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Abstract - 1,3-Dialkylnaphtho[2,3-clfuran-4,9-diones 

were obtained by the Friedel-Crafts reaction of phthalic 

anhydride with 2,5-dialkylfurans. The reaction of phthalic 

anhydride with 2-acetyl-5-methylfuran, instead of 2,5- 

dialkylfurans, produced 2-methylnaphtho[2,3-blfuran-4,9- 

dione. The application of this method to the synthesis of 8- 

hydroxynaphtho[2,3-b]furan-4,9-dione [isodiodantunezonel is 

also described. 

Several naphtho[2,3-clfuran-4,9-dione derivatives that exhibit 

antimicrobial activity have been isolated from fungi1 and plants.2 

Many naphtho[2,3-blfuran-4,9-diones with interesting biological 

activities have also been isolated from various plants.3 However, there 

have been a few reports4r5 on the synthesis of the furanoquinones, 

which have relatively simple structures. In addition, in some of the 

previous reports the yields were low and numerous steps were required 

to synthesize furanoquinones. In a continuation of our work on the 
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(3B-a) R,= OH, R2= CH3 

constituents of plants, we have found that anthraquinones and 

azaanthraquinones have inhibitory activities on Epstein-Barr virus 

early antigen activation6 and studied the connection with their 

electronic properties7 and the correlation with the redox potentials of 

the anthraquinones.8 We therefore synthesized several furanoquinones to 

compare their biological activities with those of anthraquinones and 

azaanthraquinones. 

This report describes the short-step synthesis of naphtho[2,3-clfuran- 

4,9-dione and naphtho[2,3-blfuran-4,9-dione derivatives by the Friedel- 

Crafts reaction of phthalic anhydride and substituted furans. 

In addition, by applying the results, the synthesis of 8-hydroxy- 

naphtho[2,3-blfuran-4.9-dione, isodiodantunezone, which was isolated 

from Lantana a~hyrantifolia,~ is reported. 

After a mixture of phthalic anhydride (1A) and Lewis acid (AlCl3) in o- 

dichlorobenzene was stirred for 30 min in a glass tube, a solution of 

2,5-dimethylfuran (aa)  in o-dichlorobenzene was added. The glass tube 

was sealed and the mixture was heated at 120°C to produce 1.3- 

dimethylnaphtho[2,3-clfuran-4,9-dione (3A-a ) .  The yields and reaction 

time are summarized in Table I. 

We investigated the effect of Lewis acids on this reaction and found 

that AlCl3 gave the best result (BF3. etherate [yield 381; FeC13, ZnBr2, 

TiC14, Et2AlC1, Nafion [trace-O%l). We also tried the reaction in 

several other solvents, of which o-dichlorobenzene gave the best 
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Table I. Yields of (3A-a) 

~ 1 ~ 1 ~  reaction time yield ( % )  

2.5 eq. 20 ha 26 

5 ha 3 0 

4.5 eq. 5 ha 0 

2.5 eq. 20 hb 3 0 

10 hb 26 

6 hb 4 5 

2 hb 3 2 

a: in an open tube 
b: in a sealed tube 

result (nitrobenzene [2.5%1; benzene, CHC13 [0%]). 

Treatment of 2-ethyl-5-methylfuran (2b) with lA under the same 

conditions produced l-ethyl-3-methylnaphtho[2,3-clfuran-4,9-dione (3A- 

b) in 21% yield. The Friedel-Crafts reaction of 3-hydroxyphthalic 

anhydride (1B) with 2a produced 1,3-dimethyl-5-hydroxynaphtho[2,3- 

clfuran-4,9-dione (3B-a) in 18% yield. 

The reaction of lA with other 2,5-disubstituted furans (R2=CH3, R3= 

COCH3, CHO, COOCH3, CHzOH, or CH2OCH3) in 0-dichlorobenzene and in 

nitrobenzene afforded no naphtho[2,3-clfuran-4.9-dione derivative under 

the present conditions. In the case of the reaction of lA with 2- 

acetyl-5-methylfuran (2C) in nitrobenzene, 2-methylnaphtho[2,3-blfuran- 

4.9-dione (4A) was obtained in 4% yield. The reaction of 1B with 212 in 

nitrobenzene for 2 h produced 8-hydroxy-2-methylnaphtho[2,3-blfuran- 

4,9-dione (4B) in 9% yield. The structure of 4B was confirmed by 

comparison with an authentic sample, which was synthesized by the 

cyclization of 2,8-dihydroxy-3-(2-propeny1)-1.4-naphthoquinone ( 6 )  

prepared from 3,5-dihydroxynaphthoquinone ( 5 )  10 and propion- 

aldehyde. 11.12 

On the basis of the above results, we carried out the synthesis of 
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isodiodantunezone, 8-hydroxynaphtho[2,3-b]furan-4,9-dione. The Friedel- 

Crafts reaction of 18 with 2-acetylfuran (ad) in nitrobenzene in the 

presence of AlCl3 at 120°C for 2 h produced 8-hydroxynaphtho[2,3- 

blfuran-4,9-dione ( 7 )  in 9.8% yield. Its spectroscopic data coincided 

with those described in the literat~re.~ 

(1A) RI= H ( 2 ~ )  R2= CH3 (4A) R,= H, R2= CH3 
(1B) R l =  OH R3= COCH3 (4B) Rl=  OH, R2= CH3 

(2d) R2= H (7) R,= OH, R,= H 
R3= COCH3 

EXPERIlrlELlTAL 

Melting points were determined on a Yanagimoto micro-melting point 

apparatus and are uncorrected. IH-NMR spectra were determined in CDC13 

with MeqSi as an internal reference on a NEVA NV-21 instrument. MS 

spectra were recorded on a JEOL JMS-O1SG spectrometer. IR spectra were 

measured on a Perkin Elmer 1600 FTIR spectrophotometer. Column 

chromatography was carried out on silica gel (Kieselgel 60, 70-230 

mesh, Merck) with appropriate solvents. 
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Oeneral method for the Friedel-Crafts reaction: 

1,3-Dimethylnaphtho[2,3-clfuran-4,9-dione (3A-a) 

A solution of 2,5-dimethylfuran (0.32 g, 3.3 rmnol) in o-dichlorobenzene 

(0.5 mL) was added dropwise to the mixture of phthalic anhydride (0.5 

g, 3.4 mmol) and AlCl3 (1.15 g, 8.6 mol) in o-dichlorobenzene (4 mL) 

in a glass tube, and the mixture was stirred for 30 min at rt. After 

the glass tube was sealed, the mixture was heated for 6 h at 120°C. The 

reaction mixture was extracted with CHC13. The CHC13 solution was 

washed with water, dried over MgS04, and then evaporated to dryness to 

give a residue. The residue was separated by column chromatography with 

benzene. The first yellow eluate from benzene was evaporated to dryness 

and the residue was recrystallized from methanol to give 1,3- 

dimethylnaphtho[2,3-clfuran-4,9-dione in the form of yellow crystals. 

Yield: 338 mg (45.3%). mp: 168-170°C (MeOH) (lit. ,5b: 171-172°C). 

1 -Ethyl-3-methylnaphtho[Z, 3-cj furan-4.9-dione (3A-b) 

mp: 105-108'C (MeOK). IR (CHC13) cm-l: 1672, 1596, 1523. 'H-NMR (CDC13) 

6: 1.34 (3H, t, J=7.5 Hz, CH2CH3), 2.73 (3H, s, CH3), 3.14 (2H, q, 

J=7.5 Hz, CHz), 7.75 (2H, m, 6,7-H), 8.27 (2H, m, 5.8-H). MS m / z :  

240.0786 (M+, calcd for C15H1203, 240.0786). Anal. Calcd for C15H1203: 

C, 74.99; H, 5.03. Found: C, 75.11; H, 5.07. 

1,3-Dimethyl-5-hydroxynaphtho[2,3-clfuran-4,9-dione (3B-a) 

mp: 168-172°C (MeOH). IR (CHC13) cm-l: 1669, 1636, 1603. IH-NMR (CDC13) 

6: 2.71, 2.73 (3H each, s, 1,3-CH3), 7.24 (1H. dd, J=8, 1.5 Hz, 6-H), 

7.62 (lH, dd, J=7, 8 Hz, 7-H), 7.78 (lH, dd, J=7, 1.5 Hz, 8-H), 12.92 

(lH, s, OH). MS m / z :  242.0578 (M+, calcd for C14H1004, 242.0578). 

Anal. Calcd for C14H1.004: C, 69.42; H, 4.16. Found: C, 69.21; H, 4.46. 

2-Methylnaphtho[Z, 3-bl furan-4,9-dione (4A) 

mp: 245-246'C (MeOH) (lit.,12: 245-246'C). IR (CHC13) cm-l: 1670, 

1595. 1~-NMR (CDC13) 6: 2.56 (3H, S, CH3), 6.64 (lH, s, 3-H), 7.78 (2H, 

m, 6,7-H), 8.18 (2H, m, 5,8-H). MS m/z: 212.0470 (Mf, calcd for 
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C13H803, 212.0473). 

8-Hydro~-2-methylnaphtho[2,3-blfuran-4,9-dione (4B) 

mp: 183-184OC (MeOH). IR (CHC13) cm-l: 1676, 1644, 1583, 1539. IH-NMR 

(CDCl3) 8: 2.53 (3H, s, CH3), 6.62 (lH, s, 3-HI, 7.25 (lH, d, J=8 Hz, 

7-H), 7.58 (lH, t, J=8 Hz, 6-H), 7.70 (lH, d, J= 8 Hz, 5-H), 12.09 (lH, 

s, OH). MS m/z: 228.0420 (M+, calcd for C13H804, 228.0422). Anal. Calcd 

for C13H804 + 0.1XH20: C, 67.88; H, 3.57. Found: C, 67.74; H, 3.59. 

Another method: 3,5-Dihydroxynaphthoquinone ( 5 )  (1 g, 5.3 mmol) was 

dissolved in acetic acid (15 mL) and concentrated hydrochloric acid (1 

mL) was added, followed immediately by the addition of propionaldehyde 

(2.5 mL, 34 nnnol). The mixture was stirred at 75'C for 30 min and then 

poured into water (150 mL). After cooling, the mixture was extracted 

with benzene. The benzene solution was washed with water, dried over 

MgS04, and evaporated to dryness to give a residue. The residue was 

purified by column chromatography with benzene to yield 2,8-dihydroxy- 

3-(2-propeny1)-1,4-naphthoquinone ( 6 )  as an oil (0.75 g, 62%). (6 is 

unstable, and therefore it was used immediately in the subsequent 

reaction.) 1~-NMR (CDC13) 8: 1.99 (3H, d, J=6 HZ, CH3), 6.62 (IH, d, 

J=14 Hz, -CH=), 7.10 (lH, m, =CB-CH3), 7.20 (lH, dd, J=7, 1.5 Hz, 7-H), 

7.54 (lH, t, J=7 Hz, 6-H), 7.64 (lH, dd, J=7, 1.5 Hz, 5-H), 11.14 (lH, 

s, OH). EIMS m/z: 230 (M+). 

A mixture of 6 (100 mg, 0.43 mmol) and DDQ (150 mg, 0.66 mmol) in 

benzene (10 mL) was refluxed for 2 h. After cooling, the reaction 

mixture was filtered, the filtrate was concentrated, and the residue 

was purified by column chromatography with benzene to give 4B in the 

form of yellow crystals (30 mg, 30.3%). 

8-Hydroqnaphtho [2,3-bl furan-4,9-dione ( 7 )  

mp: 167-168~~ (MeOH) (lit.,9: 167-1680~). 
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