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Summary : The C4-acetoxyl derivatives of homophthalic anhydrides were prepared
by a convenient o-acetoxylation of homophthalic acid followed by a dehydrative

cyclization. The anhydrides have been converted into 4-demethoxydaunomycinone

and daunomycinone in excellent overall yields.

Recently, we reported a brief and regiospecific synthesis of the late-
stage intermediates (1 and 2) to 4-demethoxydaunomycinone (3) and daunomycinone
(4) using a strong base induced cycloaddition of homophthalic anhydrides to 2-
chloro-6-ox0-5,6,7,8-tetrahydro-1,4-naphthogquinone 1,2-ethanediyl acetal.l
However, the yields of the oxidation step of the cycloadducts (5 and 6} into
the para-acetoxylated products (7 and 8) with Pb(OAc)4 /AcOH-CH7Cl; are quite
variable (25-79%) according to the reaction conditions, especially purity of
the reagent itself, reaction temperature, and the scale of the reactions.?
Here we report that the yields and generality for the key intermediates (1l and
2) can be extremely improved by using the cycloaddition of the previously Cé4-
acetoxylated homophthalic anhydrides (9 and 10) and the intermediates can be

efficiently converted into the anthracyclinones (3 and 4).
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The 2'~acetoxyhomophthalic acids (11 and 12) seem to be the favorable
starting materials for the C4-acetoxylated homophthalic anhydrides (9 and 10).
Initially, dimethyl homophthalate was converted into 2'-acetoxyhomophthalate
(14) via the ketene silyl acetal intermediate (13) by using Pb(OAc)43 as an
oxidizing agent. Similarly, dimethyl homophthalate was converted into 2'-
hydroxyhomophthalic acid (15) via 13 by oxidation with m-CPBA. Attempts to
obtain 2'?acetoxyhomophthalic acid (11) or 2'-hydroxyhomophthalic acid from 14
or 15 by alkaline hydrolysis followed by careful acidification gave an un-
favorably cyclized product, phthalide-3-carboxylic acid (16) [mp 151-153°
(AcOEL), lit.5 149-150°], selectively in each case (Scheme 1). After several
unsuccessful attempts, 2'-acetoxyhomophthalic acids (11 and 12) were obtained
from homophthalic acids by the most straightforward method: Homophthalic acid
was converted into the tri-anion with 3.2 equiv of LDA in THF at -78° for 0.5
h, which was reacted with MezSiCl at -78° for 1.5 h and at r.t. for 0.5 h to
give the ketene silyl acetal intermediate (17). Oxidation of 17 with 1.1 equiv
of Pb(0OAc)4 in dry benzene at r.t. for 2 h yielded a quantitative yield of 2'-
acetoxylated homophthalic acid (ll). 2'-Acetoxy-6-methoxyhomophthalic acid
(12) was similarly prepared from 6-methoxyhomophthalic acid in a quantitative
yield.

With the acids (11 and 12) in hand, we next examined our excellent an-
hydride formation® from the acids followed by the strong base induced cyclo-

addition?!

with the chloroquinone acetal: The acids (11 and 12) were treated
with 1.3 equiv of trimethylsilylethoxyacetylene in CH,Cl, at r.t. for 4 h to
give a quantitative yield of 4-acetoxyhomophthalic anhydrides (9 and 10),
respectively. Treatment of sodium salt generated from 9 or 10 and 1.1 equiv of
NaH in THF at r.t. for 15 min with 2-chloro-6-oxo-5,6,7,8-tetrahydro-1,4-~
naphthoquinone 1,2-ethanediyl acetal at r.t. for 18-20 h gave the regiospecific
naphthacenedione (18 or 19) in 75 or 62% yield, respectively [18; mp 225-228°
(CH,Clp-MeOH), 19; mp 248-253° (CH,Cl,-EtOH), both compounds were identical

lb], which is known to give 1

with the authentic samples prepared earlier by us
or 2, respectively in 95% yield by the treatment with CF3COH-H,0 at 50° for 3
h.1b Trimethylsilylethynylation of 1 with 20 equiv of trimethylsilylethynyl-
cerium(III) reagent,7 which was prepared from trimethylsilylethynyllithium
and cerium(III) chloride in THF, at -78° for 3 h gave a 77% yield of the 9-
trimethylsilylethynyl alcohol (20) [mp 193-195° (CHClz-n-hexane), 1it.8
which was hydrolyzed with HgO-d-H,SO, in THF at 70° for 1.5 h to give (&)-4-
demethoxy-7-deoxydaunomycinone (22) [mp 211-213.5° (CH;Cl;-n-hexane), lit.8
212.5-214.5°, 1it.%a 160-162°. 1it.%P 210-212°, 1it.%C 216-218°, 1it.%d 210-
211°, 1it.%¢ 202-203°, 1it.%% 214-216°, 1it.%9 213-215°] in 87% yield.
Similarly, the triketone (2) was treated with trimethylsilylethynylcerium(III)
chloride to give a 69% yield of the 9-trimethylsilylethynyl alcohol (21) [mp
262-264.5° (CHClz)], which was hydrolyzed with HgO-d:H,SO4 to give (%)-7-deoxy-
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daunomycinone (23) [mp 229-233.5° (ACOEt-THF), lit.10a 229-231°,1i£1%P 230-232°,

1it.loc 228-230°, lit.lOd 228-229°] in 86% yield. As the conversion of 22 or 23
8,9¢c,10b,c,1T

into 3 or 4 by convenient methods has already been described, our
approach constitutes a highly convergent synthesis of 3 and 4 (Scheme 2).
Satisfactory analytical and spectral results were obtainedl? for all new

compounds (9-12, 14, 15, and 21).
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-~ (s, 1H, CH), 7.3-7.9 (m, 3H, ArH), 8.05-8.3 (m, 1H, ArH)
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em™l; & (acetone-dg) 2.12 (s, 3H, OCOCHz), 6.8 (br s, 2H, CO2Hx2), 7.18
(s, 1H, CH), 7.2-7.8 {(m, 3H, ArH), 7.9-8.15 (m, 1H, ArH)

vmax (CHClz) 3300-2800, 1760-1710 cm~!; & (acetone-dg) 2.09 (s, 3H,
OCOCH3), 3.87 (s, 3H, OCH3z), 6.21 (s, 1H, CH), 6.30 (br s, 2H, COpHx2),
6.95-7.55 (m, 3H, ArH)

vmax (CHClz) 1740, 1720 cm™!; & (cDClz) 2.17 (s, 3H, OCOCHz), 3.72 (s,
3H, COCH3), 3.91 (s, 3H, COyCH3), 7.3-7.65 (m, 3H, ArH), 7.85-8.1 (m,
1H, ArH)

vmax (CHClz) 3030, 2960, 2900, 2400, 1740, 1720, 1600, 1580 cm™; &
(CDC1l3) 3.48 (s, 3H, CO2CH3), 3.81 (s, 3H, CO2CH3), 5.97 (s, 1lH, CH),
7.0-7.85 (m, 4H, ArH)

vmax (CHC13) 1605, 1580 em~l; & (CcbClz) 0.16 (s, 9H, Me3Si), 2.13 (br t,
2H, C8-CH2), 3.02 (br t, 2H, C7-CH2), 3.15 (br s, 2H, Cl10-CH;), 4.10 (s,
3H, OCHz), 7.38 (a4, 1lH, C3-H), 7.76 (t, 1lH, C2-H), 8.04 (44, 1lH, Cl-H),
13.48 (s, 1H, OH), 13.85 (s, 1H, OH)
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