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Abstract: The palladium catalyzed cross-coupling of the organozinc reagent derived from 2- 
bromobenzaldehyde ethylene keta14 with the acyl chlorides 5 and 8 provides an expeditious route to the 
BCD 2 and BCDE 3 ring systems of Fredericamycin A 1. 

Fredericamycin A 1 (NSC-305263), a quinone antitumor antibiotic, is the major component 
present in a fermentation broth of the strain Streptomyces griseus (FCRC-48) isolated from a soil sample 
in Frederick, Maryland by Pandey and coworkers in 1981.’ FM-A 1 has a hexacyclic structure with a 
novel spiro[4.4]nonane moiety linking the naphthoquinone and isoquinolone subunits. The unique 
quaternary stereogenic center in the spiro[4.4]nonane is a function of the asymmetry created by the remote 
methoxy group in the A ring of the naphthoquinone subunit.2 X-ray crystallography was used to 
determine the structure after spectroscopic studies failed to resolve the tautomeric structures.3 FM-A I 
possesses both potent in vitro cytotoxic activity and in vivo antitumor activity. Preliminary studies aimed 
at elucidating the mode of action of FMA 1, while still inconclusive, have in part attributed the biological 
activity to reversible inhibition of the DNA processing enzymes topoisomerase I, II and DNA polymerase 
a.4 
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There has been considerable effort aimed at synthesizing this molecule, particularly with respect to 
the spiro[4.4]nonane system. However, despite exhaustive synthetic studies5s6 a practical synthesis of 
this extremely important molecule has not been forthcoming. Therefore, potent antitumor activity and the 
unusual mode of action coupled with the need for an expeditious route to this important molecule provides 
the incentive for further synthetic studies. 

We now report that the key spiro[4.4]nonane system of FM-A 1 can be readily assembled via a 
modified Negishi palladium catalyzed cross-coupling acylation reaction.7,8 The palladium mediated cross 
coupling reaction of organozinc reagents with acyl chlorides provides an efficient route to a variety of 
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ketones. The advantage of this strategy, is that the newly formed C-C bond is at the correct oxidation 
state, thus minimizing the capricious oxidation chemistry associated with FM-A 1.5f Furthermore, the 
methodology is inherently versatile and tolerant of an army of sensitive functionality. 
Scheme 1 
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Halogen metal exchange of 2-bromobenzaldehyde ethylene ketal4 with n-butyllithium in diethyl 
ether afforded the aryllithium, which was transmetalated with zinc chloride to afford the corresponding 
organozinc species. Treatment of the aryl organozinc species with the acyl chloride 5 or 8’ in the 
presence of a catalytic amount of tetrakis(triphenylphosphine)palladium(O) furnished the aryl ketones 6 
and 9 in 88% and 72% yield respectively (Scheme l).‘O The coupling was particularly amenable to 
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scale-up and sensitive to the quality of the zinc chloride. 11~12 Deprotection of the cyclic ketals 6 and 9 
with pyridinium p-toluenesulfonate (PPTS) furnished the corresponding aldehydes 7 and 10 in 
quantitative yields.lO Treatment of the keto-aldehydes 7 and 10 with catalytic sodium methoxide in 
methanol to effect the intramolecular aldol reaction, analogous to Boger and Jacobson in their approach to 
FM-A 1,5f afforded the cyclized adducts which after an aqueous work-up were oxidized with pyridinium 
chlorochromate to furnish the model spiro[4.4]nonane systems 2 and 3 in 87% and 92% yield.1° This 
represents an overall yield of 76% and 66% for the 4 step reaction sequence from the acyl chlorides 5 and 
8 to the BCD 2 and BCDE 3 model systems respectively. The BCDE 3 ring system has been used 
extensively as a model for synthetic studies directed towards the natural product. The novel palladium 
catalyzed cross-coupling acylation approach outlined herein represents one of the most versatile and 
efficient methods available for constructing the spirocyclic moiety of FM-A 1.6 

In conclusion, we have developed a practical and efficient synthetic strategy for the synthesis of the 
spiro[4.4]nonane system of FM-A 1 using a palladium catalyzed cross-coupling acylation reaction. This 
method is currently being applied to more advanced systems applicable to a synthesis of FM-A 1. 
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10. All new compounds exhibited spectroscopic (IR, lH and 13C NMR) and analytical (HRMS) data in 
accord with the assigned structure. 
11. Commercial zinc chloride in diethyl ether was found to be significantly inferior in this reaction. 
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keta14 (1.262 g, 5.5 mmol) was dissolved in anhydrous diethyl ether (22 ml) and cooled with stirring to 
-70 “C. n-Butyllithium (2.65 ml, 6.63 mmol, 2.5 M soln. in hexanes) was then added dropwise keeping 
the internal temperature 1-65 ‘C and stirred for 1 hour forming a yellow solution. Zinc chloride (0.917 g, 
6.73 mmol) was flame dried under high vacuum and suspended in anhydrous ether (20 ml). The freshly 
prepared zinc chloride solution was cooled to 0 “C and added dropwise, keeping the internal temperature 
S-55 ‘C. The reaction mixture was then allowed to warm to room temperature during which a white 
precipitate formed. After 1 hour the reaction mixture was cooled to 0 “C and tetrakis(triphenylphosphine) 
palladium(O) (0.295 g, 5 mol%) was added followed by the dropwise addition of the acyl chloride 8 
(1.054 g, 5.00 mmol) in anhydrous ether (14 ml) via Teflon cannula. The reaction mixture was then 
allowed to warm to room temperature and stirred for cu. 19 hours affording a yellow colored solution, 
which was poured into a mixture of saturated NaHCG3 solution (100 ml) and ethyl acetate (50 ml) shaken 
and separated. The aqueous phase was then back-extracted with ethyl acetate (2 x 25 ml). The organic 
layers were combined, washed with saturated NaCl solution (50 ml), dried over anhydrous NaZS04, 
filtered and the solvent removed in vucuo to afford a crude oil. Purification by flash chromatography on 
silica gel (eluting with ethyl acetate/hexane 1 : 4) furnished 9 (1.174 g, 72%) as a pale yellow colored 
solid; mp 75-78 “C. 
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