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STUDIES DIRECTED TOWARD THE TOTAL SYNTHESIS OF TETRONOLIDE 1.
AN ENANTIOSELECTIVE SYNTHESIS OF THE OCTAHYDRONAPHTHALENE UNIT

Robert K Boeckman Jr ,* Thomas E Barta, and Scott G Nelsen
Department ot Chemistry
University of Rochester
Rochester, New York 14627

Summary An efficient enantioselective route to the oetahydronaphthalene unit present in tetronohde (1), the stereochemically complex aglycone
common fo the letrocarcins, & novel group of antitumor substances, 1s descnbed  The sequence employs the inframolecular Diels-Alder reaction to
control the relative stereochemistry present on the trans decaln nng system, and incorporates a masked acylating agent which shouid permt

coupling of the two key fragments 2 and 3 as demenstrated by reaction of pentaene 4 with methanol and a model a-hydroxy esler

The tetrocarcins comprise a group of anfitumor antibiotic agents which share a common aglycong, tetronolide 1.7 Structurally, tetronolide 1
related fo kyanolide and chivrothncolide, the aglycone units of kyanomycin and chlorothncin, the onfy other known members of this natural product
family 23 These structurally complex aglycones have been the subject of considerable effort directed toward their preparation, although no total
synthesis of a naturally-occurring member of this ciass has yet been completed # In accord with our interest in developing stereoselective varants

of the intramolecular Diels-Alder cycloaddifion, we chose tetronolide to test the scope of this methodology We conceived a convergent synthetic

oT8S

strategy (Scheme 1}, whose implementation required the preparalion, n enantiomenically pure form, and union of two Key syntfions comprising the
octahydronapthalene 2 and cyclohexene 3 subumits of 1 or precursors thereof Herein, we describe the development of a suitable route to pentasne
4, an enantiomencally pure precursor of 2.5,

The advantages of employing a [4+2] cycloaddition to contrel the relative stereochemistry of centers present on the decalin framework

of 2 was recognized early on, and this strategy has been employed by several groups 7.8 However, our approach differs significantly in the manner
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by which the major fragments will be joined, since in all other studies to date the major subunits are fo be joined in a separate step, whereas we

envisioned the coupling process in tandem with the intramolecular [4+2] cycloaddition. Thus, the required substrate for consiruction of 2 becomes

pentaene 4, whose synthesis is outlined befow. The requisite pentaene 4 was expected to arise via the sequential combination of phosphine oxide §

and dioxinone phosphonate 6 with an appropriate aldehyde derived from enantiomerically pure, differentially protected triol 7 (Scheme 1).
Scheme 22
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Reagents: ) NaH, pCH30PhCH;C), THF, 25°C, 12h; b) aBuLi, -78°C, THF, 10min then (GH20j)y, -78°-» 25°C, 1h; ¢) LAH, THF, 0°C, 5h: d)
NCS/DMS, GHzClz, 0°C 0.5h; ) PhaPLi, THE, -78°C , 1h than HaO2, 0°C, 5 min.

Preparation of 5 was accomplished by conversion of E-2-methyl-2-pentene-4-yn-1-o0l to E, E allylic chloride 8 in 4 steps employing
standard methodology (9% overall) as shown in Scheme 2.%11 Chioride 8 was then converted to the required phesphine oxide 5 in 50% yield by
exposure of § to fithio diphenylphosphine and subsequent oxidation with HzOo in CHzCla at 0°C. Dioxinone phosphonate 6 was obtained in 4 single
step (Eqn 1) from dioxinone 912 via conversion to the lithium enolate with LDA and treatment with diethyichlorophosphite, followed by oxidation in
it (HoOp, CHaCla, 0°C) to afford a 60% yield of phosphenate 6.13
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Construction of the enantiomerically pure triol 7 was initiated from (R)-(-)-methyl 3-hydroxy-2-methylpropionate which was converted
in 5 steps using standard methods to aldehyde10 in 73% overall yield {(Scheme 3). Condensation of aldehyde 10 with the sodium anion of ethyl
diethylphesphonoacetate afforded the expected E unsaturated ester 11 (97%) which provided allylic alcohol 12 upon reducticn with DIBAL-H
(95%). The two remaining stereogenic centers were instalied via 3 step sequence involving cataiytic asymmetric epoxidation” to afford epoxy
alcahol 13 (88%, 88% de), followed by benzylation, and treatment of the protected epoxide with lithium dimethylcuprate in EtsO at -45°C to
afforda mixture (7:1) of diastereomeric alcohols 14 and 15 (86% combined from 13).15 Protection of the remaining alcohol as the methoxymethyl
ether then furnished a readily separable mixture of the desired triol 7 (86%) and its regioisomer 16 (12%).18

Assembly of pentaene 4 from the three major subunits 5-7 was also readily accomplished (Scheme 3). Sequential catalytic debenzylation
ol 7 (~100%), Swem oxidation (90%),!7 and condensation of the resulting aldehyde with the lithium anion derived from 5 at -78°C in THF with
added HMPA smocthly provided, as a single geometric isomer, the E,E,E triene 17 (86%). Repetition of the deprotection, oxidaticn, olefination
sequence on 17 employing instead Huoride to cleave the silyt 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).18

With the key pentaene 4 in hand, we were in a position to test whether 4 fulfilled the crucial requirements of the intended tandem
coupling/cycloaddition assembly of 2 and 3: 1) that the thermally generated acyl ketene undergo efficient intermolecular capture by a stitable 3°
aleehol (ultimately the required cyclohexene synthon 3), and 2) that the subsequent cycleaddition proceed with high stereoselectivity creating the
correct stereochemical relationships about the octahydronapthalene ring system. 19

To test the essential feasibility of the coupling/cycloaddition, we first examined thermolysis of 4 at 110°C 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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8Reagents a) TBDPSCH, imidazole (2 equiv) ,2500, 5h, b} DIBAL-H (2 equiv), THF, -TBOC, 2h, ¢} TsCl, DMAP, Py, CHaClp, 2500, 12h, d} KCN, EIOH-Hz0
(1 1), A, 10, &) DIBAL-H, THF, 788 25%, 1h, 1) C2H502CCH2P(ONOCHs)2 , NaH, THF, -78°— 25°C, 10, g) DIBAL-H (2 equwv), THF, -
78°C, 2h, hTi(OiPr)4 (catalytic), (-}DET {catalytic), BuQOH, CH2Cla, -QOOC, 24h, i) NaH, PhCH2»Br, THF, 25°C, 1h, 1 {CHa)2Cult (10 equiv),
Et20, -45°C, 2n, k) CHaOCHoC, EtN(iPr)p, THF, 25%, 12h, ) Ha (1 atm}, Pd/C, EtOH, 25°C, 10h, m) (COClj2, DMSQ, EtgN, -78%C, th, n5,

mBuLl, THF-HMPA (2 1), -78°C, 1k, o} TBAF, THF, 25°C, 5h, p) 6, nBuLl, THF-HMPA (2 1), -78°C, 2h, g} 4 (toluene , 110 °C (sealed tube), or

xylenes, 130°C {sealed tube)}

(Scheme 3) The stereochemistry of 18 was confirmed via 300 and 500 MHz NMR spectroscopy with appropriate decoupling 20 This result 1

consistent with fhe expectation that the cyclization would occur nearly exclusively through an endo-chair fransition state in which the tacial bias

wouid be imparted by the C-3 substifuent which preferentially occupies an equalornial erientafion in the transition stale so as to alleviate a non-

bended interaction with the C-8 proton 465821 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%, unoptimized, 20 1 stereoselectivity) upon thermolysis of 4 at 130°C n xylenes in the presence of 1

equiv of 18

MOMO




4094

Our studies have resulted in the development of an enantioselective route to key pentaene synthon 4 and the demenstration of the
feasibility of a tandem coupling/cycloaddition 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.
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