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Abstract: The synthesis of regioisomeric bicyclo[9.3.1]pentadecane-3-one derivatives 1 and 2, 
interesting synthons for the preparation of novel diterpenoids, has been accomplished through an 
approach that entails as a key step the formation of a twelve-membered ring by an unprecedented 
intramolecular Dieckmann cyclisation. © 1997 Elsevier Science Ltd. 

The remarkable therapeutic potential and challenging structural complexity of taxane diterpenoids have 

stimulated worldwide enormous synthetic efforts which have culminated in three different total syntheses of 

paclitaxel (Taxol®). 3 The synthetic studies may play a very important role in the search for paclitaxel analogues 

or second-round drug candidates and, accordingly, numerous approaches to the tricyclic core of paclitaxel have 

been reported. 4 

OAc 
PhCONH O \ / ~ / O  OH 

P h @ O  . , . . ~  

.~ 0 
PhCOO OAc 

AcO OH 

AcO , , . . . ~ " " "  gAc \ "~ , 
~ ""OAc 

" o. t o .  

paclitaxel taxuspine U 

In the course of our investigations on new analogues of paclitaxel, 5 we sought a different approach to the 

A/B/C ring system of diterpenoid taxanes. According to our synthetic strategy (Scheme 1), the B and C rings are 

envisioned to arise from titanium-mediated 6 transannular cyclisation 7 of a macrocyclic diketone (a), in turn 

assembled by Dieckmann reaction of an appropriate diester (b). Very recently, three new taxane and related 
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diterpenoids were isolated from the stems of the Japanese yew Taxus  cuspidata. 8 Among these, taxuspine U is a 

very rare bicyclic diterpenoid which could be isolated in only 0.000017% yield. Considering the intriguing 

structure and possible pharmacological interest of taxuspine U, we describe here our results concerning the 

synthesis of  bicyclo[9.3.1]pentadecane-3-one-4-carboxylic acid methyl ester 1 (along with its regioisomer 2) a 

precursor of the diketone (a) and interesting synthon for the preparation of taxuspine U and related diterpenoids. 
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The synthesis began with the preparation of the keto aldehyde 3 (Scheme 2). 9 The readily accessible 

diketone 41° was transformed into the monoenol ether 5 by treatment with LDA (1.1 molar equivalents) and 

methyl triflate in 65% yield after chromatographic purification. Subsequent cleavage of the double bond with 

OsO~NalO 4 gave 3 in moderate yield (40%). Wadsworth-Emmons condensation of 3 with ylide 6 I1 afforded the 

unsaturated ketone 7 which was in turn subjected to catalytic hydrogenation in the presence of 10% Pd/C as the 

catalyst to give 8. Protection of the ketone functions under standard conditions (ethylene glycol, 

camphorsulphonic acid, refluxing toluene) provided the diester 912 (73% overall yield from 3). 

With compound 9 in our hands, we started to explore the possibility of cyclisation via several procedures 

reported in the literature for the Dieckmann reaction. ~3 It is well known that this intramolecular reaction usually 

fails to afford nine- to twelve-membered rings because of the unfavoured entropy involved, but such results 

basically refer to linear, completely flexible, diesters. 14 In compound 9 the ester groups lie at the end of two 

chains linked to a cyclohexane ring in a 1,3-cis relative disposition, and we reasoned that this steric constraint 

might prevail, at least in part, over the unfavourable entropic factor involved in the intramolecular cyclisation. 

After several unsuccessful attempts to promote the ring closure of 9 under a variety of conditions with sodium 

hydride or potassium tert-butoxide, we were delighted to find that, upon treatment with sodium 

bis(trimethylsilyl)amide in refluxing THF under high-dilution conditions, 15 9 smoothly cyclised to provide the 

bicyclo[9.3.1 ]pentadecane-3-one-4-carboxylic acid methyl ester 1 as an unseparable mixture (18% yield) with its 

regioisomer 2.16"17 The structure of 1 and 2 has been assigned on the basis of their spectroscopic (~H NMR, ~3C 

NMR, MS) data. In particular, the 200 MHz ~H NMR spectrum of this mixture shows two singlets at 3.71 and 

3.78 ppm, in the ratio 3:1 and integrating for a total of three protons, attributable to the methoxycarbonyl group 

of the two isomers. Consistently, in the 13C NMR spectrum three signals are present which can be attributed to 

three carbonyl groups. Finally, the El-mass spectrum shows a peak at rrdz 425 corresponding to the (M+I) ÷ ion. 

It is interesting to point out that no evidence of the formation of dimeric ketone(s) has been obtained. No attempt 

has been made so far to separate isomers 1 and 2 by preparative HPLC, in view of the possibility of converting 

them into the same compound by decarbalkoxylation en route to a ketone such as (a) in Scheme 1. 
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In conclusion, we have described here the preparation of the bicyclo[9.3.1]pentadecane-3-on¢ derivatives 

1 and 2 through a practical synthesis (nine steps from commercially available starting materials) that 

encompasses the unprecedented Dieckmann cyclisation to a twelve-membered ring. Owing to the possibility of 

further optimizing some of the reactions involved, including the Dieckmann reaction itself, this synthetic 

sequence could allow the preparation in reasonable yield of the target bicyclic compounds 1 and 2, versatile 

synthons to obtain new diterpenoid compounds. 
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Reagents: (i) LDA, CF3SO2OMe, THF, -78 °C to RT; (ii) OsO 4 (cat.), NalO 4, Et20, 1-120; (iii) 
toluene, 100 °C; (iv) H z (1 atm.), 10% Pd/C, AcOEt; (v) ethylene glycol, CSA, toluene, reflux; 
(vi) NaN(SiMe3) 2, THF, reflux. 
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