of the mixiure): 'H NMR & (CDCl)
1.52 (s, 6 H, 4-Me,), 2.66 (s, 3 H, 8-CH3), 6.27 (d, 1 H, J = 10.2 Hz, 2-H), 6.69 (d, 1 H, J = 10.2 Hz, 3-H),
7.53(d, 1 H,J=8.1Hz, 7-H), 7.78 (d, 1 H, J= 8.1 Hz, 6-H), 10.26 (s, 1 H, CHQ); ’C NMR & (CDC},) 22 6

25 o L = =

35.0, 127.9, 131.5, i32.4, 134.9, i35.6, i36.
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.3, o, \ 5 2. , 191.5.
IR (KBr) 1776, 1692, 1648 and 1593 cm™. M.p. 148-150 °C. HRMS found M’ 294.08

M 294 089209

8-Acetoxymethyi-4,4,5-trimethyi-3,8-dihydroanthracene-1i,9, i O(4H)-trione (20). A mixture of anthracenone ii
(100 mg, 0.29 mmole) and MnO, (300 mg) in C¢Hs (15 mL) was refluxed for 3 h. The solution was filtered, the
solids washed with EtQAc, and the filtrate was concentrated under reduced pressure to afford compound 20 (79

mg, 80%): 'H NMR & (CDCl) 1.61 (s, 6 H, 4-Mey), 2.17 (s, 3 H, MeCO), 2.70 (s, 3 H, 5-Me), 5.54 (s, 2 H,
CH,), 6.35(d, 1 H,J=10.2 Hz, 2-H), 6.80 (d, 1 H, J=10.2 Hz, 3-H), 7.53 (d, 1 H, /= 8.1 Hz, 6-H), 7.65 (d, 1

H, J=81Hz 7-H); ®*C NMR § (CDCL;) 21.0,21.7,262, 386, 645, 1273, 1313, 1316, 1321 1344, 1362

iy s i -~ iy

137.5, 139.6, 155.6, 157.8, 170.5, 182.7, 184.9, 188.1. IR (KBr) 1747, 1688 and 1649 cm™. M.p. 185-187 °C.
Anal. found C, 71.02; H, 5.32; calc. for C;0H130s: C, 71.00; H, 5.36.

€-Ar-n1nnmmthvl_d 4 R-rrrmpthvl.i R.rlthvdrmnlhrnnpnn-l 9 _ll)/d]—“..h-rn ne ( 1A mixture of anthracenone 1

Fa YRR eV L an.

~N

(100 mg, 0.29 mmole) and MnO, (300 mg) in CsHs (15 mL) was refluxed for 3 h. The solution was filtered, the

solids washed with EtOAc, and the filtrate was concentrated under reduced pressure to afford compound 21 (94
mg, 95%). 'H NMR § (CDCl) 1.61 (s, 6 H, 4-Me;), 2.16 (s, 3 H, MeCO), 2.68 (s, 3 H, 5-Me), 5.55 (s, 2

““““ 1oy ~ A= Oy = R

CH,), 6.35(d, 1 H,/=10.2 Hz, 2-H), 6.80 (d, 1 H, /= 10.2 Hz, 3-H), 7.49 (d, 1 H, J= 8.1 Hz, 6-H), 7.63 (d, 1
H, J=8.1 Hz, 7-H); >C NMR & (CDCl;) 20.8, 22 .4, 26.0, 38.5, 63.9, 127.0, 131.2, 131.8, 132.0, 134.0, 135.8,

12A R
EIwv. v

Ly Ay .—r,

Anal. found C, 70.702; H, 5.344; calcd. for C3H;30s: C, 71.00; H, 5.36.

157.7,170.3, 1823 184 8 1878 IR (KBr) 1742 1700 and 1662 cm™. M

n
Ty KR AN Nx . iva.pr.

154-156 °C
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