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(2) These isomers may be prepared in a pure state by an alternative method. 
Their interoonversion has been studied in detail, and the results will be 
published elsewhere. In addition to rate law evidence, the close similarity 
of the rates of reaction of 3 and 4 with Ph3P (to produce 1) to their rates 
of isomerization strongly supports the suggested mechanism. 

(3) The synthesis of this intermediate has been claimed4 and its existence has 
frequently been cited in the literature.5 These claims are all erroneous and 
we have established that the putative 2 is in fact P2(CO)2IrH, as previously 
suspected by Yagupsky and Wilkinson.6 Since the compound 2 has not 
been isolated, its stereochemistry is unknown, a fact which contributes 
some uncertainty to the interpretation placed on the results reported 
herein. 
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M. Venanzi, Adv. Chem. Ser., No. 98, 71 (1971); Inorg. Synth., 13, 126 
(1972); R. Zanella, F. Canziani, R. Ros, and M. Graziani, J. Organomet. 
Chem., 67, 449 (1974); G. L. Geoffroy and J. R. Lehman, Adv. Inorg. and 
Radiochem., 20, 252(1977). 
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also Geoffroy and Lehman, in ref 5 above. 
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(9) J. P. Jesson in "Transition Metal Hydrides", E. L. Muetterties, Ed., Marcel 

Dekker, New York, 1971, p 75. 
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ppm, while the measured value for D trans to H is 0.1 ppm in both 7 and 
10. 

(11) J. P. Fawcett and J. F. Harrod, J. Organomet. Chem., 113, 245 (1976), and 
references therein. 

(12) R. G. Pearson, Theor. ChIm. Acta, 16, 107 (1970). 
(13) It has recently been suggested (see B. Longato et al. in ref 1) that the steric 

properties of the anionic ligand, in analogues of Vaska's complex, play 
a major role in controlling the stereochemistry of products of cis addition 
OfH2. 
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Benzocyclobutenedione Monoketal. A 1,4-Dipole 
Equivalent for Anthracyclinone Synthesis. Synthesis of 
(±)-4-Demethoxydaunomycinone 

Sir: 

The clinical activity1 of the anthracyclinone antibiotics 
daunomycin, adriamycin, and carminomycin has inspired 
much synthetic work on the aglycones of these molecules, la-c, 

. U , R = CH 3 , R = H 

b, RI = CH3 , R 2 =0H 

c , R1= R 2 = H 

and their analogues. The 4-demethoxy system, first prepared 
by Wong,2 has also proven especially promising in clinical 
trials,3 and several publications regarding the synthesis of this 
tetracyclinone have resulted.4 

Our anionic approach to anthracyclinones via coupling of 
an AB ring to a D-ring precursor would be equally applicable 
to the synthesis of the 4-demethoxy system.5 However, the 
synthesis of a 7- or a 7,9-deoxy analogue, followed by subse
quent introduction of the remaining A-ring oxygen substitu-
ent(s), affords only an alternative to Wong's2 '6 original and 
quite acceptable synthesis of these deoxygenated species. In 
fact, current work on both the 4-demethoxy and naturally 
occurring systems has involved introduction of the 7- or 7,9-
hydroxyl group(s) after formation of the tetracyclic ring by 
methods that proceed in modest yields at best,2'3a'6 two ex
ceptions being the elegant use of a trimethylsilyl group as a 
latent 7-oxygen function4d and the Diels-Alder route of 
Krohn.4f As outlined earlier, we conceived of quinone bisketals 

Scheme I. General Outline for One-Step Construction of 
Anthracyclinone Systems 
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serving as key moieties in mild procedures for one-step for
mation of anthracyclinones in which a completely function-
alized, optically active AB-ring system is linked with a D-ring 
precursor.5'8 We report studies which utilize benzocyclobu
tenedione monoketal as a 1,4-dipole equivalent9,12 (Scheme 
I) culminating in the synthesis of (±)-4-demethoxydauno-
mycinone. 

The reaction of 213 with 3 at - 6 5 0 C for 30 min, followed 
by warming to room temperature and then heating at reflux 
for 3 h, afforded after standard workup a yellow solid, which 
was crystallized from methylene chloride-ether to afford 
yellow needles (70%, mp 198.5-199.5 0 C). Hydrolysis of a 

0£ 
3'2 

(OCH, 

heterogeneous mixture of 4 and 5% hydrochloric acid at room 
temperature for 15 h afforded a quantitative yield of 5, which 
was identical with the methylation product of quinizarin. 
Likewise, coupling of 2 with 6 (prepared from the requisite 
bromo alcohol by treatment with 2 equiv of butyllithium) af
forded 7 (47%, mp 245-247 0 C from CH2Cl2-ether), which 
was quantitatively hydrolyzed (THF-3 M HCl, 15:8, 20 h, 
room temperature) to 8, mp 183.5-186 0 C (lit.4c mp 184-186 
0 C). 

C v , 0 

2 + U 

There now remained the application of this mild ring for
mation method to the fully oxygenated AB-ring precursor. The 
appropriately functionalized AB-ring system 12 was readily 
available as outlined in Scheme II;14 only the salient points will 

Scheme JJ. Synthesis and Coupling Reactions of the AB-Ring System 
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be noted here. The reduction of 9 with sodium borohydride at 
— 15 0C afforded a mixture of the cis- and fra/w-hydroxy acid 
(99%, ca. 80:20). The pure cis compound was obtained by 
lactonization of the reaction mixture (165 0C, 20 min), ex
traction of the trans acid, and hydrolysis of the pure lactone 
(mp 118-119.5 0C). Methylation (93%) and esterification 
(95%) afforded 10c. Application of Vedejs'15 procedure for 
ester enolate hydroxylation yielded, after silica gel chroma
tography, 11 (74%). This was smoothly converted to a mixture 
of ketones that could readily be separated by silica gel chro
matography to afford 12a (55%) and its isomer 12b (7%). Since 
a chromatographic separation was required at this stage, we 
have carried the steps 9 —* 12 without separation of isomers 
(overall yield 32% from 9). While ketalization methods in
volving heating proved unacceptable owing to partial aroma-
tization and epimerization of 12a, a mixture of ethylene glycol 
and trimethyl orthoformate at room temperature for 16 min 
afforded 13 with minimal aromatization or epimerization of 
the methoxy group.16 Execution of the same reaction sequence 
as for 6 afforded 15 in 63% overall yield after recrystallization 
from methanol. This compound was identical in melting point 
and spectroscopic properties with those previously reported.2 

Since 15 is readily converted to 4-demethoxydaunomyci-
none,2-3-6 this completes the synthesis. 

This chemistry effects the formation of the C ring of the 
anthracyclinone system from an AB- and D-ring component 
under sufficiently mild conditions that the thermally and 
acid-labile A ring can be incorporated directly into a tetracyclic 
framework. By using modified AB- and D-ring components, 
the route would afford convergent syntheses of a variety of 
anthracyclinone analogues. Finally, the strategy documented 
herein may be applicable to the syntheses of related antibiotic 
aglycones: aklavinones, citromycinones, and even olivomy
cins. 
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Novel Copper-Pyridine Catalyzed Ring Opening 
Reactions of Aryl Oxiranes. An Asymmetric Synthesis of 
(-f-)-Indene 1,2-Oxide and (+)-c/s-l,2-Indandiol 

Sir: 

Aryl oxiranes have proved to be important intermediates in 
synthetic chemistry,1 and certain of their hydroxylated de
rivatives have been described as the ultimate carcinogens of 
aromatic compounds.2 While their behavior in acidic and basic 
media is reasonably well understood,3 their reactivity under 
neutral conditions has been little investigated. Kinetic studies 
in several laboratories4 have shown that these compounds 
undergo spontaneous ring opening reactions at pH 7, producing 
materials of unknown stereochemistry. Recently, Hanzlik and 
Michaely5 reported on the rate of Cu2+-catalyzed oxirane 
opening of 2-pyridylethylene oxide and on the products formed. 
While the pH optimum for the catalyzed process was 4.5, the 
rate was still significant at pH 7. Hoping to effect aryl oxirane 
ring opening under neutral conditions, we examined the re
activity of indene oxide (1) in the presence of CuSO4 in an 
aqueous phosphate buffer (pH 7). Under these conditions, the 
oxirane was rapidly destroyed, but no diols were formed. The 
potent effect OfCuSO4 prompted us to explore the possibility 
that the nitrogen atom in 2-pyridylethylene oxide complexed 
with copper, with formation of a species that can promote 
hydration of an aryl oxirane. When 1 was added to an aqueous 
solution containing pyridine and CuSO4 buffered with phos
phate buffer at pH 7, m-1,2-indandiol formed rapidly and 
cleanly (i.e., without detectable quantities of the trans isomer 
or other products). The results of a study of the effect of the 
absence of one or more components in the reaction mixture are 
summarized in Table 1. The study also established that the 
presence of NaCl or NaBr increases the reaction rate. The 
successful hydration of 1 under these very mild conditions 
stimulated us to explore the copper-pyridine catalyzed reac
tivity of several oxiranes with methanol, water, and chloride 
ion. The results of this study (summarized in Table II) dem
onstrate that aryl oxiranes react regioselectively at the benzylic 
carbon to yield exclusively or predominantly cis products: 
glycols, glycol monomethyl ethers, and chlorohydrins. This 
regioselectivity differs from that noted by Hanzlik and Mi
chaely5 for 2-pyridylethylene oxide, where reaction occurred 
at the less substituted carbon. Alkyl oxiranes do not react under 
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