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A convergent and diastereocontrolled total synthesis of eupomatilones 4 and 6 is reported and was based on a diastereoselective hydroboration/
oxidation sequence and a convergent Lipshutz biarylcuprate cross-coupling reaction. The structure of eupomatilone 6 is revised.

The structurally novel lignans eupomationes 7 were N

isolated in 1991 by Carroll and Taylor from the indigenous Scheme 1
Australian shrutEupomatia bennettiico-occurring with a
structurally diverse set of related lignan natural prodticts.
The normally dimerig3-cinnamic acid carbon skeleton has
undergone an unprecedented rearrangement that involves
cleavage of a carberaryl bond. As proposed by Carroll
and Taylor? the spirocyclohexadienone skeleton of eupodi-
enone precursat undergoes hemiketal formation to afford

2, which fragments to lactor@(Scheme 1). All six carbons

of the side chains of the cinnamic acid precursors end up © O
attached to just one of the aromatic rings. The eupomatilones 3 CHO
equilibrate about the biaryl axis, which is stereogenic for
eupomatilones 6 and 7. This rotation is slow on the NMR
time scale, and two isomers are observed by Bbtrand There have been two reports of synthetic approaches to
13C NMR for eupomatilones 6 and 7. The hydrogens on the eupomatilone 6:*In this paper, we report the total synthesis
trimethoxyphenyl ring of eupomatilone 4 are diastereotopic. of eupomatilones 4 and 6 and correct the structure of
The atropdiastereomers are inseparable, and the coalescen@pomatilone 6 (Figure 1).

temperature was found to be 97—1022
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Figure 1. Reported structures of the eupomatilones.
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These agents share a fluxional biaryl axis andlactone

occurred regioselectivelyo afford theo-bromoaldehydé 1,

bearing two or three stereogenic carbons. A synthetic strategywhich was methylated (M&80,, K,COs;, acetone, 56C) to
was developed (Scheme 2) that was based on a Lipshutzafford 8.
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oxidative biarylcuprate cross-coupling 6fwith 7 and a

subsequent diastereocontrolled hydroboration/oxidation se-

guence on the alkene @. Starting from commercially
available?, readily constructe8, and €)-1-bromo-2- methyl
2-butene (9), i
efficient and stereocontrolled manner.

Aldehyde 8 was synthesized from 5-hydroxypiperonal
(10 (Scheme 3). Bromination (NBS, dioxane, IE)
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Construction of the eupomatilone side chain (Scheme 4)
relied on addition of E)-2-methyl-2-buten-1-ylmagnesium
bromide to aldehyd8 (THF, —78°C, 1.5 h), which provided
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a 1:1 mixture ofsynandanti adductsl2 in 95% yield. The
undesiredanti adduct was converted to the desissthadduct
by Mitsunobu inversion withp-nitrobenzoic acitl (PhsP,
DIAD, THF, 0—25 °C) and hydrolysis (KCOs;, MeOH, 25
°C), which resulted in an overall yield for conversion®f
to 12 of 73%. Alternatively,12 could be produced as a 95:5
syn/antimixture in 92% yield by addition of the analogous
indium reagerit to aldehyde8. The alcohol of12 was
protected as theert-butyldimethylsilyl ether tBuMe,SiOTH,
2,6-lutidine, CHCI,, —78 °C, 20 min) to afford13.

We implemented the methodology of Lipshutz for biaryl
couplingi® which involves low temperature formation of a

"mixed biarylcuprate and oxidation of this species to form

the carborn-carbon biaryl bond. This reaction is less sensitive
to steric or electronic features of the aromatic systems
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compared to palladium-mediated processes. We have emimatilone 4 in 92% yield for the two-step sequence. Eupo-
ployed this reaction in a stereocontrolled synthesis of the matilone 4 was synthesized in eight steps from knavamd
natural products calphostin A and phleichrothe. 10in 33% overall yield. ThéH NMR spectrum of synthetic

In the present case (Scheme 5), aryl bromidewas eupomatilone 4 was identical with that reported for the
converted to the aryllithium reagei (t-BuLi, MeTHF, —78 natural product.

The origin of the diastereoselection in the hydroboration
of 17 is detailed in Scheme 7. In the lowest energy
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CHsO OCH; OCHs 5 conformation (MM3) about the &psp* bond, the allylic
hydrogen is eclipsed with the alkene in order to minimize
X Al3strain. The least sterically congested approach by 9-BBN
Bl [ X=Br 7 is from the side of the allylic methyl group, giving a new
X=Li 16 stereogenic center wherein the methyl groupsaaite This

model has precedent in several related contéxts.
Total synthesis of eupomatilone 6 proceeded from aryl

°C), and subsequently to the lower order cyanocuptéte  promides1914 and commercially availablg2 (Scheme 8).
(CuCN, MeTHF,—40 °C). Aryl bromide 7 was similarly

converted to aryllithiuni6 (t-BuLi, MeTHF, —78 °C), which _

was added to cyanocuprat8 (—125°C, 30 min) to form a

biarylcuprate species. Treatment with oxygerig5 °C, 3 Scheme 8
h) affected conversion to the biaryl systeli in modest CHs0 CH30
. CH30 _
yield. CH30
Hydroboration of 17 (9-BBN, THF, 0—25°C, 12 h) CHs0
followed by oxidation (NaOH, kD,, 0—25 °C, 3 h) afforded X OTBS CH:0 |
primary alcohol18 in essentially quantitative yield, with Bl [ X=Br 19 O
complete control of diastereoselectivity (Scheme 6). Depro- cucn E.X =Li20 — 5
X'=CuCNLi 21 o 24
)
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0 of eupomatilone & -0 25
1) n-BuNF, 94%  CHL0 O
2) TEMPO, 98% o S o Cuprate coupling of the corresponding aryllithium reagents
o ocn eupomatiione 20 and 23 under previously described conditions afforded
Y SNt biphenyl24. Following reaction conditions used in the total
3

(12) (a) Einhorn, J.; Einhorn, C.; Ratajczak, F.; Pierre, J.10rg. Chem.
1996,61, 7452. (b) Kamal, A.; Sandbhor, M.; Shaik, A. Betrahedron:
tection of the silyl ether o8 (n-BwNF, THF, 25°C, 3 h) Asymmetn2003, 14, 1575,

- . (13) (a) Hoffmann, R. W.; Dahmann, G.; Andersen, M. Bjnthesis
and oxidation of the primary alcohol (TEMPO, NO8Bus- 1994, 629. (b) Coutts, L. D.; Cywin, C. L.; Kallmerten, Synlett1993,

NI, CH,Cl,/1:1 0.05 M KCOs/0.5 M NaHCQ, 25 °C, 1 696. (c) Bernsmann, H.; Frélich, R.; Metz, Petrahedron Lett2000,41,

12 ; At _4347. (d) Araki, K.; Suenaga, K.; Sengoku, T.; Uemura,Tetrahedron
h)!?2 was accompanied by lactonization and afforded eupo 2002.58. 1983. (€) Herb, C. Maier, M. B. Org. Chem2003,68, 8129.
(14) Prepared from 2-bromo-3,4,5-trimethoxybenzaldehyde (cf. Molan-
(11) Coleman, R. S.; Grant, E. B. Am. Chem. S0d.994,116, 8795. der, G. A.; George, K. M.; Monovich, L. G.. Org. Chem2003,68, 9533)
Coleman, R. S.; Grant, E. B. Am. Chem. S0d.995,117, 10889. as described for the preparation 18.
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synthesis of eupomatilone 4, hydroboration/oxidation of the MclIntosh and co-workerswhose reported synthesis oEp+
alkene of24 afforded the corresponding primary alcohol eupomatilone 6 should now be regarded as a synthesis of
(42% for two steps). Fluoride-mediated desilylation and 3,5-bis-epi-eupomatilone 6 (29).

selective oxidation of the primary alcohol affordgdactone

25, supposedly eupomatilone 6. However, fiie NMR _

spectrum of syntheti@5 did not match the data published Scheme 10
for eupomatilone 8 differing slightly in the chemical shifts OCHs OCHs
of and coupling constants between C3-H and C4-H. Our CHsO CH30
spectral data matched that obtained by Gurjar and co- O O
workerd in their synthesis of this putative structure of CHs0 3.3 Chs0 3 P
eupomatilone 6. O L O L
We had inadvertently synthesized the correct structure of o o
eupomatilone 6 during studies on the oxidation/lactone o 25 o 28 29
formation sequence (Scheme 9). Oxidation of alc@@atith 3-epieupomatiions 6 eupomatilone 6 {revised) 3.5-bis-epi
[this work and Gurjar‘] [this work] [Mclntosh®]
Scheme 9 Attempts to alter the diastereoselectivity of the hydro-
OCHs boration of24 using rhodium catalysidwere unproductive,
CHsO producing a 4:3 mixture of diastereom&@and31 (Scheme
OH 1)PDC, 85% CHiO 11). Although a stereocontrolled route fra?d to 31, and
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thence to eupomatilones 3 and 6, has not been achieved, this
is beyond the intended scope of this work. The total synthesis
pyridinium dichromate (CkClz, 25°C, 3 h, 85%) afforded  of eupomatilone 6 has been achieved by a serendipitous route
the corresponding aldehyde, which cyclized to la2ibafter involving base-induced epimerization.

fluoride-mediated deprotection of the silyl ether (THF, 25 .
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diastereomers, presumably from epimerization of the inter- from the National Cancer Institute (RO1 CA 91904).
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lactone oxidation (CkCly, 25°C, 2 h, 90%) afforded @ 113 cequres and spectral characterization of intermediates and
mixture of25 and its epime®8, which could be separated  roqycts. This material is available free of charge via the
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of pure28 proved identical with that published for eupoma-
tilone 62
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