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5.06 (s, 2 H, OCH2Ph), 5.21 (d, J = 5.7 Hz, 1 H, H-4'), 5.80 (bs, 
1 H, H-l'), 5.94 (bs, 1 H, H-2'), 6.28 (d, J = 2.0 Hz, 1 H, H-3), 
6.57 (dd, J = 6.0 Hz, J' = 2.0 Hz, 1 H, H-5), 7.25-7.45 (m, 10 H, 
Ph), 8.04 (d, J = 6.0 Hz, 1 H, H-6); 13C NMR (CDC13) « 26.1,27.5, 
66.8 (+, C-6'), 69.8,72.8,83.0 (-, C-l'), 83.4 (-, C-5'), 83.9 (-, C-4'), 
95.2 (-, C-5), 106.8 (-, C-3), 112.2, 126.4 (-, C-2'), 127.5, 127.7, 
128.3,128.4,128.7,135.8,138.0,147.8 (+, C-3'), 147.8 (-, C-6), 164.8 
(+, C-2), 167.0 (+, C-4). Anal. (CasH^NOj) C, H, N. 

(VR A'R ,5 'S)-1 [3-(Hydroxymethyl)-4(5-dihydroxy-2-
cyclopenten-l-yl]-4-hydroxy-2-pyridone (6,3-Deaza-CPE-U). 
A solution of protected nucleoside 15 (0.245 g, 0.534 mmol) in 
dry CH2C12 was stirred at -78 °C under a nitrogen atmosphere. 
This solution was treated with 3.2 mL of a 1 M solution of BC13 
in CH2C12 and stirred at -78 °C for 3.5 h. Methanol (5 mL) was 
added and the solution was allowed to reach room temperature. 
The solution was concentrated in vacuo and coevaporated three 
more times with MeOH. The residual compound was dissolved 
in water (6 mL) and lyophilized. Reversed-phase (C-18) column 
chromatography with 5% aqueous methanol as eluant afforded 
0.041 g (32%) of the desired target compound 6 as a white 
amorphous powder; [ a p D = -55.6° (c 1.34, H20); UV (H20, pH 
1) \ m „ 280 nm (log ( 3.65), UV (H20, pH 11) Xmax 268 (sh, log e 
3.80), 255 nm (log « 3.91); LH NMR (CD3OD) S 4.01 (t, J = 5.5 
Hz, 1 H, H-5'), 4.55 (bs, 2 H, H-6'ab), 5.70 (d, J = 5.7 Hz, 1 H, 
H-4'), 5.70 (bd, J = 1.8 Hz, 1 H, H-2'), 5.77 (m, 1 H, H-l'), 5.83 
(d, J = 2.6 Hz, 1 H, H-3), 6.07 (dd, J = 7.5 Hz, J' = 2.6 Hz, 1 H, 
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Since the discovery of a retrovirus as the causative agent 
for AIDS,12 only 3'-azido-2',3'-dideoxythymidine (AZT) has 
gained wide-scale FDA approval for treatment of patients 
with AIDS and ARC.3 However, AZT use has been as
sociated with toxicity,4 resumption of viral replication,5 the 
occurrence of cell to cell virus transmission,6 and the 
emergence of AZT-resistant HIV-1 strains during pro
longed therapy.7 It has been demonstrated that common 
mutations in the HIV-1 reverse transcriptase gene can 
confer resistance to AZT.8 Many nucleoside analogues 
with potential anti-AIDS activities have been reported9"16 

and the mechanism of action of most dideoxynucleosides 
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H-5), 7.33 (d, J = 7.6 Hz, 1 H, H-6); 13C NMR (Me2SO-d6) & 58.6 
(+, C-6'), 64.3 (-, C-l'), 72.5 (-, C-5'), 77.4 (-, C-4'), 98.2 (-, C-5), 
100.2 (-, C-3), 124.0 (-, C-2'), 135.4 (-, C-6), 151.1 (+, C-3'), 163.3 
(+, C-2), 166.2 (+, C-4); FAB mass spectrum, m/z (relative in
tensity) 332 (MH + glycerol, 3), 240 (MH+, 100), 112 (b + 2 H, 
98). Anal. (CuH13N05) C, H, N. 

Biological Tests. In vitro cytotoxicity evaluations were 
performed by Dr. Richard L. Cysyk and Ms. Nancy M. Malinowski 
of the Laboratory of Biological Chemistry, DTP, DCT, NCI. 
Antiviral activity evaluations were conducted under NIH purchase 
order 263-MD-610174 at Southern Research Institute, Birming
ham, AL, under the direction of Dr. William Shannon and Ms. 
Gussie Arnett. 
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is established.17 It is pertinent to note that , so far, this 
approach has proved to be incapable of completely halting 

Potential Anti-AIDS Agents. Synthesis and Antiviral Activity of 
Naphthalenesulfonic Acid Derivatives against HIV-1 and HIV-2 
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Certain naphthalenesulfonic acid analogues have been synthesized and evaluated for their inhibitory effects on HIV-1-
and HIV-2-induced cytopathogenicity, HIV-1 giant cell formation, and HIV-1 reverse transcriptase (RT) activity. 
A bis(naphthalenedisulfonic acid) derivative having a biphenyl spacer emerged as the most potent and selective 
inhibitor of virus-induced cytopathogenicity in MT-4 cells. The ED^ values for this compound were 7.6 and 36 
/*M for HIV-1 and HIV-2, respectively. No toxicity to the host cells was detected at 98 nM. This compound also 
inhibited giant cell formation and was superseded in potency by a bis(naphthalenedisulfonic acid) derivative having 
a flexible decamethylene spacer. In the cell-free RT assay, a long-chain amide derivative exhibited the most inhibition 
of RT. All the compounds that achieved complete inhibition of virus-induced cytopathogenicity at concentrations 
not toxic to host cells were derivatives of 4-amino-5-hydroxy-2,7-naphthalenedisulfonic acid. These analogues represent 
new leads for the development of anti-HIV agents. 
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Table I. Inhibitory Effects of Naphthalenesulfonic Acids on 
HIV-1- and HIV-2-Induced Cytopathogenicity in MT-4 Cells'' 

SOaH 

ciOjS—^V"^3~S02CI 

SO,H SO3H 

and/or eradicating the virus in toto. Novel anti-HIV 
mechanisms of action have been demonstrated by several 

(1) Barre-Sinoussi, F.; Chermann, J. C; Rey, F,; Nugeyre, M. T.; 
Chamaret, S.; Gruest, T.; Dauguet, C; Axler-Blin, C; Bezi-
net-Brun, F.; Rouzioux, C; Rozenbaum, W.; Mantagnier, L. 
Science 1983, 220, 868. 

(2) Gallo, R. C; Salahuddin, S. Z.; Popovic, M.; Shearer, G. M.; 
Kaplan, M.; Haynes, B. F.; Palker, T. J.; Redfield, R.; Oleska, 
J.; Safai, B.; White, G.; Foster, P.; Markham, P. D. Science 
1984, 224, 500. 

(3) Hirsch, M. S. J. Infect. Dis. 1988, 157, 427. 
(4) Richman, D. D.; Fischl, M. A.; Grieco, M. H.; Gottlieb, M. S.; 

Volberding, P. A.; Laskin, 0. L.; Leedom, J. M; Groopman, J. 
E.; Mildvan, D.; Hirsch, M. S.; Jackson, G. G.; Durack, D. T.; 
Nusinoff Lehrman, S.; the AZT Collaborative Working Group 
N. Engl. J. Med. 1987, 317,192. 

(5) Reiss, P.; Lange, J. M. A.; Boucher, C. A.; Danner, S. A.; 
Goudsmit, J. Lancet 1988, 1, 421. 

(6) Gupta, P.; Balachandran, R.; Ho, M.; Enrico, A.; Rinaldo, C. 
J. Virol. 1989, 63, 2361. 

(7) Larder, B. A.; Darby, G.; Richman, D. D. Science 1989, 243, 
1731. 

(8) Larder, B. A.; Kemp, S. D. Science 1989, 246, 1155. 
(9) Vince, R.; Hua, M. J. Med. Chem. 1990, 33, 17. 

(10) Herdewijn, P.; Balzarini, J.; De Clercq, E.; Pauwels, R.; Baba, 
M.; Broder, S.; Vanderhaeghe, H. J. Med. Chem. 1987, 30, 
1270. 

no. 
2 

4" 

5" 

6C 

8C 

concn Mg/mL (MM) 

100 (420) 
20 (84) 
4 (16.8) 
0.8 (3.4) 

100 (107) 
20 (21.4) 
4 (4.3) 
0.8 (0.9) 

100 (167) 
20 (33.4) 
4 (6.7) 
0.8 (1.3) 

100 (98) 
20 (19.6) 
4 (3.9) 
0.8 (0.8) 

100 (101) 
20 (20.2) 
4(4) 
0.8 (0.8) 

HIV-1 

0 
0 

0 
100 
14 
2 
0 

100 
7 
0 
5 

100 
100 
15 
5 

100 
8 
1 
0 

% inhibn 
HIV-2 

0 
0 
3 
1 

100 
4 
3 
3 

100 
12 
3 
6 

100 
20 
7 
6 

94 
9 
1 
0 

cell viability 
97 

1 
0 

13 
0 
9 
5 
4 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 

"Disodium salt. 6 Monosodium salt. cTetrasodium salt. d All 
data represent mean values for two separate experiments. 

non-nucleoside agents.18 These include various natural 
products and/or their analogues19"33 and other diverse 

(11) Herdewijn, P.; Pauwels, R.; Baba, M.; Balzarini, J.; De Clercq, 
E. J. Med. Chem. 1987, 30, 2131. 

(12) Norbeck, D. W.; Spanton, S.; Broder, S.; Mitsuya, H. Tetra
hedron Lett. 1989, 30, 6263. 

(13) Abushanab, E.; Sarma, M. S. P. J. Med. Chem. 1989, 32, 76. 
(14) Mansuri, M. M.; Starrett, J. E.; Ghazzouli, I.; Hitchcock, J. M.; 

Sterzycki, R. Z.; Brankovan, V.; Lin, T.-S.; August, E. M.; 
Prusoff, W. H.; Sommadossi, J-P.; Martin, J. C. J. Med. Chem. 
1989, 32, 461. 

(15) Van Aerschot, A.; Herdewijn, P.; Balzarini, J.; Pauwels, R.; De 
Clercq, E. J. Med. Chem. 1989, 32, 1743. 

(16) Chu, C. K.; Schinazi, R. F.; Ahn, M. K.; Ullas, G. X.; Gu, Z. P. 
J. Med. Chem. 1989, 32, 612. 

(17) Yarchoan, R.; Broder, S. Pharmacol. Ther. 1989, 40, 329. 
(18) Sarin, P. S. Annu. Rev. Pharmacol. 1988, 28, 411. 
(19) Sarin, P. S.; Sun, D.; Thornton, A.; Muller, W. E. G. J. Natl. 

Cancer Inst. 1987, 78, 663. 
(20) Tyms, A. S.; Berrie, E. M.; Ryder, T. A.; Nash, R. J.; Hegarty, 

M. P.; Taylor, D. L.; Mobberley, M. A.; Davis, J. M.; Bell, E. 
A.; Jeffries, D. J.; Taylor-Robinson, D.; Fellows, L. E. Lancet 
1987, 2, 1025. 



214 Journal of Medicinal Chemistry, 1991, Vol. 34, No. 1 Mohan et al. 

Table II. EDM of Naphthalenesulfonic Acids for Virus-Induced 
Cytopathogenicity and CDM for Cell Viability" 

EDM, Mg/mL (MM) 

Table III. Inhibitory Effect of Naphthalenesulfonic Acids on 
Giant Cell Formation0 

concn, pM % inhibn ID50, Mg/mL (MM) 
no. 
2 
4" 
5C 

6" 
8" 

HIV-1 
>45 (>189) 

39 (42) 
42 (70) 
7.8 (7.6) 

42 (42) 

HIV-2 
>45 (>189) 

43 (46) 
40 (67) 
37 (36) 
43 (43) 

CDH,, Mg/mL (MM) 
45 (189) 

>100 (107) 
>100 (167) 
>100 (98) 
>100 (101) 

" EDJQ = 50% antiviral dose, based on the inhibition of HlV-in-
duced cytopathogenicity in MT-4 cells. CD50 = 50% cytotoxic 
dose, based on the reduction of viability of mock-infected MT-4 
cells. All data represent mean values for two separate experi
ments. "Disodium salt. cMonosodium salt. "'Tetrasodium salt. 

chemical entities.34"44 As part of an ongoing search for 
new anti-AIDS leads, a previous study of the in vitro 
anti-HIV-1 activity of certain naphthalenedisulfonic acid 
derivatives45'46 provided the impetus to further design and 

(21) Karpus, A.; Fleet, G. W. J.; Dwek, R. A.; Petursson, S.; Nam-
goong, S. K.; Ramsden, N. G.; Jacob, G. S.; Rademacher, T. W. 
Proc. Natl. Acad. Sci. U.S.A. 1988, 85, 9229. 

(22) Read, S.; Lyons, M.; Li, H.; Zabriskie, J. Abstracts Volume, 5th 
International Conference on AIDS, Montreal, Canada 1989; 
Abstr. No. W.C.O. 24. 

(23) Meruelo, D.; Lavie, G.; Lavie, D. Proc. Natl. Acad. Sci. U.S.A. 
1988, 85, 5230. 

(24) Schaffner, C. P.; Plescia, D. J.; Pontani, D.; Sun, D.; Thornton, 
A.; Pandey, R. C; Sarin, P. Biochem. Pharmacol. 1986, 35, 
4110. 

(25) Hatano, T.; Yasuhara, T.; Miyamoto, K.; Okuda, T. Chem. 
Pharm. Bull. 1988, 36, 2286. 

(26) Von der Helm, K.; Gurtler, L.; Eberle, J.; Deinhardt, F. FEBS 
Lett. 1989, 47, 349. 

(27) Hoshino, H.; Seki, J.-I; Takeuchi, T. J. Antibiot. 1989, 42, 344. 
(28) McGrath, M. S.; Hwang, K. M.; Caldwell, S. E.; Gaston, I.; 

Luk, K.-C; Wu, P.; Ng, V. L.; Growe, S.; Daniels, J.; Marsh, 
J.; Deinhart, T.; Lek, P. Y.; Vennari, J. C; Yeung, H.-W.; 
Lifson, J. D. Proc. Natl. Acad. Sci. U.S.A. 1989, 86, 2844. 

(29) Tanabe, A.; Nakashima, H.; Yoshida, 0.; Yamamoto, N.; Ten-
myo, O.; Oki, T. J. Antibiotics 1988, 41, 1708. 

(30) Ajito, K.; Atsumi, S.; Ikeda, D.; Kondo, S.; Takeuchi, T.; 
Umezawa, K. J. Antibiot. 1989, 42, 611. 

(31) Polsky, B.; Segal, S. J.; Baron, P. A.; Gold, J. W. M.; Ueno, H.; 
Armstrong, D. Contraception 1989, 39, 579. 

(32) Turano, A.; Scura, G.; Caruso, A.; Bonfnti, C; Luzzati, R.; 
Bassetti, D.; Manca, N. AIDS Res. Human Retrovirus 1989, 5, 
183. 

(33) Take, Y.; Inouye, Y.; Nakamura, S.; Allaudeen, H. S.; Kubo, 
A. J. Antibiot. 1989, 42, 107. 

(34) Goodchild, J.; Agrawal, S.; Civeira, M. P.; Sarin, P. S.; Sun, D.; 
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(35) Baba, M.; Schols, D.; Nakashima, H.; Pauwels, R.; Parmentier, 
G.; Meijer, D. K. F.; De Clercq, E. J. AIDS 1989, 2, 264. 

(36) Mitsuya, H.; Looney, D. J.; Kuno, S.; Ueno, R.; Wong-Staal, 
F.; Broder, S. Science 1988, 240, 646. 

(37) Baba, M.; Snoeck, R.; Pauwels, R.; De Clercq, E. Antimicrob. 
Agents Chemother. 1988, 32, 1742. 

(38) Deen, K. C; McDougal, J. S.; Inacker, R.; Folena-Wasserman, 
G.; Arthos, J.; Rosenberg, J.; Maddon, P. J.; Axel, R.; Sweet, 
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(39) Lifson, J. D.; Hwang, K. M.; Nara, P. F.; Fraser, B.; Padgett, 
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2 

4" 

5C 

6d 

8" 

2100 
420 
84 
16.8 
3.4 

535 
107 
21.4 
4.3 
0.9 

835 
167 
33.4 
6.7 
1.3 

490 
98 
19.6 
3.9 
0.8 

505 
101 
20.2 
4 
0.8 

T 
0 
1 
2 
7 

100 
99 
44 
15 
2 
T 
95 
4 
9 
0 

100 
100 
30 
0 
4 

100 
100 

0 
0 
0 

>100 O420) 

24 (26) 

46 (77) 

32 (31) 

45 (45) 

" IDJO = 50% inhibitory dose. T = toxic. All data indicate rep
resentative results. 'Disodium salt. cMonosodium salt. dTetra-
sodium salt. 

Table IV. Inhibitory Effect of Naphthalenesulfonic Acids and 
Suramin on the Activity of Cell-Free HIV-1 Reverse 
Transcriptase" 

no. 
2 

4" 

5C 

6« 

8" 

suramin 

concn, MM 
2100 
420 
84 
16.8 

535 
107 
21.4 
4.3 

835 
167 
33.4 
6.7 

490 
98 
19.6 
3.9 

505 
101 
20.2 
4 

350 
70 
14 
2.8 

% inhibn 
T 
0 
1 
2 

100 
99 
44 
15 
T 
95 
4 
9 

100 
100 
30 
0 

100 
100 

0 
0 

92 
83 
22 
18 

IDso, Mg/mL (MM) 
>500 (>2100) 

160 (171) 

50 (83.5) 

190 (186) 

370 (374) 

42 (29.4) 

"IDgo = 50% inhibitory dose. All data represent mean values for 
two separate experiments. 'Disodium salt. cMonosodium salt. 
''Tetrasodium salt. 

biologically evaluate other analogues of this class of com
pounds for potential anti-AIDS activity. In addition, since 
Congo Red and related anti-HIV dyes are known to be 
metabolized to carcinogenic aromatic amines in vivo,47 we 

(45) Mohan, P.; Sun, D.; Thornton, A.; Sarin, P. S. AIDS 1990, 4, 
821. 

(46) Mohan, P.; Singh, R.; Wepsiec, J.; Gonzalez, I.; Sun, D. K.; 
Sarin, P. Life Sci. 1990, 47, 993. 

(47) Lynn, R. K.; Donielson, D. W.; Ilias, A. M.; Kennish, J. M.; 
Wong, K.; Matthews, H. B. Toxicol. Appl. Pharmacol. 1980, 
56, 248. 
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wanted to explore the potential of using other spacers for 
the naphthalene units. Indeed, in this report we show that 
this approach has been fruitful. 
Chemistry 

Congo Red (1) was reduced with stannous chloride and 
hydrochloric acid to afford 3,4-diaminonaphthalenesulfonic 
acid (2) (Scheme I). This reagent was more suitable, in 
terms of purification, over the dithionite reduction48 me
thod. Starting material 3 was reacted with dodecanedioyl 
dichloride in pyridine to give the bis(naphthalenedisulfonic 
acid) compound 4. Similarly, reaction of 3 with palmitoyl 
chloride and pyridine produced amide derivative 5. Re
action of 3 with 4,4'-biphenyldisulfonyl chloride afforded 
derivative 6 (Scheme II). The isolated reaction products 
4-6 showed acylation or sulfonylation of the amino group 
as observed by the presence of the phenolic signal in the 
NMR. This is similar to the acylation reaction of 
aminohydroxynaphthalenesulfonic acids with nitrobenzoyl 
chloride.49 Treatment of 7 with the disulfonyl chloride 
in pyridine afforded 8 (Scheme III). The target com
pounds were only amenable to negative ion FAB mass 
spectral analysis, as documented for many naphthalene-
sulfonic acid compounds.50 In agreement with the ob
servation that naphthalenesulfonic acids tend to bear an 
undefined number of waters of crystallization,51 derivatives 
4-6 and 8 were isolated as hydrates containing one or three 
molecules of water. 

Biological Results and Discussion 
Inhibition of HIV-1 and HIV-2 cytopathogenicity was 

studied in MT-4 cells. These results illustrate that com
pounds 4-6 effect 100% inhibition of both HIV-1 and 
HIV-2 at doses that are nontoxic to the host cells (Table 
I). Compound 6 has EDSQ (50% antiviral dose) values of 
7.6 and 36 /M agaisnt HIV-1 and HIV-2, respectively, 
demonstrating greater potency in the HIV-1 cytopatho
genicity assay. The biphenyl spacer compound 6 has a 
CDSQ value of >98 nM and also demonstrates the best in 
vitro therapeutic index (ratio of CD50 to ED50, obtained 
from Table II). In the giant cell formation inhibition 
assay, the flexible spacer compound 4 is the most potent 
derivative, demonstrating 99% inhibition at 107 ̂ M and 
showing no toxicity in this assay at a dose of 535 nM. In 
this assay, derivative 4 exhibits an ID50 value of 26 /uM. 
The biphenyl spacer compound 6 also has significant ac
tivity in this assay, showing an IDso value of 31 nM (Table 
III). In the cell-free RT assay, a long chain amide de
rivative 5, exhibited potent inhibition of RT activity (ID50 
= 83.5 MM) (Table IV). Compounds 6 inhibits HIV-1-
induced cytopathogenicity at a dose of 19.6 ̂ m (Table I). 
However, at this dose this compound exhibits little or no 
activity against RT (Table IV). These results indicate that 
the mechanism of inhibition of cytopathogenicity in this 
compound may not be due to RT inhibition. 

Polar compounds have provided novel potential anti-
HIV leads and fostered research in the development of new 
anti-AIDS agents. Castanospermine,20 a polar natural 
product, probably provided the impetus to develop N-
butylnojirimycin,21 a glucosidase inhibitor that has entered 
clinical trials. Many sulfated polysaccharides have shown 
anti-HIV activity below the anticoagulant threshold with 

(48) Lloyd, J. B.; Beck, F. Stain Technol. 1964, 39, 7. 
(49) Bernstein, S. U.S. Patent 4,216,165, 1980. 
(50) Monaghan, J. J.; Barber, M.; Bordoli, R. S.; Sedgwick, R. D.; 

Tyler, A. N. Org. Mass Spectrom. 1982, 17, 569. 
(51) Campbell, N. Chemistry of Carbon Compounds, 2nd ed.; 

Coffey, S., Ed.; Elsevier, Amsterdam, 1977; Vol. 3, Part G p 
162. 

a favorable therapeutic index.37,52"55 Dextran sulfate and 
heparin56 exhibit their antiviral activity by inhibiting viral 
adsorption to the target cell. 

It is worthy to note that the sulfated polysaccharides 
do not need to enter cells to exhibit antiviral activity. In 
a clinical study it has been shown that oral dextran sulfate 
is poorly absorbed.57 The activity of these agents seems 
to be related to the sulfate content and molecular weight 
of the molecule.58 Indeed, certain workers have used the 
strategy of sulfation to enhance or induce anti-HIV ac
tivity.59 Another polar compound, aurintricarboxylic acid 
(ATA),60 a triphenylmethane dye, has been shown to have 
anti-HIV activity and specific interaction with the CD4 
receptor.61 A new structure for ATA has been assigned.62 

Few sulfonic acid compounds have displayed anti-HIV 
activity. The first such compound was the hexasulfonic 
acid antitrypanosomial drug suramin,63 also the first agent 
to be used in patients with AIDS and found to be clinically 
ineffective.64 Other sulfonic acid dyes have also demon
strated anti-HIV activity.43,65 However, the dye properties 
of these molecules and their known ability to be metabo
lized to mutagenic and/or carcinogenic phenyl or biphenyl 
amine fragments will preclude their use as antiviral 
agents.47,66 Among the sulfonic acid containing natural 
products, a lignin67 and a group of sulfolipids68 have shown 
anti-HIV activity. Synthetic analogues of suramin have 
also demonstrated in vitro activity better than that of 
suramin.69 

Replacement of the spacer unit with a biphenyldi-
sulfonyl or a decamethylene unit does retain anti-HIV 
activity in these compounds. Substituting the biphenyl-
disulfonyl spacer (as in 6) for the decamethylene spacer 
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(as in 4) increases potency against both HIV-1 and HIV-2. 
The activity of the decamethylene spacer derivative 4, 
previously studied in H9 and MOLT-3 cells,46 is now 
confirmed in MT-4 cells. The general inactivity of com
pound 2 and the activity of Congo Red43 suggests the need 
for the bis(naphthalenesulfonic acid) moiety for anti-HIV 
activity. The detailed mechanism of action of these agents 
remains to be determined. 

However, the mode of action against RT may be due to 
the chelating potential of these compounds. The anti-HIV 
dyes, Congo Red and Evans Blue, are documented to form 
metal complexes. Congo Red is known to complex with 
rare earth salts70 and Evans blue is used for the estimation 
of magnesium.71 Examination of the structures of the 
described bis(naphthalenesulfonic acid) derivatives reveals 
that they also have the potential to form metal complexes. 
It is known that HIV-1 RT is a zinc metalloenzyme re
quiring magnesium for optimum activity.72 Complexation 
may be expected to interfere with the activity of RT. The 
antiviral activity of chelating agents is well-known.73 It 
remains to be determined whether the activity of these 
compounds is due to the complexes they form with these 
crucial metal ions or whether they form in vivo complexes 
with other metals and it is these metal complexes that are 
responsible for the anti-HIV activity. 

It may be envisioned that the activity of these com
pounds is due to their in vivo hydrolysis products. Many 
naphthalenesulfonic acids have demonstrated antiviral 
activity in a variety of screens other than for HIV.74 For 
example, the activity of compounds 4-6 may be due to the 
common naphthalenedisulfonic acid moiety 3. Although 
this unit 3 has shown activity in H9 and MOLT-3 cells,45 

activity in MT-4 cells was only evident at toxic doses (>279 
nM). The varied sensitivity of anti-HIV agents to different 
screens is well-documented.75 Similarly, 1,10-decanedi-
carboxylic acid, the potential in vivo hydrolysis product 
of compound 4, did not show any anti-HIV activity in 
MT-4 cells (data not shown). These studies indicate that 
the activity of these compounds is not due to any in vivo 
hydrolysis products. 

Conclusions 
Our studies have demonstrated that the naphthalene

disulfonic acids have potential for future development in 
the area of potential anti-AIDS therapy. These observa
tions suggest that the bis(naphthalenedisulfonic acid) unit 
may be a requirement for increased activity of 4-amino-
5-hydroxy-2,7-naphthalenedisulfonic acid. Studies to 
prepare prodrugs and analogues of these agents targeted 
for optimizing anti-HIV activity are in progress. 

Experimental Section 
Synthetic Procedures. All reactions were performed under 

a nitrogen atmosphere. Melting points were determined on a 
Meltemp apparatus and are uncorrected. NMR spectra were 
recorded with a Varian XL-300 (300 MHz) instrument in 
DMSO-d6 except where noted. Chemical shifts are reported in 
parts per million relative to tetramethylsilane as internal standard. 
IR spectra were recorded with an IBM FT IR-32 system 9000, 
using KBr pellets, in the Department of Chemistry. Analytical 
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thin-layer chromatography was performed with Baker-flex silica 
gel IB2-F or cellulose sheets. Elemental analyses were performed 
at Midwest Microlab, Indianapolis, IN. Negative ion FAB mass 
spectra were obtained on a Finnigan MAT-90 mass spectrometer 
using a matrix of either glycerol or a mixture of dithiothreitol and 
dithioerythritol. All reaction mixtures were evaporated on a rotary 
evaporator. Pyridine was distilled from potassium hydroxide or 
barium oxide and stored over fresh potassium hydroxide or 
molecular sieves. 

3,4-Diaminonaphthalenesulfonic Acid (2). A solution of 
stannous chloride (20 g) in concentrated HC1 (75 mL) was added 
dropwise to a water-ethanol (2:1) solution of Congo Red (1, 
Aldrich, 10 g) and the mixture was stirred on a heated water bath 
until decolorization. The solution was further heated at reflux 
on a water bath for 2-3 h. After cooling of the reaction mixture 
in ice, the separated, crystalline, yellow solid was filtered and 
vigorously shaken with methanol (20 mL). The insoluble solid 
was filtered to yield the product (2.15 g, 32%). An analytical 
sample was prepared by recrystallizing three times from water 
to yield a brown powder: mp 278-280 °C dec; NMR S 8.76 (m, 
1 H), 8.12 (m, 1 H), 7.85 (s, 1 H), 7.49 (m, 2 H). Anal. (C10-
H10N2O3S) C, H, N. 

4,4'-[l,10-Decanediylbis(carbonylamino)]bis(5-hydroxy-
2,7-naphthalenedisulfonic acid) (4). 4-Amino-5-hydroxy-2,7-
naphthalenedisulfonic acid monosodium salt (3,1 g, 2.9 mmol) 
and dodecanedioyl dichloride (1 g, 3.7 mmol) were heated to a 
temperature of 120-130 °C, after which time dry pyridine (10 mL) 
was added to the reaction mixture and the mixture was heated 
under reflux for 5 h. The pyridine was evaporated and the 
resulting product was washed with chloroform (5 X 10 mL). The 
obtained solid was dissolved in methanol (15 mL) and filtered. 
The filtrate was triturated with ether (50 mL) to yield the product 
isolated as the disodium salt (0.72 g, 53%). An analytical sample 
was prepared by recrystallizing three times from glacial acetic 
acid-water (1:10) to afford a light yellow powder: mp 345-347 
°C dec; IR 3437, 3109, 2928, 2855,1672,1626,1549,1433,1390, 
1194,1043 cm"1; NMR « 11.38 (s, 2 H, exchangeable with D20), 
11.08 (s, 2 H, exchangeable with D20), 8.73 (s, 2 H), 7.67 (s, 2 H), 
7.51 (s, 2 H), 7.16 (s, 2 H), 2.36 (t, 4 H, J = 7.2 Hz), 1.62 (m, 4 
H), 1.26 (br s, 12 H); (-)-FABMS m/e (relative intensity) 875 ([M 
- 2H]", 2), 853 ([M - Na]~( 6), 530 (100). Anal. (C32H34N2016-
S4Na2-3H20) C, H. 

4-(Palmitoylamino)-5-hydroxy-2,7-naphthalenedisulfonic 
Acid (5). 4-Amino-5-hydroxy-2,7-naphthalenedisulfonic acid 
monosodium salt (3,1 g, 2.9 mmol) and palmitoyl chloride (5 mL, 
0.026 mol) was heated to 120-125 °C. Dry pyridine (20 mL) was 
added and the mixture heated under reflux for 4 h. The pyridine 
was evaporated and the solid mass thus obtained was washed with 
chloroform (4 X 20 mL). The residue was dissolved in methanol 
(15 mL) and filtered, and the filtrate was triturated with ether 
(50 mL). The separated solid was filtered to yield the product, 
isolated as the monosodium salt (0.90 g, 51%). An analytical 
sample was prepared by recrystallizing three times from glacial 
acetic acid: mp 320-322 °C dec; IR 3455, 2924, 2853,1688,1678, 
1641, 1626, 1500, 1468, 1441, 1192, 1043 cm"1; NMR 8 11.38 (s, 
1 H, exchangeable with D20), 11.08 (s, 1 H, exchangeable with 
D20), 8.76 (s, 1 H), 7.70 (s, 1 H), 7.54 (s, 1 H), 7.19 (s, 1 H), 2.39 
(t, 2 H, J = 7.2 Hz), 1.66 (m, 2 H), 1.23 (br s, 24 H), 0.85 (t, 3 
H, J = 6.6 Hz); (-)-FABMS m/e (relative intensity) 579 ([M -
H]-( 6), 557 ([M - Na]", 21), 556 (100). Anal. (C26H38N08S2-
Na-H20) C, H, N. 

4,4'-[4,4'-Biphenyldiylbis(sulfonylamino)]bis(5-hydroxy-
2,7-naphthalenedisulfonic acid) (6). 4-Amino-5-hydroxy-2,7-
naphthalenedisulfonic acid monosodium salt (3, 1 g, 2.9 mmol) 
and 4,4'-biphenyldisulfonyl chloride (1 g, 2.8 mmol) were heated 
to a temperature of 120-125 °C after which time dry pyridine (10 
mL) was added and the mixture was heated under reflux for 5 
h. The pyridine was evaporated and the solid mass obtained was 
washed with chloroform (5 X 10 mL). The residue was dissolved 
in methanol (15 mL) and filtered, and the filtrate was triturated 
with ether (50 mL). The separated solid was filtered, dissolved 
in 0.1 N NaOH (10 mL), heated on a water bath for 1 h, and 
evaporated to dryness. The solid was washed with absolute 
ethanol (5 X 10 mL) to give a light pink powder, isolated as the 
tetrasodium salt (0.79 g, 53%). An analytical sample was prepared 
by recrystallizing four times from glacial acetic acid-water mixture 
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(1:8): mp 296-298 °C dec; IR 3453, 3237, 3073,1599,1529,1487, 
1375,1327,1167,1093 cm"1; NMR & 11.35 (s, 2 H, exchangeable 
with D20), 11.08 (s, 2 H, exchangeable with D20), 7.79 (m, 10 H), 
7.67 (s, 2 H), 7.50 (s, 2 H), 7.11 (s, 2 H); (-)-FABMS m/e (relative 
intensity) 982 ([M - Na]", 9), 962 (38), 961 (30), 960 (42), 556 (100). 
Anal. (C32H20N2O18S6Na4-H2O) C, H, N. 

3,3'-[4,4'-Biphenyldiylbis(sulfonylamino)]bis(l ,5-
naphthalenedisulfonic acid) (8). 3-Amino-l,5-naphthalene-
disulfonic acid (7, 1 g, 3.3 mmol) and 4,4'-biphenyldisulfonyl 
chloride (1 g, 2.8 mmol) were heated to 120 °C, after which time 
dry pyridine (10 mL) was added and the mixture was heated under 
reflux for 5 h. Pyridine was evaporated and the remaining solid 
was washed with chloroform (5 X 10 mL), and the residue was 
dissolved in methanol (ca. 10-15 mL) and filtered. The filtrate 
was triturated with ether (50 mL) to produce a solid which was 
filtered. The solid was dissolved in 0.1 N NaOH (10 mL), warmed 
on a water bath for 1 h, and evaporated to dryness to yield a solid. 
The product was washed with absolute ethanol (5 X 10 mL) to 
produce a yellow powder isolated as the tetrasodium salt (0.91 
g, 56%). An analytical sample was prepared by recrystallization 
from methanol-chloroform: mp 338-340 °C dec; IR 3445,1624, 
1597, 1333, 1309,1196,1163, 1093,1041 cm"1; NMR 5 10.56 (s, 
2 H, exchangeable with D20), 8.83 (s, 2 H), 8.73 (d, 2 H, J = 8.7 
Hz), 8.00 (d. 4 H, J = 7.8 Hz), 7.92 (d, 4 H, J = 7.8 Hz), 7.90 (s, 
2 H), 7.83 (d, 2 H, J = 8.4 Hz), 7.31 (t, 2 H, J = 7.8 Hz); (-)-
FABMS m/e (relative intensity) 949 ([M - Na - H]", 43), 905 
(100). Anal. (C32H20N2O16S6Na4-H2O) C, H, N. 

Antiviral Assay Procedures. Activity of the compounds 
against the replication of HIV-1 (HTLV-IIIB strain) and HIV-2 
(ROD strain) was based on the inhibition of virus-induced cy-
topathogenicity in MT-4 cells. MT-4 cells were infected with HIV 
at a multiplicity of infection of 0.02 and incubated in the presence 

The drug flavone-8-acetic acid (1; FAA, NSC 347512) 
has come under intense scrutiny as a potential antitumor 
agent, since it shows remarkable activity against advanced 
experimental colon tumors in mice,1"3 high activity as a 
biological response modifier,4,5 good ability to induce cy
tokines,6 and has dramatic effects on shutting down blood 
flow in solid tumors.7 ,8 However, the drug has low dose 
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Chem. 1985, 20, 393. 

(2) Plowman, J.; Narayanan, V. L.; Dykes, D.; Szarvasi, E.; Briet, 
P.; Yoder, O. C; Paull, K. D. Cancer Treatment Rep. 1986, 70, 
631. 

(3) Smith, G. P.; Calveley, S. B.; Smith, M. J.; Baguley, B. C. Eur. 
J. Cancer. Clin. Oncol. 1987, 23 1209. 

(4) Hornung, R. L.; Back, T. C; Zaharto, D. S.; Urba, W. J.; Longo, 
D. L.; Wiltrout, R. H. J. Immunol. 1988, 141, 3671. 

(5) Ching, L-M.; Baguley, B. C. Eur. J. Cancer 1989, 25, 821. 
(6) Mace, K. F.; Hornung, R. L.; Wiltrout, R. H.; Young, H. A. 

Cancer Res. 1990, 50, 1742. 

of various concentrations of test compounds. After a 4-day in
cubation, the number of viable cells was determined by the 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium (MTT) method, 
as previously described.76 The giant cell formation assay was 
carried out according to established protocol.77 MOLT-4 cells 
were cultured with an equal number of HUT-78/HTLV-IIIB for 
24 h, and the number of giant cells was determined microscop
ically. The HIV RT assay was carried out as follows. HIV-1 RT 
was obtained from disrupted virions which had been partially 
purified and concentrated. The assay was performed at 37 °C 
for 30 min with 50 ML of a reaction mixture containing 50 mM 
Tris-HCl (pH 8.4), 2 mM dithiothreitol, 100 mM KC1, 10 mM 
MgCl2, 0.1% Triton X-100,1 ^Ci of [metM-3H]dTTP (30 Ci/ 
mmol), 0.01 unit of poly(rA)-oligo(dT), test compound, and en
zyme. The reaction was terminated with 200 nL of trichloroacetic 
acid (5%, v/v). The precipitated materials were collected on 
glass-fiber filters and analyzed for their radioactivity in a liq
uid-scintillation counter. Variation in the experiments was 10% 
at maximum. 
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potency and has not shown activity in man, despite ex
tensive clinical trials.9 

We have previously reported10 on the synthesis and 
evaluation of a related class of compounds, the 9-oxo-9H-
xanthene-4-acetic acids, which have a similar biological 
profile. The parent compound (2; XAA) is as active as 
FAA against colon 38 tumors in mice, while being some
what more dose-potent.10 Studies10'11 of structure-activity 
relationships among monosubstituted analogues of XAA 
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Analogues of 9-oxo-9H-xanthene-4-acetic acid (XAA) bearing small, lipophilic 5-substituents are among the most 
dose-potent compounds yet reported with the capability of causing hemorrhagic necrosis of implanted colon 38 tumors 
in mice. To further extend structure-activity relationships among this class of compound, a series of XAA derivatives 
bearing two small lipophilic groups at various positions have been prepared and evaluated. The 5,6-disubstituted 
compounds in particular show consistently high levels of both dose potency and activity, suggesting this is the optimal 
configuration among substituted 9-oxo-9H-xanthene-4-acetic acids. The 5,6-dimethyl and 5-methyl-6-methoxy are 
the most effective analogues, showing in vivo colon 38 activity comparable to that of FAA at 10-15-fold lower doses 
and superior activity to FAA at the respective optimal doses, and the former has been selected for detailed evaluation. 
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