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Recent reports on the effectiveness of Daunorubrcznl and Adrramycln' for 

the treatment of a variety of human cancers has aroused conslderable interest 

In the total synthesis of this group of anthracycllne compounds. The anthra- 

cyclone antlblotlcs 3 , metabolltes of Streptomyces 2., are made up of anthra- 

cycl=nones4 (th e aglycone moiety) attached to amlnosugars. Although a total 

synthesis of adrlamycln has already been formally achieved 5,6,7,8 , the need for 

an efflclent reglospeclflc route to daunomyclnone and adrlamyclnone persists, 

to furnish an alternative method possibly competltlve with the blosynthetlc 

process9 for the preparation of these antltumor anthracycllnes. 

Several syntheses of tetracyclic hydroqulnone systems have been accom- 

plrshed starting with a Frledel-Craft reactlon IO,11 12 , a photo-Fries reaction , 

and a Duels-Alder reactlon 13,14 . As part of the program dlrected to the total 

synthesis of daunomyclnone and adrlamycrnone, we have developed a facile method 

for the construction of the tetracyclic hydroqulnone rzng system, featuring an 

efflclent one-step cycllzatlon of the tetrahydronaphthyl esters of 3-methoxy- 

phthallc acid. 

1,4,5,8,9,10-crs-Hexahydronaphthalene-l,4-dlone (2) 15 , the well known 

Duels-Alder adduct derived from p-benzoqulnone and 1,3-butadlene was treated 

with two equivalents of lithium hydrrde to generate the dlllthlophenolate of 

1,4-dlhydroxy-5,8_dlhydronaphthalene, which was reacted with 3-methoxyphthallc 

anhydrlde l6 (S,- After the products were methylated with dlazomethane 4'- 

hydroxy-5' ,8'-dlhydronaphthyl-2-methoxy-6-carbomethoxybenzoate 17 , l_, m-p. 188.5- 

189O C, m/e 354 (M+), 323 (M-31). '193 (M-C10H902); pmr17: &3,00 (s, 1, phenollc 

OH), 7.8-7.2 (m, 3, aromatlc H), 7.15, 6.77 (AB, q, 2, J = 6 Hz, aromatic H), 

5.90 (broad s, 2), 3.92 (s, 6, 0CH3) and 3.33 ppm (broad s, 4, benzyllc H): 

uVmax (CH~OH) 285 nm (c3,600). 298 (E4,600), and 4'-hydroxy-5',8'-drhydro 

1637 



16% No. 20 

naphthyl-2-caxbomethoxy-3_methoxybenzoate, 2, m.p. 175.5-176' C; m/e 354 (M+), 

323 (M-31), 143 (M-c~~H~o~); pm-: 88.75 (s, 1, phenollc OH), 7.8, 7.5, 7.23 

(AMx3, J = 5.0, 5.5 Hz aromatlc H), 6.75 (s, 2H), 5.83 (broad s, 2H). 3.89 k., 

3H). 3.83 (s, 3H) and 3.22 ppm (broad s, 4, benzyllc H): uv_ (CH30i-I) 283 nm 

(~3,800), 302 (~4,300) were obtalned In a ratio of 95:5 (57$), lndlcatlng that the 

reaction proceeded with consIderable regloselectlvlty as the phenolate attacked 

predominantly the more hlndered carbonyl of 4. - 

2 - 

To establish the ldentlty of the isomerlc esters 1. and 2, we conducted the 

followrng series of experlments- Refluxlnq of 1 with BF3-methanol In methanol 

for 5 hours afforded 2-methoxy-6-carbomethoxybenzolc acid, 2, m-p. 151.5-153.5' 

In 82s yield 2-Carbomethoxy-3-methoxybenzolc acid, 18 
1 , m-p. 141.5-143' was 

obtalned In 80% by hydrolysis of 2 with one equivalent of KHC03 In refluxlnq 

ethanol. Reduction of 6 with LlBH4 afforded 7-methoxyphthallde, m.p. 105-108' 

(lit? 107-1090). which was demethylated using A1C13 to yield 7-hydroxyphthallde, 

2, m-p. 134-136' (lit. 134-136o1g, 135-136.5020). Slmllarly, LlBH4 reduction of 

1 gave 4-methoxyphthallde, m.p. 126-128' (llt. 21'22 127*), which upon A1C13 

treatment yielded 4-hydroxyphthallde, 10, m-p. 257-258' dec. c1l.t. 21.22.23 254_ 

260' dec.). Havlnq affirmed the structures of 5 and 1, It was possible to 

correlate them with A and 2 respectively by their reaction with 1,4-dlhydroxy- 

5,Gdlhydronaphthalene, 2, 24 following the procedure of Brewster-Clottl . 

Hydrogenation of 1 over Pd/C afforded 4'-hydroxy-5',6',7',8'-tetrahydro- 

naphthyl-2-methoxy-6-carbomethoxy-benzoate, 12, m.p. 163-166'; Pmr: 87.66 (d of 

d, lH, J1 = 7.8 HZ, J2 = 1.2 Hz), 7.45 (d of d, lH, J1 = J2 = 7.8 Hz), 7.16 Cd 

of d, 1H, Jl = 7.8 HZ, J2 = 1.2 Hz), 7.20 (d, 1H. J = 8.5 Hz), 6.6 (d, 1H, J = 

8.5 HZ), 5.08 (s, 1~1, 3.91 (s, 3~1, 3.88 (s, 3H), 2.5-2.9 (m, 4H). 
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1.65-l-95 ppm (m, 4H). When 11 was - 
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dH 80% 
10 - 

treated wrth BF3 -etherate at elevated tem- 

perature (90°, 1 hr) rt underwent an apparent Frres rearrangement and subsequent 

dehydratrve cyclrzatron to grve I-methoxy-6,11-drhydroxy-7,8,9,lO_tetrahydro- 

naphthacene-5,32-drone, 13 rn 60-80s yreld, m.p. 234-235'; Pmr: 813.83 (s, lH), - 

13.43 (s, lH), 7.98 (d of d, lH, Jl = 8.0 Hz, J2 = 1.2 Hz), 7.70 (d of d, lH, 

J1 = J2 = 1.2 Hz), 4.05 (s, 3H), 2.73 (m, 4H) and 1.80 ppm Im, 4H); uvmax 

(CHC13) 537 nm (E8,800), 501 &13,400), 475 (E11,200), 370 (E3.700) and 292 

K9,0001* 

The mechanrsm and regroselectlvity of thus cyclrzatron reactron and rts 

applzcatlon to the syntheses of adrlamycrnone 1s currently under znvestrgatlon. 

Acknowledgment 

Frnancral support from Natronal Institutes of Health Grant No. Al-11232 and 

AM 4874 1s acknowledged. DGM was an AFPE Fellow, 1973-1975. 

References and Notes 

1. S. Bernard, R. Paul, M. Borron. C. JacqurLlat and R. Maral, Ed., 
"Rubrdomycrn", Sprrnqer-Verlag, New York, N.Y., 1969. 

2. R. H. Blum and S. K Carter, Ann. Intern. Med - I__ -.I 8Q, 249(1974). 

3. W. B. Turner, "Fungal Metabolltes", Academrc Press, New York, N.Y., 1971, 
p. 190. 

4. W. D. 011~s and I. 0. Sutherland, "Recent Developments rn the Chemrstry of 
Natural Phenolrc Compounds", Pergamon, London, 1961, p. 212. 

5. C. M. Wong, R. Schwenk, D. Popren and T. L. Ho, Can. 2. Chem., 51, 466 
(1973). 



1640 No. 20 

6. J. P. Marsh, C. W. Masher, E. M. Acton and L. Goodman, Chem. Commun., E, - - 
913 (1967). 

7. E. M. Acton, A. N. Fu)lwara and D. W. Henry, ;r. Med. Chem., 17, 659(1974). -- 

8. F. Arcamone, W. Barblerl, G. Franceschl and S. Pence, Chum. Ind. (Hllan), 
51, 834(1969). 

9. F. Arcamone, G. Casslnelll, G. Fantlnl, A. Green, P. Orezzl, C. Poh and 
C. Spalla, Blotech. and Bioeng., 11, llOl(1969). 

10. C. M. Wong, D Poplen, R. Schwenk and J. TeRaa, Can, 2. Chem., 49, 2712 
(1971). 

11. W. Trueb and C. H. Engster, Helv. Chum. B, -- B, 969(1972). 

12. A. S. Kende, J. Belletire, T. J. Bentley, E. Hume and J. Frey, 2. Amer. 
Chem.&., 97, 4425 (1975). 

13. F. 

14. R. 

15. E. 
P. 

16. J. 

Farina and J. C. Vega, Tetrahedron Lett., 1655(1972). 

Wlnkler, Chxmla, 0, 122(1966). 

E. Van Tamelln, M. Shamma, A. W. Burgstahler, J. Wollnsky, R. Tamm and 
E. Aldrxch. 2. Amer. Chem. E., 9J, 7315(1969). -- 

Glsvold, 2. Am. Pharm. Assn,, 31, 202(1942). --- 

17. Pmr were recorded on a 60 MC Varxan spectrometer In CDC13 with TMS as 
Internal standard. Spectral data were in complete agreement with assqned 
structures. Satisfactory C, H analyses were obtained for all the new 
compounds reported herein. 

18. A. Asano, Ber., 63, 429, 434(1930). 

19. J. Blair, J. J. Brown and G. T. Newbold, J_ Chem. s., 708(1955). 

20. E. L. Ellel, D. E. Rxvard and A. W. Burgstahler, 2. Org. Chem., 18, 1679 
(1953). 

21. C. A. Buehler, 
(1944). 

T. A. Powers and J. G. Mlchels, 2. Amer. Chem. Sot., 66, 417 --- 

22. L. A. 

23. C, A. 
s., 

Duncanson, J. F. Grove and 5. Zealley, 3. Chem. m., 1331(1953) 

Buehler, J. 0. Harris, C. Shacklett and B. P. Block, 2. Amer. Chem. -- 
68, 574(1946). 

24. J. H. Brewster and C. J. Clottx, 2. Amer. Chem. Sot., 72, 6214(1955). --- 


