
Tetrahedron Letters 50 (2009) 7355–7357
Contents lists available at ScienceDirect

Tetrahedron Letters

journal homepage: www.elsevier .com/ locate/ tet le t
Metathesis reactions of b-acyloxysulfones: synthesis of 1,6- and 1,7-dienes

Gregory W. O’Neil *, Daniel J. Moser, Erasmus O. Volz
Department of Chemistry, Western Washington University, Bellingham, WA 98225-9150, USA

a r t i c l e i n f o a b s t r a c t
Article history:
Received 4 September 2009
Revised 9 October 2009
Accepted 15 October 2009
Available online 21 October 2009
0040-4039/$ - see front matter � 2009 Elsevier Ltd. A
doi:10.1016/j.tetlet.2009.10.071

* Corresponding author. Tel.: +1 360 650 6283; fax
E-mail address: oneil@chem.wwu.edu (G.W. O’Nei
A novel alkene-masking strategy has been developed that allows for a metathesis approach to 1,6- and
1,7-dienes. This method was successfully applied to the synthesis of a long-chain alkenone natural
product.
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Figure 1. Masked diene metathesis.

Figure 2. Competing ring-closing metathesis.

Scheme 1. Alkenyl-acyloxysulfone synthesis.
Over the last decade, alkene metathesis has emerged as a pow-
erful carbon–carbon bond-forming reaction in both organic and
polymer chemistry.1 While the reaction has had enormous success
in the preparation of a wide range of structurally diverse com-
pounds, only a selected number of examples in polyene systems
can be found.2 This can be attributed to problems of chemoselec-
tivity, specifically the engagement by the metathesis catalyst of
one olefin in the presence of another. Several strategies have been
employed to overcome this shortcoming, typically by steric and/or
electronic deactivation of one or more alkenes toward metathesis.3

An alternative solution would be to ‘mask’ an alkene as an inert
functional group to be revealed post-metathesis (Fig. 1).4

b-Acyloxysulfones are well known intermediates in the classical
Julia reaction that can be eliminated to the corresponding predom-
inantly trans di-, tri-, and tetra-substituted alkenes.5 Metathesis
reactions of alkene-containing acyloxysulfones 1 followed by elim-
ination would provide diene subunits that are difficult to obtain by
standard metathesis technology.

1,6- and 1,7-dienes, important substrates for a variety of cyclo-
isomerization reactions,6 were chosen as initial targets for this
reaction sequence. These compounds are particularly challenging
to prepare by cross-metathesis due to a competing rapid ring clo-
sure (Fig. 2).7

The requisite alkenyl-acyloxysulfones were conveniently pre-
pared by the addition of lithiated sulfone 2 or 3 to an aldehyde fol-
lowed by in situ acylation of the intermediate alkoxide, affording
substrates of type 4 and 5 as approximately 1:1 mixtures of diaste-
reomers (Scheme 1). Benzoic anhydride (Bz2O) was chosen as a
trapping agent to allow for a mild and selective elimination with
SmI2.8

Grubbs’ second-generation catalyst 69 proved capable of
effecting the desired cross-metathesis, affording exclusively (E)-
alkenyl-acyloxysulfone adducts as detectable by NMR. Reductive
elimination then completed our metathesis approach to 1,6-
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l).
(n = 3) and 1,7-dienes (n = 4) as summarized in Table 1. The use
of additives such as HMPA along with SmI2 greatly accelerated
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Table 1
1,6- and 1,7-diene synthesis

n R1 R2 R3 R4 Cond. Yielda

(%)
E,E:Z,Eb

1 3 Ph Ph CH2OAc CH2OAc A 72 7:1
2 4 Ph Ph CH2OAc CH2OAc A 68 9:1
3 4 Ph Ph CH2OAc CH2OAc B 61 9:1
4 4 Ph Ph H (CH2)5CH3 B 80 10:1
5 4 Ph Ph H (CH2)2C(O)Me B 70 7:1
6 3 Ph n-hex CH2OAc CH2OAc C 83 9:1
7 3 Me n-hex CH2OAc CH2OAc C 85 7:1
8 4 Ph Ph CH2OAc CH2OAc C 70 7:1

Elimination conditions: (A) SmI2 (2 equiv), HMPA (6 equiv), THF �78 �C, 30 min; (B)
SmI2 (3 equiv), THF/DMPU (4:1), �78 �C, 1 h; (C) Na/Hg (5%), NaH2PO4, THF/MeOH,
rt.

a Yields are for two-steps.
b Ratios determined by 1H NMR.

Scheme 2. Fragment syntheses.

Scheme 3. Completion of the synthesis.
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the rate of elimination, giving the corresponding E,E-dienes in sev-
eral minutes at �78 �C (entries 1 and 2).10 Other additives such as
DMPU were also suitable for promoting elimination, albeit requir-
ing prolonged reaction times (entries 3–5). Interestingly, alkyl sub-
strates proved less prone to elimination with SmI2 (entries 6 and
7). The corresponding 1,6-dienes were best prepared by post-
metathesis elimination with Na/Hg amalgam.11 Exploitation of this
differential reactivity for the preparation of complex intermediates
is currently under investigation. Each of the elimination protocols
proceeded with comparable yield and trans-selectivity (compare
entries 2, 3, and 8).

As a demonstration of this method in the context of natural
product synthesis, we set out to prepare one member of a class
of natural products that are of great interest to paleoceanogra-
phers. Long-chain alkenones are among the most extensively stud-
ied class of lipids in marine geochemistry because of their use as
proxies for past sea-surface temperatures and global CO2 concen-
trations.12 In 2001, Xu et al. reported the isolation of hexatriacon-
ta(16E,21E)-diene-3-one (7) as the major component of a mixture
of isomeric long-chain alkenone natural products from Holocene
Black Sea sediments (Fig. 3).13 Extensive purification, spectral anal-
ysis, and derivatization of 7 revealed an unusual structure with re-
gard to chain-length, alkene location, and double bond spacing
when compared to the more common dienones isolated from Emil-
iania huxleyi raising questions as to its origin and biosynthesis.14

Formation of the C16–C17 olefin was envisaged to occur by
cross-metathesis. The remaining C21–C22 alkene would be masked
Figure 3. Long-chain alkenone natural product 7.
as the corresponding b-acyloxysulfone giving two key fragments 8
and 9. Both compounds 8 and 9 were ultimately derived from the
same alkenol starting material 1015 as depicted in Scheme 2. The
synthesis of 8 from 10 was accomplished in three steps by oxida-
tion, ethyl Grignard addition, and reoxidation providing the com-
pleted ethyl ketone fragment in 48% overall yield. Alternatively,
hydrogenation of 10 followed by oxidation gave an intermediate
aldehyde that was immediately treated with the Li anion of sulfone
2. Trapping of the resulting alkoxide with acetic anhydride then
gave an approximately 1:1 diastereomeric mixture of the desired
alkenyl-acyloxysulfone 9 in 49% yield for the three steps.

Exposure of alkenyl-acyloxysulfone 9 to catalyst 6 (10 mol %) in
the presence of an excess of ketone 8 (3 equiv) in toluene at 80 �C
generated the D16,17-trans alkene affording compound 11 in an
optimized 74% yield (Scheme 3). Gratifyingly, treatment of 11 with
Na/Hg amalgam in a buffered THF/MeOH solution at room temper-
ature for 1 h resulted in reductive elimination of the b-acyloxysulf-
one, installing the D21,22 alkene with 7:1 (NMR) trans-selectivity
and completing our synthesis of hexatriaconta(16E,21E)-diene-3-
one (7). The 1H and 13C NMR data for our synthetic sample
matched that reported in the literature thus confirming the struc-
ture of this rare natural product.16

In summary, a novel alkene-masking strategy has been em-
ployed that allows for a metathesis approach to 1,6- and 1,7-
dienes. Specifically, metathesis reactions of alkenyl-b-acyloxysulf-
ones followed by reductive elimination afford diene subunits thus
circumventing chemoselectivity problems associated with poly-
ene metathesis. This strategy was successfully applied to the syn-
thesis of a long-chain alkenone that is amenable to other
members of this class of climatologically interesting natural prod-
ucts. Current efforts are directed at extending this method to
other polyene subunits currently unobtainable by standard
metathesis technology.
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