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The samples were diesolved in phosphate buffer 20 mM (pH 7.0) 
at concentrations 0.1, 0.3, 0.6, and 1.0 pM. 

The inhibition effect was monitored for 60 min, and the ICs0 
was derived from the inhibition curves. 

The ability of the selected compounds to lower the IOP in vivo 
was m e a s d  in New Zealand rabbits by the method of Bonomia 
after artificial elevation of the IOP by intravenous injection of 
a 5% glucose solution in water. 
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Synthesis of the Acridone Alkaloids Glyfoline and Congeners. Structure-Activity 
Relationship Studies of Cytotoxic Acridones 
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Glyfoline (4, 1,6-dihydroxy-l0-methyl-2,3,4,5-tetramethoxyacridin-9-one) and ita congeners were synthesized for 
evaluation of their cytotoxicity. A detailed structureactivity relationshipa (SAR) of theae acridone derivatives were 
also studied. To study the SAR of glyfoline analogum, substituent(8) at C-1 and C-6 and at the heterocyclic nitrogen 
of glyfoline nucleus were modified. Nitre and amino-substituted glyfoline analogues were also synthesized to study 
the effects of substituent(s) (electron-withdrawing VB electron-donating) on their cytotoxicity. These compounds 
were synthesized via the Ullmann condensation of anthranilic acids with iodobenzenes or 2-chl0r0benz0ic acids with 
aniline derivativea The SAR studies showed that l-hydmxy-S-donm were more active than their 1-OMe derivatiw 
against cell growth of human leukemic HL-60 cells in culture. Replacement of NMe of glyfoline with NH or 
N(CHJ2NE& reaulted in either total loss or dramatic reduction of cytotoxicity. Glyfoline congeners with nitro function 
at the A-ring were inactive, while compounds with amino substituent were shown to be cytotoxic in vitro. 

Several 9-acridones have been found to exhibit anti- 
cancer activity. %Acridone derivatives with or without an 
alkyl side chain attached to the N-position were syn- 
thesized and studied for their antitumor activity.' Among 
these, N-[2-(dialkylamino)ethyl]-l-nitro-9-acridones (1, 
Figure 1) were shown to have antitumor activity in the 
5-180 system in vivo, and these have undergone extensive 
preclinical testing? It was also reported that the bis- 
cationic side-chain-substituted 9-acridone (2, Figure 1) can 
act as an acceptable chromophore for DNA intercalation? 

Recently, the structureactivity relationships of 50 
natural acridone alkaloids have been studied for their 
effects on the inhibition of cell growth and macromolecule 
biosynthesis of human promyelocytic leukemic HL-60 
cells.' It was found that 23 out of the 50 alkaloids were 
more active than amnycine (3, Figure 11, an antineoplastic 
alkaloid used in clinical trials.5 For inhibition of cell 
growth of human leukemic HL-60 cells in vitro, the most 
potent compound in this series was found to be glyfoline 
(4,1,6-d&ydmxy-l0-methyl-2,3,4,6-btramethoxyacridin- 
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9-one), with an ICbo of 1.1 pM, while acronycine had an 

Glyfoliie was originally isolated from Glycosmis citri- 
folia (Willd.) (Rutaceae)? The structure of this alkaloid, 

IC60 of 26.2 pM. 

~ 
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Figure 1. 

which was determined originally by spectroscopic analysis,B 
was fully secured by total synthesis? In order to elucidate 
the structure-activity relationships of glyfoline, we have 
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s y n t h m i d  several glyfoline congeners and evaluated their 
cytotoxicity. In this paper, we furnished the experimental 
details of the synthesis of glyfoline and some of ita ana- 
logues as well as a study of the SAR relationships in a cell 
culture system. 
Chemistry 
The chemical synthesis of glyfoline was described pre- 

viously as shown in Scheme I.' Ullmann reaction of 4- 
(benzyloxy)-3-methoxyant~anilic acid (64  with l-iodo- 
2,3,4,6-tetramethoxybenzene (7) gave diphenylamine car- 
boxylic acid 8a, which was then converted into glyfoline 
in four steps. The details of the synthesis are reported in 
the Experimental Section. It should be noted here that 
the methoxy group at C-1 of the permethylated inteme- 
diate 12a was selectively hydrolyzed with concentrated 
hydrochloric acid in refluxing methanol to give 1- 
hydroxy-9-acridone (15), which was then converted 
smoothly into the desired compound, glyfoline (4), in good 
yield by catalytic hydrogenolysis. Selective de-0- 
methylation of l-methoxy-Sacridone can also be achieved 
by treatment with a Lewis acid such as boron tribromide 
(BBr8). The latter method was utilized in the synthesis 
of glyfoline, which was obtained in 64% yield from 12a. 

In our previous report,' we demonstrated that 1- 
hydroxy-9-acridones bearing a substituent at C-4 and 
several subetituenta on ringa A and B poseeseed significant 
cytotoxic activity. It was also found that simple 1- 
hydroxy-9-acridones with substituents only on the B-ring 
(Le., normelicopicine, 21, l-hydroxy-lO-methy1-2,3,4-tri- 
methoxyacridin-9-one) are generally inactive!*" These 

(11) Budeahky, Z.; Lederer, P.; Roubmek, F.; Srab, A.; Vavrina, 
J. AlkO~2,4quinazO~ediamines. Collect. Czech. Chem. 
Commun. 1976,41,3405-3414. 
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findings suggest that formation of an intramolecular hy- 
drogen bond between 1-OH and the peri carbonyl function, 
and substituent(s) at the A-ring of normelicopicine nucleus 
(H or OMe) and at the heterocyclic nitrogen (NH or NMe) 
appear to play an important role in cytotoxicity. We have 
modified the substituents at C-1 and C-6 of glyfoline 
molecule. The glyfoline analogues, l-O-methyl- (13),1,6- 
di-O-methyl- (14), 6-O-methyl- (17), and 6-deoxy-l-O- 
methyl- (12b) and 6-deoxyglyfoline (16) (Scheme I), were 
synthesized for comparison of their cytotoxicity. Com- 
pound 12a was debenzylated by catalytic hydrogenolysis 
to give l-0-methylglyfoline (13), which was then treated 
with MeI/K2COS to form 1,6-dimethoxyglyfoline (14) in 
good yield. Partial de-0-methylation of 14 by treatment 
with concentrated HCl/MeOH afforded 6-O-methyl- 
glyfoline (17). 

By following a similar procedure for the synthesis of 
glyfoline, 6-deoxy-l-O-methylglyfoline (lab, 10-methyl- 
1,2,3,4,&pentamethoxyacridin-9-one) and its 1-OH deriv- 
ative (16) were prepared (Scheme I). Ullmann conden- 
sation of 3-methoxyanthranilic acid (6b) with iodobenzene 
(7) afforded the diphenylamine carboxylic acid 8b, which 
was cyclized with polyphosphoric acid to give the 9- 
acridone 1 lb in 62% yield. N-Methylation of 11 b afforded 
5-methoxymelicopicine (12b), which was then converted 
into ita 1-OH derivative 16 by trsatment with concentrated 
HC1 in MeOH. 

We have also modified the substituent at the hetero- 
cyclic nitrogen by introducing hydrogen or a (diethyl- 
amino)ethyl side chain (Scheme I). N-Deamethylglyfoline 
(18) was previously prepared from 10 by treatment with 
BBrS, while N-[2-(diethylamino)ethyl]glyfoline (20) was 
synthesized from 1 la. Treatment of 1 la with an excess 
of 2-(&thylamino)ethyl chloride in dimethylformamide 
(DMF) in the presence of sodium hydride overnight gave 
19 (32%), which was then converted into 20 via partial 
de-O-methylation and debenzylation. 

(12) Chou, T-C.; Otter, G. M.; Schmid, F. A.; Su, T-L. Antitumor 
activity of glyfoline in vitro and in vivo. Roc .  Am. Assoc. 
Cancer Res. 1991, 32, 403. 
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In order to study the role of substituent(s) (electron- 
withdrawing vs electron-donating) on the acridone nucleus, 
we have synthesized glyfoline congeners in which only the 
substituent(s) on the A-ring was modified without altering 
the B-ring. Derivatives of glyfoline with a nitro or amino 
substituent at the A-ring of the'molecule were synthesized. 

Direct nitration of 9-acridones would be the most con- 
venient way to introduce a nitro function to acridone nu- 
cleus. However, it was reported that 9-acridone gave the 
quinone derivatives upon oxidation with diluted nitric acid 
(Scheme II).13 Both melicopicine (22) and normelicopicine 
(21) upon nitric acid oxidation yield the same mixture of 
two isomeric quinones, acridine-1,4,9-trione (23) and 
acridine-1,2,9-trione (25), without forming a nitro-sub- 
stituted product. We also found that compound 12a was 
oxidized to form the two para- and ortho-quinones (24 and 
25, respectively), which were separated by chromatography. 
The bright red quinones (2313 and 24) did not react with 
o-phenylenediamine (27), but their dark red isomera ( 2 P  
and 26) gave quinophenazines (28 and 29, respectively), 
and are therefore the ortho-quinones. Compound 24 was 
converted into l-hydroxy-l0-methyl-2,3,5-trimethoxy- 
acridine-1,4,9-trione (31) via catalytic hydrogenation 
(Pd/C, H,) and oxidation (m-chloroperbenzoic acid). 

Our first approach to the synthesis of nitro-substituted 
normelicopicine (47a,b, Scheme IV) was to prepare 6(0r 
7-)-nitro-l,2,3-trimethoxyacridin-9-one (35a,b, 37, or 38, 
Scheme III), which could then be converted into Chydroxy 
derivative (39) via formylation, Baeyer-Villiger oxidation, 
and hydrolysis by the procedure developed by Hannan et 
al.,14 who synthesized 4-hydroxy-1,5-dimethoxy- 
naphthalene from 1,5-dimethoxynaphthalene. 4-Nitro- 
and S-nitrodiphenylamine carboxylic acids (34a and 34b) 
were prepared in 26% and 15% yield, respectively, by 

(13) Hey, D. H.; Lobo, D. H. Development of the Biechler-Napi- 
eralski-Pshorr synthetic method. The synthesis of (+)-bo- 
bulbocaine methyl ether. J .  Chem. SOC. 19S4,2246-2266. 

(14) Hughes, G. K.; Neill, K. K.; Ritchi, E. T h e  synthesis of meli- 
copicine and some trimethoxy-10-methylacridones. A u t .  J .  
Sci. Res. 1954, 3A, 497-603. 
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Scheme IV w 

Ullmann condensation of the corresponding 2-chloro- 
nitrobenzoic acids (32a and 32b) with trimethoxyaniline 
(33). 6-Nitreg-acridone (35a) wae smoothly synthesized 
in 90% yield from 4-nitrodiphenylamine carboxylic acid 
34a by treatment with polyphosphoric acid at 110 OC for 
2.5 h. Under the same conditions, the 5-nitro derivative 
34b, however, was cyclized to form a mixture of 7-nitro- 
acridone (35b) and its dimer (36). The nitro function of 
34a is located at the para position to the carboxylic acid 
group and also to the meta position of the amino function. 
The carboxylic acid function of 34a would then be more 
susceptible to electrophilic attack in comparison with that 
of 34b and, thus, prefer intramolecular acylation to form 
35a exclusively. In the case of 34b, both intra- and in- 
termolecular acylation had occurred, leading to a mixture 
of 7-nitroacridone 35b and dimer 36, respectively. N- 
Methylation of 3Sa afforded 37, which waa further con- 
verted into its l-hydroxy-9-acridone 38. However, at- 
tempts to convert 35a, 37, or 38 to their (-hydroxy de- 

1 

a series: R1 =H R2 =NO2 
b series: R1 =NO2 R2=H 

rivativea 39 failed, since formylation at G 4  of the acridones 
did not occur. 

To s y n t h h  nitmsubetituted normelicopicinea (47a,b), 
we prepared 2,3,4,5tetramethoxyaniline (43), which then 
was allowed to react with the nitrobenzoic acids (32s,b) 
to furniah the desired acridones. Thus, the known com- 
pound 4015 (Scheme IV) was converted into 2-hydroxy- 
3,4,5-trimethoxynitrobenzene (41) in good yield via 
Baeyer-Villiger oxidation (m-ClPBA) and hydrolysis 
(NaOH). Compound 41 wae O-methylated by treatment 
with diazomethane, and the product 42 wae reduced to 
yield 2,3,4,5-tetramethoxyaniline (43). Ullmann conden- 
sation of nitrobenzenes (32a and 32b) and aniline 43 af- 
forded diphenylamine carboxylic acids (44a and 44b), 
which were cyclized to form nitro-Bacridonea (4Sa and 45b, 

(16) Cain, B. F.; Atwell, G. J.; Denny, N. A. Potential antitumor 
agents, 4'-(anidinb9-ylamino)methaneulfon-anilid. J. Med. 
Chem. 1976,18, 1110-1117. 
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Table I. Structure and Effects of Glyfoline Congeners 

R5 ' 0CH3 

cell growth inhibn 
compd R1 RZ Rs R4 R6 HL-gO. ICW (pM) 

glyfoline (4) OH H OH OMe Me 2.2 
13 OMe H OH OMe Me 91.9 
17 OH H OMe OMe Me 3.4 
14 OMe H OMe OMe Me 23.3 
16 OH H H OMe Me 12.8 
13 OMe H H OMe Me 23.7 
18 OH H OH OMe H >lo0 
20 OH H OH OMe (CH2)2NEt2 62.2 
47a OH H NO2 H Me >lo0 
48 OH H NH2 H Me 11.6 
49 OH H NHMe H Me 10.6 
50 OH H NMez H Me 9.4 

H Me 44.4 
47b OH NO2 
51 OH NH2 H 

H H Me >lo0 

respectively). Compounds 45a,b were N-methylated to 
give 46a,b, which were then partially de-0-methylated to 
yield l-hydroxy-9-acridones (47a,b). The nitro function 
of 47a,b was reduced to the corresponding aminoacridones 
(48 and 51, respectively). Treatment of the 6-aminonor- 
melicopicine (48) with excess Me1 in refluxing acetone in 
the presence of K2C03 overnight led to the formation of 
a mixture of N-monomethyl(49) and Nfl-dimethyl(50) 
acridones, which were separated by chromatography. 
Discussion 

The structureactivity relationships of glyfoline con- 
geners are shown in Table I. These compounds were 
evaluated for their ability to inhibit human leukemic 
HL-60 cell growth in culture. The results show that 1- 
hydroxy-Qacridones are more active than their corre- 
sponding l-O-methylated derivatives (Le., 4 vs 13, 17 vs 
14, and 16 vs 13), indicating that the presence of the in- 
tramolecular hydrogen bond in l-hydroxy-9-acridones 
played an important role for their cytotoxicity. 6-0- 
Methylglyfoline (17) was shown to be as potent as glyfoline 
with an ICM of 3.4 pM. Removal of 6-OH of glyfoline 
(&methoxynormelicopicine, 16) decreased the cell growth 
inhibitory activity. Replacement of the methyl function 
at the heterocyclic nitrogen with hydrogen (N- 
desmethylglyfoline, 18) or (diethylamin0)ethyl side chain 
(20) resulted in either total loss or dramatic reduction of 
activity, respectively. These results demonstrated that 
1-OH, 6-OH, and N-Me functions were essential to pre- 
serve the cytotoxicity of glyfoline. 

The ICw values for l-hydroxy-9-acridones with an 
electron-withdrawing or electron-donating function were 
also shown in Table I. Normelicopicine was previously 
reported to have no cytotoxic activity. We found that both 
6- and 7-nitronormelicopicine derivatives (47a and 47b) 
were also inactive against HL-60 cell growth. Their cor- 
responding amino counterparts (48 and 51, respectively), 
however, demonstrated cytotoxicity with ICso values of 9.4 
and 44.4 pM, respectively. The cytotoxicity of 1- 
hydroxy-9-acridones was enhanced by electron-donating 
function(s) (especially at the para position of the carbonyl 
function) on the aromatic rings. Moreover, the cytotoxicity 
of normelicopicine analogues was porportionally enhanced 
following the order of increasing inductive strength of the 
substituent (NMe, > NHMe > NH,; cf. 48,49, and 50), 
although the activity was not greatly increased. None of 

the glyfoline congeners synthesized appeared to be as ac- 
tive as glyfoline. The SAFt studies may, however, lead to 
the development of more potent analogues. The in vivo 
antitumor activity of glyfoline has been studied.12 It was 
demonstrated that this agent exhibited significant anti- 
tumor activity against several solid tumors in mice. 
Experimental Section 

Melting points were determined on a Thomas-Hoover capillary 
apparatus and are uncorrected. Column chromatography was 
performed on silica gel G60 (70-230 mesh, ASTM, Merck). 
Thin-layer chromatography was performed on Analtech Uniplah 
with short-wavelength UV light for visualization. Elementary 
analyses were performed by MHW Laboratories, Phoenix, AZ. 
'H NMR data were recorded on a JEOL-FXSOQ spectrometer 
with Me& as the internal staudard. Chemical ahifta were reported 
in ppm (a), and the eignals are described as s (singlet), d (doublet), 
t (triplet), q (quartet), m (multiplet), dd (double doublet), d t  
(double triplet), br s (broad singlet). Valuee reported for coupling 
constants are first order. 
4-(Benzyloxy)-3-methoxyanthanilic Acid (sa). To a vig- 

orously stirring suspension of 4-(benzyloxy)-3-methoxy-2-nitro- 
benzoic acid (S)13 (36.45 g, 0.12 mol) in HzO (600 mL) containing 
NaOAc.3Hz0 (16.32 g) was added NazSzOl (107 g, 0.615 mol) 
portionwise and the mixture was heated for 4 h at 70 OC. After 
cooling, the precipitate was collected by fitration and washed 
with HzO. The product was crystall id from EtOH to give 6a: 
22.4 g (68.3%); mp 167-8 OC; 'H NMR (CDC13) b 3.69 (3 H, 8, 
OMe), 5.15 (2 H, s, CHz), 6.40 (1 H, d, = 9.33 Hz H-5), 
7.32-7.49 (5 H, m, Ar-H), 7.47 (1 H, d, JbS = 9.33 Hz, H-6). Anal. 
(CitiHiJ'JOd C, H, N. 

ZHy~~-l-nitro-3P~trimethoxybenzene (41). A mixture 
of 2-nitr0-4,5,6-trimethoxybenzaldehyde'~ (40, 19.3 g, 0.08 mol) 
and m-chloroperbenzoic acid (20.7 g, 0.12 mol) in CHCe (350 mL) 
was heated under reflux for 5 h. After cooling, the reaction 
mixture was washed with 10% NaHC03 solution until no more 
m-chlorobenzoic acid could be detected by TLC. The solvent wan 
removed by evaporation in vacuo, and the residue was treated 
with a 10% KOH solution (KOH, 5.0 g, 0.089 mol in 50 mL of 
HzO) and MeOH (150 mL) at room temperature under Nz. The 
mixture was evaporated in vacuo and the solid residue was die- 
solved in H20 (300 mL) and then acidified with 6 N HC1. The 
precipitated product was collected by filtration, washed well with 
HzO, and dried to give (after recrystallization from 2-propanol) 
13.1 g of 41: mp 72-3 OC; 'H NMR (CDCla) b 3.87,3.94, and 4.09 
(each 3 H, s, 3 OMe), 7.32 (1 H, s, H-6), 10.78 (1 H, exchangeable, 
OH). Anal. (C&11N06) C, H, N. 
l-Nitro-2,3,4,5-tetramethoxybnzene (42). Compound 41 

(4.58 g, 0.02 mol) was treated with CHzNz (prepared from 1- 
methyl-3-nitro-l-nitroeoguanidjne, 5.88 g, 0.04 mol) in ether (300 
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mL) for 4 h at room temperature. The reaction mixture was 
evaporated in vacuo to dryness, and the residue was chromato- 
graphed on a silica gel column (3 X 40 cm) using n-C,&/EtOAc 
(91) as the eluent. Compound 42 was obtained as a syrup: 3.45 
g (71%); 'H NMR (CDCI,) 6 3.80,3.94,3.96, and 3.98 (each 3 H, 
s, 4 OMe), 7.18 (1 H, s, H-6). Anal. (Cl$i13N0,3) C, H, N. 
2,3,4,5-Tetramethoxyaniline (43). A solution of 42 (1.22 g, 

5 mmol) in EtOH (50 mL) was catalytically hydrogenated over 
10% Pd/C (0.5 g) at 40 psi for 1 h. After removal of the catalyst 
by filtration, the filtrate was evaporated in vacuo to dryness to 
give crude 43. The pure product, 0.931 g (87%), was obtained 
by chromatography over a silica gel column (3 X 40 cm, n- 
C&I14/EtOAc, 4 1  v/v): mp 99-100 OC; 'H NMR (CDClJ 6 3.65 
(2 H, br 8, NH2),3.78, 3.79,3.80, and 3.94 (each 3 H, s, 4 OMe), 

4- (Benzyloxy)-3-met hoxy-N- (2,3,4,5-tetramet hoxy- 
pheny1)anthranilic Acid (88). A mixture of 6a (8.199 g, 0.03 
mol), l-iodo-2,3,4,5tetramethoxybenzene" (7,11.026 g, 0.033 mol), 
powdered Cu (0.48 g) Cu20 (0.48 g), and K&O3 (5.17 g) in diglyme 
(60 mL) was heated under reflux for 5 h The solvent was removed 
by distillation in vacuo, and the residue was triturated with 1 % 
NaOH aqueous solution (300 mL). After filtration, the alkaline 
solution was washed with ether (50 mL X 4) and acidified with 
6 N HC1, and then extracted with EtOAc (100 mL X 6). The 
combined extracts were washed with H20, dried over N@04, and 
evaporated to dryness in vacuo. The residue was chromatugraphed 
over a silica gel column (5 X 40 cm) using CHCl,/MeOH (501 
v/v) as the eluent. The main fraction was collected to give, after 
recrystallization from n-C$I14/EtOH, 8a: 8.69 g (60%); mp 138-9 
OC; 'H NMR (CDC13) 6 3.54,3.65,3.82,3.94, and 3.98 (each 3 H, 
s, 5 OMe), 5.20 (2 H, 8, CH2), 5.99 (1 H, 8, H-6'),6.89 (1 H, d, J 
= 9.0 Hz, H-5), 7.38 (5 H, m, Ph), 7.94 (1 H, d, J = 9.0 Hz, H-6). 

By following the same procedure, the following diphenylamine 
carboxylic acids were synthesized. 
3-Methoxy-N-(2,3,4,5-tetramethoxyphenyl)anthranilic 

acid (8b) was obtained by condensation of 3-methoxyanthranilic 
acid (6b, 3.34 g, 20 mmol) with 2,3,4,5tetrametho~yiodobenzene 
(7,9.72 g, 30 "01): yield 3.85 g (53%); mp 146-7 "C; 'H NMR 
(DMSO-ds) 6 3.58,3.67,3.75,3.77,and 3.84 (each 3 H,s,5 OMe), 

J = 7.68 Hz, H-6),8.55 (1 H, br s, NH). Anal. (CleH2lN07) C, 
H, N. 
&Nitro-N-(3,4,5-trimethoxyphenyl)anthranilic acid (344 

was prepared by the condensation of 2-chloro-4nitrobemic acid 
(32a, 20.1 g, 0.2 mol) and 3,4,5-trimethoxyaniline (33,18.3 g, 0.2 
mol): yield 13.8 g (40%); mp 272-3 OC; 'H NMR (DMSO-d,) 6 
3.69 (3 H, 8, OMe), 3.78 (6 H, 8, 2 OMe),6.68 (2 H,s,  H-2'and 

6.09 (1 H, S, H-6). Anal. (CIJ316NOd) C, H, N. 

Anal. (CaHnNOe) C, H, N. 

5.82 (1 H, 8, H-6'),7.04 (1 H, t, J = 7.68, J = 7.96 Hz, H-5), 7.28 
(1 H, dd, J = 1.92, J = 7.96 Hz, H-4), 7.51 (1 H, dd, J = 1.92, 

H-6'), 7.46 (1 H, dd, J 
J = 2.20 Hz, H-3), 8.09 (1 H, d, J = 8.78 Hz, H-6). 

2.20, J = 8.78 Hz, H-5), 7.86 (1 H, d, 
Anal. 

(CisHisNzO7) C, H, N. 
5-Nitro-N-(3,4,5-trimetho~yphenyl)anthrdlic acid (34b) 

was synthesized by condensation of 2-chloro-5-nitrobenic acid 
(32b, 2.02 g, 10 mmol) and aniline (33, 1.83 g, 10 mmol): yield 
0.528 g (15%), mp 281-2 OC dec; 'H NMR (DMSO-d,) 6 3.69 (3 
H, s, OMe), 3.79 (6 H, s, 2 OMe), 6.69 (2 H, s, H-2'and H-69, 
7.16(1H,d,J=9.33H~,H-3),8.15(1H,dd,J=2.47,J=9.33 
Hz, H-4), 8.69 (1 H, d, J = 2.47 Hz, H-6). And. (CieH16N207) 
C, H, N. 
4-Nitro-N-(2,3,4,5-tetramethoxyphenyl)anthranilic acid 

(448) was prepared by condensation of 2-chloro-4-nitrobenzoic 
acid (3% 3.03 g, 15 "01) and aniline (43,2.13 g, 10 mmol): yield 
1.31 g (26%); mp 230-1 OC; 'H NMR (CDCIS) 6 3.79,3.84,3.93, 
and 3.99 (each 3 H, s, 4 OMe), 6.68 (1 H, s, H-69, 7.49 (1 H, dd, 

(1 H, d, J = 8.78 Hz, H-6), 9.42 (1 H, br s, NH). Anal. (C17- 

5-Nitro-N-(2,3,4,5-tetramet hoxypheny1)anthranilic acid 
(44b) was syntheaized by reaction of 2-chloro-5-nitrobenic acid 
(32b, 3.03 g, 15 mmol) with aniline (43, 2.13 g, 10 mmol): yield 
1.18 g (20%), mp 217-9 OC; 'H NMR (CDC13) 6 3.79, 3.84, 3.94, 
and 3.99 (each 3 H, 8, 4 OMe), 6.63 (1 H, s, H-69, 7.00 (1 H, d, 

(1 H, d, J = 2.47 Hz, H-6), 9.86 (1 H, br s, NH). Anal. (C17- 
HieN2Os) C, H, N. 

J 

HieN20e) C, H, N. 

2.20, J = 8.78 Hz, H-5), 7.79 (1 H, d, J = 2.20 Hz, H-3), 8.19 

J=9.6lHz,H-3),8.17(1H,dd, Jz2.47,  J=9.61Hz9H-4),8.98 

Su et al. 

6-Hydroxy-l,2,3,4,5-pentamethoxyacridin-9-one (10). 
Compound 8a (960 mg, 2 mmol) was treated with polyphosphoric 
acid (5 g) in an oil bath (90 "C) for 1 h with stirring. After cooling, 
the mixture was triturated with ice (20 g), and extracted with 
CHCIS (20 mL X 3). The combined extracts were washed with 
H20, dried (Na2S04), and evaporated to dryness. The residue 
was chromatographed over a silica gel column (3 X 30 cm) using 
CHCls/MeOH (501 v/v) as the eluent. Compound 10 was ob- 
tained, after recrystallization from EtOH 178 mg (25%); mp 

3 H, s, 5 OMe), 7.08 (1 H, d, J = 9.0 Hz, H-7),8.00 (1 H, d, J = 
9.0 Hz, H-8h8.82 (2 H, br, NH and OH). Anal. (Cl&l$JO7) C, 
H, N. 
In a similar manner, the following compounds were prepared. 
1,2,3,4,S-Pentamethoxyacridin-9-one (1 lb) was prepared 

from 8b (1.21 g, 3.3 mmol): yield 0.710 g (62%), mp 126-7 OC; 
'H NMR (DMSO-ds) 6 3.82,3.84,3.99,4.02, and 4.03 (each 3 H, 
8, 5 OMe), 7.16 (1 H, t, J = 7.41, J = 7.68 Hz, H-7), 7.32 (1 H, 

Hz, H-81, 8.81 (1 H, br 8, NH). Anal. (ClaHl$JO6) C, H, N. 
6-Nitro-1,2,3-trimethoxyacridin-9-one (358) was prepared 

from 348 (8.71 g, 25 mmol): yield 7.41 g (90%); mp 309-11 OC; 
'H NMR (DMSO-d6) 6 3.75,3.83,and 3.95 (each 3 H,s,3 OMe), 

215-6 OC; 'H NMR (CDCl9) 6 3.94,4.02,4.05,4.07, and 4.09 (each 

dd,J=1.92,J=7.68H~,H-6),7.72(1H,dd,J=1.92,J=7.41 

6.19 (1 H, 8, H-4), 7.57 (1 H, dd, J = 1.98, J = 8.81 Hz, H-7), 8.21 
(1 H, J = 1.98 Hz, H-5), 8.36 (1 H, d, J 8.81 Hz, H-8). Anal. 
(CisHiiN206) C, H, N. 
7-Nitro-1,2,3-trimethoxyacridin-9-one (35b) and 1- 

Hydroxy-7-nitro-4-( 7-nitro- 1,2,3-t rimethoxyacridin-9-y1)- 
2Pdimethoxyacridin-9-0ne (36). Compound 34b (348 mg, 1.0 
"01) was treated with polyphosphoric acid as described above. 
The TLC (Si02, CHC13/MeOH, 101  v/v) showed that two 
products were formed (R, = 0.62 and RI = 0.42). After workup, 
the reaction mixture was chromatographed over a silica gel column 
(2 X 40 cm) using CHC13/MeOH (M1 v/v) as the eluent Product 
(35b, R, 0.52) was eluted first from the column followed by the 
dimer 36. After recrystallization from EtOH, 35b (71.0 mg, 21%) 
had mp 315-6 OC: 'H NMR (DMSO-d6) 6 3.77,3.84, and 3.93 
(each 3 H, s, 3 OMe), 6.68 (1 H, s, H-4), 7.39 (1 H, d, J = 9.06 

d, J = 2.75 Hz, H-8). Anal. (ClsHl4N2O6) C, H, N. Compound 
36 (83.0 mg, 13%): mp 273-4 OC; 'H NMR (DMSO-ds) 6 3.54, 
3.76,3.85,3.87, and 3.96 (each 3 H, s,5 OMe), 6.98 (1 H, s, H-49, 

Hz, H-5), 8.25 (1 H, dd, J 2.75, J = 9.06 Hz, H-6), 8.80 (1 H, 

7.66 (1 H, d, J 9.16 Hz, H-5), 7.88 (1 H, d, J = 9.30 Hz, H-53, 
8.35(1H,dd,J=2.71,J=9.30Hz,H-6),8.48(1H,dd,J=2.54, 
J 2.71 Hz, H-8), 8.97 (1 H, d, 
J = 2.54 Hz, H-8'),10.24 (1 H, 8, NH), 12.34 (1 H, 8, 1-OH). Anal. 

9.16 Hz, H-69.8.93 (1 H, d, J 

(C~iHuN4Oii) C, H, N. 
6-Nitro-l,2,3,4-tetramethoxyacridin-9-one (45a) was pre- 

pared from 44a (1.10 g, 2.9 mmol): yield 1.03 g (98%); mp 2254 
"C; 'H NMR (CDCIB) 6 3.96,4.01,4.08, and 4.11 (each 3 H, s ,4  
OMe), 7.97 (1 H, dd, J = 2.20, J = 8.78 Hz, H-7), 8.22 (1 H, d, 

(C~~HI&&H~O) C, H, N. 
7-Nitro-1,2,3,4-tetra~thoxyacridin-9-one (45b) was pre- 

pared from 44b (207 mg, 0.55 mmol): yield 71.0 mg (36%); mp 

H, s ,4  OMe), 7.35 (1 H, d, J = 9.05 Hz, H-5),8.40 (1 H, dd, J 
= 2.75, J = 9.05 Hz, H-6), 8.68 (1 H, br 8, NH), 9.28 (1 H, d, J 

6-(Benzyloxy)-1,2~,4,5-pentamethoxyac~~-9-one (1 la). 
By modification of a procedure developed by Cain et al.,l6 com- 
pound lla was synthesized. To a solution of 8a (14.9 g, 31 m o l )  
in dry benzene (100 mL) containing pyridine (2.5 mL) was added 
S0C12 (5.11 g, 43 mmol) in one portion at 0 OC. After stirring 
for 10 min, the mixture was evaporated to dryness in vacuo. The 
residue was dissolved in CHC13 (300 mL), and piperidine (8.62 
g, 0.1 mol) and EbN (10.12 g, 0.1 mol) were successively added 
to the solution. The reaction mixture was stirred at room tem- 
perature for 20 min, and then evaporated in vacuo to dryness. 
The residue was diesolved in EtOAc (500 mL), washed successively 
with 1 N HCl, 10% NaHCO,, and HzO, dried (Na2S04), and 
evaporated to dryness. The residue was then treated mth POCls 
(15 mL) at 100 OC for 30 min, and evaporated to dryness. The 
residue was triturated with ice-water (100 mL) and then heated 
at 80 OC for 30 min. After oooling, the mixture was extracted with 
M A C  (300 mL X 3). The combined extracts were filtered, washed 

J = 2.20 Hz, H-S), 8.55 (1 H, d, J = 8.76 Hz, H-8). Anal. 

23941 OC; 'H NMR (CDClB) 6 3.96,4.00,4.08, and 4.11 (each 3 

= 2.75 Hz, H-8). Anal. (C17HleN207) C, H, N. 
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with H@, dried (Na#OJ, and evaporated to dryneas. The residue 
was chromatographed over a silica gel column (5 X 50 cm) using 
n-C&4/CHC13/EtOAc ( 3 2 1  v/v/v) as the eluent. After re- 
crystallization from n-C&/EtOH, compound lla (6.23 g, 45%) 
was obtained: mp 130-1 OC; 'H NMR (CDC13) 6 3.94,4.02,4.05, 
4.07, and 4.09 (each 3 H, s,5 OMe), 7.08 (1 H, d, J = 9.0 Hz, H-7), 
8.00 (1 H, d, J = 9.0 Hz, H-8), 8.82 (1 H, br 8, NH). Anal. 
(CzaHzsNO,) C, H, N. 
6-(Benzyloxy)-lO-methyl-l,2,3,4,5-pentamethoxyacridh- 

9-one (12a). A mixture of lla (4.97 g, 11 mmol), Me1 (6.25 g, 
44 mmol), and KzCO3 (6.07 g, 44 "01) in acetone (100 mL) was 
heated under reflux for 8 h. Additional Me1 (6.25 g) and KzCO3 
(6.07 g) were added to the reaction mixture, and heating was 
continued for another 8 h. The mixture was filtered and the filter 
cake was washed well with acetone. The combined filtrate and 
washings were evaporated to dryness in vacuo. The residue was 
dissolved in CHC13 (200 mL), washed with H20, dried (Na2S04), 
and evaporated to dryness. The solid residue was recrystallized 
from EtOH to give 12a: 4.91 g (96%); mp 127-8 "C; 'H NMR 
(CDClJ 6 3.70,3.87,3.91,3.93,3.98, and 4.10 (each 3 H, s,5 OMe, 
1 NMe), 5.24 (2 H, 8, CH2), 6.96 (1 H, d, J = 9.05 Hz, H-71, 
7.32-7.48 (5 H, m, Ph), 8.01 (1 H, d, J = 9.05 Hz, H-8). Anal. 
(CzaHnN0,) C, H, N- 
In a similar mauner, the following compounds were synthesized. 
1 &Methyl- 1,2,3,4ppentamet hoxyacridin-Bone ( 12b) was 

prepared from l l b  (530 mg, 1.5 "01): yield 511 mg (93%); mp 
115-6 "C; 'H NMR (CDC13) 6 3.56 (3 H, 8, NMe), 3.83 (6 H, 8, 
2 OMe), 3.81, 3.97, and 4.00 (each 3 H, s, 3 OMe), 7.23 (1 H, t, 
J 6.86, J = 7.96, H-7), 7.36 (1 H, dd, J = 2.47, J 
H-6), 7.64 (1 H, dd, J = 2.47, J = 6.86 Hz, H-8). Anal. 

7.96 Hz, 
(Cis- 

H2iNO6) c, H, 
l&Methyl-l,2,3,4,5,6-hexamethoxyacridin-9-one (14) was 

prepared from 10 (361 mg, 1.0 "01): yield 320 mg (82%); mp 
111-2 OC; 'H NMR (CDC13) 6 3.69 (3 H, 8, NMe), 3.94 and 4.10 
leach 3 H. 8. 2 OMel. 3.88 and 3.99 (each 6 H. 8. 4 OMe), 6.92 .----- - --, , 
(1 H, d, J = 9.05 Hz,'H-7), 8.05 (1 H, d, J = 9.05 Hz, H-8)...W. 
(C"J0,) C, H, N. 

10-Methyl-6-nitro- 1,2,3-trimethoxyacridn-9-one (37) was 
prepared from 3Sa (4.35 g, 13.2 mmol): yield 3.71 g (82%); mp 

3 H, 3 OMe, 1 NMe), 6.92 (1 H, s, H-4), 7.91 (1 H, dd, J = 1.92, 

1&Methyl-6-nitro-l,2,3,4-tetramethoxyacndi11-9-one (46a) 
was prepared from 4Sa (720 mg, 2.0 "01): yield 643 mg (98%); 
mp 1267 "C; 'H NMR (CDC13) 6 3.81 (3 H, 8, NMe), 3.96,3.98, 
4.01, and 4.13 (each 3 H, 8, 4 OMe), 7.98 (1 H, dd, J = 1.92, J 

10-Methy1-7-nitro-1,2,3,4-tetramethoxyacridin-9-one (46b) 
was prepared from 4Sb (250 mg, 0.70 "01): yield 211 mg (81%); 
mp 200-1 OC; 'H NMR (CDC13) 6 3.83 (3 H, 8, NMe), 3.97 and 
3.13 (each 3 H, 8, 2 OMe), 4.00 (6 H, 8, 2 OMe), 7.45 (1 H, d, J 

6-(Bemzyloxy)-1-hydroxy-l0-methyl-2,3,4,5-t8tramethoxy- 
acridin-9-one (15). A mixture of 12a (4.90 g, 10.5 "01) in 
MeOH (100 mL) containing concentrated HCl(l5 mL) was heated 
at reflux for 12 h. After cooling, the orange precipitate was 
collected by filtration, and recrystallized from EtOH to give 1 6  
4.09 g (86%); mp 131-2 OC; 'H NMR (acetone-d6) 6 3.79,3.83, 
3.87, 3.92, and 4.09 (each 3 H, 8, 4 OMe, 1 NMe), 5.38 (2 H, 8, 
CHJ, 7.25 (1 H, d, J = 9.05 Hz, H-7), 7.34-7.45 (5 H, m, Ph), 8.01 

By following the same procedure, the following compounds were 
prepared. 

1-Hydroxy- 10-methyl-2,3,4,5-tetramet hoxyacridin-Bone 
(16) was prepared from 12b (290 mg, 0.80 mmol): yield 200 mg 
(72%); mp 130-1 OC; lH NMR (DMSO-ds) 6 3.69,3.76,3.83,4.00, 
and 4.04 (each 3 H, 8, 4 OMe, 1 NMe), 7.30 (1 H, t, J = 7.41, J 

235-7 OC; 'H NMR (DMSO-ds) 6 3.77,3.83,3.90, and 4.03 (each 

J 8.78 Hz, H-8), 8.43 (1 H, d, 
J = 1.92 Hz, H-5). And. (C17HieN206) C, H9.N. 

8.78 Hz, H-7), 8.36 (1 H, 8, J 

= 8.65 Hz, H-7), 8.31 (1 H, d, J = 1.92 Hz, H-6), 8.49 (1 H, d, J 
8.65 Hz, H-8). Anal. (C17H16N20,) C, H, N. 

= 9.33 Hz, H-5), 8.41 (1 H, dd, J = 2.75, J = 9.33 Hz, H-6h9.17 
(1 H, d, J = 9.33 Hz, H-8). Anal. (C17H16N20,) C, H, N. 

(1 H, d, J = 9.05 Hz, H-8), 14.07 (1 H, 8, 1-OH). Anal. 
HSNO,) C, H, N. 

((225- 

= 7.96 Hz, H-7), 7.46 (1 H, dd, J = 2.19, J = 7.96 Hz, H-6), 7.78 
(1 H, dd, J =  1.96, J =  7.41 Hz, H-8), 13.97 (1 H, S, 1-OH). Anal. 
(CieHiJW3/4H2O) C, H, N. 
l-Hydroxy-l0-methyl-2,3,4,6,6-~ntamethoxyacridin-9-one 

(17) was prepared from 14 (260 mg, 0.67 mmol): yield 240 mg 
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(96%); mp 178-9 OC; 'H NMR (DMSO-d6) 6 3.69,3.75,3.80,3.81, 
3.97, and 4.04 (each 3 H, s,5 OMe, 1 NMe), 7.22 (1 H, d, J = 9.06 
Hz, H-7), 7.98 (1 H, d, J = 9-06 Hz, H-8), 14.03 (1 H, 8 ,  1-OH). 
Anal. (CiJ421N07) C, H, N. 
2,3-Dimethoxy-l-hydroxy-lO-methyl-6-nitroacridh-9-one 

(38) was prepared from 37 (344 mg, 1.0 mmol): yield 281 mg 
(86%); mp 239-41 O C ;  'H NMR @MSO-de) 6 3.73,3.88, and 3.99 
(each 3 H, s, 2 OMe, 1 NMe), 6.57 (1 H, s, H-4), 7.91 (1 H, dd, 
J = 1.92, J =  8.78 Hz, H-7), 8.31 (1 H, d, J = 8.78 Hz, H-8), 8.46 
(1 H, d, J = 1.92 Hz, H-6). Anal. (C1&14N&) C, H, N. 

l-Hyclroxr-lo-methyl-6-nitro-2a4-trimet hoxyacridin-hne 
(47a) was prepared from 46a (542 mg, 1.45 "01): yield 420 mg 
(81%); mp 147-8 "C; 'H NMR (DMSO-de) 6 3.71 and 3.83 (each 
3 H, s, NMe, OMe), 4.07 (6 H, s,2 OMe), 8.00 (1 H, dd, J = 1.92, 

1-Hydroxy- l&methyl-l-nit~2,3,ktrunethoxyacridin- 
(47b) was prepared from 46b (170 mg, 0.50 "01): yield 160 mg 
(98%); mp 223-4 OC; 'H NMR (CDClJ 6 3.79,3.98,4.08, and 4.17 
(each 3 H, 3 OMe, 1 NMe), 7.53 (1 H, d, J = 9.40 Hz, H-5), 8.50 

H-8), 13.97 (1 H, 8, 1-OH). Anal. (C1,Hl6N20,) C, H, N. 
1,6-~droxy-l&methy1-2,3,4~~~hoxyacri~-hne 

(Glyfoline, 4). Method I. A mixture of 15 (4.0 g, 8.86 mmol) 
and 10% Pd/C (1.0 g) in EtOH/dioxane (3:1,200 mL) was hy- 
drogenated at 45 psi for 2 h. The mixture was filtered through 
a pad of Celite, and the fiiter cake was washed well with CHCl* 
The combined filtrate and washings were evaporated to dryness 
in vacuo, and the solid residue was recrystallized from MeOH to 
give pure 4 2.85 g (89%); mp 214-5 OC (lit! mp 215-7 "C); 'H 
NMR (DMSO-d6) 6 3.69, 3.75,3.78, 3.80, and 4.02 (each 3 H, 8, 
4 OMe, 1 NMe), 6.94 (1 H, d, J = 9.0 Hz, H-7), 7.84 (1 H, d, J 
= 9.0 Hz, H-8), 10.45 (1 H, br s, &OH), 14.18 (1 H, 8, 1-OH). Anal. 
(Ci&isNO,) C, H, N. 

Method 2. To a solution of 12a (453 mg, 1 "01) in dry CH2C12 
(30 mL) was added BBr3 (249 mg, 1 "01) at -78 OC and stirred 
for 0.5 h. The reaction mixture was then allowed to warm to -20 
OC within 10 min and then poured into ice-water (30 mL). The 
mixture was neutralized with 10% NaHC03 aqueous solution and 
extracted with CHC13 (20 mL X 4). The combined extracts were 
washed with H20, dried (Na2S04), and evaporated to dryness. 
The residue was chromatographed over a silica gel column (2 X 
30 cm) using CHC13/MeOH (5OA v/v) as the eluent. The product 
4 was obtained (195 mg, 54%), after recrystallization from MeOH, 
and was identical to the product prepared by the method 1. 

In a similar manner, compound 18 was synthesized. 
1,6-Dihydroxy-2,3,4,5-tetramethoxyacridin-9-one (18) was 

prepared from 10 (46.6 mg, 0.20 "01): yield 44.0 mg (38%); mp 

3 H, s ,4  OMe), 6.91 (1 H, d, J = 9.05 Hz, H-7), 7.85 (1 H, d, J 
= 9.05 Hz, H-8), 8.94 (1 H, br s, NH), 10.73 (1 H, br, &OH), 13.88 

6- (Benzyloxy)- 10- [ 24 diet hy1amino)et hy 11- 1,2,3,4$-penta- 
methoxyacridin-9-0110 (19). To a suspension of NaH (60% oil 
suspension, 207 mg, 5.1 "01) and lla (451 mg, 1.0 "01) in dry 
DMF' (5 mL) was added 2-(diethylamino)ethyl chloride hydro- 
chloride (430 mg, 2.5 mmol). The reaction mixture was heated 
at 110 "C for 22 h and the solvent was removed in vacuo by 
distillation. The residue was triturated with CHC13 (50 mL), 
washed with H20, dried (Na2S04), and evaporated to dryness in 
vacuo. The residue was chromatographed on a silica gel column 
(3 X 60 cm) using CHC13 as the eluent, which eluted unreacted 
lla. The column was then washed with CHC13/MeOH (1OO:l 
v/v) to elute 19, which was obtained as yellow crystals, 172 mg 
(32%) with mp 133-4 OC, after concentration of the solvent and 
recrystallization of the residue from hexane/EtOH 'H NMR 

J 
J 

8.78 Hz, H-7), 8.38 (1 H, d, J = 8.78 Hz, H-8), 8.48 (1 H, d, 
1.92 Hz, H-5). Anal. (Ci,HieN20,! C, H, N. 

(1 H, dd, J = 2.78, J = 9.40 Hz, H-6), 9.24 (1 H, d, J = 2.78 Hz, 

235-6 OC; 'H NMR (DMSO-de) 6 3.81,3.92,3.96, and 4.03 (each 

(1 H, 8,l-OH). Anal. (Ci,Hi,NO,) C, H, N. 

(CDCla) 6 0.51 (6 H, t, J 7.14 Hz, 2 CH~CHS), 2.04 (4 H, q, J 
= 7.14 Hz, 2 CH&H,q), 2.16 (2 H, t, J 6.03 Hz, CH2), 4.48 (2 
H, t, J = 6.03 Hz, CH2), 5.24 (2 H, S, PhCHz), 6.95 (1 H, J = 9.05 

Anal. (C31HsN20,) C, H, N. 
Hz, H-7), 7.31-7.49 (5 H, m, Ph), 7.95 (1 H, d, J = 9.05 Hz, H-8). 

10-[2-( Diethy1amino)ethyll- 1,6-dihydroxy-2,3,4,5-tetra- 
methoryaoridin-hne (20). A mixture of 19 (150 mg, 0.27 mmol) 
in EtOH (10 mL) containing concentrated HCl(3 mL) was heated 
at reflux for 20 h. The solvent waa removed in vacuo, the residue 
was dissolved in CHC13 (30 mL), washed with NH40H, dried 
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(Na,S04), and evaporated in vacuo to drynew. The residue was 
dissolved in EtOH (15 d) and then treated with 10% Pd/C (30 
mg)/H, at 45 psi for 2 h. After removal of catalyst, the fitrate 
was evaporated in vacuo to dryness. The product (20), 58.0 mg 
(48%) with mp 118-9 OC, was obtained after chromatography 
(silica gel column, CHC&/MeOH, 1W1) and m a y a t d m  * tion from 
hexane/EtOH: 'H NMR (DMSO-de) 6 0.36 (6 H, t, J = 7.14 Hz, 

6.03 Hz, CH2), 3.76 and 4.00 (each 3 H, 8, 2 OMe), 3.79 (6 H, 8, 
2 OMe), 4.57 (2 H, t, J = 6.03 Hz, CH2), 6.93 (1 H, d, J = 8.78 
Hz, H-7), 7.83 (1 H, d, J = 8.78 Hz, H-8), 10.41 (1 H, br, 6-OH), 
14.05 (1 H, s,l-OH). Anal. (CmHd2O7) C, H, N. 
6-(Benzyloxy)-2,3-dimethoxy-lO-methylacridine-l,4,9- 

trione (24) and 6-(Benzyloxy)-3,4-dimethoxy-lO-methyl- 
acridine-lf,Strione (26). Compound 12a (465 mg, 1.0 mmol) 
was added to 17% HNOs (20 mL) over a period of 20 min at 0 
OC with vigorous stirring. The mixture was then allowed to stir 
at room temperature for additional 1 h (the color of the reaction 
mixture turned from orange into red). The reaction was monitored 
by TLC (Si02, CHC13/MeOH, lOl), which indicated that two 
producta were formed. EtOAc (20 mL) was added directly to the 
reaction mixture. The aqueous layer was separated and extracted 
with EtOAc (20 mL X 3). The combined extracta were washed 
with H20, dried over N@04, and evaporated in vacuo to dryness. 
The residue was chromatographed over a silica gel column (2 X 
40 cm) using CHC13 as the eluent. Compound 24 (R, = 0.53) was 
eluted (CHCIS/MeOH, 2M):l) fmt from the column followed by 
26 (R, = 0.43). Compound 24 was obtained as red crystals (130 
mg, 30%): mp 185-6 "C (EtOH); 'H NMR (DMSO-ds) 6 3.86 (6 
H, s,2 Me), 3.90 and 3.98 (each 3 H, s,2 Me), 5.30 (2 H, 8, CHJ, 
7.41 (1 H, 8.78 Hz, H-7),7.38-7.65 (5 H, m, Ph), 7.85 (1 H, d, J 
= 8.78 Hz, H-8). Anal. (CWHzlN07) C, H, N. After recrystal- 
lization from EtOH, compound 26 was obtained as dark red 
crystals (93.0 mg, 25%): mp 207-8 OC; 'H NMR (DMSO-d6) 6 
3.76 (3 H, s, Me), 3.89 (6 H, s, 2 Me), 4.10 (3 H, e., Me), 5.29 (2 
H, s, CHJ, 7.37 (1 H, d, J = 9.05 Hz, H-7), 7.43-7.7.48 (5 H, m, 

3-(Benzyloxy)-S-methyl-4,6,7-trimethoxyquino[3~-8 1- 
phenaein-l4(SH)one (29). 1,2Bhenylenediamine (27,8.0 mg, 
0.074 "01) was added into a solution of 26 (27 mg, 0.062 "01) 
in EtOH/dioxane (5:1,8 mL) at room temperature. After Stirring 
for 10 min, the solvent was removed in vacuo, and the dark-red 
reaidue was recryatallid from EtOH to yield 29 (17.0 mg, 54%): 
mp 240-2 O C ;  'H NMR (DMSO-d6) 6 3.85, 3.94,4.08, and 4.32 
(each3 H,s ,3  OMe, 1 NMe),5.33 (2 H,s,CHJ,7.32-7.56 (5 H, 
m, Ph), 7.45 (1 H, d, J = 8.78 Hz, H-2), 7.88-8.00 (2 H, m, Ar-H), 
7.95 (1 H, d, J = 8.78 Hz, H-l), 8.19-8.31 (2 H, m, Ar-H). Anal. 
(C90H2~Ns03 C, H, N. 

10-Methyl- 1,4,6-trihydrosy-2,3,S-trimet hoxyacridin-9one 
(30). A mixture of 24 (130 mg, 0.3 mmol) and 10% Pd/C (50 mg) 
in EtOH/dioxaue (61,30 mL) was hydrogenated at 40 p i  for 
1.5 h. After removal of the catalyst, the fitrate was evaporated 
in vacuo to dryness. The residue was recrystallized from EtOH 
to give 30: 53.0 mg (51%); mp 205-6 OC; 'H NMR (DMSO-d6) 
6 3.71,3.79,3.83, and 3.93 (each 3 H, s,3 OMe, 1 NMe), 6.91 (1 

H, br, OH), 10.50 (1 H, br, OH), 13.84 (1 H, br 8,l-OH). Anal. 
(Ci7Hi+J07) C, H, N. 
6 - ~ d r o ~ - l 0 - m ~ ~ ~ r i ~ e l , 4 , ~ t r i o n e  

(31). To a solution of 30 (35 mg, 0.1 "01) in MeOH (6 d) was 
added m-chloroperbenzoic acid (20 mg) and the mixture stirred 
for 20 min at room temperature. The solvent waa removed in 
vacuo and the solid reaidue was recrystallid from MeOH to yield 
31: 240 mg (60%); mp 24&1 OC dec; 'H NMR (DMSO-de) 6 3.80, 
3.83, 3.90, and 3.98 (each 3 H, s ,3  OMe, 1 NMe), 7.70 (1 H, d, 
J 9.05 Hz, H-7), 7.73 (1 H, d, J 9.05 Hz, H-8). Anal. 
(Ci7Hd07) C, H, N. 

&Amino- 1 -hydroxy- 10-methy1-2,3,4-trimet hoxyacridin-9- 
one (48). A mixture of 47a (216 mg, 0.60 "01) and 10% Pd/C 
(50 mg) in EtOH/dioxane (3:1,50 mL) was hydrogenated at 40 

2 CHpCHS), 1.93 (4 H, 9, J 7.14,2 CH2CH3), 2.14 (2 H, q, J = 

Ph), 7.80 (1 H, d, J = 9.05, H-8). Anal. (CuH21NO7) C, H, N. 

H, d, J 9.33 Hz, H-7), 7.82 (1 H, d, J = 9.33 Hz, H-8), 8.87 (1 

Su et al. 

psi for 1 h. The mixture was filtered through a pad of Celite, and 
the fiter cake was washed successively with EtOH and CHCls. 
The combined fitrate and washings were evaporated in vacuo 
to dryness. The residue was chromatographed on a silica gel (2 
X 15 cm) using CHC13 as the eluent. The product 48 (153 mg, 
77%) was obtained after recrystallization from EtOH mp l e 7 0  

8, 3 OMe, 1 NMe), 6.45 (2 H, br 8, NH2), 6.54 (1 H, d, J = 1.65 
OC; 'H NMR (DMSO-de) 6 3.66,3.79,3.84, and 3.99 (each 3 H, 

Hz, H-S), 6.70 (1 H, dd, J 1.65, J = 8.50 Hz. H-71, 7.90 (1 H, 
d, J = 8.50 Hz, H-81, 15.27 (1 H, 8, 1-OH). Anal. (C17Hl&- 
06.HpO) C, H, N. 

Compound 51 was prepared in a similar manner. 
?-Amine l-hy~xy-lO-methy1-2,3,4-trimethoryacrid-9- 

one (51) was prepared from 47b (50.0 mg, 0.14 "01): yield 33 
mg (92%); mp 168-70 OC (EtOH); 'H NMR (CDClJ 6 3.73,3.80, 
3.95, and 4.02 (each 3 H, s ,3  OMe, 1 NMe), 3.80 (2 H, br, NHJ, 

Anal. (Ci7HisNz0,y1/zHz0) C, H, N. 
1-Hydroxy- 10-methyl-6- (met hylamino)-2,3,4-trimet h o w  

acridin-9-one (49) and 6-(Dimethylamino)-l-hydroxy-lO- 
methyl-2,3,4-trimethoxyacridin-9-one (SO). A mixture of 48 
(66 mg, 0.2 mmol), Me1 (0.2 mL), and K2C0s (0.5 mg) in acetone 
(5 mL) was heated at reflux for 3 h. An additional Me1 (0.4 mL) 
was added to the reaction mixture and continuously heated ov- 
ernight TLC @io2, toluene/MAc 21) ahowed that two producta 
were formed. The solvent was removed in vacuo and the reaidue 
was dissolved in EtOAc (40 mL), washed with HzO, dried 
(NadO,), and evaporated in vacuo to dryness. The residue waa 
chromatographed over a silica gel column (2 X 30 cm) using 
toluene/MAc (31 v/v) as the eluent. Compound 50 (R, = 0.36) 
waa eluted fvst from the column followed by 49 (R, = 0.26). After 
recrystallization from ether, compound 49 (13.0 mg, 20%) was 
obtained: mp 141-2 OC; 'H NMR (CDClS) 6 3.19 (3 H, 8, NMe), 
3.93 (3 H, 8, NMe), 4.16 (6 H, s,2 OMe), 4.33 (3 H, 8, OMe), 6.48 

(CISI-I~ZOS-~/ZHZO) C, H, N. 
Compound 50 (13.0 mg, 20%): mp 173-4 OC (EhO); 'H NMR 

(CDC13) 6 3.15 (6 H, 8,2 NMe), 3.72 (3 H, 8, NMe), 3.95 (6 H, 8, 
2 OMe), 4.12 (3 H, 8, OMe), 6.29 (1 H, d, J = 2.20 Hz, H-5), 6.70 

Biological Studies on SAcridone Derivatives. Ht60 ceh 
(1.5 X l@/mL) were incubated in RPMI 1640 media (GIBCO, 
Grand Island, NY) at 37 OC in humidified 5% C02 for 72 h. Viable 
cella were determined using trypan blue exclusion and counted 
in a hemocytometer. The fractional inhibition for each compound 
concentration (0.0025-0.05 mg/mL in 0.1% dimethyl sulfoxide, 
DMSO) was analyzed with the median-effect plot using a com- 
puter program.16 The median-effect concentration (ICm) was 
determined automatically for three to five dose-effect lev& Cell 
growth in the absence of acridones and in the preaence of DMSO 
was used aa a control. DMSO alone inhibited cell growth 3.9 f 
1.5% during the 72-h incubation period. 
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7.17 (1 H, dd, J 2.87 
Hz, H-5), 7.62 (1 H, d, J = 9.05 Hz, H-8), 14.00 (1 H, 8, 1-OH). 

2.87, J = 9.05 Hz, H-6), 7.38 (1 H, d, J 

(1 H, d, J 
H-7), 8.33 (1 H, 8, J 

2.20 Hz, H-5), 6.73 (1 H, dd, J = 2.20, J 8.78 Hz, 
8.78 Hz, H-8), 14.98 (1 H, 8,l-OH). Anal. 

( lH,dd,  J32.20, J=9.05Hz,H-7),8.18(1H,d, J=9.05,H-8), 
14.96 (1 H, s,l-OH). Anal. (C&2NpOjj) C, H, N. 

(16) Chou, J.; Chou, T-C. Dose-effect analysis with microcompu- 
ters: Quantitation of EDm LDm synergism, antagonism, low- 
dose risk, receptor ligand binding and enzyme kinetics. A 
computer softwme disk for Apple I1 series or IBM-PC and 
manual. Elsevier Science Publishers, Elsevier-BioSoft, Cam- 
bridge, 1986. 


