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The palladium-catalysed reaction of cis-3,3,3-trifluoro- 
prop-1-enyl methyl ether 2 with a variety of aryl and alkenyl 
halides or triflates occurred regiospecifically to afford the 
a-arylated and alkenylated products in good yield. 

Considerable efforts have been made to develop effective routes 
to trifluoromethyl substituted organic compounds because of 
their importance as new and effective medicines, agrochemicals 
and materials. Trifluoromethylation,2 fluorination and 
halogen exchange reactions are possible means for introducing 
the CF, group into an organic molecule. However, most of 
these methods suffer from low selectivity and harsh reaction 
conditions, and are generally only suitable for the synthesis 
of trifluoromethylated aromatic compounds. An attractive 
alternative approach is to make use of CF,-containing 
intermediates as building-blocks for the construction of the 
target molecules. As a result, the development of readily 
available and synthetically versatile CF,-containing building 
blocks has been the subject of intensive in~es t iga t ion .~ .~  We 
have recently developed a convenient one-step synthesis of 
several cis-3,3,3-trifluoropropenyl ethers from the readily 
available 2-bromo-3,3,3-trifluoropropane 1 (Scheme I).' As 

1 2, R = CH3 

Scheme 1 Reagents and conditions: i, KOH, 8 6 9 6 %  

part of our effort to explore the utility of these CF,-substituted 
vinyl ethers as building blocks for the synthesis of selectively 
trifluoromethylated compounds, we were interested in 
exploring the feasibility of using these fluorinated vinyl ethers 
as olefin substrates in palladium-catalysed Heck reactions. In 
this paper we report the results of our investigation. 

The palladium-catalysed arylation and alkenylation of 
olefins (the Heck reaction) is known to be one of the most useful 
synthetic methods for making a carbon-carbon bond.' As a 
particular type of olefin, simple cyclic and acyclic vinyl ethers 
have been employed in the Heck reaction.' However, reactions 
with acyclic vinyl ethers do not appear to be of great synthetic 
importance since early investigations into their intermolecular 
arylation often revealed poor regioselectivity. ' With the 
presence of a synthetically valuable CF, group in the vinyl 
ethers, we have now found that our CF,-substituted vinyl 
ethers are reasonably well behaved olefin substrates for the 
palladium-catalysed Heck reaction. 

Because of its structural simplicity, the methyl ether 2 has 
been selected as a standard vinyl ether in experiments to assess 
the feasibility of the Heck reaction. After initial screening of 
catalysts and bases using iodobenzene as the reaction partner, 
it was found that the desired arylation reaction could take 
place under several different conditions affording the product 
with high selectivity towards a-arylation. The best yields 

and regioselectivities were achieved when the reaction 
was performed in DMF using Ag,CO, as the base" and 
Pd(OAc),-PPh, as the catalyst. These conditions were then 
used for the reaction of 2 with other halides (Scheme 2). 

Scheme 2 Reagents and conditions: i, Pd(AcO), (3 mol%), PPh, (6 
mol%), base (1 .O equiv.), DMF 

However, with the triflate substrates the reaction was found to 
proceed equally well when Ag,CO, was replaced with triethyl- 
amine. 

The results obtained with a number of aryl and alkenyl 
halides and triflates are summarised in Table 1. It can be seen 
that both aryl iodides and triflates appear to be useful 
substrates for the coupling reaction. The  reaction with 
bromides was somewhat sluggish and moderate yields were 
obtained only after prolonged heating. In some cases, a ketone 
resulting from the hydrolysis of the primary product was 
also obtained. The tendency towards hydrolysis appeared to 
be more pronounced in the case of alkenylation products 
(entries 9 and lo). 

An interesting feature of the reaction described above is the 
regiospecificity for a-substitution, i.e., addition of the organic 
group of the alkenyl or aryl palladium intermediate to the 
oxygen-bearing carbon of the double bond, regardless of 
the type of substrate employed. In the palladium-catalysed 
arylation of simple acyclic vinyl ethers, the regioselectivity was 
found to be dependent on the reaction conditions and the type 
of substrates. In reactions with aryl halides under standard 
conditions, e.g. the use of Pd(OAc), and PPh, as the catalyst 
and triethylamine as the base, steric and electronic factors are 
influential, giving rise to the formation of both a- and p- 
arylated products.' However, the use of a bidentate ligand, 
silver(1) or thallium(1) salt, or a triflate substrate has been 
recently found to favour a reaction pathway uiu a cationic 
palladium complex that favours the formation of a-arylated 
products.8b The complete control of the regioselectivity of the 
present reactions can be attributed to the use of the silver(1) salt 
or triflate substrates as well as the highly polarised nature of the 
enolic double bond in 2 induced by the push-pull interaction 
between the trifluoromethyl and methoxy groups. 

The stereochemistry of the coupling product has been 
examined. As shown in Table 1, most of the coupling products 
were found to contain a single E isomer. In some reactions, a 
small amount of the Z isomer could be detected. The percentage 
of this minor isomer was found to be dependent on the reaction 
time and varied from batch to batch within a given reaction, 
ranging from 10% to less than 374, indicating that isomerisation 
of the primary product had occurred to some extent. The 
assignment of the configuration was based on a strong 
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Table 1 Palladium-catalysed arylation and alkenylation of cis-3,3,3-trifluoroprop- I -enyl methyl ether 2" 

Entry R-X Base T I T ,  tlh Product (yield, %; ZIE) 

6 

9 

80,48 

80,24 

80,24 

80,'48 

80136 

80936 

80172 

80,24 

80,48 

50112 

(90; 2 : 98 ) 

(85; 10 : 90) 

(80; 3 : 97) 

(65; >2 : 98) 

(85; >2 : 98) 

wcFT24; 2 : 98) wcFs (40) 

*OCH3 0 

H3CO 
10 

a All reactions were performed in DMF under nitrogen on a 2 mmol scale for 2 equivalents of the vinyl ether 2 using 3 mol% of Pd(OAc),, 6 mol% of 
PPh, and 1.0 equivalents of the indicated base. ' Yield of isolated product. 

correlation between the vinylic proton and the methoxy group 
in the NOESY spectra of the E isomers. 

Although we have made no detailed studies that permit the 
evaluation of the exact reaction mechanism for the arylation 
and alkenylation of 2, the observed stereoselectivities imply that 
the reaction has followed a commonly accepted pathway 
involving cis addition of the arylpalladium intermediate to the 
cis double bond of 2 followed by syn P-hydride elimination after 
internal rotation to give the E-product (Scheme 3). Thus, the 
present reaction provides one more example in which the syn 
requirement has to be complied with even at the expense of the 
significant eclipsing interaction between the R and the CF, 
groups. Since isomerisation by readdition of the palladium 
hydride to the initially formed product is known to be inhibited 

R-X 

c L 

R-Pd-L 
+ 

Scheme 3 Mechanism of the Heck reaction 
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by the use of silver salt," the formation of some Z-isomer was 
most probably caused by proton or silver ion catalysed 
isomerisation of the primary product. This notion was 
supported by the observation of the hydrolysed product in some 
reactions since both the isomerisation and hydrolysis processes 
were believed to proceed through a common carbocationic 
intermediate. 

According to the proposed mechanism, the arylation of the 
trans isomer of 2 should afford the arylated product with 2 
configuration. Indeed, when the trans isomer of 2 was treated 
with iodobenzene under the same catalytic conditions, the 2 
isomer of the coupling product was formed predominantly 
(Scheme 4). Again, some isomerisation of the primary product 
occurred in this reaction. 

petroleum and ethyl acetate to afford 1 -methoxy-1 -phenyl- 
3,3,3-trifluoropropene 3 (0.36 g, 90%) as a 2 : 98 Z/Emixture; E- 
isomer: 6,(300 MHz; CD,COCD,) 7.63 (m, l H), 7.54 (m, 2 H), 
7.37 (m, 2 H), 4.96 (9, J 7.6 Hz, 1 H) and 3.75 (s, 3 H); &(60 
MHz; CD,COCD,) -26.0 (d, J 7.6 Hz); 2-isomer: 6,(300 
MHz; CD3COCD,) 7.5 (m, 5 H), 5.25 (9, J 8.0 Hz, 1 H) and 
3.62 (s, 3 H); &(60 MHz; CD,COCD,) - 20.0 (d, J8.0 Hz); m / z  
202 (M', 51%), 201 (loo), 171 (26), 91 (36) and 77 (12) (Found: 
C, 59.4; H, 4.5. C,,H,F30 requires C, 59.29; H, 4.53%). 
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trans-2 
ZIE = 05 : 15 

Scheme 4 
molx), Ag,CO, ( I  .O equiv.), DMF, 70% 

Reagents and conditions: i, Pd(AcO), (3 mol%), PPh, (6 

In conclusion, we have established a convenient method for 
the a-arylation and a-alkenylation of the readily prepared cis- 
3,3,3-trifluoroprop- 1 -enyl ethers via the palladium-catalysed 
Heck reaction. While the a-arylation provides the arylated enol 
ethers as the readily isolable products, the alkenylation reaction 
appears to be more suitable for the direct synthesis of a,P- 

unsaturated ketones due to the susceptibility of the primary 
product, i.e. a dienyl ether, towards hydrolysis under the 
reaction conditions. Overall, the present method provides a 
novel entry into trifluoromethylated compounds which can be 
further functionalised by virtue of the capability of the enol 
ether or the derived keto functionality to undergo a variety of 
other synthetic transformations. 

Experimental 
(Z)-l-Methoxy-3,3,3-trifluoroprop-l-ene 2 
Bp 82-84 "C (lit.," 83-84 "C). 

General procedure for the Heck reactions exemplified by the 
reaction of the enol ether 2 with iodobenzene 
A mixture of iodobenzene (0.41 g, 2.0 mmol), the enol ether 2 
(0.50 g, 4.0 mmol), silver carbonate (0.55 g, 2.0 mmol), 
palladium acetate (0.014 g, 0.060 mmol) and triphenylphosphine 
(0.30 g, 0.12 mmol) in DMF (2.0 cm3) was heated under 
nitrogen at 80 "C for 48 h. The reaction mixture was diluted 
with diethyl ether and filtered. The filtrate was washed with 
water (2 x 20 cm3) and dried over sodium sulfate. After 
evaporation of the filtrate, the residue was subjected to 
chromatography on silica gel eluting with a 9 : 1 mixture of light 
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