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As one of the most important classes of molecules, organobo
ron compounds have been widely used in organic synthesis, 
and the introduction of fluorine-containing groups in these 
structures can efficiently control their physical, chemical and 
biological properties. Therefore, fluorine-containing organo
boron compounds are widely recognized as a very prominent 
class of synthons, which find countless applications in organic 
synthesis, but still have enormous potential for more. Among 
them, fluorine-containing compounds with chemically differ-
ent C–B bonds are particularly attractive, because these C–B 
bonds can undergo chemoselective and diverse transforma
tions to form controllable and multifunctional complex target 
molecules. Professor Qiuling Song, from the Key Laboratory of 
Molecule Synthesis and Function Discovery, College of Chem
istry, Fuzhou University (P. R. of China), explained: “Despite 
their remarkable interest, the construction of polyboronated 
compounds featuring different C–B bonds has been very rare-
ly reported, especially in enantioselective synthesis. There 
are only two known such asymmetric diborations in the li
terature, leading to two different C–B bonds with the Csp3–B 
bond enantioenriched. Notably, both started from allenes  
(J. Am. Chem. Soc. 2004, 126, 16328–16329; Chem. Sci. 2017, 
8, 5161–5165; Scheme 1a, left) and neither could lead to fluo-
rinecontaining multiborylated molecules. Therefore, the 
synthesis of organic fluorine-containing asymmetric diboron 
compounds remains very interesting and challenging.” 

Inspired by previous research work from the same group 
(Chem 2020, 6, 2347–2363) (Scheme 1a, right), in which the 
authors reported a Cucatalyzed regio and stereodivergent 
chemoselective diborylation of CF3containing 1,3enynes, 
rendering three different sp2/sp3 diborylated products bear
ing CF3 functionality, and as a longthemed interest in the 
construction of fluorine-containing compounds with diverse 
C–B bonds, herein the authors reported a Cucatalyzed con
struction of enantioselective sp2/sp3 diboronation starting 
from readily accessible starting materials, with final products 
bearing a geminal difluoroalkenyl moiety, in one step.

In this work, the authors first evaluated the reaction 
gener ality under the optimal conditions (see Scheme 1c, with 
some selected examples). Next, they selectively transformed 
Csp2–B bonds and Csp3–B bonds (Scheme 2a). Professor Song 
comment ed: “We are interested in the mechanism of the re

action, in particular: between the two different C–B bonds, 
which one is generated first?” In order to understand the re
action mechanism, control experiments were carried out by 
postgraduate student Zhenwei Fan (Schemes 2b–d). “When 
we lowered the reaction temperature to 0 °C, compound 113 
with only one boron moiety was obtained in 41% isolated 
yield, along with 25% yield of target product 3 (Scheme 2b),” 
added Professor Song, who continued: “When monoboron 
113 was exposed to asymmetric conditions, the correspond
ing desired chiral product 60 was obtained in 91% yield with 
97:3 e.r. value (Scheme 2c). Based on the above experiments, 
we have sufficient reason to believe that compound 113 is 
the key intermediate of the reaction. To further validate our 
hypothesis, we monitored the yield changes of intermediate 
113 and product 3 over time, and found that the yield of 3 
gradually increased as the time went on during the reaction. 
Meanwhile, the yield of compound 113 initially increased dur
ing the first two hours and then decreased gradually (Scheme 
2d).” These results further confirmed the role of compound 
113 as the key intermediate in the novel transformation.

“In summary,” said Professor Song, “we developed a fa
cile enantioselective coppercatalyzed diborylation reaction 
from readily accessible 1-chloro-1-trifluoromethylalkenes, a 
commercially available diboron reagent, and inexpensive Cu 
catalyst to produce a diverse array of enantioenriched gem
difluoroallyl diboronates.” She concluded: “We anticipate that 
this strategy based on the diversity of boron chemistry will 
simplify the synthesis and enhance structural elaborations of 
gem-difluoroalkene targets for chemistry, biology, and phar
maceutical and medicinal chemistries.”
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Scheme 1 (a) Known strategies for stereoselective synthesis of bis-organoborons with two different types of C–B bonds. (b) Enan-
tioselective Cu-catalyzed diborylation of 1-chloro-1-trifluoromethyl-2-alkenes (this work). (c) Selected examples of the substrate 
scope.
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Scheme 2 (a) Selective transformations. (b–d) Control experiments.
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