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Borazine-CF3– Adducts for Rapid, Room Temperature, and Broad
Scope Trifluoromethylation
Angew. Chem. Int. Ed. 2018, 57, 1–7
The trifluoromethyl functional group (CF3) is now routinely
applied in drug discovery because it can increase the lipophil
icity and metabolic stability of bioactive compounds.1,2 Pro
fessor Nathaniel Szymczak from the University of Michigan
(Ann Arbor, USA) said: “The introduction of this alkyl group
presents unique challenges, compared to other alkyl groups,
because reagents that are analogous to organolithium and
organomagnesium compounds do not exist for CF3 analogues.
As a matter of fact, Mg- and LiCF3 reagents spontaneously
eliminate fluoride, with enough energy released to be con
sidered explosive.3,4 This inherent instability has hindered
progress in the development of new trifluoromethylation
methodologies; indeed, ninety years passed between the first
nucleophilic methylations5 and the first efficient nucleophilic
trifluoromethylations.”6 The group of Professor Szymczak re
cently designed a new approach to CF3– reagents from an in
dustrial waste gas.7 “One of the most appealing sources of the
CF3 functional group that might be used as a synthon in tri
fluoromethylation methodologies is fluoroform (HCF3), which
is a waste product of the Teflon industry and unfortunately
underused,” said Professor Szymczak, who envisioned a de
sign approach conceptually related to heterolytic H2 activation
and transfer using acidic and basic groups, an area that his
group has previously worked in. He noted: “There are strong
parallels between the small molecules H2 and HCF3, and we
thought that a combination of acids and bases might induce
the ideal properties to fluoroform; these principles have been
demonstrated with Frustrated Lewis Pair chemistry for H2
activation.”
To approach the problem rationally, the Michigan team
needed a scale of CF3– affinity for Lewis acids in order to iden
tify a favorable Lewis acidity regime for both CF3– stabiliza
tion and release. According to Professor Szymczak, if the Lewis
acidity of the stabilizer is too high, CF3– would bind too tightly
and not transfer to substrates. If it is too weak, CF3– may not
bind at all or the resulting adduct may decompose at room
temperature. Using DFT to calculate the CF3 binding affinity
of over 40 Lewis acids, the authors of this work were able to
narrow in on an ideal regime where the Lewis acid additive
provides just enough stabilization to keep CF3– from decom
posing, yet reactive enough to be used as a reagent. “The
best Lewis acid, hexamethylborazine [B3N3(CH3)6], appears in

many chemistry textbooks as an ‘inorganic benzene’ yet has
few applications as a reagent in organic synthesis,” said Pro
fessor Szymczak, whose lab had previous experience working
with borazines for energy-storage related projects: “The very
challenge we had been facing in our previous investigations
with borazines – delivering anionic nucleophiles – suggested
they might be perfect candidates for CF3– generation/capture/
release experiments because they are very weak Lewis acids,”
he added. Professor Szymczak and co-workers found that
using the borazine Lewis acid facilitated the preparation of
highly nucleophilic CF3– transfer reagents from HCF3 in quan
titative yield at room temperature. They used this strategy
to prepare widely used reagents for nucleophilic (SiMe3CF3),
radical (KSO2CF3), and electrophilic (Togni I) trifluoromethyla
tion reagents from HCF3 and a low-cost base, with complete
regeneration and recycling of the borazine stabilizer after CF3
transfer. Professor Szymczak noted, “We are working to com
mercialize the borazine and borazine-CF3– reagent, which we
hope will broaden its use.”
The Michigan-based team showed that the borazine-CF3–
reagent exhibits high nucleophilicity and reacts with weak
electrophiles, such as benzophenone, 1000 times faster than
previously reported B(OMe)3-CF3– adducts. They also showed
that normally challenging transmetalation reactions occurred
rapidly at room temperature, enabling the synthesis of Pd(II)-,
Cu(I)-, Ag(I)-, Zn(II)-, and Au(I)-CF3 complexes. Graduate stu
dent Jacob Geri noted: “This should open the door to catal
ytic cross-coupling applications. The unique reactivity of our
HCF3-derived reagent inspired us to explore new electrophiles
which had not been well-represented in reactions with CF3–
sources, namely arene electrophiles. Trifluoromethylation of
electron-deficient arenes and heteroarenes is challenging be
cause cross-coupling methodologies rarely work well for CF3
transfer.” The group discovered that their CF3– transfer reagent
was able to efficiently trifluoromethylate nitrobenzene and
nitropyridine in direct substitution reactions and could be
used to dearomatize unsubstituted pyrimidine and triazine
substrates in high yield and selectivity. The dearomatized
intermediates could be captured with electrophiles, or alter
natively oxidized to produce aromatic products. Professor
Szymczak remarked: “Overall, we demonstrated four di
stinct types of new metal-free aromatic trifluoromethylation
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reactions with electron-deficient arenes and heteroarenes
via substitution of aryl fluoride, chloride, and nitro groups.”
Finally, the potent nucleophilicity of the reagent was show
cased with a new geminal bistrifluoromethylation reaction.
The authors showed that their synthetic method is selective
for a single C–Cl bond in the presence of three available C–Cl
bonds and co-author Michael Wade Wolfe noted: “This of
fers complementary reactivity profiles with currently used
methods.”
The team also discovered the importance of the countercation identity in these anionic reagents. Replacing potassium
with a less Lewis acidic cation, cesium, increased the thermal
stability of the reagent by 25-fold. Parallel to this observation,
the addition of five equivalents of exogenous potassium
accelerated the reaction rate of CF3 transfer to benzaldehyde
by 40-fold. Professor Szymczak noted: “The new regent may
be considered as an inverted analogue to the widely used
Ruppert–Prakash reagent (TMSCF3). TMSCF3 is activated by
bases, whereas the borazine-CF3– reagent is activated by
acids – this opens up distinct avenues that we hope will
expand substrate scope for trifluoromethylation.”
In the future, the group hopes to apply their methodol
ogy to the stabilization of other reactive fluoroalkyl anions.
“We are currently exploring a host of new, previously unused
1-H fluoroalkane feedstocks for nucleophilic fluoroalkylation.
While our initial efforts have demonstrated that small changes
to fluoroalkyl anion structure lead to significant changes in
stability and reactivity, we are rapidly learning how to design
Lewis acid platforms for their reversible capture and release,”
remarked Professor Szymczak. “1-H fluoroalkanes are ideal
precursors due to their wide availability. In the end, our ul
timate goal is to make nucleophilic fluoroalkylation as simple
and general as the Grignard reaction.”
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