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ABSTRACT

1. HZrCp,Cl
—— 2.(E)-BrCH=CHC=CSiMe; DAL=
2078 = 3 K,CO — MeOH Z0 UV 20 70 2o

: 4. Repeat 1.3. =

! HzCeoCl e SV Ve Ve YO COOEt
Xy COOEt B

2.Br )

cat. PdL,, ZnCl, Z = tBuMe,Si

A linear iterative method for the construction of (all-E)-oligoenes of the (CH=CH), type via hydrozirconation—palladium-catalyzed cross-
coupling with (E)-1-bromo-4-trimethylsilyl-1-buten-3-yne is described. This method promises to provide an efficient, selective, and general
route to oligoene macrolide antibiotics and other related natural products.

Herein we report a linear iterative method for the synthesis The development of the protocol shown in Scheme 1 was
of oligoenes containing the (GHCH), moiety of all-E dictated to a considerable extent by the following two key
configuration, whera is greater than 2, which promises to findings. First, a detailed investigation of hydroalumination
provide an efficient, selective, and general route to oligoene with i-Bu,AlH, > hydroboration with dicyclohexylborartand
macrolide antibiotics? and related natural products. The hydrozirconation with HZrCgCI” of (E)-3-decen-1-yne has
general outline of the method reported herein is shown in indicated that the hydrozirconation reaction is the cleanest,
Scheme 1. One of its salient features is an efficient linear providing the desired (1E,3E)-1,3-decadienylzirconocene
iterative elongation of oligoenes via hydrozirconation  chloride in 95% yield without an indication of any side
cross-coupling through the use of a recently introduced reactions. Although the hydroboration reaction does produce
four-carbon synthon K)-1-bromo-4-trimethylsilyl-1-buten-

3-yne (1)?»4 for the synthesis of carotenoids and related (4) Prior to our synthesisthere was no practical route 19even though
d its formation in only 5% vyield by the Pd-catalyzed reaction ofsBi€=
compounds. CZnCl with a mixture of E)- and (Z)-1,2-dibromoethylene had been
previously reported (Carpita, A.; Rossi, Retrahedron lett 1986 27,
(1) For a review on oligoene macrolide antibiotics containing a descrip- 4351).
tion of an iterative construction of oligoenes via Grignard addition to (5) For a review, see: Zweifel, G.; Miller, J. rg. React.1984,32,
aldehydes with BrMg(CHCH),OEt, see: Rychnovsky, S. @hem. Rev. 375.

1995,95, 2021. (6) Brown, H. C.Organic Synthesesgia Boranes; John Wiley & Sons:
(2) Lipshutz, B. H.; Lindsley, CJ. Am. Chem. S0d 997,119, 4555. New York, 1975; p 283.
(3) Zeng, F.; Negishi, EOrg. Lett.2001,3, 719. (7) Hart, D. W.; Schwartz, 3. Am. Chem. S0d 974,96, 8115.
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Scheme 1
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A: (i) HZrCp,Cl, THF. (ii) (E)}-BrCH=CHC=CSiMe;(1.05 eq), 5% ClPd(PPh); + 2 DIBAH, ZnCly, THF
B: K,CO3 (1.2 eq), MeOH.
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C: (i) Me,AICI (1.1 eq), (i) CICOOR' (3 eq).
COOR!
. x
D: Br/\r‘g (1.05 eq), 5% Cl,Pd(PPh3)s, 10% DIBAH, ZnCly, THF

1
E B XX COOR" (1,05 eq), 5% Cl,Pd(PPhs), 10% DIBAH, ZnCly, THF

the desired dienylborane mn80% yield, it is accompanied All oligoenyne products shown in Table 1 with the only
to a minor extent by a side reaction placing boron in the possible exception of{l-E)-eicosahexaenyne (entry 10) are
C-2 position, whereas the hydroalumination reaction, which

can proceed cleanly with unconjugated terminal alkynes, is

accompanied by the formation of the terminally aluminated _
enyne to a considerable extent (up to ca. 40%). Second,Table 1. Efficient and Selective Four-Carbon Homologation of
whereas conversion of the dienylzirconocene chloride to ©ligoenes via Hydrozirconation—Palladium-Catalyzed
(1E,36)-1-iodo-1,3-decadiene was achieved in 86% isolated Cr0ss-Coupling with (E)-BrCH=CHC=CSiMg

yield based on the starting enyne, we have thus far failed to product

— NMR isolated
achieve clean conversion ofEBE)-3,5-dodecadien-1-yne v R= RO yield” % yield, %
to the corresponding 1-iodotriene via hydrozirconation } T e N = of 85
iodinolysis. This has severely limited our options for o L o 2o
developing a convergent route to conjugated oligoenes. 2 TBSOT TBSOW

Hydrozirconation of terminal alkynes with HZrgpl” 3 tes0 = 1BS0 &N — 849 79
followed by successive addition @f(1.05 equiv), 5 mol % L s
of Cl,Pd(PPB),, 10 mol % of DIBAH, and dry ZnGl (1.0 4 nHex ST mtex{ = 8 80
equiv) in THF (procedure\) produced the corresponding 5 TBSO TN TBSOW e 78
cross-coupling products in 73—91% vyields. Desilylation of e =
the crudely worked-up products with methanoligGOs ¢ ”'Hex@;; ”'HeX@Z 83 *
(procedureB) completed an efficient and convenient elonga- 7 T8s0 M TBSOW & r
tion of allfynes by a four—carbop syn.thon With_ rggeneration s Tso UNE=  meso N 79 74
of a terminal alkynyl group for iteration. No difficulty was : - R
encountered in elongating terminal alkynes into dienynes and s e { SN rHex{ S 74! 67
tetraenynes (Odd Series: entries3land 6—8). Alterna- 10 nHex TN nHex{ N 73’ h

tively, terminal alkynes were converted first to the corre-

sponding E)-enynes via hydrozirconatisriodinolysis-Pd- conation with HZrCpCl in THF at 23°C for 1 h followed by addition of

catalyzed ethynylation with HECZnBr and elongated as (E)-BrCH=CHC=CSiMe; (1.05 equiv), 5 mol % GPd(PPH), + 2DIBAH,
above to give trienynes and pentaenynes (Even Series:and ZnC} (1 equiv) in THF and stirring of the resultant mixture #®h at
entries 4, 5, and 9) 23 °C.bYield of the MgSi derivative determined by NMR analysis.

gl ' ¢ Hydrozirconation of the alkyne was carried out by usiFguZrCp,ClI.
dBy GLC analysis®Not determinedfIsolated yield of the silylated
derivative.9 Overall isolated yield based on the starting trienyh€lean
desilylation with methanolic KCO; has not been achieved.

a8 Unless otherwise mentioned, the reaction was carried out by hydrozir-

(8) (a) King, A. O.; Okukado, N.; Negishi, El. Chem. So¢.Chem.
Commun.1977, 683. (b) Kotora, M.; Xu, C.; Negishi, B. Org. Chem
1997, 8957.
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sufficiently stable, under the usual experimental conditions, rivatives can serve as convenient intermediates for the
to permit their isolation, spectroscopic characterization, and synthesis of a variety of natural products including oligoene
use in subsequent reactions with minimal extra precautions.macrolide antibiotics. To this end, some convenient and
None of the!®3C NMR spectra of the oligoenynes reported satisfactory procedures for converting terminal alkynes into
in this paper, either silylated or unsilylated, revealed the esters were screened. The experimental results of two such
presence of any isomeric or other byproducts at the S/N ratiotransformations are summarized in Scheme 2 along with
of >50—100. Furthermore, the E35E)-3,5-dodecadien-1- reported and/or possible applications to the synthesis of
yne (entry 1 in Table 1) and itsE35Zisomer, prepared by = macrolide antibiotics.
the Pd-catalyzed cross-coupling reactionlofvith (Z)-(n- The formation of an unacceptably impure product in the
Hex)CH=CHZzZnBr, as well as their terminally silylated desilylation of the MgSi-protecteddll-E)-eicosahexaenyne
derivatives, displayed discretéC NMR spectra permitting  (entry 10) has been the only difficulty thus far encountered.
the detection of even 1 mol % of a stereoisomer. On theselt should be clearly noted, however, that thed8ieprotected
bases, the stereoisomeric purity 808—99% for either derivative was stable enough for its isolation and character-
silylated or unsilylated oligoenynes herein reported may be ization with no sign of decomposition. As we further examine
claimed. this point, however, some alternate procedures have been
As has been demonstrated in the literaftf®u-hydroxy- sought, and the following highly selective and satisfactory
and w-heterooligoenoic carboxylic and other carbonyl de- route has been developed (Scheme 3). The starting alkyne

Scheme 3
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10 was prepared from 99% optically pure commercially
available (R)-HOCHCH(Me)COOMe (11) in four steps in
81% overall yield®!* and the bromodienoic esté2 was
prepared as a99% stereoisomerically pure substance from
propiolic acid in three steps in 56% overall yield viagijn
addition of HBr2 (ii) reduction with LiAlH,4, and (iii) one-
pot oxidation (MnQ)—olefination with PRPCHCOOE®?
With 10 and 12 in hand, no difficulty was encountered in
convertingl10into 13 via (i) iterative (twice) homologation
under the conditioné andB to give 9 in two steps in 58%
combined vyield and (ii) Pd- and Zn-catalyzed conjugate
substitutiont* Thus, the synthesis of a heptaenoic edt&r
which can potentially serve as an intermediate for the
synthesis of amphotericin Bhas been achieved in only three
steps from three synthons, i.&,,10, and12, in 42% overall

(9) (@) Boschelli, D.; Takemasa, T.; Nishitani, Y.; Masamune, S.
Tetrahedron Lett1985,26, 5239. (b) Nicolaou, K. C.; Chakraborty, T. K.;
Daines, R. A.; Simpkins, N. S. Chem. SocChem. Commuri986, 413.

(c) Nicolaou, K. C.; Daines, R. A.; Chakraborty, T. K. Am. Chem. Soc.
1987,109, 2208. (d) Nicolaou, K. C.; Daines, R. A.; Uenishi, J.; Li, W. S ;
Papahatjis, D. P.; Chakraborty, T. B.. Am. Chem. S0d 988,110, 4672.
(e) Nicolaou, K. C.; Daines, R. A.; Chakraborty, T. K.; Ogawa,JYAm.
Chem. Soc1988,110, 4685.

(20) Ciufolini, M. A.; Zhu, S.; Deaton, M. VJ. Org. Chem1997,62,
7806.

(11) Romo, D.; Johnson, D. D.; Plamondon, L.; Miwa, T.; Schreiber, S.
L. J. Org. Chem1992,57, 5060.

(12) Weir, J. R.; Patel, B. A.; Heck, R. B. Org. Chem 198Q 45,
4926.

(13) Wei, X.; Taylor, R. J. KJ. Org. Chem2000,65, 616.
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yield. It is particularly noteworthy that the overall stereo-
and regioisomeric purity of 98%, determined b{?C andH
NMR analysis, was achieved without any intentional isomeric
fractionation, the main operation of purification in each
isolation—purification being a simple short-path chromatog-
raphy.

Further methodological investigation and applications to
the synthesis of natural products are being actively pursued.
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