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 2-Trimethylsilylethynylcerium(III) reagents were found to 

efficiently react with 1,2,3,4-tetrahydronaphthalene-2-one deriva-

tives, giving the corresponding adducts in high yields. Hydra-

 tion of the adducts readily afforded the a-hydroxy methyl ketones 

which are versatile synthetic intermediates of natural and unnatu-

ral anthracyclinones. 

 The anthracycline antibiotics, daunorubicin(,i ,a) and adriamycin(,b), are 
clinically useful antineoplastic agents.1) For the past decade, numerous 

synthetic efforts have been devoted to anthracycline chemistry, especially to 

anthracyclinones, the aglycones of anthracyclines,2) culminating in the develop-

ment of unnatural 4-demethoxyanthracyclines such as 4-demethoxydaunorubicin(,c) 
and 4-demethoxyadriamycinQd), which show more improved therapeutic properties 
than natural tia,b.1,2) 

 In connection with our synthetic studies on optically active 4-demethoxy-
anthracyclinones( c,d), the aglycones of 4-demethoxyanthracyclines (1c,d), we have 
recently reported the effective synthetic method of 5,12-dihydroxy-1,2,3,4-tetra-
hydronaphthacene-2,6,11-trione(3c).3) However, conversion of 3Lc to (±)-7-
deoxy-4-demethoxydaunomycinone(6c) could only be achieved in 40% overall yield by 
sequential 1,2-addition with large excess (25 equiv.) of ethynylmagnesium bromide 

and hydration catalyzed by mercury(II) ion.3) Since 6c holds the pivotal 

position in the synthesis of optically active (+)-4-demethoxydaunomycinone 

(c),4,5) an efficient reaction scheme was sought which would afford 6c from 3c 

more readily than the previous method.3,6) 

 We have now found that 2-trimethylsilylethynylcerium(III) reagent, which can 

be produced from trimethylsilylethynyllithium and cerium(III) chloride, is quite
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promising for transferring a 2-trimethylsilylethynyl moiety to c and that the 

adduct(4c) could readily be converted to 6c by simultaneous desilylation and 

hydration. While butylcerium(III) reagent prepared from butyllithium and 
cerium(III) chloride has been reported to react with various types of ketones to 
afford the corresponding adducts in excellent yields, 2-trimethylsilylethynyl-
cerium(III) reagent has never been explored.7) 

 Before subjecting the tetracyclic ketoneQc) to the addition reaction, effi-
cacy of 2-trimethylsilylethynylcerium(III) reagent was studied by the use of 5,8-
dimethoxy-1,2,3,4-tetrahydronaphthalene-2-one(,b), the AB ring synthon of c, 
since the addition of ethynylmagnesium bromide to, b could afford,5b in ca. 80% 

yield when more than 10 equiv. of the Grignard reagent was used.8j (±)-2-Acetyl-
5,8-dimethoxy-1,2,3,4-tetrahydro-2-naphthol(6b) derived from b, has been utilized 
in the syntheses of racemic and optically active anthracyclinones including un-
natural 2c,d.2,4,5,8) 

 After examining the addition reactions under various conditions, the 
following standard procedure was established (Table 1, run 2). Thus, anhyd. 
cerium(III) chloride" (516 mg, 2.09 mmol, 2.1 equiv. to 3b) was suspended in 
anhyd. tetrahydrofuran(THF) (4 ml) and the suspension was stirred overnight at 
room temperature under an argon atmosphere.10) A solution of 2-trimethylsilyl-
ethynyllithium, which was prepared by adding butyllithium (1.63 mol dm-3 solution 
in hexane, 1.1 ml, 1.79 mmol, 1.8 equiv. to 3b) to a solution of trimethylsilyl-
acetylene (217 mg, 2.21 mmol, 2.23 equiv. to,fib) in THE (3 ml) at -78 C, was 
added to the suspension of cerium(III) chloride at -78 C. The whole mixture 
was stirred at -78 C for 1 h, giving a solution of 2-trimethylsilylethynylcerium 

(III) chloride. A solution of ti3b8) (205 mg, 0.99 mmol) in THE (6 ml) was added 
to the solution of 2-trimethylsilylethynylcerium(III) chloride at -78 C. The 
mixture was stirred at the same temperature for 1 h, then the reaction was 

quenched by the addition of water (10 ml). Usual extractive isolation followed 
by concentration and purification by column chromatography (SiO2, benzene: ethyl 
acetate=10:1 ), gave pure 4b as a colorless solid (303 mg, 100%), mp 91.5-92 C 
(from ether-hexane). 

 When trimethylsilylethynyllithium was allowed to react with 3b at -78 C
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Table 1. Addition reaction of 2-trimethylsilylethynyl-and ethynylcerium(III) 

reagents to the ketones(3) and hydration of the adducts(4,,).

a) All reactions were performed at -78 C (for addition reaction) or at room 
temperature (for hydration) in the same manner as that for run 2. (See the text) 
b) Isolated yields based on 3. Numbers in parentheses refer to recovery yield of 
3. c) Isolated yields based on or d) 2-Trimethylsilylethynylmagnesium b

romide or ethynylmagnesium bromide was used for preparing 2-trimethylsilyl-
ethynylcerium(III) or ethynylcerium(III) chloride in place of 2-trimethylsilyl-
ethynyllithium or ethynyllithium. 

without metal exchange with cerium(III) chloride, only 49% of b could be obtained 

with 44% recovery of 3b. This control experiment obviously shows enhanced 

reactivity of the explored cerium(III) reagent for the addition of 3b. 
 We have also found that tris(2-trimethylsilylethynyl)cerium(III), which may 

be produced by reacting trimethylsilylethynyllithium with 0.33 equiv. of cerium 

(III) chloride, can react with 3b, giving 4b in 93% yield without a recovery of 3b 

(Table 1, run 3). 

While Grignard reagent has been reported to be less effective for producing 

alkylcerium(III) reagent,7) 2-trimethylsilylethynylmagnesium bromide prepared from 

trimethylsilylacetylene and ethylmagnesium bromide seems to afford 2-trimethyl-

silylethynylcerium(III) chloride in a similar manner to the corresponding lithium 

reagent. Thus, the reaction of 2-trimethylsilylethynylcerium(III) chloride 

produced from the corresponding Grignard reagent gave 72% of 4b (Table 1, run 4). 

The experiment performed by using 2-trimethylsilylethynylmagnesium bromide 

afforded 4b in 18% yield with 78% recovery of b. 

 Although it was found that ethynylcerium(III) reagents can be also produced 

by using inexpensive acetylene gas in place of trimethylsilylacetylene(Table 1, 

runs 5-7), 2-trimethylsilylethynylcerium(III) reagents seems to be superior to 

ethynylcerium(III) reagents by taking account of chemical yields (compare runs 2 

and 5, runs 3 and 6, and runs 4 and 7) and operational simplicity. 

 The best reaction condition established with P was applied to S-tetralone 

(,a),giving the adduct(4a), mp 125.5-126 C(from ether-hexane), in 85% yield 
(Table 1, run 1). Treatments of tic with two types of 2-trimethylsilylethynyl-
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cerium(III) reagents (5.9 and 6.1 equiv. to,3c) furnished the adductQc) in 62% 
and 55% yields, respectively. 

 With three types of the adducts(4a-c) in hand, direct transformation of 4a-c 
into the corresponding a-hydroxy ketones(, a-c) was next examined. This was 

found to be readily achieved by treating A4a-c with a catalytic amount of 

mercury(II) ion, similarly to the transformation of Sb to 6b.4'11) Treatment of 
4jb(247 mg, 0.81 mmol) with mercury(II) oxide (47 mg, 0.22 mmol, 0.27 equiv.) in a 
mixture of H2SO4 (3 mol dm-3, 3 ml) and THE (5 ml) at room temperature for 16.5 h, 
readily afforded,fib (203 mg, 100%), mp 104-105 C (lit.,4) mp 102-103 C), after 
extraction and purification by column chromatography (SiO2, benzene-ethyl acetate 
10:1) (Table 1, run 2). The same reaction condition also gave 6b from 5b in 8.3% 

yield (Table 1, run 5). Similarly, a,c were converted to 6a,12) oil, and 6c, 
mp 212.5-214.5 C (from benzene) (lit.,8) mp 214-216 C), in 92% and 95% yields, 

respectively (Table 1, runs 1 and 8). 

Since numerous synthetic approaches to anthracyclinones hitherto reported 

terminate at or proceed through 1,2,3,4-tetrahydronaphthacene-2,6,11-trione 

derivatives,2) our reagent should be promising to add the C9-a-hydroxy ketone 

moiety (anthracycline numbering) to those tetracyclic systems.
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