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Conjugated polyenes of thell-E variety constitute key
subsections of many natural, as well as unnatural, products.
Among the more visible and timely members of the former
group are the polyene macrolide antibiottaghich are clinically
important antifungal agents, and selected retindigdhjch have
recently been found to be active against certain tumor lines.
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Capped polyacetylenes, especially valued as materials by virtue

of their nonlinear optical (NLO) propertiésare representative
of the latter category. Routes to polyene functionality tend to
rely mainly on traditional olefin elongatiorfsalthough more
recently alternative methods have started to acer@harac-
teristic of most, however, is the requirement of many steps,
oftentimes low overall yields, and not uncommon isomerizations
or problematic separations of unwantédsomers. We now
report a new approach to construction af-E polyenes, in

particular oxotetra- and oxopentaenes, based on a readily

prepared linchpin suitable for bidirectional elaboration.

The key building block, stannylated dienyde was envi-
sioned as anall-E 1,6-dimetallohexatriene equivalent, taking
advantage of the likely retention of olefin geometry in Pd(0)-
mediated vinyl-vinyl cross-couplings of stannarfeand the
anticipated regio- and stereoselective addition of Schwartz’'s
reagent (CgZr(H)CI) to the desilylated alkyne terminus (Figure
1).7 Linchpin 1 is easily prepared as a pale yellow oil in
multigram quantities in two operations (Schemé 1Addition
of our mixed stannylcuprat?® to acetylenic aceta according
to Quintard® affords enaW after hydrolysis. Wittig coupling
with the ylide derived from the known sat! gives1 in high
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Table 1. Cross-Couplings ol with Vinyl Halides

TMS
= Method A, B, or C
Zz - -
BuQSnW

1

Vinyl / Dienyl Halide Method Product® Yield(%)

Cla~o A cl NP 83

Pz
TBDSO\/\(\/I (A) TBDSOW 74
TIPSO *) TIPSO A 80
BnOMBr (A) BnO A v =z 82
~-Br W
T™MS (B) ™S 72
xBr AP 4
PhS ©) PhS 91

a@|solated, chromatographically purified materials,>a80E: <10Z
mixtures reflecting the-90E: <10Z mix of dienynel. Method A: (1)
BuLi, THF, =78 °C; (2) ZnCk, 0 °C; (3) cat. Pd(PPu; (4) KCO;s,
EtOH. Method B: (1) 1.5 equiv CuCN, cat. ®dba}, AsPh, NMP,
50 °C; (2) K.CQO;, EtOH. Method C: (1) 1.5 equiv CuCN, cat.
Pdy(dba}, P(Furk, NMP, 50°C; (2) K;COs, EtOH.

yields and usually with better than 90: H)Z selectivity.

As illustrated in Table 1, couplings at the vinyl stannane end
in 1 could be effected in good yields in either of two basic
manners. Tin-lithium exchange followed by conversion to the
organozinc derivative provides a reactive partner, together with
catalytic Pd(PP$), and a vinyl iodide or bromide in THF
(method A). Alternatively, simply mixind with the same type
of electrophile inN-methylpyrrolidone (NMP) containing Rd
(dba), exces<CuCN}2 and either AsPHiimethod B) or P(Fug)
(method C) according to Faritfalikewise results in cross-
coupling productd* Removal of the acetylenic silyl moiety
was accomplished with #CO; in EtOH at room temperature
in good overall isolated yields.

Manipulation of the terminal acetylene in these trienyne or
tetraenyne producté (n = 1, 2) is accomplished by initial
hydrozirconation. Although such highly conjugated vinyl
zirconocene intermediates are completely unresponsive in our
hands toward couplings with vinylic systems (I, Br, O¥Y),
transmetalation to aluminuffwith R,AICI occurs smoothly and
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Table 2. Functionalization of Tri- and Tetraenynesat-E
Oxopolyenes

M R M . R
Z E E
RW S UGN n(\%\/\)\/
n n n
6
Substrate
OTIPS

Yield (%)* Metallation/Electrophile Product® Yield(%)®

CpoZr(H)CI, CH,cl,  OTIPS

Py 70 (A) Me,AICI, 0° C W/CO,E! 7
CICOOE!
= o
A Y VN CpaZr(H)CI, CH,Cly AN
73 (A) Me,AICI, 0° C 82
Navenone B

CICOMe

Cpa2r(H)CI, CH,Cly

oTIPS oTIPS
Pz o
NN T4 (A) NN 80
CSHH

MeZAICI, 0° C
CsHyyCOCI
OTIPS Cp,Zr(H)Cl, CH,Cl, OTIPS [o]
AP TS5 MeaClo°C NN 83
cicoMe
SPh _ MesAl, Cp,ziCl,  SPh Me O
N2 91(B) CICH,CHCI D T Y

A~ 73
CICO,CH,CCly 0" "CCly

aPrepared from dienyn& and the corresponding vinyl halide by
method A or B; cf. Table 12 All products were fully characterized by
IR, NMR, and MS/HRMS analyse$lsolated, chromatographically
purified materials.

allows for trapping with either acid halides or chloroformates

to produce the derived oxotetra- or oxopentaenes (Table 2,

entries 1-4). Alternatively, direct Negishl carboalumination/
quenching afforded th8-methylated tetraenoate (Table 2, last
entry). Given the proximity of the reacting organometallic site
to the initially isolatedE/Z polyenyne mix now undergoing
metalation/trapping, we find that only the E isomer reacts to
ultimately give theall-E polyene. Noteworthy is the application
of this sequence to a trivial synthesis of navenonrg (Bntry
2).

With respect to the-200 known polyene macrolidésmany

possess an oxopentaene portion as seen in the mycoticins, natural

products originally isolated and characterized by Wassefnan
and more recently synthesized by SchrielerUsing this
linchpin strategy (Scheme 2), the key subunhitan now be
made in (formally) only three steps in 52% (unoptimized) overall
yield.

Finally, it is quite likely that this approach @ll-E polyenes
is applicable to both the synthesis of retindids well as
polyacetylenes(Scheme 3). Using readily available pieces, the
9,13-didesmethyl vinylog of retinoic acid, prod;tis rapidly
constructed (65% overall), as is the donacceptor-capped
triene 9 (57% overall?
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In conclusion, on the basis of couplings of a readily available
organometallic linchpini), all-E oxotetra- and oxopentaenes
that are characteristic fragments of various natural products can
be rapidly assembled. Additional refinements, further applica-
tions, and second generation linchpins are under study and will
be reported shortly.
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(21) It is interesting to note that while these highly conjugated vinylzir-
cononcenes do not undergo palladium-catalyzed couplings with vinyl
halides, they are susceptible to couplings with aryl halides.



