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Dehydroxy-Perfluoro-tert-butylation of
alcohols with PhSO2C(CF3)3 and insights into
the structure of the [C(CF3)3]− anion

Kaidi Zhu1,2, Qinyu Luo1, Pengcheng Xu1, Zhigang Ni 3, Shuo Sun1, Mingyou Hu1,
Chuanfa Ni 1 & Jinbo Hu 1,2

Branched PFOA and PFOS have shorter half-lives, lower toxicity, and weaker
serum protein binding than linear ones, offering better environmental and
health safety. Yet methods to access such branched motifs remain under
developed. We now introduce a one-step dehydroxy-perfluoro-tert-butylation
of alcohols, inwhichperfluoro-tert-butyl phenyl sulfone serves both to activate
the C–O bond and to deliver the perfluoro-tert-butyl group. Mechanistic stu-
dies—including DFT calculations—reveal that perfluoro-tert-butyl phenyl sul-
fone first generates perfluoroisobutylene in situ to effect C–O bond cleavage,
after which a catalytic iodide engages in the C–C bond-forming event.
Remarkably, the isolated perfluoro-tert-butyl anion salt, characterized by
single-crystal X-ray diffraction, displays significant negative hyperconjugation,
as evidenced by the elongated C–F bonds. This operationally simple protocol
tolerates a wide array of functional groups and complex substrates, providing
rapid access to branched perfluoroalkyl scaffolds with broad implications for
drug discovery and advanced materials.

Fluorinated compounds, renowned for their distinct physicochemical
properties, have found widespread utility in agrochemicals, pharma-
ceuticals, and materials science1–3. Among synthetic fluorinated com-
pounds, poly- and perfluoroalkyl substances (PFASs)—including
perfluorooctanesulfonic acid (PFOS) and perfluorooctanoic acid
(PFOA)—are prevalent in industrial and commercial applications4,5.
Their strong C–F covalent bonds render PFASs environmentally per-
sistent and bioaccumulative, leading to their detection in humans and
wildlife worldwide6–8. Nevertheless, branched isomers of PFOA and
PFOS exhibit shorter elimination half-lives9,10, reduced toxicity11,12, and
weaker binding to total serum proteins13–15 compared to their linear
counterparts. This distinction underscores the potential of branched
fluorinated structures to mitigate environmental and health risks.
Consequently, there remains an increasing urgency to develop

innovative synthetic methods for creating novel branched fluorinated
compounds. In particular, as a “fat” analogue of the widely used tri-
fluoromethyl (CF3) group, the perfluoro-tert-butyl [-C(CF3)3, PFtB]
group emerges prominently as one of themost sterically hindered and
electron-withdrawing functional groups.

Molecules featuring the PFtB group have been utilized in the
design of 19F MRI molecular probes16–21. Furthermore, our research has
unveiled a high-resolution 19F-labeled probe showcasing the high
importance of PFtB group (Fig. 1a)22. To synthesize more structurally
diverse molecules containing PFtB group, two new reagents for per-
fluoro-tert-butylation, namely 1,1-dibromo-2,2-bis(trifluoromethyl)
ethylene (DBBF)23 and perfluoro-tert-butyl phenyl sulfone (PFtBS)22

were developed. Mechanistically, these reagents efficiently generate
the PFtB carbanion [(CF3)3C

−] in the presenceof fluoride salts, enabling
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nucleophilic perfluoro-tert-butylation undermild conditions. The PFtB
carbanion was initially characterized using 19F nuclear magnetic reso-
nance spectroscopy (NMR) in 197524,25. In 2021, we also detected the
same 19F NMR signal for the PFtB carbanion employing DBBF as the
precursor23. Further structural insights into the PFtB anion could be
gleaned through X-ray diffraction (XRD) analysis. In 1986, Dixon and
coworkers presented a calculated structure of the PFtB anion to illus-
trate the negative hyperconjugation effect26. Additionally, in 1988,
Farnhamand coworkersobtainedXRDdata for 1,3-bis(trifluoromethyl)
−2,2,3,4,4-pentafluorocyclobutanide, offering compelling evidence for
fluorine negative hyperconjugation27. However, to date, the XRD
single-crystal structure of the PFtB anion has never been reported.

While alcohols are ubiquitous structural motifs in bioactive mole-
cules and serve as privileged synthons for molecular diversification via
strategic C(sp³)–O bond functionalization28–30, their direct utilization is
hindered by the high bond dissociation energy of C(sp3)–O linkages (ca.
91–105 kcal/mol). This thermodynamic barrier necessitates pre-
activation of alcohols into reactive intermediates (e.g., halides, sulfo-
nates), significantly complicating synthetic sequences. To circumvent
the inherent low reactivity of alcoholic C(sp3)–O bonds, significant
efforts have been devoted to developing activation strategies. Notably,
emerging in situ activation strategies utilizing dehydroxy-
functionalization reagents offer significant synthetic advantages by
bypassing conventional pre-activation steps, thereby enhancing overall
efficiency. The key innovation lies in the bifunctional nature of this type
of reagents, which could generate both an electrophile (E; to activate
alcohol substrate) and a nucleophile (Nu; to form C–Nu bond) via a

synergic activation–substitution process. This dual reactivity enables a
direct single-step conversion from R–OH to R–Nu (Fig. 1b). This
approach has been exemplified by dehydroxy-trifluoromethylthiolation
of alcohols with silver(I) trifluoromethanethiolate (AgSCF3)

31 and dehy-
droxytrifluoromethoxylation of alcohols with trifluoromethyl arylsulfo-
nate (TFMS)32. Despite the advancement of these methods, the direct
construction of C–C bonds via a single reagent-enabled synergic
dehydroxy-functionalization of alcohols remains a significant challenge
(Fig. 1c)33–39. In this context, we envisioned that the above-mentioned
PFtBS could serve as dehydroxy-fluoroalkylation reagent, since the
reaction between PFtBS and CsF gives benzenesulfonyl fluoride
(PhSO2F) and PFtB carbanion [(CF3)3C

−]22, and PhSO2F is an activator (E)
for alcohol and (CF3)3C

− is a good nucleophile (Nu) (see Fig. 1b). In this
work, we report the PFtBS reagent-enabled dehydroxy-perfluoro-tert-
butylation protocol that enables a wide array of alcohols to efficiently
undergo this transformation to form a C–C bond (Fig. 1d). This versatile
method proves particularly valuable for late-stage functionalization of
complex natural alcohols. Interestingly, through our detailed mechan-
istic study, we surprisingly discovered that the alcohol substrate is not
activated by the in situ formed benzenesulfonyl fluoride.

Results and discussion
Screening of the reaction conditions
Initially selected as a key reagent, PFtBS (1) was synthesized using an
optimized method from our previous report (for details, see Supple-
mentary section 2 for details)22. A π-activated alcohol
4-fluorophenylmethanol (2’) was then chosen as the model substrate
to react with PFtBS in the presence of fluoride. The initial reaction
conditions were established using 2.0 equivalents of PFtBS, 3.0
equivalents of cesium fluoride (CsF) as PFtBS activator and base, and
NMP as the solvent at the concentration of 0.1M, resulting in a 45%
yield of product 3’ (Table 1, entry 1). Inspired by Qing’s work31, tetra-
butylammonium iodide (TBAI, 0.1 equiv) was introduced as an addi-
tive, which significantly improved the yield to 77% (Table 1, entry 2).
Replacing TBAI with potassium iodide (KI, 0.1 equiv) led to a slight
enhancement, achieving a yield of 81% (Table 1, entry 3). Solvent
screening identified N-methylpyrrolidone (NMP) as the optimal one
(Table 1, entries 3–5). Other fluoride sources (such as TMAF, KF and
KHF2) showed inferior performance compared to CsF (Table 1, entries
6–8). This differencemay be attributed to the different countercations
exerting distinct stabilization effects on the PFtB anion. Further opti-
mization by lowering the reaction temperature to 0 °C enhanced the
product yield (Table 1, entries 9–10). Through systematic parameter
refinement (see Supplementary Table S1-2 for details), optimal con-
ditions were established by using 3.0 equivalents of CsF, 2.0 equiva-
lents of 1, and 0.1 equivalents of KI in NMP under N2 at 0 °C, achieving
89% yield of 3’ (determined by 19F NMR).

Furthermore, initial attempts to extend the reaction conditions to
unactivated alcohols proved unsuccessful. Consequently, 3-
phenylpropan-1-ol was chosen as the model substrate for further
optimization. After systematic screening, the optimal conditions were
identified as employing 3.0 equivalents ofCsF, 2.5 equivalents of 1, and
0.5 equivalents of KI in DMF under an N2 atmosphere at 80 °C,
affording the desired product in 70% yield (see Supplementary
Table S3-4 for details).

Mechanistic investigation
To elucidate the mechanism of dehydroxy-perfluoro-tert-butylation
with PFtBS, systematic mechanistic studies were conducted. Initial
attempts to detect alkyl phenylsulfonate or the in situ generated
benzenesulfonic anion (PhSO3

−) via mass spectroscopy (MS) were
unsuccessful, which makes our hypothesized benzenesulfonic ester-
mediated pathway (as outlined in Fig. 1d) unlikely. To confirm this
result, 4-fluorobenzenesulfonyl fluoride (4) was introduced to activate
the alcohol substrate, generating alkyl 4-fluorophenylsulfonate and

Fig. 1 | Dehydroxy-perfluoro-tert-butylation of alcohols. a Applications of
perfluoro-tert-butylated molecules. b Dual roles of dehydroxy-functionalization
reagents. c Dehydroxy-functionalization reagents: state of the art. d Our design.
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the corresponding 4-fluorobenzenesulfonate anion. These species
were specifically chosen for their distinct 19F NMR signals, enabling
real-time monitoring of the reaction (Fig. 2a). Remarkably, 19F NMR
analysis revealed that no consumption of 4 or the in situ formed
benzenesulfonyl fluoride throughout the reaction (Fig. 2a, entries
B–E). Furthermore, the addition of 4 showed negligible yield
improvement when employing substoichiometric amounts of reagent
1 (Fig. 2a, entries C vs E), while much better yields of 3’ were obtained
when 2 equivalents of 1 was employed. These findings conclusively
demonstrate that the alcohol activation does not proceed via benze-
nesulfonyl fluoride intermediate. The energy profile for PFIB genera-
tion via β-elimination of perfluoro-tert-butyl anion was calculated
(Fig. 2b), revealing an energy barrier of +14.2 kcal/mol and a thermo-
dynamic loss of +15.5 kcal/mol. To further support this conclusion, we
in situ prepared PFtB anion from 1,1-dibromo-2,2-bis(trifluoromethyl)
ethylene (DBBF) and CsF23, and subsquently added substrate 2’. It was
found that the desired product 3’ was formed in 39% yield (Fig. 2c),
which suggests that the PFtB anion serves both as nucleophilic per-
fluoro-tert-butylating agent and as an activator of alcohol substrate.

Notably, three 19F NMRpeaks [δ 4.17–3.88 (m, 1 F), −48.75 – −48.97
(m, 3 F), −50.11 – −50.32 (m, 3 F) in NMP, referenced against PhOCF3 as
internal standard] were consistently observed in all cases as shown in
Fig. 2a. These signals correspond to the reported 19F NMR chemical
shifts of perfluoro-2-methyl-1-propenol-1-ate anion (PFMPA)40. Build-
ing the equilibrium of the PFtB anion with perfluoroisobutylene (PFIB)
and fluoride ion24, we propose an PFIB-mediated alcohol activation
pathway as outlined in Fig. 2d. The alcohol reacts with PFIB to form an
alkyl perfluoroisobutenyl ether intermediates. Subsequently, the acti-
vated ester undergoes nucleophilic substitution with nucleophiles
(PFtB anion or I−), ultimately yielding the desired perfluoro-tert-buty-
lated products. This proposed mechanism is also supported by
Knunyants’ report that alkyl perfluoroisobutenyl ethers, derived from
alcohols and perfluoroisobutylene (PFIB), can act as effective alkylat-
ing agents41.

To further elucidate the mechanism of the deoxy-perfluoro-tert-
butyalation and the structural characteristics of the PFtB anion, we
attempted to prepare the single crystal of PFtB anion salts with cesium
acting as the counter cation. Based on our previous observation of
“CsC(CF3)3” by

19F NMR spectroscopy23, after a simple screen of crown
ethers, we successfully isolated the complex {[(cis-syn-cis-DCy-18-C-6)

Cs]+C(CF3)3−}2 (5) as a white crystalline solid through THF/hexane
recrystallization under inert atmosphere. Single-crystal XRD analysis
unambiguously confirmed the structure of 5 (Fig. 3a). The Cs−F bond
length in anion salt 5 is between 3.230(4) Å (Cs1−F7) and 3.565(4) Å
(Cs1−F5), which is longer than the sum of the covalent radii of cesium
atom and fluorine atom (2.96Å)42,43, but substantially shorter than the
sum of the van der Waals radii (4.78Å), revealing a characteristic Cs-F
interaction. The crystal structure of 5 showed a nearly planar config-
uration of the PFtB anion44, as evidenced by a C21-C22-C23-C24 torsion
angle/tetrahedron volume of −19.168°/0.215. This planarity is sig-
nificantly greater than that observed in compound 3z [C-C-C-C torsion
angle/tetrahedron = −37.161°/0.496, see Fig. 4]. The conformation of
trifluoromethyl groups in 3z was staggered due to steric hindrance.
However, in PFtB salt 5, the two trifluoromethyl groups (C22 and C24)
exhibited an eclipsed conformation. This eclipsed arrangement was
attributed to the interaction between the lone pair electrons on C21
and antibonding orbitals of C22−F6 and C24−F5 σ-bonds. This sug-
gests a strong negative hyperconjugation effect45 between the carba-
nion center and these two C−F bonds. Moreover, the C22−F6 bond
[1.360(6) Å] and C24−F5 bond [1.374(5) Å] are significantly elongated
compared tootherC−Fbonds in PFtB anion salt 5 [1.291(6) Å to 1.345(5)
Å] and compound 3z [1.325(2) Å to 1.342(2) Å]. The structure of PFtB
anion salt 5 also reveals that overlapof the carbanion’s electrondensity
with the C–F σ* orbitals weakens these two C−F bonds, and the
counteraction effect of cesium promotes the β-elimination of
PFtB anion.

Unexpectedly, the addition of both CsF and potassium bifluoride
(KHF2) was found to significantly accelerate PFtB anion hydrolysis
(a plausible mechanism of PFtB anion hydrolysis was shown in Sup-
plementary information Figure S9.). The 19F NMR analysis revealed
concurrent formation of both perfluoro-2-methyl-1-propenol-1-ate
anion (PFMPA) andHC(CF3)3. High-quality single crystals of PFMPA salt
6 were obtained through recrystallization from a THF/hexane mixed
solvent system under inert atmosphere (Fig. 3b). XRD analysis unam-
biguously confirmed the structure of PFMPA salt 6, with no significant
elongation observed in theC23−F5 [1.335(7) Å] andC23−F6 [1.337(9) Å]
bonds. Additionally, the four carbon atoms of the anion adopting
complete planarity (C21-C22-C23-C24 torsion angle/tetrahedron
volume= −0.250/0.003). This near-perfect planar geometry provides
definitive evidence for sp2 hybridization at the central carbon,

Table 1 | Optimization of reaction conditionsa

Entry Solvent Additive Fluoride
Salt

Temp.
(°C)

Yield
(%)b

1 NMP none CsF rt 45

2 NMP TBAIc CsF rt 77

3 NMP KI CsF rt 81

4 DMSO KI CsF rt 23

5 DMF KI CsF rt 69

6 NMP KI TMAFd rt 42

7 NMP KI KF rt 45

8 NMP KI KHF2 rt N. D.

9 NMP KI CsF 0 89

10 NMP KI CsF 80 70
aReactions were conducted on 0.1mmol scale. 2.0 equiv of PFtBS, 3.0 equiv of activator and 0.1 equiv of additive were used. N. D. = not detected. bYieldswere determined by 19F NMR spectroscopy
with PhOCF3 as an internal standard. cTBAI = tetrabutylammonium iodide. dTMAF = tetramethylammonium fluoride.
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conclusively establishing the enolate anion character of this species.
Particularly, the chemical shift of perfluoro-2-methyl-1-propenol-1-ates
from our 19F NMR studies was identical to the 19F NMR spectroscopy
of 6.

Building upon these insights, density functional theory (DFT)
calculations were performed for the dehydroxy-perfluoro-tert-butyla-
tion of benzyl alcohol to elucidate the reactionmechanism (Fig. 5). For
computational simplicity, counterion effects were not considered in
these calculations. To elucidate the alcohol activation

mechanism, two potential alcohol-activation pathways were both
calculated. Our calculations revealed that while the formation of alkyl
sulfonate (sfx-2) is thermodynamically favored, the generation of
benzyl perfluoroisobutenyl ether (deoxy-2) occurs through a kineti-
cally facile and barrierless process. These computational results,
together with our experimental observations (Fig. 2), provide com-
pelling evidence that the dehydroxy-perfluoro-tert-butylation pro-
ceeds via in situ generated perfluoroisobutene (PFIB)-mediated
alcohol activation. Upon completing the potential energy surface cal-
culation for the dehydroxy-tert-butylation of the benzyl alcohol anion,
the results revealed that: (1) perfluoroisobutylene (PFIB) generation
(Fig. 2b) exhibits a lower energy barrier compared to benzyl alcohol
anion condensation with phenyl sulfonyl fluoride (ΔΔG≠= -2.1 kcal/
mol), which indicates that PFIB-mediated alcohol activation is the
more favorable pathway; (2) the in situ generated PFIB remains trap-
ped in the system due to the highly exergonic and barrierless

condensation with the alcohol nucleophile; (3) the resulting per-
fluoroisobutenyloxy group serves as a good leaving group that can be
readily displaced by incoming nucleophiles; and (4) the inclusion of
catalytic amount of iodide substantially reduces the activation barrier
for the nucleophilic perfluoro-tert-butylation step from +21.1 kcal/mol
to +17.6 kcal/mol (Fig. 5). These computational results provide a
comprehensive insight into the reaction’s energy profile and the cru-
cial role of iodide ion in facilitating the transformation. Additionally,
PFIB, generating via β-elimination of the PFtB anion, exhibits electro-
philicity during condensation with alcohol anion, while the PFtB anion
demonstrates nucleophilicity in the perfluoro-tert-butylation process.
To our best knowledge, such type of dual roles (as both nucleophile
and electrophilic activator) of a carbanion in organic synthesis has
never been reported.

Substrate scope
With the optimized conditions established, the scope of the dehy-
droxy-perfluoro-tert-butylation reaction was explored using a diverse
range of π-activated alcohols (Fig. 4). Substrates bearing
4-phenylbenzyl or 2-naphthyl groups delivered excellent yields of 90%
and 99% for 3b and 3c, respectively, whereas the sterically hindered
2,6-dimethylbenzyl derivative gave a reduced yield of 70% (3a). Acti-
vated alcohols featuring aromatic substituents, including vinyl, ethy-
nyl, halogens (F, Cl, Br, and I), ether, nitro, sulfonyl, carbonyl, nitrile,
ester, and amide groups, were all compatible, yielding products in

Fig. 2 |Mechanistic studies. a 19FNMRanalysis of dehydroxy-perfluoro-tert-butylation.bβ-Eliminationofperfluoro-tert-butyl anion. cDehydroxy-perfluoro-tert-butylation
of alcohol using DBBF. d Proposed pathways for dehydroxy-perfluoro-tert-butylation.
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moderate to excellent yields (3d–3t, 41–91%). Furthermore, pharma-
cologically relevant heterocycles such as triazole (3 u, 81%) pyridine
(3 v, 57%), quinoline (3w, 75%), oxadiazole (3x, 50%), benzofuran (3 y,
64%), benzothiophene (3aa, 63%), andN-methylindole (3ab, 56%)were
successfully transformed into their perfluoro-tert-butylated analogs.
The protocol also accommodated common ligand motifs, including
triphenylphosphine (3z, 58%) and ferrocenyl groups (3ac, 89%). The
bis-dehydroxy-perfluoro-tert-butylated product 3ae can be obtained
from diphenyl diol in synthetically acceptable yield (16%). Notably,
when (4-(bromomethyl)phenyl)methanol was treated with 3 equiva-
lents of 1 under identical conditions, the di-tert-butylated product 3af
was isolated in 92% yield without requiring iodide additive. This result
suggests that the in situ generated bromide anion can effectively
replace iodide additives in this transformation. The protocol’s versa-
tility was further demonstrated through the synthesis of protected
perfluoro-tert-butylated dipeptide 3ad (77% yield) and the successful
transformation of allylic alcohols 2ah-2ai to their perfluoro-tert-buty-
lated analogs 3ah-3ai (72–75% yields).

Subsequently, we investigated the applicability of this transfor-
mation to unactivated alcohols. Gratifyingly, the method demon-
strated both robustness and generality, affording products 3ai-3ap in
57–89% yield while tolerating diverse functional groups including
amine (3al, 57%) and amide (3am, 76%). The synthetic utility of this
dehydroxy-perfluoro-tert-butylation protocol was further highlighted
through successful late-stage functionalization of pharmaceutically
relevant molecules. Specifically, we achieved efficient modification of
oxaprozin (3aq, 84%), perphenazine (3ar, 64%), and estrone (3as, 77%)
derivatives, delivering the corresponding perfluoro-tert-butylated
derivatives in good to excellent yields.

Discussion
In summary, we have established a straightforward dehydroxy-per-
fluoro-tert-butylation of alcohols using our perfluoro-tert-butyl phenyl
sulfone (PFtBS) reagent. Comprehensive mechanistic investigations,
supported by both experimental and computation studies, reveal that
alcohol activation proceeds through in situ generated

perfluoroisobutylene (PFIB). The XRD result of the perfluoro-tert-butyl
(PFtB) anion is reported to elucidate the formation of PFIB via the β-
elimination of the PFtB anion. The PFtB anion in salt 5 exhibited sig-
nificant negative hyperconjugation, as evidenced by the elongation of
two C–F bonds. Notably, the PFtB anion demonstrates dual roles in the
reaction, serving as both a nucleophile and a latent electrophilic acti-
vator. This rare duality in carbanion reactivity has been structurally
validated via the crystallographic evidence of the PFtB anion and per-
fluoro-2-methyl-1-propenol-1-ate (PFMPA) anion. Meanwhile, it has been
found that a catalytic amount of iodide ion plays a critical role by low-
ering the activation barrier of the nucleophilic perfluoro-tert-butylation
step. The protocol streamlines the synthesis of perfluoro-tert-butylated
derivatives fromalcohols, demonstrating broad substrate compatibility.

Methods
General procedure for dehydroxy-perfluoro-tert-butylationofπ-
activated alcohols
To an oven-dried sealed tube were added PFtBS (144.0mg, 0.4mmol,
2.0 equiv), CsF (91.2mg, 0.6mmol, 3.0 equiv) and KI (3.3mg,
0.02mmol, 0.1 equiv) in glove box. Then in fume hood, NMP (2mL)
and π-activated alcohol (0.2mmol, 1.0 equiv) were successively added
underN2 atmosphere. The reactionmixturewas stirred at0 °C for 24 h.
After the reaction was completed, the reaction mixture was quenched
with 20mL saturated NH4Cl aqueous solution, extracted with ethyl
ether (20mL× 3). The combined organic layer was washed with brine
(30mL), dried over Na2SO4, and concentrated under vacuum. The
residue was purified by column chromatography on silica gel to afford
the desired product.

General procedure for dehydroxy-perfluoro-tert-butylation of
unactivated alcohols
To an oven-dried sealed tube were added PFtBS (180.0mg, 0.5mmol,
2.5 equiv), CsF (91.2mg, 0.6mmol, 3.0 equiv) andKI (16.6mg, 0.1mmol,
0.5 equiv) inglovebox.Then in fumehood,DMF (2mL) andalkyl alcohol
(0.2mmol, 1.0 equiv) were successively added under N2 atmosphere.
The reactionmixturewas stirred at 80 °C for 24h. After the reactionwas

Fig. 3 | Synthesis andORTEPdiagramof salt 5 and6. a PFtB anion salt 5.b PFMPA
anion salt 6. With thermal ellipsoids at the 30% probability level. The hydrogen
atoms are omitted for clarity. Selected bond lengths of 5 (Å): C22−F6 1.360(6),

Cs1−F6 3.470(6), C24−F5 1.374(5), Cs1−F5 3.565(4), Cs1−F7 3.230(4). Selected bond
lengths of 6 (Å): Cs1−O7 2.994, Cs1−F5 3.663, C23−F5 1.335(7) Estimated standard
deviations are in parentheses.
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Fig. 4 | Dehydroxy-perfluoro-tert-butylation of alcohols. Unless mentioned
otherwise, substrate 2 (1.0 equiv), PFtBS (1, 2.0 equiv), CsF (3.0 equiv), KI (0.1 equiv)
and NMP (0.1 M) were added to a sealed tube. The mixture was stirred at 0 °C for
24h. Yields referred to isolated products. a1 (4.0 equiv) and CsF (6.0 equiv) were

used. b(4-(bromomethyl)phenyl)methanol was used as substrate. 1 (3.0 equiv) and
CsF (4.0 equiv) was used, KI was not used. c1 (2.5 equiv) and KI (0.5 equiv) were
used, DMF (0.1M) instead of NMP (0.1M), reactions were stirred at 80 °C for 24h.
dYields were determined by 19F NMR with PhOCF3 as an internal standard.
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completed, the reaction mixture was quenched with 20mL saturated
NH4Cl aqueous solution, extracted with ethyl ether (20mL × 3). The
combined organic layer was washed with brine (30mL), dried over
Na2SO4, and then concentrated under vacuum. The residuewas purified
by column chromatography on silica gel to afford the desired product.

Data availability
All data that support the findings of this study are available within the
paper and its supplementary information files, and also available from
the corresponding author upon request. Crystallographic data for the
structures reported in this Article have been deposited at the Cam-
bridge Crystallographic Data Centre, under deposition numbers CCDC
2018169 (3z), 2018189 (5) and 2018191 (6). Source data are provided
with this paper. These data can be obtained free of charge from The
Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.
uk. Source data are provided with this paper.
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