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A high yielding and robust protocol for the stereodefined 

synthesis of 1,3-dienes has been established through a 

hydrosilylation-Hiyama coupling strategy. In all cases the 

products were formed as single E,E isomers and conditions 

are tolerant of a wide range of functional groups not 10 

compatible with other methods. 

1,3-Dienes are an important class of molecules which are 

prevalent in many natural products and display photophysical 

properties. They are also vital synthons in many synthetic 

campaigns as they can perform a number of key transformations 15 

such as the Diels-Alder reaction. Their synthesis can be 

performed using several strategies including olefinations, 

metathesis and cross-coupling reactions. 

 A major route to the formation of 1,3-dienes is via the use of 

palladium catalysed cross-coupling reactions.1 While these 20 

reactions can be very effective for the formation of diene and 

polyene moieties, they can suffer from a variety of drawbacks 

including the use of toxic or sensitive reagents and a loss of 

geometric integrity during the coupling process. Both the 

traditional and oxidative Heck reactions have been reported with 25 

the latter operating under much milder conditions.2,3  

The Stille reaction has been proven to be a valuable tool for the 

synthesis of dienes through the coupling of vinylstannanes with 

vinyl halides.4 The major issue to this approach is the use of toxic 

tin reagents, although this can be circumvented through the use of 30 

a “one-pot” hydrostannylation-Stille procedure5 which can even 

be rendered catalytic in tin.6  

The Suzuki–Miyuara reaction has also proven itself to be a 

powerful tool for the construction of complex molecules.7 This 

approach generally requires the hydroboration of an alkyne using 35 

air and moisture sensitive boranes, such as 9-BBN. The 

corresponding vinylborane cannot be stored for prolonged 

periods of time and must be used immediately.8 Although the 

reaction provides high levels of reactivity and stereoselectivity, 

the boranes used are strong reducing agents which can cause 40 

issues with functional group compatibility. Alternatively, boronic 

acids or potassium trifluoroborates can be produced via a 

metallation reaction, either through metal-halogen exchange or 

deprotonation followed by trapping with borates.9,10 This 

approach is used widely, however functional group tolerance can 45 

be an issue, as can the hydroscopic nature of these compounds 

and difficulties encountered during purification. An alternative 

approach was devised by Burke, who developed a series of 

MIDA boronate esters which are easily formed and purified and 

which do not suffer the same issues as the boronic acids and 50 

trifluoroborates.11 The approach developed by Negishi was to 

perform a hydroalumination, hydrozirconation or 

carboalumination reaction and the corresponding vinyl alane is 

used directly as a transmetallation partner.12 Although effective, 

these approaches can suffer from similar problems to the Suzuki 55 

protocols, do not allow for storage of the vinyl intermediate and 

require very air and moisture sensitive conditions. 

 

Scheme 1 Cross-Coupling Methods for Diene Synthesis 

 60 

 Although vinylsilanes are readily accessible, Hiyama 

couplings are the least developed of the coupling reactions.13 This 

is mainly due to the activation required prior to the 
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transmetallation event. The original variant required very strong 

activators such as DAST,14 however, solutions to this issue were 

found with the advent of new, more reactive silane species such 

as silanols15 and silacyclobutanes.16 Although effective for the 

coupling reactions, these groups are difficult to install and can 5 

provide mixture of geometric and regioisomers in the coupling 

reaction. 

Table 1 Hydrosilylation of Propargyl Alcohols 

 

a Footnote text. 

 To circumvent these issues, we envisioned an approach to 

synthesize useful diene species, in which we could exploit the 

stability and accessibility of vinylsilanes. We began examining 

the formation of readily accessible vinylsilanes which could then 

be activated for Hiyama couplings. To achieve this we adopted 15 

our recently developed hydrosilylation methodology on 

propargylic alcohols to form the requisite vinylsilane.17 We 

utilised commercially available benzyldimethylsilane as our 

silane sources as the corresponding vinylsilane is very stable and 

can undergo simple activation with TBAF under Trost-type 20 

coupling conditions.18 Indeed, we have recently demonstrated this 

coupling in the synthesis of 1,3-diaryl allyl amines and styrenes, 

utilising a sequential Suzuki-Hiyama approach.19 The synthetic 

utility of BnMe2Si-vinyl silanes, with both disubsituted 

vinylsilanes and trisubstituted variants have been previously 25 

demonstrated, including key steps in the synthesis of several 

polyene natural products.20  

Table 2 Iodostyrene Hiyama Substrate Scope 

 

a Footnote text. 

 30 

 Under our standard PtCl2/XPhos hydrosilylation conditions we 

found excellent reactivity for the hydrosilylation conditions 

utilising just 0.5 mol% platinum. In most cases the reactivity of 

these hydrosilylations was superior to phenyldimethylsilane 

which has been previously disclosed, demonstrating that these 35 

conditions are an excellent method for the installation of a 

benzyldimethylsilane group. The reaction was tolerant of a range 
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of functional groups including heterocycles, ethers and aromatic 

groups with good to excellent yields being obtained in all cases. 

 With the vinylsilanes 2 in hand, we began examining the 

Hiyama coupling to install the diene moiety. We utilised β-

iodostyrene, which can be readily prepared,21 to afford phenyl 5 

substituted diene 3a. Under standard Hiyama conditions that we 

and others have previously reported, the reaction proceeded 

smoothly forming the dienes in excellent yields. Once again the 

reaction was tolerant of many functional groups and provided a 

series of dienes in excellent yields. The reaction is not affected by 10 

the unprotected alcohol and this approach allows for functionality 

to be incorporated that would not be possible using the strongly 

reductive conditions required for hydroboration and 

hydroalumination strategies. The only class of substrate that was 

not amenable to this strategy was those containing a benzylic 15 

hydroxyl group. These substrates appear to undergo the Hiyama 

coupling readily, however, the resulting dienes were not stable 

under the reaction conditions leading to complex  mixtures being 

obtained. This is presumably due to the extra stabilisation of the 

resulting carbocation following loss of OH.  20 

 We also examined the use of other vinyliodides (Table 3). 

Alongside the parent iodostyrene coupling partner, both electron 

rich and deficient aromatic vinyliodides (3b-c) perform well in 

the coupling. Non-aromatic substrates such as 1-iodo-hex-1-ene 

3d also coupled to with vinylsilane 2d to provide the 25 

corresponding diene 7 in good yields.  

Table 3 Vinyl Iodide Substrate Scope 

 

 

 

 With both components of the protocol optimised, we examine 30 

the possibility of performing the entire procedure in a one-pot 

manner. The combination of hydrosilylations and Hiyama 

couplings have also been demonstrated in the synthesis of 

retinoid natural products.22  In these reports, the use and isolation 

of the benzyldimethylsilane was necessary prior to the Hiyama 35 

coupling. The use of 1,1,3,3-tetramethylsiloxane [(HMe2Si)2O] as 

the hydrosilylating agent was effective using Denmark’s 

protocol,23 however this can lead to a diminished E/Z ratio 

compared to the use of BnMe2SiH. As with the previous report by 

López,22 all attempts to perform this in a true one-pot sequence 40 

led to very poor yields in the Hiyama step. The reaction could, 

however be streamlined through the development of a 

“telescoped” procedure (Scheme 2). On completion of the 

hydrosilylation reaction, the mixture was filtered and 

concentrated. The crude residue was subjected to the Hiyama 45 

coupling conditions to provide diene 4d with no isolation or 

purification of vinylsilane 2d required.  

 

Scheme 2 Telescoped Hydrosilylation-Hiyama Coupling 

  50 

 With the Hiyama coupling strategy in hand we examined the 

uses of the diene products as synthetic handles. We were 

intrigued to discover whether the diene could undergo a 

intramolecular Diels–Alder reaction with a tethered dieneophile. 

We took pyran substituted diene 4k and were able to allylate the 55 

allylic alcohol position to form our Diels–Alder precursor 8. This 

could undergo a thermally promoted intramolecular Diels–Alder 

which provided tricyclic product 9 in excellent yield and as a 

1.7:1 mixture of exo:endo diastereoisomers (Scheme 3). 

 60 

Scheme 3 Diels–Alder Reaction of Diene 

Conclusions 

To conclude, we have developed a robust and reliable method for 

the formation of highly functionalised 1,3-dienes through a 

hydrosilylation-Hiyama protocol. The substrate scope is good 65 

although benzylic products are not stable to the reaction 

conditions and form complex mixtures. The reaction is tolerant of 

both aromatic and aliphatic substituted alkenyl iodides with little 

difference in yields or reactivity. We have demonstrated the 

application of these products in a intramolecular Diels–Alder 70 

reaction to form a novel sprio-tricycle in excellent yields. 

Experimental24  

General Procedure for the Hydrosilylation Reaction 

To an oven dried 5 mL round bottom flask equipped with a reflux 

condenser and magnetic stirrer was added PtCl2 (1 mol%) and 2-75 

dicyclohexylphosphino-2′,4′,6′-triisopropylbiphenyl  (2 mol%) 

(XPhos). The flask was then flushed with argon and dry THF was 

added. The mixture was then stirred at 50 oC for 30 minutes until 

a yellow homogenous mixture was obtained. The corresponding 

propargyl alcohol (1.0 equiv.) was added followed by 80 

benzyldimethylsilane (1.2 equiv.) via syringe (CAUTION: Rapid 

evolution of hydrogen gas) and the solution was stirred at 50 oC 

overnight. The solvent was evaporated and the crude mixture was 

applied to the top of a column and chromatographed to afford the 

requisite (E)-vinyl silane. 85 

 

General Procedure for the Hiyama Coupling  
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Desired substrate (1.0 equiv.) was added to an oven dried reaction 

vessel and placed under argon. Dioxane (1 mL) was added, 

followed by tetra-n-butylammonium fluoride (1M solution in 

THF) (2.2 equiv.). The orange solution was stirred at room 

temperature for 30 minutes. A solution of vinyl iodide (1.1 5 

equiv.) in dioxane (1 mL) was then added. Pd2dba3.CHCl3 (5 

mol%) was immediately added as a single portion.  

Reaction was stirred for 4 – 6 hours (as determined by thin layer 

chromatography), at which time it was filtered through a pad of 

silica and concentrated under reduced pressure. Column 10 

chromatography (silica gel) afforded the requisite diene. 
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