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Selective	  synthesis	  of	  trisubstituted	  (trifluoromethyl)alkenes	  via	  
ligand-‐free	  Cu-‐catalyzed	  syn	  hydroarylation,	  hydroalkenylation	  
and	  hydroallylation	  of	  (trifluoromethyl)alkynes†	  
Y.	  Yamamoto,a*	  E.	  Ohkubo,a	  and	  M.	  Shibuyaa	  

In	   the	   presence	   of	   catalytic	   amounts	   of	   Cu(OAc)2,	   the	  
hydroarylation	   of	   (trifluoromethyl)alkynes	  with	   arylboronic	   acids	  
proceeded	   in	   MeOH	   at	   28	   °C	   to	   afford	   diverse	   β -‐
(trifluoromethyl)styrenes.	   Moreover,	   the	   hydroalkenylation	   and	  
hydroallylation	   of	   a	   (trifluoromethyl)alkyne	   using	   styryl-‐	   and	  
allylboronates	  afforded	  trifluoromethylated	  1,3-‐	  and	  1,4-‐dienes.	  

One of the most powerful strategies for advancing a 
biologically active molecule to a drug lead is through the 
incorporation of a trifluoromethyl (CF3) group, thereby 
improving the compound’s membrane permeability, binding 
affinity toward target receptors, and metabolic stability.1	   For 
example, the ethyl group of tamoxifen, a nonsteroidal estrogen 
receptor antagonist,2	   was replaced by a CF3 group to create 
panomifene, a more potent drug for treating breast cancer 
(Figure 1).3	  Likewise, the synthetic pyrethroids cyhalothrin and 
bifenthrin, bearing CF3-substituted alkene moieties, were 
reported to have more potent activity compared to conventional 
analogs without the CF3 group.4	  Thus, an efficient and selective 
method to construct CF3-substituted acyclic alkenes has been 
sought,5	   despite the fact that stereoselective access to multi-
substituted alkenes has been a formidable challenge in organic 
chemistry.6	  A general and modular protocol for the synthesis of 
polyarylated analogs is particularly scarce thus far. While a 

palladium-catalyzed carboperfluoroalkylation of alkynes was 
recently reported to produce polyarylated 
(perfluoroalkyl)alkenes, no CF3-substituted products were 
synthesized.7 

One straightforward strategy for constructing CF3-substituted 
alkenes is the hydrofunctionalization of 
(trifluoromethyl)alkynes.8	   Hydroboration,9a	  
hydrostannylation,9b hydrosilylation,9c hydrogermylation,9d 
bis(stannylation),9e and silylstannylation,9f among others,9g have 
been reported, and these methods have been combined with 
follow-up transformations to afford diverse multi-substituted 
analogs (Figure 2a). However, regio- and stereoselectivity 
strongly depend on the substrates and reagents used, and often 
unsatisfactory. Moreover, carbometallations have been used for 
the carbofunctionalization of (trifluoromethyl)alkynes.8 
Carbocupration proved to be particularly regio- and 
stereoselective, and enabled the short-step synthesis of 
panomifene (Figure 2b).10	   Since the carbocupration method 
uses stoichiometric amounts of organocopper reagents at low 
temperatures and the scope is limited to less functionalized 
reagents, an operationally simple catalytic method with wide 
functional group compatibility is still desired. 
Recently, we developed copper-catalyzed syn hydroarylation 
and hydroallylation of activated alkynes and applied these to 
the synthesis of functional molecules.11 However, the substrates 

Fig.	  1	  	  Bioactive	  compounds	  bearing	  (trifluoromethyl)alkene	  moieties.	  

Fig.	  2	  	  Functionalization	  methods	  of	  (trifluoromethyl)alkynes.	  



COMMUNICATION	   Journal	  Name	  

2 	  |	  J.	  Name.,	  2012,	  00,	  1-‐3	   This	  journal	  is	  ©	  The	  Royal	  Society	  of	  Chemistry	  20xx	  

Please	  do	  not	  adjust	  margins	  

Please	  do	  not	  adjust	  margins	  

were limited to alkynyl esters, nitriles, amides, and sulfones. 
We then turned our attention to (trifluoromethyl)alkyne 
substrates, because the strong electron-withdrawing effect of a 
CF3 group enables the efficient and selective copper-catalyzed 
syn hydroarylation. In addition, feasible methods to synthesize 
(trifluoromethyl)alkynes have been developed recently by 
several research groups.12 Herein, we report the preliminary 
results of our study on the copper-catalyzed hydroarylation, 
hydroalkenylation and hydroallylation of 
(trifluoromethyl)alkynes (Figure 2c). Our method has several 
significant advantages in terms of green chemistry: (a) 
inexpensive copper(II) acetate is used in catalytic amounts, (b) 
non-toxic and bench-top-stable organoborons are used as 
coupling agents, (c) methanol is used in small quantity as a 
non-hazardous solvent,13	   and (d) our method is efficient in 
material and energy consumption as the reaction proceeds at 
ambient temperature without recourse to a ligand or an additive. 
The copper-catalyzed hydroarylation of representative substrate 
1a was then examined using various arylboronic acids. In the 
presence of Cu(OAc)2, 1a reacted with arylboronic acids 2 (2 
equiv) in MeOH at 28 °C for 3 h (Scheme 1 and Figure 1). Syn-
hydroarylation products 3 were regioselectively formed as 
judged from the coupling constants of the vinyl protons (3JHF ≃ 
8 Hz). In addition, the reaction is completely stereoselective as 
single stereoisomers were obtained. Most reactions afforded 
high yields when using 1–5 mol % Cu(OAc)2. As an exception, 
the reaction of p-nitrophenylboronic acid (2m) was sluggish 
even with a 10 mol % catalyst loading. Ortho-, meta-, and 
para-tolylboronic acids (2b–c) were almost equally effective, 
affording 3ab, 3ac and 3ad in high yields. Notably, reactive C–
I and C–Br bonds were preserved in products 3ah, 3ai and 3an, 
and formyl and acetyl groups were also tolerated (3ak and 3al); 
however, trace amounts of inseparable impurities were 
observed. 3,5-, 3,4- and 2,5-Disubstituted aryl groups were 
efficiently introduced to produce the corresponding products 
3an, 3ao and 3ap in good yields. In addition, benzo-1,3-dioxole 

derivative 3aq, 2-naphthyl derivative 3ar and carbazole 
derivative 3as could be obtained in high yields, although a 10 
mol % catalyst loading was required for 3as. In contrast, 2-
benzofurylboronic acid 2t failed to react under the present 
conditions. 
Scheme 2 outlines a plausible mechanism for the Cu-catalyzed 
hydroarylation of (trifluoromethyl)alkynes 1 with arylboronic 
acids 2. In the previous report, it was found that CuOAc and 
Cu(OAc)2 were almost equally efficient as catalysts for the 
relevant hydroarylation of a propiolate substrate, although the 
latter required slightly longer reaction time.11a Therefore, the 
active catalyst is considered to be CuOAc, which is presumably 
generated via the reduction of Cu(OAc)2 with arylboronic acids. 
Thereby resultant CuOAc undergoes transmetallation with 
ArB(OH)2 via a four-centered transition state (III, R’ = Ac) to 
generate ArCu species I.14 The subsequent syn carbometallation 
of (trifluoromethyl)alkynes 1 with I produces vinylcopper 
intermediates II,15 which are spontaneously protonated by 
solvent methanol. It was actually confirmed that MeOH is the 
proton source by control experiments using MeOD in our 
previous study.11a The protonation step produces the final 
hydroarylation products 3 with the concomitant generation of 
CuOMe, which undergoes transmetallation with ArB(OH)2 via 
III (R’ = Me) to restore ArCu active species.14 Accordingly, no 
extra base is required for transmetallation in this catalytic 
system. 
Next, the substrate scope was investigated by subjecting other 
(trifluoromethyl)alkynes to hydroarylation with para-
substituted arylboronic acids. Alkyne 1b, bearing an electron-
withdrawing p-(ethoxycarbonyl)phenyl group, and 1-
naphthylalkyne 1c underwent smooth hydroarylation with p-
chlorophenylboronic acid (3g) in the presence of 3–5 mol % 
catalyst, affording the corresponding products 3bg and 3cg in 
high yields. Therefore, the electronic effect from the aryl 
terminals is negligible. Although 3-indolyl derivative 1d was 
less efficient, 3-alkenylindole product 3dg was still obtained in 
a good yield of 76%, along with recovered 1d (11%). In 
striking contrast, the reaction of alkyne 1e, bearing a bulky 
ferrocenyl terminal, was sluggish even using a 10 mol % 

Scheme	  1	  	  Cu-‐catalyzed	  syn	  hydroarylation	  of	  (trifluoromethyl)alkynes.	  

Scheme	   2	   	   Plausible	   mechanism	   for	   Cu-‐catalyzed	   syn	   hydroarylation	   of	  
(trifluoromethyl)alkynes.	  
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catalyst loading. Accordingly, the yield was moderate (57%) 
and small amounts of regioisomer were detected. The reaction 
of aliphatic alkyne 1f with p-tolylboronic acid (3c) required 10 
mol % catalyst loading for reaction completion, and the 
expected product 3fc was obtained in 81% yield.	   
Having accomplished the hydroarylation of 

(trifluoromethyl)alkynes, we briefly investigated 
hydroalkenylation and hydroallylation using alkenyl and 
allylboron reagents. At the outset, the reaction of 1a with 1-
phenylvinylboronic acid (4a) was performed under the same 
conditions, using 10 mol % Cu(OAc)2 (Scheme 3). The 
expected diene 5aa was obtained in 93% yield. Next, trans-2-
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(p-tolyl)vinylboronic acid (4b) was examined, for which the 
yield of the expected diene 5ab was moderate (48%), and an 
unexpected homodimer of 1a was formed in 52% yield. This 
side-product, 6, was identified by its 1H and 13C NMR spectra, 
which were similar to those of 5ab except the absence of the 
styryl moiety. In addition, mass spectroscopic analysis data was 
in agreement with this assignment. The reason why 1a 
underwent dimerization in the presence of 4b is unclear at this 
stage. Nevertheless, we found that the corresponding pinacol 
ester 7b, when subjected to the same conditions, selectively 
afforded 5ab as the sole product in 87% yield. Similarly, the 
desired hydroalkenylation product 5ac was quantitatively 
obtained using trans-2-(p-chlorophenyl)vinylboronate 7c. In 
striking contrast, alkylsubstituted alkenylboron reagents 4d and 
7e failed to produce the corresponding products, suggesting that 
at least one aryl substituent is imperative for hydroalkenylation. 
Moreover, hydroallylation of 1a with allylboronate 8 efficiently 
proceeded with a catalyst loading of 3 mol %, affording 
skipped diene 9 in 97% yield. In contrast to 8, alkylboronic acid 
10 failed to react with 1a under the same conditions. 

Conclusions	  
In conclusion, we have successfully developed a regio- and 
stereoselective hydroarylation protocol using arylboronic acids 

under copper catalysis. This method is operationally simple and 
shows wide scope. Reactive carbon–halogen bonds as well as 
carbonyl groups and heterocyclic moieties are well tolerated. 
Moreover, this copper-catalyzed protocol has been further 
extended to hydroalkenylation and hydroallylation using styryl- 
and allylboronic acid pinacol esters, affording 
trifluoromethylated 1,3- and 1,4-dienes. The synthetic 
applications of the obtained (trifluoromethyl)alkenes are under 
investigation in our laboratory.	  
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