metrahedron Letiers Vol. 27, pp 397 - 400 0040-4039/81/0129-0397¢02.00/0
©Pergaron Press Lid, 1981, Printed in Great Britair

SYNTHESIS OF ANSAMYCINS: AN APPROACH
TO THE NAPHTHOQUINONE PORTION

OF THE RIFAMYCINS AND STREPTOVARICINS

*
Kathlyn A. Parker and Joseph J. Petraitis

Department of Chemistry, Brown University, Providence, Rhode Island 02912

Naphthoquinone 1, a fully functionalized model for intermediates in ansamycin synthesis, was

prepared by the intramolecular Claisen condensation of benzofuran 9 followed by oxidation of the
novel tricyclic compound 10.

The ansamycins, antibiotics containing an "ansa" chain connecting two nonadjacent carbons of
an aromatic nucleus, are of interest because of their unusual macrocyclic structures as well as
because of their notable biological activities.l Of the ansamycins which contain a naphthalene
moiety,2 the rifamycins and the streptovaricins and their derivatives have received intense study.la
Methods designed for the total synthesis of these antibiotics have been confined to the prepara-

3a-c and to closure of the macro-

tion of the stereochemically complex ansa bridge of Rifamycin S
cycle.3d We are pleased to report here the efficient synthesis of the highly substituted naphtho-

quinone 1, a model for the naphthoquinone portion of the rifamycins and streptovaricins.
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Consideration of the pattern of functionality in the target compound 1 led to a retrosynthetic
analysis in which the key carbon-carbon bond-forming reactions involve (1) nucleophilic addition
of a B-keto ester to an acyl-substituted quinone4 and (2) intramolecular Claisen condensation in-

volving the acyl substituent and the ester group followed by enolization and oxidation.
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A practical synthesis based on this analysis is shown in Scheme I. 2,3-Dimethoxybenzaldehyde
(2) was converted to alcohol §§ by ethylmagnesium bromide in 93% yield. Jones oxidation of al-
cohol 3 proceeded in 867 yield to give ketone_i.6 Ketone 4 was demethylated by aluminum chloride
(3 hrs, 0°) to afford phenol 5, mp 72-73° (lit7 73-74°), in 75% yield.

Phenol 5 was conveniently converted to quinone 7, an equivalent of an acyl quinone, in two
steps. Ketalization of 5 with ethylene glycol, triethyl orthoformate and p-toluenesulfonic acid
in ethanol at reflux was complete in 2 hours. The reaction was quenched by the addition of solid
sodium hydroxide. The reaction mixture was concentrated and partitioned between ether and water.
The sensitive ketal 6 was isolated by concentration of the ether solution and immediately dissolved
in DMF. A catalytic amount of salcomine8 was added and oxygen was bubbled through the solution
for 20 hours. Standard workup and crystallization from hexane afforded benzoquinone 1)5 mp 88-91°,
in 57% yield.

The Michael addition of ethyl acetoacetate to quinone 7 proceeded in ethanol in the presence
of 0.1 equivalents of sodium ethoxide. After stirring at room temperature for 1/2 hour, the re-
action was terminated by the addition of 6 N HCl which effected deketalization and dehydration of
the adduct. Benzofuran 25 was isolated in 37% yield (mp 97-99° from ether); ir (CDC13) 3580,

1725 and 1610 cm_l; nmr (CDC13) §=1,22 (t, J=7Hz, 3H), 1.34 (t, J=7Hz, 3H), 2.67 (s, 3H), 2.89
(q, J=7Hz, 2H), 3.93 (s, 3H), 4.35 (q, J=7Hz, 2H), 6.8 (broad s, 1H), 7.01 (s, 1H).

The second key carbon-carbon bond-forming reaction, intramolecular Claisen condensation, was
effected when benzofuran 9 was stirred with 6 equivalents of sodium ethoxide in ethanol (2 hr, re-
flux) to give the novel tricyclic compound lg? in 90% yield (mp 235-246° d, from acetone); ir
(KBr) 3570, 3460, 1675 and 1605 cm_l; nmr (dé—DMSO) §=1.98 (s, 3H), 2.76 (s, 3H), 3.87 (s, 3H),

+
7.56 (s, 1H), 8.30-11.70 (very broad absorption, 2H); mass spectrum m/e (M) 260.
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Scheme I

Oxidative cleavage of the hydroquinone monoether moiety of 10 was effected by ceric ammonium
nitrate9 (2 equivalents in 1:1 water:acetonitrile, reflux, 30 min). The target naphthoquinone l,s
(mp 222-232° from acetone/hexane) was obtained in 84% yield; ir (KBr) 1625 (broad) and 1240 cm_l;
nmr (CDC13): 8=2.21 (s, 3H), 2.40 (s, 3H), 3.93 (s, 3H), 6.09 (s, 1H), 9.04 (s, 1H) and 12.48
(s, 1H); uv (0.01 N HCl in ethanol): Aimax (log €) = 218 (5.08), 262 (4.93), 300 (4.77), 425

(4.23). The spectra of quinone 1 are very similar to those reported for quinone ll,lo a degrada-
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tion product of Rifamycin S.
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