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The anthracyclinel antibiotics adriamycin (}_),2 daunomycin (g)3 and
carminomycin (i)4 are of interest because of their potent activity against
experimental tumors and human cancers.5 A serious limitation to the use of
these drugs in chemotherapy is toxicity; in particular, cardiotoxicity limits
the total accumulative dose which can be administered. Structural modifica-
tion of the natural drugs has led to improvements in biological activity as
exemplified by the recent report that 4-demethoxydaunomycin (4) is more active

than daunomycin (2) itself.6
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Intense interest in the synthesis of the anthracyclines has produced a
number of different approaches to construction of the tetracyclic aglycones7
and the amino sugar8 L-daunosamine (6). Methods for coupling of the aglycones
to appropriately protected daunosamine derivatives complete the synthesis of

the glycosidic antibiotics.9
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We have developed a simple and direct synthesis of the aglycone 4-de-
methoxydaunomycinone (5a), an intermediate in the synthesis of 4. The key

feature in our synthetic strategy is construction of the tetracyclic nucleus

by a Diels-aAlder reaction between an appropriately substituted quinone and
. . . 10 .
a reactive o-quinodimethane 7. Reaction of 7, generated from tetrabromo-

o-xylene 14, with gquinone 8 produces an adduct which spontaneously loses HBr

to give quinone 9, mp 182.5-183°, 72%.

o
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Quinone 10 was prepared as shown below. Reaction oE 5,8-dimethoxy-2-
tetralone (Li)ll

9 O

with methoxyvinyllithiumlz, followed by workup with aqueous
ammonium chloride gave 12. The conversion of 11 into 12 proceeds in 40%

yield (easily monitored by doublets in the pmr spectrum at & 4.0 and 4.4),

but the reaction can be repeated on the mixture of 11 and 12. After four
reactions, the crude enol ether 12 was hydrolyzed (3 N HC104,MeOH—H20,25°) to
produce hydroxyketone 13 (87% yield, mp 100.5-102.5").7a Oxidation of 13 with
argentic oxidel3 gives quinone 10, 98%, mp 100-102°., The overall yield of 10

prepared in this way from 11 is 853,
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14 with NaI in DMF in the presence of

Reaction of tetrabromo-o-xylene 14
quinone 10 produced quinone 15 in 33% yield after chromatography (Si02, 10%
EtOAc—CHZClz), mp 233-235°(d) [nmr: 6§ 1.92 (m 2H), 2.39 (s 3H), 2.90 (m 4H),
7.68 (ad 2H), 8.06 (4d 2H), 8.625 (s 1H), 8.638 (s 1lH)]. Reduction of 15
(Zn,Et3N,Ac20,100°,12 hr) gave hydroquinone triacetate 16, mp 213-215°
[nmr: &§ 2.0 (s 3H), 2.15 (s 3H), 2.0-2.4 (m 2H),2.57 (s 6H), 2.95 (m 2H),
3.25 {(m 2H), 7.39 (a4 2H), 7.92 (4dd 2H), 8.20 (s 2H); ir (CHC13): 1760, 1735,
1720 em™ ] in 94% yield. oOxidation of 16 (CrO,,AcOH-H,0,25°,2 hr) gave the
quinone triacetate 17, mp 244.5-245.5° [nmr: ¢ 2.05‘(s 3H), 2.23 (s 3H), 2.0-

2.4 (m 2H), 2.53 (s 3H), 2.54 (s 3H), 2.8-3.1 (m 2H), 3.2 (bs 2H), 7.75 (dd 2H),
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8.17 (ad 2H); ir (CHCly) 1770, 1740, 1720(sh), 1680, 1590 em 11, which was
hydrolyzed (HCl,AcOH—H20,75°,2 hr) to (+)-4-demethoxy-7-deoxydaunomycinone
18, mp 210-212° [nmr: 6 2.0l (m 2H), 2.41 (s 3H), 3.02 (m 4H), 3.81L (s lH),
7.84 (dd 2H), 8.37 (dd 2H), 13.48 (s 2H); ir (KBr) 3500, 1700, 1620, 1590
cm_l].15 The yield of 18 from 16 is 69%.16 Since the conversion of 18 into
4-demethoxydaunomycinone (5a) has been reported7d, our synthesis also consti-
tutes a new synthesis of 5a.

This approach is being extended to the methoxy series corresponding to
daunomycinone (5b). Reaction of tetrabromo-o-xylene 19 (prepared from 2,3-
dimethylanisole by NBS bromination, 80%, mp 147-148°) with sodium iodide in
the presence of quinone 10 gave a mixture of the two regioisomeric gquinones

20a and 20b.17 Details of this work will be published in a future paper.

O 0] OCH3 0 0
CHBr2
+ 10 T OH + OH
CHBr2
OCH, 19 OCH3 0 20a © 20

Acknowledgment. This research was supported by grants from the American
Cancer Society and the National Cancer Institute (CA 21935).

References and Notes

1. R.H. Thompson, Naturally Occurring Quinones, 2nd Ed., Academic Press, 1971,
pp. 537-575.
2. (a) F. Arcamone, G. Franceschi, S. Penco and A. Selva, Tetrahedron Lett.,




3768

10.
12.
13,
15,
16.

17.

No. 40

1007 (1969); (b) F. Arcamone, W. Barbieri and G. Francheschi, Chemie Ind.,
51, 834 (1969). -
(a) F. Arcamone, G. Franceschi, P. Orezzi, G. Cassinelli, W, Barbieri and
R. Mondelli, J. Am. Chem. Soc., 86, 5334 (1964); (b) F. Arcamone, G.
Cassinelli, P, Orezzi, G. Franceschi and R. Mondelli, J. Am. Chem, Soc.,
86, 5335 (1964); (c) F. Arcamone, G. Franceschi, P. Orezzi and S. Penco,
Tetrahedron Lett.,, 3349 (1968) .

(a) M.G. Brazhnikova, V.B, Zbarsky, V.I. Ponomarkeno and N.P. Potapova,

J. Antibiotiki, 27, 254 (1974); (b) M.C. Wani, H.L. Taylor, M.E, Wall,

A.T. McPhail and K.D. Onan, J. Am. Chem. Soc., 97, 5955 (1975); (c) G.R.
Pettit, J.J. Einck, C.L. Herald, R.H, Ode, R.B. Von Dreele, P. Brown,

M.G. Brazhnikova and G.F. Gause, J. Am. Chem. Soc., 97, 7387 (1975).

(a) J. Bernard, R. Paul, M. Boiron, C. Jacquillat and R. Maral, Ed.,
"Rubidomycin," Springer-Verlag, New York, N.Y. (1969); (b) Cancer Chemo-
ther. Rep., Part 3, 6, 83-419 (1975); (c) G.F. Gause, M.G. Brazhnikova

and V.A, Shorin, Cancer Chemother. Rep., Part 1, 58, 255 (1974); (d)

A. DiMarco and F. Arcamone, Arzneimittel-Forschung, 25, 368 (1975).

F. Arcamone, L, Bernardi, P, Giardino, B. Patelli, A. DiMarco, A.M.
Casazza, G. Pratesi and P. Reggiani, Cancer Treatment Rep., 60, 829 (1976).
(a) C.M. Wong, R. Schwenk, D. Popien and T.L. Ho, Can, J. Chem., 51, 466
(1973); (b) A.S. Kende, J. Belletire, T.J. Bentley, E. Hume and J. Airey,
J. Am. Chem. Soc., 97, 4425 (1975); (c) A.S. Kende, Y. Tsay and J.E. Mills,
J. Am, Chem. Soc., 98, 1967 (1976); (d) A.S. Kende, D.P. Curran, Y. Tsay
and J.E, Mills, Tetrahedron Lett., 3537 (1977); (e) P.W. Raynolds, M.J.
Manning and J.S. Swenton, Tetrahedron Lett., 2383 (1977); (f) T.R. Kelly,
J.W. Gillard, R.N. Goerner, Jr. and J.M. Lyding, J. Am. Chem. Soc., 99,
5513 (1977); (g) R.J. Boatman, B.J. Whitlock and H.W. Whitlock, Jr., J. Am.
Chem. Soc., 99, 4822 (1977); (h) R.D. Gleim, S. Trenbeath, R.S.D. Mittal
and C.J. Sih, Tetrahedron Lett., 3385 (1976); (i) F. Suzuki, R.D. Gleim,

S. Trenbeath and C.J. Sih, Tetrahedron Lett., 2303 (1977); (j) F. Suzuki,
S. Trenbeath, R.D. Gleim and C.J. Sih, J, Am., Chem. Soc., 100, 2272 (1978);
(k) F.A.J. Kerdesky and M.P., Cava, J. Am. Chem. Soc., 100, 3635 (1278).

(a) J.P. Marsh, Jr., C.,W. Mosher, E .M. Acton and L. Goodman, Chem. Commun.,,
973 (1967); (b) D. Horton and W. Weckerle, Carbohyd. Res., 44, 227 (1975);
(c) C.M. Wong, T.L, Ho and W.P. Niemczura, Can. J. Chem., 53, 3144 (1975).
(a) E.M. Acton, A.N. Fujiwara and D.W. Henry, J. Med. Chem., 17, 659
(1974); (b) F. Arcamone, S, Penco, A. Vigevani, 5. Redaelli, G. Franchi,

A, DiMarco, A, Casazza, T. Dasdia, F. Formelli, A. Necco and C. Soranzo,

J. Med., Chem., 18, 703 (1975); (c) F. Arcamone, A. Bargiotti, G. Cassi-
nelli, S. Redaelli, S. Hanessian, A, DiMarco, A. Casazza, T. Dasdia, A.
Necco, P. Reggiani and R. Supino, J. Med. Chem., 19, 733 (1976).

M.P, Cava, A.A. Deana and K. Muth, J. Am. Chem. Soc., 81, 6458 (1959).

. T.R. Lewis, W.B. Dickinson and S. Archer, J. Am. Chem. Soc., 74, 5321 (1952)

J.E. Baldwin, G.A. Hofle and O.W. Lever, Jr., J. Am. Chem. Soc., 96, 7125
(1974) .

C.D. Snyder and H, Rapoport, J. Am. Chem. Soc., 94, 227 (1972).

J.C. Bill and D.S. Tarbell, Org. Syntheses Coll. Vol. 4, 807 (1963).

While the melting point of 17 is higher than that reported (160-~162°), 7d
the pmr spectrum of 17 is in exact agreement with the reported spectrum.

A by-product of the oxidation and hydrolysis of 15 is a hydroxyquinone,

mp 160-163°, tentatively assigned structure i and/or ii [ms: m/e 336;

nmr: § 1.94 (m 2H), 2.38 (s 3H), 2.83 (m 4H), 3,60 (IH), 7.6-8.5 (m 5H),
13.37 (1H)].

All new compounds gave satisfactory combustion and spectroscopic data con-
sistent with assigned structures.
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