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Summary 

The synthesis of 2-substituted anthracenonyl acetic acid (2-AA) 
derivatives is described. The key step is the Marschalk reaction of 
1-hydroxy-8-methoxy-anthracenedione with glycolic acid. After 
protection of the resulting 2-anthracenonyl acetic acid derivative, 
the 2-monoalkylated derivatives are selectively obtained by direct 
alkylation. The methodology proves quite general and allows for 
the introduction of various substituents onto the 2-position of the 
carboxylic side chain. Reduction of the anthracenediones proceeds 
with concomitant protecting group removal and provides final 
2-AA products in good yields. The results of initial biological 
studies demonstrate enhanced 5-lipoxygenase inhibition compared 
to anthralin. 

anthracenediones are completely resistant to Friedel-Crafts 
type reactions, because of the deactivation of the aromatic 
rings by the quinone carbonyl groups[']. Accordingly, prepa- 
ration of 2-substituted anthracenediones by Marschalk reac- 
tionL6> '. 91 appears to be a reasonably efficient and concise 
process for the preparation of the desired anthracenones. 

Methods for the preparation of 2-aryl propionic acids have 
been extensively described, and a large number of different 
routes to the aliphatic side chains have been reported[71. The 
approach of Scheme 1 envisaged a synthesis from a nitrile 
precursor and begins with Marschalk alkylation of 1 -hy- 
droxy-8-methoxy-anthracenedione (2). The selective protec- 
tion of one of the hydroxyls of 1,s-dihydroxyanthracenedione 
(1) usually requires a tedious procedure involving selective 
acetylation through the intermediacy of a bis(diacet0xy)bo- 
ron chelate, followed by methylation and hydrolysis of the 

Introduction 

Anthracenone derivatives have an important place in the 
clinical management of psoriasis['. 2J. However, these agents 
produce side effects such as inflammation and staining of the 
skin, and sometimes successful courses of treatment must be 
even halted. Accordingly, analogues of the antipsoriatic an- 
thralin, 1 ,%-dihydroxy-9( 10H)-anthracenone, with lower irri- ,: = 

tancy and optimal efficacy at low dose are widely sought"]. 
In the search of analogues with improved therapeutic indices, 
the primary structural changes introduced into the 9( 10H)-an- 
thracenone chemotype have been esterification of the oxygen 
functions and substitution at the 10-position, but these com- 
pounds were less efficient than anthralin1']. While the prepa- 
ration of 10-substituted compounds can be performed on the 
anthracenone stagec4, 'I, introduction of substituents into the 
2-position requires the anthracenediones as precursors. 
Nonetheless, this latter approach has led to compounds en- 
dowed with very potent 5-lipoxygenase inhibitory action[61. 

Since 2-aryl propionic acids are one of the largest class of 
non-steroidal antiinflammatory agentsr7], we reasoned that a 
structural pattern, consisting of the anthracenone pharmaco- 
phore attached to a 2-propionic acid side chain, would pro- 
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Chemistry Scheme 1. Reagents: (a) Me2S04, KzC03, acetone, 55 "C; BF3 Et20, 
toluene, 112 "C. 12 h; (b) acetaldehyde, NaOH, Na2Sz04, 90 "C, N2; (c) 
Me2S04, K2C03. acetonc, 55 "C; (d) DBH, benzoyl peroxide, CClj, 77 "C; 
( e )  Et4NCN, DMSO, 40 "c; (f) propionaldehyde, KOH-MeOH, NaZSZ04, 
0-5 "C, N2; (8) air, 45 min; (h) PDC, DMF, room temperature; (i) K-10, 
TI(NO3). MeOK trinlethyl orthoformate. CH2Ch 

In v iew Of the chemical Of hydrOxyan- 
thracenones, introduction O f  side chains Onto the an- 
thracenone nucleus has to be accomplished by a stepwise 
procedure via the anthracenedione stage. However, hydroxy- 
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acetate"', ''I. Therefore, an alternative method was devel- 
oped for large-scale preparation. When 1 was dimethylated 
and then treated with boron trifluoride-diethyl ether as de- 
scribed for microscale preparations[l2I, the desired selective 
deprotection took place, giving rise to 2 in 90% yield. Alky- 
lation of 2 with acetaldehyde provided 3, which was protected 
as the methyl ether 4. Benzylic bromination of 4 was achieved 
with N ,  N-dibromo-5,5-dimethylhydantoin (DBH)[l 'I. Al- 
though the c anide ion was complexed as a quaternary am- 
monium ~ a l & ~ ] ,  treatment of the bromide 5 with cyanide 
gave only poor yields of the nitrile 6, which limit the present 
synthetic usefulness of this procedure. 

Our next attempt at the synthesis of 2-AA involved Mar- 
schalk reaction of 2 with pyruvic acid, since examples of 
intramolecular addition of ketones to anthracenediones under 
the conditions of the Marschalk reactions have been re- 
ported[*]. However, the desired product could not be detected, 
even after prolonged reaction and addition of excess sodium 
dithionite. 

The lower part of Scheme 1 arose out of an attempt to use 
the oxidative rearrangement of propiophenone to methyl 
2-phenylpropionate with thallium(I11) nitrate adsorbed on 
montmorillonite clay, according to the method of Taylor et 
al.[l4I. Conducting the Marschalk reaction of 2 with propion- 
aldehyde at 0-5 "C, to avoid thermal elimination of the 
hydroxyl group[*], and employing reoxidation with air af- 
forded the secondary alcohol 7. Oxidation of 7 with PDC in 
DMF gave the propiophenone 8. Following the method of 
Taylor et al.['41, however, formation of the rearranged prod- 
uct was not observed. 

While studying the reduction of the anthracenedione 10, 
prepared from 2 by Marschalk reaction with glycolic acid at 
low temperature and esterification of the a-hydroxy acid 9, 
to the anthracenone 11, we have observed a clean concomi- 
tant reduction of the benzylic hydroxyl group (Scheme 2). 
Since dialkylated side products are obtained in the direct 
methylation of aryl acetic acidsL7], we considered that 10 
would be a versatile intermediate for the synthesis of 2-AA, 
in that reaction of 12, fully protected with dimethyl sulfate, 
would allow selective monoalkylation. Reduction of a 
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Scheme 2. Reagents: (a) glycolic acid, KOH-MeOH, NazSz04,O-5 "C, N2; 
(b) air, 4.5 min; (c) MeOH, conc. H2S04; (d) SnCIz, HCl, HOAc, 118 "C; 
(e) Me2S04, K2C03, acetone, 55 "C; (0 MeI, NaH, THF. 
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Scheme 3. Reagents: (a) glycolic acid, NaHC03, Na2S204, 90 "C, N2; 
(b) MeOH, conc. H2S04; (c) MezS04, K2C03, acetone, 55 "C; (d) 17: MeI, 
NaH, THF, 18-20: isopropyl, benzyl, or phenylethyl bromide, NaH, DMSO; 
(e) SnC12, HCI, HOAc, 118 "C. 

monoalkylated 13 was anticipated to proceed with concomi- 
tant ether cleavage to the desired anthracenone. However, 
attempted methylations of 12 were unsuccessful, in spite of 
varying the base, only starting material was isolated. 

Finally, the successful synthesis of 2-AA also utilized 2 as 
a starting point (Scheme 3). Marschalk alkylation with gly- 
colic acid under standard conditions led to compound 14, 
which was then esterified to give 15 and protected as the 
methyl ether 16. Alkylation with methyl iodide in THF pro- 
vided the anthracenedione 17. Surprisingly, even after pro- 
longed reaction no dialkylated product was obtained. 

Exchanging THF for DMSO, the benzylic carbanion of 16 
also reacted with isopropyl, benzyl and phenylethyl bromide 
to give advanced intermediates 18-20 in good yields. Reduc- 
tion of the anthracenediones 17-20 with stannous chloride in 
acetic acid-hydrochloric acid["] proceeded with concomi- 
tant protecting group removal and provided final 2-AA prod- 
ucts 21-24. 

Results and Discussion 

The novel 2-AA are derivatives of the antipsoriatic an- 
thralin and were therefore evaluated for their antiinflamma- 
tory activity in preliminary screens. Since lipoxygenase 
products of arachidonic acid metabolism are im ortant me- 
diators of inflammation in psoriatic lesions , the com- 
pounds were tested for their inhibitory activity against 
5-lipoxygenase in polymorphonuclear leukocytes. Table 1 
shows that the novel anthracenones were all more potent 
enzyme inhibitors than anthralin. Enhanced inhibitory activ- 
ity is clearly attributed to the presence of a terminal phenyl 
ring in the branched chain alkyl spacer linking the an- 
thracenone and the carboxylic acid group (23,24) or a bulky 
isobutyl spacer (22), whereas the ethyl linker (21) leads only 
to a twofold increase in activity as compared to anthralin, 
which is a moderate enzyme inhibitor. 

Arch. Phann Phurm. Med. Chem. 329,262-266 (19%) 
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Table 1: S-Lipoxygenase inhibition by 2-AA and their reactivity against 
DPPH. 

Entry 5-LO, ICso (pM)" ~ P P H  (M-' s-')~ 

NazS04. The solvent was evaporated and the residue purified by chromatog- 
raphy to provide an orange powder: 41% yield; mp 209 "C.- FTIR: 1663, 
1634 cm-'.- 'H NMR (90 MHz, CDC13): 6 = 13.37 (s, 1 H, OH), 8.02-7.27 
(m, 5 H, aromatic H), 4.07 (s, 3 H, OMe), 2.08 (q, J =  7.5 Hz, 2 H, CHzMe), 
1.25 (t, J = 7 . 5  Hz, 3 H, CHMe).-Anal. (C17H1404). 

Anthralin 
11 
21 
22 
23 
24 

37 
22 
17 
2 
I 
2 

24.2 
22.2 
23.7 
ND 
22.9 
23.2 

'' Inhibition of 5-HETE and LTB4 biosynthesis in bovine PMNL; n = 3 or 
more, inhibition was significantly different with respect to control, P < 0.01, 
Lonapalene was used as the standard (ICso = 0.5 FM)'~'. Reducing activity 
against 2,2-diphenyl- I -picrylhydrazyl in acetone/phosphate-buffered saline, 
pH 7.4, with an equimolar amount of the test compound (n = 3 or more, SD 
< 1 0 % ) 1 ~ ~ 1 .  

Also, we determined the reducing capability of the com- 
pounds against the stable free radical 2,2-diphenyl- 1 -picryl- 
hydrazyl (DPPH)1'71. As compared to anthralin, their 
reactivity against DPPH remained unchanged and did not 
correlate with their improved 5-lipoxygenase inhibitory ac- 
tion. This suggests that a nonspecific redox effect, such as 
scavenging of intermediate radicals that are formed within the 
active site of the enzyme, does not explain the activity of the 
compounds. 

Experimental Part 

2-Ethyl-1,8-dimethoxy-9,lO-unthracenedione (4) 

To a suspension of 3 (2.0 g, 7.08 mmol) and K2C03 (9.8 g, 71.0 mmol) in 
dry acetone (200 mL) heated to reflux was added dropwise MezS04 (4.47 g, 
35.44 mmol). The mixture was refluxed until all starting material was 
consumed (TLC control). Then it was filtered by suction, poured into water 
(1 L), and extracted with ether (3 x 100 mL). The combined organic phase 
was washed with water (2 x 150 mL) and dried over Na2S04. The solvent 
was evaporated the residue purified by chromatograph to provide yellow 
crystals: 76% yield; mp 131 "C.- FTIR: 1679 cm-'.- H NMR (90 MHz, 
CDC13): 6 = 8.01-7.23 (m, 5 H, aromatic H), 3.97 (s, 6 H, OMe), 2.80 (q, J 
= 6 Hz, 2 H, CHzMe), 1.23 (t, J = 6 Hz, 3 H, CHNe).- Anal. (CixH1604). 

7 

(k)-2-[1-( I -Bronmethyl)]-l I 8-dimethox~y-9,lO-unthracenedione (5) 

To a suspension of 4 (1.0 g, 3.37 mmol) in dry CC14 ( S O  mL) heated to 
reflux was added DBH (0.57 g, 2.00 mmol) and benzoyl peroxide (0.24 g, 
1 .OO mmol). The addition was repeated after 30 min. The mixture was then 
heated under reflux, until all starting material was consumed (TLC control). 
Carbon tetrachloride was evaporated, the residue was treated with water (200 
mL), and extracted with CHzC12 (4 x 50 mL). The combined organic phase 
was washed with water (200 mL) and dried over NazS04. The solvent was 
evaporated the residue purified by chromato ra hy to provide yellow crys- 
tals: 43% yield; mp 115 "C.-FTIR: 1671 cm _- H NMR (90 MHz, CDC13): 
6=8.12-7.25(m,SH,aromaticH),5.78(q,J=6Hz, 1 H,CHMe),4.07(s, 
3 H, OMe), 4.00 (s, 3 H, OMe), 2.02 (d, J = 6 Hz, 3 H, CHMe).- Anal. 
(C 18Hi504Br). 

-F ? 

Fourier-transform IR (KBr): Nicolet 5 10M.- Thin layer chromatography (6) 
(TLC): Me& Kieselgel 60 F2s4.- Column chromatography: Mack silica 

To a solution of (o,45 g, ,20 mmol) in dry DMSO (25 mL) was added gel (70-230 mesh), CHzC12 as eluant, unless otherwise stated.- Elemental 
analyses: Microanalytical Laboratories at the University of Regensburg. tetraethylammonium cyanide (0.75 g, 4.8 mmol). The mixture was stirred at 

40-50 "C for 18 h under Nz. Then it was cooled to room temperature, poured 

I-H~~drox~-8-methoxy-9,1O-anthrucenedione (2) 

To a suspension of 1,8-dihydroxy-9,1O-anthracenedione (1, 96.0 g, 
0.40 mol) and KzC03 (450 g, 2.39 mol) in dry acetone (2.50 L) heated to 
reflux was added dropwise MezS04 (200 g, 1.58 mol), and the mixture was 
refluxed for 48 h (TLC control). Then it was poured into a mixture of ice 
(2 kg) and 37% HCI (300 mL), the precipitate was filtered by suction and 
washed with water (2 x 1 L). The residue thus obtained was refluxed in 
toluene (1 L) at a Dean-Stark trap. The solution was then cooled to room 

into water (500 mL), and extracted with CHzC12 (2 x 50 mL). The combined 
organic phase was washed with water (2 x SO mL) and dried over NazS04. 
The solvent was evaporated and the residue purified by chromatography to 
provide yellow crystals: 12% yield; mp 149 "C.- FTIR: 2238, 1675 cm-'.- 
'H NMR (90 MHz, CDC13): 6 = 8.167.26 (m, 5 H, aromatic H), 4.43 (9. J 
= 6 Hz, 1 H, CHMe), 4.02 (s, 6 H, OMe), 1.66 (d, J = 6 Hz, 3 H, CHMe).- 
Anal. (C19H15N04)calcdC,71.02; H,4.71; N,4.36; foundC,71.26;H, 5.29; 
N, 3.86. 

(1 L), then suspended in methanol (1 L) and stirred for 20 min at 40 "C. Water (7) 
( S O  mL) was added, and the mixture was stirred for an additional 2 h. Then 
it was filtered, dried under vacuum at 90 "C, and the residue purified b 

185-1 86 "C). 
chromatography to provide a yellow powder: 90% yield; mp 187 "C (ref. ,I 8 

General Procedure jbr  the Marschalk Reaction. 
2-Ethyl-] -hydrox~-8-methoxy-9,1O-anthracenedione (3) 

To a solution of NaOH (6 g) in water (300 mL) was added 2 (5.0 g, 
19.68 mmol). The solution was stirred at 40 "C and a solution of NazS204 
(5.0 g, 28.72 mmol) in water (25 mL) was added in one portion under N2. 
Acetaldehyde (13.2 g, 300 mmol) was added, and the temperature was raised 
to 90 "C. The solution was stirred for 12 h under Nz. Then it was cooled to 
room temperature, aerated for 15 min and then poured into water (250 mL), 
acidified with 20% HCI, and extracted with CHzCh (4 x 100 mL). The 
combined organic phase was washed with water (4 x 200 mL) and dried over 

To a suspension of 2 (5.0 g, 19.68 mmol) and KOH (15.0 g) in methanol 
(500 mL) under N2 was added dropwise a solution Na2Sz04 (4.35 g, 
24.98 mmol) in water (30 mL), and the mixture was cooled to 0-5 "C. 
Propionaldehyde ( I  1.62 g, 200 mmol) was added dropwise, and the mixture 
was stirred at 0-5 "C for 12 h under Nz. Then air was bubbled through it for 
45 min, the mixture was acidified with 7% HCI until it turned orange and 
extracted with CH2C12 (4 x 100 mL). The combined organic phase was 
washed with water (3 x 300 mL), dried over Na2S04, evaporated, and 
purified by column chromatography using CHzC12-methanol (99+1) to 
provide orange crystals: 21% yield; mp 160 "C.- FTIR: 3506, 1665, 
1634 cm-'.-'HNMR(250MHz,CDC13): 6= 13.41(s, lH,OH),7.95-7.27 
(m, 5 H, aromatic H), 5.044.95 (m, 1 H, CHOH), 4.07 (s, 3 H, OMe), 2.65 
(d, J =  5.55 Hz, 1 H, CHOH), 2.00-1.73 (m, 2 H, CHzMe), 1.00 (t. J = 7.34 
Hz, 3 H, CHzMe).- Anal. (CigH1605) calcd C, 69.22; H, 5.16; found C, 
68.41; H, 5.42. 
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I-Hydroxy-8-methoxy-2-[l-(l-oxopropyl)]-9,I0-anthracenedione (8) 

A solution of 7 (1.00 g, 3.20 mmol) in dry DMF (20 mL) and PDC (4.0 g, 
12.80 mmol) was stirred at room temperature for 3 h. The solution was poured 
into water (500 mL) and the product extracted with CHzC12 (4 x 50 mL). The 
combined organic phase was washed with water (4 x 100 mL), dried over 
Na2S04, and evaporated. The residue was purified by chromatography to 
provide orange crystals: 41% yield; mp 191 "C.- FTIR: 1667, 1636 cm-'.- 
'H NMR (250 MHz, [D6]DMSO): 6 = 13.90 (s, 1 H, OH), 8.00-7.65 (m, 5 
H, aromatic H), 4.01 (s, 3 H, OMe), 3.08 (q, J = 7.13 Hz, 2 H, CHzMe), 1.10 
(t, J = 7.22 Hz, 3 H, CHNe).- Anal. (CisH1405). 

Attempted Rearrangement of 8 

The thallium(II1) nitrate/K-10 reagent was prepared according to the 
method of Taylor et al.''41. Propiophenone 8 (0.31 g, 1.00 mmol) was 
suspended in dry CH2Clz (50 mL), and the TNN/K-10 reagent (1.90 g, 
1.50 mmol Tl(N03)3) was added. The mixture was stirred at room tempera- 
ture. After 5 h only starting material was detected. 

Methyl (9,lO-Dihydro-l -hydroxy-8-methoxy-9,lO-dioxo-2-anthrucene)hy- 
droxyucetate (10) 

This was prepared from 2 (5.0 g, 19.68 mmol) and glycolic acid monohy- 
drate (3.83 g, 41.60 mmol) in water (50 mL) and a saturated solution of 
NaHC03 (50 mL) as described for 7. The mixture was stirred at 0-5 "C for 
6 h under Nz. Then air was bubbled through it for 45 min, and the mixture 
was acidified with 7% HCI until it turned orange. The precipitate thus 
obtained was filtered by suction and the residue refluxed in toluene at a 
Dean-Stark trao. The crude acid 9 was susoended in methanol (500 mL) and 

Methyl (9,10-Dihydroxy-1,8-dimethoxy-9,1O-dioxo-2-anthracene)acetute 
(161 

This was prepared by methylation of 15 (5.0 g, 15.32 mmol) as described 
for 4. The mixture was refluxed for 6 h and then filtered by suction. The 
volume of the solution was reduced, and the product crystallized on addition 
of small amounts of petroleum ether to provide yellow crystals: 64% yield; 
mp 134 "C.- FTIR: 1735, 1669 cm-'.- 'H NMR (90 MHz, CDC13): 6 = 
8.10-7.25 (m, 5 H, aromatic H), 4.03 (s, 3 H, OMe), 3.98 (s, 3 H, OMe), 3.80 
(s, 2 H, CHz), 3.73 (s, 3 H, C02Me).- Anal. (C19Hi606). 

(?)-Methyl 2-(9,10-Dihydro-1,8-dimethoxy-9,lO-dioxo-2-unthru- 
cenejpropionate (1 7) 

A suspension of 16 (2.00 g, 5.88 mmol) in absolute THF (50 mL) and NaH 
(0.50 g, 20.83 mmol, 80% in paraffin oil) was stirred at room temperature 
for 20 min. Then Me1 (2.50 g, 17.64 mmol) was added dropwise, and the 
mixture was stirred until all starting material was consumed (TLC control). 
Then it was poured into a mixture of ice-water (500 g) and 37% HCI(20 mL), 
and the product was extracted with ether (4 x 100 mL). The combined organic 
phase was washed with water (3 x 150 mL), dried over Na2S04, and 
evaporated. The resulting residue was purified by chromatography using 
ether to give yellow crystals: 61% yield; mp 109 "C.- FTIR: 1743, 1673 
cm-'.- 'H NMR (90 MHz, CDC13): 6 = 8.12-7.25 (m, 5 H, aromatic H), 4.30 
(q, J = 6 Hz, 1 H, CHMe), 4.00 (s, 6 H, OMe), 3.67 (s, 3 H, COzMe), 1.53 
(d, J = 6 Hz, 3 H, CHMe).- Anal. (CzoHi806). 

(+)-Methyl 2-(9,IO-Dihydro-l,8-dimethoxy-9,IO-dioxo-2-anthracene)-3- 
methylbutanoate (18) 

(9,1O-Dihydro-I, 8-dihydroxy-9-0~0-2-anthracene)acetic Acid (11) 

This was prepared from 10 (0.31 g, 0.92 mmol) as described for 21 and 
gave pale-yellow crystals: 82% yield; mp 220 "C (dec, ref."" 220 "C, dec). 

(*)-Methyl (9,I0-Dihydro-1,8-dimethoxy-9,lO-dioxo-2-unthru- 
cene)methoxyacetute (12) 

This was prepared from 10 (2.0 g, 5.84 mmol) as described for 4 and gave 
yellow crystals: 74% yield; mp 146 "C.- FTIR: 2831, 1752, 1669 cm-'.- 
'H NMR (90 MHz, CDC13): 6 = 8.08-7.23 (m, 5 H, aromatic H), 5.28 (s, 1 
H, CH), 4.03 (s, 6 H, 1,8-OMe), 3.72 (s, 3 H, CHOMe), 3.43 (s, 3 H, 
COzMe).- Anal. (CzoHis07). 

(9,1O-Dihydro-l-hydroxy-8-methoxy-9,I0-dioxo-2-anthracene)acetic Acid 
(14) 

This was prepared from 2 (10.0 g, 39.33 mmol) and glycolic acid mono- 
hydrate (4.60 g, 49.97 mmol) in water (I00 mL) and a saturated solution of 
NaHC03 (50 mL) as described for 3. The solution was stirred for 2 h at 90 "C 
under Nz. Then it was cooled to room temperature, aerated for 15 min, poured 
into water (250 mL), acidified with 20% HCl, and the precipitate thus 
obtained was filtered by suction. The residue was refluxed in toluene at a 
Dean-Stark trap to afford a yellow crystalline powder: 92% yield; mp 258 "C 
(dec, ref."81 258 "C, dec). 

Methyl (9,IO-Dihydro-1 -hydroxy-8-methoxy-2-anthracene)acetate (15) 

This was prepared by esterification of 14 (1 1 .O g, 35.23 mmol) as described 
for 10 and afforded orange needles: 73% yield; mp 159 "C.- FTIR: 1733, 
1671, 1636 CII-'.- 'H NMR (90 MHz, CDC13): 6 = 13.32 (s, 1 H, OH), 
8.00-7.23 (m, 5 H, aromatic H), 4.03 (s, 3 H, OMe), 3.77 (s, 2 H, CHz), 3.70 
(s, 3 H, COzMe).- Anal. (Ci8H1406). 

(?)-Methyl 2-(9,10-Dihydro-1,8-dimethoxy-9-oxo-2-anthrucene)-3-pheny1- 
propionate (19) 

This was prepared from 16 (2.00 g, 5.88 mmol) in dry DMSO (25 mL) and 
benzyl bromide (2.01 g, 1 1.76 mmol) as described for 17 and gave pale-yel- 
low crystals: 51% yield; mp 119 "C.-FTIR: 1733, 1669 cm-'.- 'H NMR (90 
MHz, [DslDMSO): 6 = 8.08-7.03 (m. 10 H, aromatic H), 4.63-4.40 (m, 1 
H, CHCH2Ph), 4.00 (s, 3 H, OMe), 3.83 (s, 3 H, OMe), 3.62 (s, 3 H, COzMe), 
3.52-2.87 (m, 2 H, CH2Ph).- Anal. (C26H2206). 

(*)-Methyl 2-(9,10-Dihydro-1,8-dimethoxy-9, 10-dioxo-2-anthracene)- 
4-phenylbutanoate (20) 

This was prepared from 16 (2.00 g, 5.88 mmol) in dry DMSO (25 mL) and 
phenylethyl bromide (2.18 g, 1 1.76 mmol) as described for 17 and gave 
yellow crystals: 41% yield; mp 118 "C.- FTIR: 1737, 1675 cm-'.- 'H NMR 
(90 MHz, CDC13): 6 = 8.1M.73 (m, 10 H, aromatic H), 4.28-4.08 (m, 1 H, 
CH),4.00(s,3H,OMe),3.90(s,3H,OMe),3.67(s,3H,C02Me),2.77-1.85 
(m, 4 H, CH2CH2).- Anal. (C26H2206) C, H: calcd, 5.44; found 4.93. 

General Procedure for the Reduction of Anthrucenediones"". 
(?)-2-(9,IO-Dihydro-I,8-dihydroxy-9-oxo-2-anthrucene)propionic Acid 
(21) 

To a suspension of 17 (0.30 g, 0.85 mmol) in HOAc (15 mL) heated to 
reflux was added, dropwise over 30 min, a solution of SnC12 (2.0 g, 
8.86 mmol) in 37% HC1 (10 mL). The solution was refluxed for 6 h, then 
cooled, and the resulting crystals were collected by filtration. Recrystalliza- 
tion from HOAc provided a yellow powder: 81% yield; mp 231 "C.- FTIR: 
1702,1621 cm-'.- 'H NMR (90 MHz, [D6]DMSO): 6 = 12.57 (s, 1 H, OH), 
12.03 (s, I H, OH), 7.70-6.80 (m, 5 H, aromatic H), 4.40 (s, 2 H, 10-Hz), 
4.02 (q, J = 6 Hz, 1 H, CHMe), 1.42 (d, J = 6 Hz, 3 H, CHMe).- Anal. 
(C17H1405). 
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(*)-2-(Y, 10-Dihydro- I. 8-dihydr~).~~~-9-oxo-2-cmthracene)-3-methylbutano~c 
Acid (22) 

This was prepared from 18 (0.30 g, 0.7X mmol) as described for 21 and 
gave yellow crystals: 79% yield; mp 224 "C.- mIR: 1710, 1619 cm-'.- 
'H NMR (90 MHz, [D6]DMSO): 6 = 12.63 (s, 1 H, OH), 12.00 (s, 1 H, OH), 
7.77-6.77 (m, 5 H, aromatic Hj, 4.40 (s, 2 H, 10-H2). 3.77 (d, J = 6 Hz, 1 H, 
CHCHMe2), 2.43-1.97 (m. 1 H, CHCHMe2), 1.05 (d, J = 6 H/, 3 H, CHMe), 
0.72 (d, J =  6 Hz, 3 H, CHMe).- Anal. (C19HisOs). 

(f)-2-(9,10-Dihydro- I,t(-dihvdroxy-9-oxo-2-unthrucene)-3-phenyl- 
propionic Acid (23) 

This was prepared from 19 (0.30 g, 0.73 mmol) as described for 21 and 
gave pale-yellow crystals: 72% yield; mp 218 T-  FTIR: 1706 cm-l.- 
'H NMR (90 MHz, [D6]DMSO): 6 = 12.60 (s, 1 H, OH), 12.00 (s, 1 H, OH), 
7.66-6.78 (m. 10 H, aromatic H), 4.36 (s, 2 H, 10-H2), 4 .464.20 (m, 1 H, 
CHCH2Ph), 3.46-2.95 (m, 2 H, CH?Ph).- Anal. (C23HisO5). 

(+)-2-(9,1@Dihydro- l,~-dili~~lroxy-9-oxo-2-anihrarene)-4-phenvlbutanoic 
Acid (24) 

This was prepared from 20 (0.30 g, 0.67 mmol) as described for 21 and 
gave yellow crystals: 80% yield; mp 134 "C.- FTIR: 1708, 1619 cm-l.- 
'H NMR (90 MHz, [D6]DMSO): 6 = 12.61 (b, 1 H, OH), 12.05 ( s ,  1 H, OH), 
7.73-6.83(m, lOH,aromaticH),4.43(~,2H.  10-H2),4.00(t,J=6Hz, 1 H, 
CHCH?). 2.72-1.87 (m, 4 H, CH2CH2).- Anal. (C24HzoO5). 

Bovine PMNI, 5-Lipoxygmuse Assay 

Inhibition of 5-LO was determined using Ca-ionophore-stimulated bovine 
PMNL ( l  O7 cells/mL) as described'".*"'. Test compounds were preincubated 
for 15 min at 37 "C, and the concentrations of LTB4 and 5-HETE released 
after 10 min were measured by reversed-phase HPLC analysis. 

Determination ofthe Reducing Activity against 2,2-Diphen),l-l-picryl 
h,ydra:yl 

The reduction of DPPH (lo-' M) by the test compound (lo4 M), each in 
acetonePBS ( ] + I ) ,  was measured and the second-order rate constants were 
obtained as described'"]. 
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