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Summary An efficfent enanboseieciwe route to the actahydronaphlhabne uaf preseni II) tetronollde (I), the stereochem~calty complex aglycone 

common to the telrocarcms, a novel group of anlilumor substances, IS described The sequence employs the mtramolecular D/e/s-Aider reaction to 

control the relatrve stereochem/strypresent on the trans decalm rmg system, and tncorporates a masked acyfahng agent which should permit 

couptmg of the two key fragments land 3 as demonstrated by react/on of pentaene 4 wth methanol and a mode/ a-hydroxy ester 

The tetrocarcms comprise a group of antitumor antIbiotIc agents which share a comm0n aglycone, tetronolide 1 .i Structurally, tetronoltde IS 

reLtea‘t0 kljanoiia8 ana’ctilbrotlincolia’e, the aglpcone umfs of Illanomycin and’chlbrothncm, the onl) other known members ofthrs natural product 

family 2,3 These structurally complex aglycones have been the sublect of conslderable effort dlrected toward their preparation, although no total 

SyntheSlS of a naturaily-OCCurrIng member ofthls Ciass has yet been completed 4 In accord with our Interest In developing stereoselective variants 

of the intramolecular Diels-Alder cycloaddlbon, we chose tetronollde to test the scope of this methodology We conceived a convergent synthetic 
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strategy (Scheme I), whose Impl’ementatlon required’the preparation, in enantiomerMy pure ion, ano’unlon of two key syntnons comprlsmg the 

octahydronapthalene 2 and cyclohexene 3 subunits of 1 or precursors thereof Herein, we descnbe the development of a sultable route to pentaene 

4, an enantlomencally pure precursor of X5x6 

The advantages of employing a [4+2] cycloaddltlon to control the relative stereochemistry of centers present on the decaltn framework 

of 2 was recognzed early on, and this strategy has been employed by several groups 738 However, our approach differs slgnlficantly rn the manner 
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by which the major fragments will be joined, since in all other studies to dale the major subunits are to be joined in a separate step, whereas we 

envisioned the coupling process in tandem with the intramolecular [412] cycloaddition. Thus, the required substrate for construction of 2 becomes 

pentaene 4, whose synthesis is outlined below. The requisite pentaene 4 was expected to arise via the sequential corn bination of phosphine oxide 5 

and dioxinone phosphonate 6 with an appropriate aldehyde derived from enantiomerically pure, differentially protected trio1 7 (Scheme 1). 

HOJ.?+MHL MPMOwoH c,d MPMO~,, A MPMOL P(O)Ph, 

8 5 

%eagentS: a) NaH, @H3OPhGH$l, THF, 25%. 12h; b) nBuLi. -7Q’C, THF. lomh then (CH20),, -78”-+ 25’C, lh; c) IAH, THF, O’C, 5h; d) 

NCSIDMS, CH$l2% O’C 0.5h; e) PhpPLi, THF, -78*C, lh then H@2, O’C, 5 mm. 

Preparation of 5 was accomplished by conversion of E-2-methyl-2-pentene-4-yn-l-01 to E, E allylic chloride 8 in 4 steps employing 

standard methodology (69% overall) as shown in Scheme 2. 9-l i Chloride 8 was then converted to the required phosphine oxide 5 in 50% yield by 

exposure of 8 to fithio diphenylphosphine and subsequent oxidation with H& in CH2Cl2 at O’C. Dioxinone phosphonate 6 was obtained in a single 

step (Eqn 1) from dioxinone 912 ua conversion to the lithium enolate with IDA and treatment with diethylchlorophosphite, followed by oxidation in 

situ (H202, CH2Cl2,O”C) to afford a 60% yield of phosphonate 6.13 

l)LDA/THF/-76°C 

then CIP((X;,H,), 

-78% + 25% 
o& (1) 

2) H&‘CH,CI#C W’W’%Hd, 

Construction of the enantiomerically pure trio1 7 was initiated from (R)-(-)-methyl 3.hydroxy-2-methylpropionate which was converted 

in 5 sleps using standard methods to aIdehyde in 73% overall yield (Scheme 3). Condensation of aldehyde 10 with the sodium anion of ethyl 

diethylphosphonoacetate afforded the expected E unsaturated ester’11 (97%) which provided allylic alcohol 12 upon reduction with DIBAL-H 

(95%). The two remaining stereogenic centers were installed via 3 step sequence involving catalytic asymmetric epoxidationl$ to afford epoxy 

alcohol 13 (88%, 88% de), followed by benzylation, and treatment of the protected epoxide with lithium dimethylcuprate in Et20 at -45’C to 

afford a mixture (7:1) of diastereomeric alcohols 14 and 15 (86% combined from 13). I5 Protection of the remaining alcohol as the methoxymethyl 

ether then furnished a readily separable mixture of the desired trio1 7 (86%) and its regioisomer 16 (12%).16 

Assembly of pentaene 4 from the three major subunits 5-7 was also readily accomplished (Scheme 3). Sequential catalytic debenzylation 

of 7 (-loo%), Swem oxidation (90%),t7 and condensation of the resulting aldehyde with the lithium anion derived from 5 at -78’C in THF with 

added HMPA smoothly provided, as a single geometric isomer, the E,E,E triene 17 (86%). Repetition of the deprotection, oxidation, olefination 

sequence on 17 employing instead fluoride to cleave the silyl ether, and the lithium anion derived from 6 in THF with added HMPA delivered 

exclusively the required Z,E,E,E,E pentaene 4 (53% from 17).‘* 

With the key pentaene 4 in hand, we were in a position to test whether 4 fulfilled the crucial requirements of the intended tandem 

couplinglcycloaddition assembly of 2 and 3: 1) that the thermally generated acyl ketene undergo efficient intermolecular capture by a suitable 3’ 

alcohol (ultimately the required cyclohexene synthon 3), and ‘2) that the subsequent cycloaddition proceed with high stereoselectivity creating the 

correct stereochemica relationships about the octahydronapthalene ring system.lg 

To test the essential feasibility of the couplingicycloaddition, we first examined thermolysis of 4 at 1 IO’? in the presence of excess 

methanol (-100 equiv), which afforded the desired decalin 18 in 54% yield along with 5% of uncharacterized diastereomeric cycloadduct(s) 
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aReagents a) TBDPSCI, lmldazole (2 equlv) ,25%, 5h, b) DIBAL-H (2 equlv), THF, -78’C, 2h. C) TsCI, DMAP, Py, CH$+, 25’C, 12h, d) KCN, E~oH-H~o 

(1 11, A, 10h. e) DIBAL-H, THF, -78’+ 25’C, lh. I) C2H5@CCH2P(O)(CC2H5)2, NaH. THF, -78’ + 25’C, lOh, g) DIBAL-H (2 equw), THF, - 

78% 2h, h)T@Pr)4 (catalflic). (-)DET (catalflic), BuOH, CH$l2, -20% 24h, i) NaH, PhCHpEr, THF, 25’C. 1 h, 1) (CH~)@LI (10 eqw], 

820, -45’C, 2h, k) CH3GCH2CL EtN(1Pri2, THF. 25’C, 12h, I) H2 (1 atm), PdlC, EtOH, 25’C, lOh, m) (0X1)2, DMSO, Et3N, -78’C, lh, n) 5, 

~BuLI, THF-HMPA (2 l), -78’C, lh. a) TBAF, THF, 25’lC, 5h, p) 6, n3uL1, THF-HMPA (2 I), -7E°C, 2h, q) A (toluene 110 ‘C (sealed tube), or 

xylenes, i30°C (sealed tube)) 

(Scheme 3) The stereochemrstry of 18 was confirmed wa 300 and 500 MHz NMR spectroscopy with appropnate decoupling 2o This result IS 

COnSSfenf with the expectatmn that fhe cyclizatlon woul’doccur nearly excl’uslvel) through an end&chair transttlon state in which the taclal 1318s 

wourd be Imparted by the C-3 subsntuent wnrcii preferentially occupies an equatorral orlenratlon rn the transltion state so as to alleviate a non- 

bonded InteractIon with the C-8 proton 466~1 We have also demonstrated the capture of a model 3’ nucleophile in the form of hydroxy ester 19, 

which afforded the related decalin 20 (-50%, unoptlmlzed, SO 1 stereoselectivrty) upon thermolysrs of 4 at 13O’C In xylenes m the presence of 1 

equlv of 19 

CH, 

t2) 
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Our studies have resulted in the development of an enantioselective route to key pentaene synthon 4 and the demonstration of the 

feasrbility of a tandem couplinglcycloaddition methodolgy for the stereoselective preparation of octahydronaphthalene subunits for 1. The 

following communication details our approach to cyclohexene 3. Application of this methodology to the total synthesis of tetronolide 1 is currently 

under investigation. 

B. We are grateful to the National Cancer Institute of the National Institutes of Health for the award of a research grant (CA- 

29108) in support of these studies. We thank the Merck Co. for fellowship support awarded to SGN. 
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