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SYNTHESIS OF NAPHTH012.3-blPYRANOQUINONES AND ITS M A .  
ANALOGUES FROM A USEFUL BEN7DPYRANOQUNONE INTERMEDIATE 
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Abkaci-The synthesis of raeemic pyranonaphthoquinone (2). a new cytotoxie agent, 
and its aza-analogues (11) and (12) employing Diels-Alder cycloaddition reactions 
is described. 

The interest in the synthesis of tricyclic pyranoquinones arose from the fact that  a number of 

these heterocyclic quinones either from natural or synthetic origin were found to posses 

antitumor andlor antimicrobial activity.l As part of a program on the synthesis of heterocyclic 

quinones2.3 we have recently reported a new method to obtain pyranonaphthoquinones by a 

Diels-Alder reaction of pyranoquinone (3) with (El-1-trimethylsilyloxy-1,3-butadiene.4 

OTMS 

This study revealed that  the cycloaddition afforded a 3:2 mixture of cycloadducts which 

underwent facile elimination of the trimethylsilyloxy group to give 3,4-dihydro-2,2-dimethyl-4- 

hydroxy-2H-naphtho[2,3-blpyran-5,10-dione (4-hydroxy-a-lapachone, 1) in 82% yield. In order 

to find out the utility of the quinone (3) for the synthesis of other pyranonaphthoquinones and 

aza-analogues, we decided to study the reaction of 3 with dienes that  give more stable Diels- 

Alder adducts. 

We wanted to explore also the influence of the pyran ring upon the regiochemistry of the 

cycloaddition of 3 with unsymmetrically substituted electron-rich dienes. In this paper we 

report the results of the reaction of 3 with 1-methoxy-1,3-cyclohexadiene (4), l-dimethylamino- 

3-methyl- and 1-dimethylamino-4-methyl-1-aza-1,3-butadiene, (5) and (6) respectively. 



1798 HETEROCYCLES, Vol. 38, No. 8,1994 

The reaction of the quinone (3) with 1-methoxy-1,3-cyclohexadiene (415 in methanol at  room 

temperature afforded a 1:4 mixture of adducts (7)6 in 83% yield. This mixture was treated with 

sodium hydride followed by oxidation with silver(1) oxide to provide 8 as a 1:4 mixture7 of 

diastereoisomers in 70% yield. Considering that the ratio is maintained after their 

enolization, we assume that the mixture of adducts (7) are C(4) regioisomers. Aromatization of 

product (8) on heating in xylenes gave the pyranoquinone (2) in 79% yield. The product showed 

proton and carbon spectral properties that agree with those reported for natural (4s)-4- 

hydroxy-9-methoxy-a-lapachone.8 This result suggests that in the reaction of the quinone (3) 

with 1-methoxy-1,3-cyclohexadiene (4), the more nucleophilic terminus of the diene becomes 

attached to C-6 of the substrate. This regiochemistry can be rationalized from the electron- 

donating effect of the alkoxy moiety (pyran ring) in the quinone (3) and to the expected 

regioselectivity of the diene (4).5 

OMe 0 OMe 0 

9 10 

Furthermore, heating of the compound (8) in xylene in the presence of p-toluenesulfonic acid 

gave 3,4-dehydro-9-methoxy-a-lapachone (9)5b in 83% yield. Hydrogenation of the latter yielded 

another naturally occurring compound, i. e., 9-methoxy-a-lapachone (101.9 These results 

confirm the assigned regiochemistry of the cycloaddition. 

The described regioselectivity of the cycloaddition of 3 with 1-methoxy-1,3-cyclohexadiene (4) led 

us to investigate the behavior of 3 with polarized 1-aza-1,3-butadienes. These dienes which 
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have been successfully employed to prepare the aza-anthraquinones10 are easily obtained by 

condensation of a, &unsaturated aldehydes with N,N-dimethylhydrazine.ll It has been 

described that aza-dienes could have also a nucleophilic behavior with a quinone giving 

dihydrobenzofuran derivatives through a [3+21 process in acid medium. Nevertheless the [4+21 

process to build nitrogen six-membered rings is favored in the absence of acid.12 

NMe, 
I 

NMe, 

R1 0 OH 

The reaction of the quinone (3) with 3-methyl-1-dimethylamino-1-aza-1,3-butadiene ( 6 )  in 

dichloromethane at  room temperature, in the absence of acid, gave an unstable adduct, which 

was oxidized in situ with silver(1) oxide to afford the aza-lapachone (12) in 57 % yield, and no 

bezofuran derivative such as (11) was observed. It has been previously proposed that in the 

reaction of this diene and quinones, the initial 1:l cycloadduct easily lost dimethylamine by 1,4- 

elimination affording a tautomeric hydroquinone which is slowly oxidized.10 Elimination of 

dimethylamine leads to a nucleophilic addition with the quinone (3); in order to avoid this side 

reaction we used the azadienes in excess. Similarly, reaction of the quinone (3) with 4-methyl- 

1-dimethylamino-1-aza-1,3-butadiene (6) gave the aza-lapachone (13) in 18 % yield. However, 

when we used 2,3-dichoro-5,6-dicyano-1,4-benzoquinone (DDQ) as the oxidizing agent instead 

of silver(1) oxide, the yield of aza-lapachone (13) was 50%. For the cycloaddition reaction of the 
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quinone (3) with both azadienes the structural assignment is based on the assumption, that 

the steric and electronic factors, which determine the observed regiochemistry in the reaction 

of the quinone (3) with 1-methoxy-l,3-cyclohexadiene (41, are also valid here. 

EXPERIMENTAL 

Melting points were determined with a Kofler modified apparatus and are not corrected. Ir 

spectra were recorded on a Perkin-Elmer Model 1310 spectrophotometer. IH and 13c nmr 

spectra were recorded on a Bruker AM-200 spectrometer, using tetramethylsilane as internal 

reference. Column chromatography was perfomed on silica gel Merck 60 (70-230 mesh). 

Elemental analyses of all new compounds were performed a t  the Instituto de Quimica 

OrgAnica General, Madrid, Spain. 

Reaction of the quinone (3) with l-methoxy-1,3-cyclohexadiene (4). 

A mixture of the quinone (3) (280 mg, 1.35 mmol), 1-methoxy-1,3-cyclohexadiene (4) (156 mg, 

1.42 mmol) and methanol (10 ml), was stirred for 1 h a t  room temperature. The reaction 

mixture was concentrated under reduced pressure and the residue was purified by column 

chromatography using first dichloromethane and then 5% of ethyl acetate in dichloromethane 

as eluant (Rf 0.48 in dichloromethane-ethyl acetate 2:l). After evaporation of the solvent, 357 

mg (83 %) of a mixture of the adducts (7 )  was obtained. This mixture, was immediately used 

without further purification because became darker on standing. 

A solution of the above adducts (279 mg, 0.88 mmol) in tetrahydrofuran (10 ml) was added 

dropwise to a suspension of 80% sodium hydride (81 mg, 2.71 mmol) in tetrahydrofuran (10 ml) 

a t  0 "C. The mixture was stirred for 30 min a t  0 "C, and then quenched by the addition of a 

saturated aqueous ammonium chloride solution. The phases were separated and the aqueous 

phase was extracted with ethyl acetate. The combined organic phases were washed with 

water, and dried over MgS04. After evaporation of the solvent, the residue was dissolved in 

tetrahydrofuran and then Ag20 (200 mg, 0.86 mmol) and MgS04 (200 mg) were added. The 

suspension was stirred for 1.5 h and filtered through Celite, and the solvent was evaporated to 
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afford 200 mg (70%) of a mixture of diastereoisomers (8). Recrystallization from benzene- 

hexanes (1:2.5) gave 140 mg of a single isomer as yellow needles, mp 131-133 "C; ir vmax: 3400 

(OH), 1680 and 1635 ( G O ) ,  1320 and 1120 (C-0) cm-l. l ~ - N m r  6: 1.38-1.79 (m, 4H, CHzCHz), 

1.41 (s, 3H, CH3), 1.50 (s, 3H, CH3), 1.99 (eight lines, 2H, CHZ), 3.35 (br s, lH,  OH), 3.61 (s, 3H, 

OCH3), 4.27-4.30 (m, lH, bridgehead H) 4.80 (t, lH,  J = 6.3 Hz, CHI, 6.35 ( dd , lH, J = 6.1 and 7.7 

Hz), 6.56 ( dd, 1 H, J = 1.0 and 7.7 Hz) ppm. 13c-Nmr 6: 25.1, 26.8, 27.0, 31.3, 33.2, 39.6, 55.9, 

59.4, 79.7, 84.9, 115.5, 131.2, 135.3, 143.4, 149.0, 151.8, 177.5, 184.2 ppm. Anal. Calcd for 

C18H2005: C, 68.34; H, 6.37. Found: C, 68.37; H, 6.43. A small amount of the minor isomer 

isolated from the mother liquor after recrystallization gave the following spectral data: 1H- 

Nmr 6: 1.4-1.8 (m, 4H, CHzCH21, 1.38 (s, 3H, CH3), 1.51 (s, 3H, CH3), 1.97 (eight lines, 2H, 

CHz), 3.38 (br s, lH,  OH), 3.61 (s, 3H, OCH3), 4.28-4.30 (m, lH, bridgehead H) 4.82 (t, 1H, J = 6.3 

Hz, CH), 6.35 ( dd , lH,  J = 6.1 and 7.7 Hz), 6.56 ( dd, lH, J = 1.0 and 7.7 Hz) ppm. 13c-Nmr 6: 

25.0, 26.6,27.1,31.1,33.2,39.7,55,8,59,9, 7 9 . 7 8 4 9  115.2, 131.2, 135.5, 143.6, 148.9, 151.9, 177.4, 

184.6 ppm. 

A solution of the diastereoisomers (8) (107 mg, 0.34 mmol) in xylene (20 ml) was heated under 

reflux for 45 min. Removal of the solvent under reduced pressure gave the crude product (2) (91 

mg, 93 %) that  was recrystallized from benzene-hexanes (1:2.5) to give 77 mg (79%) of 

pyranoquinone (2), mp 154-156 OC; ir  v max : 3500 (OH), 1670 (C=O), 1280 and 1180 (C-0) cm -1. 

l ~ - N m r  6: 1.42 (s, 3H, CH3), 1.54 (s, 3H, CH3), 2.06 (eight lines, 2H, CHz), 3.85 (s, lH,  OH), 3.98 

(8, 3H, OCH3), 4.95 (t, lH,  J = 6.5 Hz), 7.25 (dd, lH, J = 1.5 and 8.0 Hz), 7.65 ( dd, 1 H, J = 7.7 and 

8.0 Hz), 7.73 ( dd, 1 H, J = 1.5 and 7.7 Hz) ppm. ~ ~ C - N I ~ T  6: 26.7, 27.1, 39.6,56.5,60.0,79.7, 117.6, 

118.3, 118.7, 119.0, 134.1, 135.3, 154.7, 160.0, 178.5, 185.8 ppm. Anal. Calcd for C16H1605: C, 

66.66; H, 5.59. Found: C, 66.90; H, 5.68. 

A mixture of the diastereoisomers (8 )  (117 mg, 0.37 mmol), p-toluenesulfonic acid (5 mg, 0.03 

mmol) in  xylene (20 ml) was heated under reflux for 75 min. The cooled mixture was filtered 

and the filtrate was concentrated under reduced pressure. The residue was chromatographed 
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on silica gel using first dichloromethane (100 ml) and then 5 % ethyl acetate in 

dichloromethane (Rf 0.67 in dichloromethane-ethyl acetate 10:l) to give 83 mg ( 83 %) of the 

quinone (9), mp 139.5-141.5° C (sublimed) (lit.,5b 132-134 "C). 

The quinone (9) (43 mg, 0.17 mmol) in ethanol (20 ml) was hydrogenated over 10% palladium 

on charcoal (5 mg) at  room temperature in a Parr hydrogenator for 1 h. The solution was 

filtered through kieselgur and the filtrate evaporated to give 43 mg (99%) of the crude product 

10, that was recrystallized from methanol, mp 167.5-169.5 'C (lit.? 168-170 OC). 

Reaction of the quinone (3) with the dimethylhydrazone (5) : 3,4-dihydro-4-hydroxy-23.7- 

trimethyl-WquinOlin[3~glp~5,lOdione (12). 

A stirred solution of the quinone (3) ( 116 mg, 0.56 mmol) in dichloromethane (10 ml) was 

treated with the hydrazone (5)11 (125 mg, 1.12 mmol). The yellow solution was stirred for 3 h. 

Silica gel and silver(1) oxide were added and the mixture was stirred for 24 h at  room 

temperature. The mixture was filtered and the solid filter was rinsed thoroughly with 

dichloromethane. The filtrate was concentrated under reduced pressure and the residue was 

chromatographed on silica gel using hexane-ethyl acetate 2:l as eluant. (Rf 0.31 hexane-ethyl 

acetate 1:2) Evaporation of the solvent gave the quinone (11) (87 mg, 57 %), mp 170 OC (decamp.). 

ir v max : 3260 (OH), 1680 and 1640 (GO), 1280 and 1120 (C-0) cm -1. l ~ - N m r  6: 1.49 (s, 3H, 

CH3), 1.60 (s, 3H, CH3), 2.00-2.15 (m, 2H, CH2), 2.55 (s, 3H, CH3), 3.66 (br s, lH, OH), 5.06 (t, 

lH, J = 6 Hz), 8.26 ( d, lH, J = 2 Hz), 8.86 ( d, 1 H, J = 2 Hz) ppm. 13C-Nmr 6: 19.0, 26.9, 27.0, 

39.6, 59.9, 80.3, 120.0, 128.7, 133.8, 139.1, 144.9, 154.7, 154.9, 178.3, 185.2 ppm. Anal. Calcdfor 

C15H15N04: C, 65.92; H, 5.53; N, 5.13. Found: C, 65.70, H, 5.80, N, 4.96. 

Reaction of the quinone (3) with the dimethyhydrazone (6) : 3,4-dihydro-4-hydroxy-2,!2,6- 

~e~l-Wquinolin[3~-glpyran-6,10-diom (13). 

A stirred solution of the quinone (3) (204 mg, 0.98 mmol) in dichloromethane (15 ml) was 

treated with the hydrazone (6) (220 mg, 2.82 mmol). The solution was stirred for 3 h and after 

the addition of silica gel the resulting suspension was further stirred for 60 min. Then the 



HETEROCYCLES, Val. 38, No. 8,1994 1803 

mixture was treated with DDQ (483 mg, mmol) and the reaction mixture was refluxed for 15 

min. The mixture was filtered and the filtrate was partitioned between dichloromethane (50 

ml) and 5% NaHC03 (100 ml). The aqueous layer was extracted with dichloromethane (2x25 

ml) and the combined organic layers were dried. Isolation of the product under the same 

conditions as  above gave to give 3,4-dihydro-4-hydroxy-2,2,6-trimethyl--an- 

5,lO-dione (12) (134 mg, 50 %), mp. 200 OC (decamp.); ir v max : 3420 (OH), 1660 ( G O ) ,  1240 and 

1100 (C-0) cm-1. ~ H - N ~ T  S: 1.47 (s, 3H, CH3), 1.56 (s, 3H, CH3), 2.00-2.20 (m, 2H, CH2), 2.81 (s, 

3H, CH3), 4.86 (br s, lH,  OH), 4.97 (t, lH, J = 6 Hz, CH), 7.42 ( d, lH,  J = 4.8 Hz), 8.79 ( d, lH, J 

=4.8 Hdppm.  1 3 ~ - ~ r n r 6 :  22.4,26.8, 27.0,39.7,59.9,79.8, 121.2,127.2, 131.4, 148.1, 150.3, 152.7, 

153.3, 178.6, 187.5 ppm. Anal. Calcd for C15H15N04: C, 65.92; H, 5.53; N, 5.13. Found: C, 65.82, 

H, 5.80, N, 5.26. 

ACKNOWLEDGEMENT 

We thank "Fondo Nacional de Desarrollo Cientifico y Tecno16gicom (Grants 17/90 and 792191) for 

finantial support. We also wish to thank CONICYT and Direcci6n de Postgrado Pontificia 

Universidad Cat6lica de Chile for a fellowship to C. Quintanar. 

REFERENCES AND NCYES 

1. a)  J. Berdy, "Handbook of Antibiotic Compounds", Vol 111, CRC Press, Florida, 1980, p. 

221. b) T. S. Wu, H. J. Tien, M. Y. Yeh, and K. H. Lee, Phytochemistry, 1988, 27, 3787. c) 

T. Hayashi, F. T. Smith, and K-H. Lee, J. Med. Chem., 1987,30,2005. 

2. C. Saitz, J. A. Valderrama, and R. Tapia, Synth. Commun., 1990,20, 3103. 

3. J. A. Valderrama, H. Pessoa-Mahana, and R. Tapia, J.  Heterocycl. Chem., 1992, 29, 1177. 

4. C. Saitz, 3. A. Valderrama,and R. Tapia, Synth. Commun., 1992, 22, 955. 

5. For other examples on the use of 1-methoxy-1,3-cyclohexadiene in the synthesis of 

hydroxy substituted naphthoquinones see; a)  A. J. Birch, and V. H. powell, Tetrahedron 

Lett., 1970, 3467; b) R. G. F. Giles and G. H. P. Roos, J. Chem. Soc., Perkin Trans. 1,1976, 

1632; c) G. Weeratunga, G. K. B. Prasad, J. Dilley, N. J. Taylor, and G. I. Dmitrienko, 



I804 HETEROCYCLES, VOI. 38, No. 8,1994 

Tetrahedron Lett., 1990, 31,5713. 

6. The isomer ratio was determined from the integration of the methyl proton signals: 1H- 

Nmr S: 1.30-1.65 (m, 4H, CHzCHz), 1.30 (20%) and 1.36 (80%) (two s, 3H, CH3), 1.43 (80%) 

and 1.46 (20%) (two s, 3H, CHs), 1.65-2.15 (m, 2H, CHZ), 3.00-3.35 (m, 4H), 3.47 (s, 3H, 

OCH3), 4.67 (t, lH,  J=5.8 Hz), 6.10-6.25 (m, 2H). 

7. l ~ - ~ m r  6: 1.35-1.80 (m, 4H, CHZCH~),  1.38 (20%) and 1.40 (80%) (two s, 3H, CH3), 1.50 

(80%) and 1.51 (20%) (twos, 3H, CHQ), 1.99 (eight lines, 2H, CH2), 3.37 (br s, lH,  OH), 3.61 

(s,3H, OCH3), 4.25-4.35 (m, lH, CH), 4.82 (80%) and 4.80 (20%) (two t, lH,  J = 6.3 Hz), 6.35 

(dd, lH, J = 6.1 and 7.7 Hz), 6.56 (dd, lH, J = 0.9 and 7.7 Hz) 

8. H. Itokawa, K. Matsumoto, H. Morita, and K. Takeya, Phytochemistry, 1992,31, 1061. 

9. H. Inouye, T. Okuda, and T. Hayashi, Chem. Pharm. Bull., 1975,23, 384. 

10. a )  K. T. Potts, E. B. Walsh, and D. Bhattachajee, J.  Org. Chem., 1987, 52, 2285. b) P. 

Nebois, R. Barret, and H. Fillion, Tetrahedron Lett., 1990,31, 2569 

11. T. Severin, G. Wanninger, and H. Lerche, Chem. Ber., 1984, 117, 2875. 

12. P. Nehois, H. Fillion, and L. Benameur, Tetrahedron, 1993,49, 9767 

Received, 2 4 t h  January, 1994 


