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Synthesis of Highly Substituted Symmetrical 1,3-Dienes via Organocuprate

Oxidation
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Abstract: Oxidation of alkenyl organocuprates formed from alke-
nyl halides allows the formation of highly substituted symmetrical
1,3-dienes. Cuprates formed from organolithiums and Grignard re-
agents can be tolerated and the reaction proceeds with retention of
alkenyl geometry.
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The 1,3-diene motif is an important one in synthesis espe-
cially within the context of pericyclic reactions.! This
functional group is also important in the development of
organic materials.? Various protocols have therefore been
developed to perform the homocoupling of alkenyl spe-
cies; including, examples mediated by Mg,* Ni,* Pd,> Mn®
and Cu.” However, these methods suffer from a number of
disadvantages such as the toxicity of the reagents or cata-
lyst, the expense of the catalyst, the need to screen ligands
and, most importantly, the possibility of geometrical
scrambling occurring during coupling. This lack of stereo-
selectivity can also be a problem in Wittig reactions and
other olefination reactions.’

Organocuprates are easily oxidised due to their high lying
HOMO,’ and this has been exploited previously in the
synthesis of both C—C and C-N bonds.'® Alkenyl cuprate
oxidation should allow stereoselective coupling and the
organocuprate structure holds apart sterically hindered
ligands due to the 180° C—Cu bond angle and long (1.9 A)
C—Cu bond length."" We therefore reasoned that this
methodology would provide an efficient synthesis of
highly substituted 1,3-dienes. Since we had previously de-
veloped the novel, water-soluble oxidant 5 during the
course of our work on aryl organocuprate oxidation,'?> we
sought to apply its use to this system as it allowed for easy
workup of reaction mixtures'? without concomitant halo-
genation or oxygenation side reactions.

A number of non-volatile alkenyl halides with varying
alkene substitution patterns and degrees of steric hin-
drance were desired to test our procedure. A number of
these compounds were available commercially; however,
three compounds were prepared in house: protected alco-
hols 1 and 2 and Z-iodostyrenyl compound 3 (Scheme 1).
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The protected alcohols were chosen as examples of al-
kenes bearing alkyl groups, with the alkenyl halides ar-
ranged in both E- and a-configurations. The synthesis of
these compounds was achieved in one or two steps from
commercially available species. Commercially available
alkenyl bromide was protected as the TBDPS ether in
quantitative yield to give 1. E-Alkenyl iodide 2 was syn-
thesised from 3-butyn-1-ol; again the alcohol was protect-
ed as the TBDPS ether in quantitative yield before the
compound was treated with Snieckus reagent'* to give the
boronic acid and subjected to basic conditions and iodine
to furnish the desired E-iodoalkene in 43% yield. Z-
Iodoalkene 3 was synthesised in 62% yield via a Wittig
reaction from the corresponding aldehyde and the requi-
site iodo ylid."
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HO CH3Cly, T.t. TBDPSO

100% 1
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THF, —20 °C
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Scheme 1 Synthesis of alkenyl halides

Initial studies of the organocuprate oxidation centred on
the homocoupling of a-bromostyrene; pleasingly the 1,3-
diene product 4 was obtained in 86% yield upon oxidation
of the lithio-organocuprate with oxidant 5 (Table 1, entry
1). The use of THF as a solvent was found to be necessary,
as replacement with diethyl ether led to a large decrease in
yield' and the appearance of large amounts of debromi-
nated starting material.

With these conditions in hand, the homocoupling of a
range of alkenyl halides was then attempted. Gratifyingly,
other alkenyl halides could be homocoupled following the
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Table 1 Synthesis of Symmetrical 1,3-Dienes'’

R3 (i) t-BuLi, —78 °C to r.t. RS R?
; (ii) CuBreSMe,, —78 °C .
R%X R F R
R (iii) 5, THF, =78 °C to r.. LA
(0]
O.N
2! N/\
I\/N\
Me
N02 5
Entry X Product Yield (%)
Ph
1 Br 71\( 86
Ph
4
OTBDPS
2 Br j\/:i 62
OTBDPS
6
TBDPSO =
3 1 40
OTBDPS
7
Ph Ph
4 Br Ph NF Ph 79
Ph Ph
8
5 Br NF 57
9

63*
MeO

MeO OMe
10

2 Reaction conditions: (i) i-PrMgCl-LiCl (1.1 equiv), THF, —40 °C;
(i1) CuBr-SMe, (0.5 equiv), THF, —40 °C; (iii) oxidant 5 (1 equiv),
THEF, 40 °C tor.t.

same procedure: via metalation with -BuLi, transmetala-
tion to copper and oxidation (Table 1)."”

The reaction was found to tolerate both alkenyl iodides
and bromides and the full complement of alkene geome-
tries. Protected alcohols 1 and 2 both successfully under-
went the transformation to give 6 and 7, in 62% and 40%
yields, respectively (Table 1, entries 2 and 3).!%! Fully
substituted hexa-phenyl 1,3-diene 8 was also formed in
good yield (79%; Table 1, entry 4), demonstrating the
utility of this methodology even when using highly hin-
dered substrates.

© Thieme Stuttgart - New York

The reaction was also not limited to the use of lithiocu-
prates, as exemplified by the homocoupling of 3 via the
cuprate formed from the corresponding Grignard reagent.
A low temperature, functional group tolerant /Mg ex-
change was performed on 3 following the procedure of
Knochel and co-workers.?’ The resulting Grignard re-
agent was then transmetalated to the magnesiocuprate in
good yield and upon oxidation gave a 63% yield of dimer-
ic species 10 (Table 1, entry 6).

In conclusion, we have developed an efficient, stereo-
selective method for the synthesis of highly substituted
1,3-dienes from alkenyl halides using alkenyl cuprate ox-
idation. This discovery is a useful extension of our exist-
ing biaryl coupling methodology. As the use of mild
metalation methods is possible, the reaction should be ap-
plicable to substrates possessing relatively sensitive func-
tionality. Studies are ongoing within our laboratories to
apply this method to the synthesis of natural products and
in diversity-oriented synthesis.?!

Supporting Information for this article is available online at
http://www.thieme-connect.com/ejournals/toc/synlett.
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Typical Procedure for Alkenyl Halide Homocoupling:
Alkenyl halide (1 equiv) was dissolved in THF (4 mL) and
the mixture was cooled to —78 °C. t-Butyllithium (1.7 M in
pentane, 2 equiv) was added dropwise and the solution was
stirred at —78 °C for 30 min, and then allowed to warm tor.t.
over 10 min. The resultant solution was transferred via
cannula onto a precooled suspension of CuBr-SMe, (0.5
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