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Abstract: Both enantiomers of compound 3, a possible intermediate for the AB ring system 2 of Aklavinone 1, 
were obtained in optically active form from diol 7. Key steps were the preparation of both enantiomers of 
monoacetate 8d, via enzymatic reacrions that utilize PPL as catalyst, and the construction of ring A in a totally 
regioselective manner. 

We have recently described a new completely regioselective intramolecular hydroxyalkylation reaction of 

phenols, which allows the preparation of 1,8-dihydroxytetralins starting from 4-(3-hydroxypheny1)butanoates.l 

In the course of our program on the synthesis of new antitumoral agents in the field of tetracyclines, we 

envisaged the possibility of using this novel strategy for assembling the AB ring system of Aklavinone 1. This 

compound, which is the aglycone of Aclacinomycin A, an antibiotic with a significant anti-cancer activity 

accompanied by low cardiotoxicity, was the target of many synthetic works in the last years.2 Our 

retrosynthetic analysis is showed in Scheme 1: we selected the ester 4 as the key intermediate to be submitted to 

the cyclization reaction and the monoprotected diols 5 as the chiral precursors. For this purpose we prepared, 

by a chemoenzymatic procedure (that is PPL catalyzed monohydrolysis of diacetates 6a-d and PPL catalyzed 

monoacetylation of diol7), a series of optically active monoacetates Sa-d,differently protected at the phenolic 

hydroxy group, with the aim to convert them, by protecting group exchange reactions, into both enantiomers of 

various compounds of general formula 5. 

Scheme 1 
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Table: preparation of PPL catalyzed 3-acetoxy-2-(3-alkoxyphenyl)l-propanols 

a: R’=Me 

b: R’=MOM 

PPL c: R’=Bn 

6a-d: R* = AC 

7: Rt = allyl; R* = H(acetylation) 
7 

Vote: a) determined by lH-n.m.r. in the presewe of Eu(bfc)3; b) 8.4 ml solw~timmole diacetate; 310 mg crude PPL [from 

Gigma (13.1 Ulmg)]/mmole diacetate, 20°C; c) 18.0 ml vinyl acetatelmmole dial; 1041 mg supported PPL (corresponding to 

!31 mg of crude PPL)immole dial. 1 mg powdered 3A molecular sieves/ml solvent, 0°C (according to Ref. 6). 

On the basis of the results of enzymatic asymmetrization (see Table) and of preliminary studies performed 

on racemic templates3 we chose ally1 and benzyl as protecting groups for the phenolic and the hydroxyalkyl 

groups respectively. The two enantiomers of 9 were prepared either starting from the same monoacetate 8d,4.5 

following two different routes (path a and b in Scheme 2) or independently starting from the two enantiomers 

8d and ent-Sd (see Table, entry 4,5) and following the same more efficient path a.7 

The transformation of 9 or ent-9 into the 1,8_dihydroxytetralin 3 is illustrated in Scheme 3. The 

oxidation of the primary alcoholic function to carboxylic acid 10 has been realized using Jones reagent without 

racemization.8 The homologation reaction was the most critical step of the whole process. After many attempts 

under different conditions the elongation was realized using the lithium enolate of ethyl acetate and the acid 10, 

activated as the imidazolide.9 These conditions represent at the moment the best compromise between 

Schetne 2 

f 
OBn 

I 9 
OAllyl OAllyl tic, var. 

yield 
OAllyl 

Path 1) i. dibydropyratl,p-TSk, CH2CI2, r. 1.; ii. KOH. hleOH, r. t., 97%; 2) BnBr, NaH, DMF, r. t., 98%; 3) MeOH, p_TSA, 
1. t.. 93%. Path: 1) i. Ph21BtlSICI. imidazole, DA@, r. 1.; ii. KOH. MeOH, r. t., 91%; 2) i. dihydropyran, p_Ts~, CH2C12, r. 
t.; ii. n-BuN+F-, THT:, r. 1.. 92% 3) B1d3r, NnH, DAF, r. t., 98%; 4) MeOH. p-TSA, r. t., 93%. mc: seg Note 7. 



85.51 

9 or ent-9 

Scheme 3 

Y 
OBn 

f 
OBn 

OAllyl 10 

/ 
OBn 

3) 81% 
4) 80% 

5) 61% (69% on 
unrecov. 

fdr.: 53:47> 
start. material) 

dH 4 

1) Jones oxidation, acetone. 0°C; 2) i. CDI. THF, r. t.: ii. CH2=C(OLi)OEt, -78°C; 3) Bu3SnH. AcOH, Pd(PPh3)4, toluene, r. t.; 
4) i. ethanedithiol, TMSOTf, CH2CI2ITHF. 4p\ molecular sieves; ii. addition of 10 to substrate. r. t.; 5) i. 2 eq of DIBALH, 
CH2CI2, -78°C. 15’ ii. NH4CI, then r. t., 6 11. 

tacemization and chemical yield.lO 

The transformation of 11 into 4 was not trivial: the carbonyl group had to be protected and the ally1 group 

had to be removed before the cyclization reaction. We obtained best results, in terms of reactivity and chemical 

yield, when the phenol was liberated first; among the methods reported for mild deallylation, Bu-&nH in the 

presence of Pd(0) as catalysts gave optimal results.tt 

With regard to the carbonyl group, the protection of choice for the continuation of the synthesis was 

found to be the dithiolane. However, also this step was troublesome. Classical conditions (ethanedithiol, 

BF3,EtzO) led especially to fast benzyl group cleavage. l2 The resulting hydroxy ester rapidly cyclizes to give 

the six membered lactone as soon as the carbonyl group is protected. This lactone could not be transformed into 

useful intermediates for our synthesis. After many attempts, we finally solved this problem by employing an 

original methodology: ethanedithiol was bis silylated by irl sitrt treatment with trimethylsilyl triflate (without 

added base), followed by addition of 11. Under these conditions, thioketalization took place in good yields 

without affecting the benzyl ether.13 

As the last step we transformed 4 into 3, following the protocol of cyclization recently described by us 

for 4-(3-hydroxyphenyl)butanoates; 1 indeed, treatment of the ester 4 with 2 eq of DIBALH, followed by 

quenching with aqueous NH&l, furnished 3 in good overall yield (69%).l”a As previously noticed,1 the 

presence of a tetrasubstituted carbon in position 3 was crucial for suppressing side reactions. As expected, the 

diastereoselectivity in the formation of a new chiral centre in 1 is very low (53 : 47) probably due to the 

distance of the pre-existent chin1 centre from reaction site. This is not a real problem in view of the synthesis of 

Aklavinone: actually, as previously reported ,2a the stereochemistry of carbon 7 (1 in compound 2) can be 

modified in the last step of the reactions sequence, introducing the hydroxy group exclusively in the 01 position. 

In conclusion, we have shown how, starting from some new chiral building blocks, obtained by a 

chemoenzymatic methodology, and taking advantage of the regioselective cyclization of 4-(3-hydroxyphenyl) 

butanoates, the synthesis of protected 1,8-dihydroxy-4-hydroxyalkyl-3-oxo-tetralins is feasible. Researches for 

transforming these intermediates into the AB ring system of Aklavinone are in progress in our laboratories. 
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