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ABSTRACT: The chemoselective [2+1] cycloaddition of difluorocarbene with conjugated enynes has been achieved. Using
TMSCF2Br as the difluorocarbene precursor in the presence of a catalytic amount of n-Bu4N+Br−, the reaction proceeded smoothly
in THF at 110 °C, affording a series of alkenyl-substituted difluorocyclopropenes. Subsequently, these products could be hydrolyzed
in one pot to furnish the corresponding alkenyl-substituted cyclopropenones.

The selective introduction of a fluorine atom(s) or
fluorinated moieties into organic compounds is a crucial

synthetic strategy in drug and materials science.1,2 Given this,
difluorocarbene serves as a key reactive intermediate for
fluorine-containing organic compounds.3 Its conventional
reactions primarily fall into four categories: (1) [2+1]
cycloaddition with alkenes or alkynes,4 (2) difluoromethylation
of nucleophiles,5 (3) acting as a bridging unit between
nucleophiles and electrophiles,6 and (4) ylide formation with
amines or phosphines.7

Difluorocyclopropenes, which can be accessed via the [2+1]
cycloaddition of alkynes with difluorocarbene, constitute an
important class of synthetic intermediates and versatile
building blocks for complex (fluorinated) molecules.8 They
also serve as efficient deoxyfluorinating agents, leveraging the
aromaticity of cyclopropenium cations.9 Their hydrolysis
product, cyclopropenone, finds broad utility in transition-
metal catalysis,10 organocatalysis,11 polymerization,12 and
bioorthogonal chemistry.13 However, the high reactivity of
difluorocarbene often limits the use of structurally complex
alkynes to avoid side reactions at multiple reactive sites,14

making the synthesis of elaborate difluorocyclopropenes via
this route a significant challenge.
Previously, we achieved orthogonal reactivities between

difluorocarbene and different functional groups within the
same molecule by exploiting different reaction conditions
(Scheme 1).15 However, achieving orthogonal reactions with
two similar functional groups, particularly selective addition to
alkenes versus alkynes, presents a more formidable challenge.
Herein, we report the chemoselective [2+1] cycloaddition of
difluorocarbene with the alkyne moiety of conjugated enynes,
compounds bearing both alkenyl and alkynyl groups.
Initially, we used 1a as a model substrate, using TMSCF2Br

(1.5 equiv) as the difluorocarbene source with 3 mol % n-
Bu4N+Br− as the initiator in toluene at 80 °C, and the desired

alkyne-selective [2+1] cycloadduct was obtained in 36% yield
with substantial starting material recovery (Table 1, entry 1).
Increasing the temperature to 110 °C increased the yield to
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Scheme 1. Orthogonal Reactivity of Difluorocarbene with
Multiple Functional Groups
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66%, albeit with concomitant formation of hydrolysis by-
products (entry 2). We suspected that these byproducts
stemmed from the decomposition of the target compound by
TMSBr generated in situ. Notably, switching the solvent to
THF increased the yield to 90% (entry 3), which we attribute
to THF consuming TMSBr via a ring-opening reaction.16 In
contrast, no desired product was observed when using sodium
chlorodifluoroacetate or sodium bromodifluoroacetate as the
difluorocarbene source, with 1a remaining largely intact (entry
4 or 5, respectively).
The substrate scope was subsequently evaluated under the

optimized conditions (Table 1, entry 3; Scheme 2). A variety
of conjugated enynes bearing different substituents on the
aromatic ring, including halogens (2b, 2h, and 2i), ethers (2c,
2k−2n, 2s, and 2x), an ester (2d and 2r), a tert-butyl group
(2e), nitrile (2f, 2o−2s, and 2v), nitro (2p and 2w),
trifluoromethyl (2z), and trifluoromethoxy (2j and 2y), were
well tolerated, affording the desired products in moderate to
high isolated yields (33−98%). Substrates with naphthalene or
anthracene rings also proceeded smoothly, delivering the
corresponding products in good yields (2g or 2aa,
respectively).
Several general trends emerged. (1) E-Alkene isomers gave

slightly higher yields than their Z-counterparts (cf. 2c vs 2u
and 2f vs 2v). (2) Electron-rich enynes generally provided
lower yields compared with their electron-deficient analogues
(cf. 2c vs 2f and 2u vs 2v). (3) Excellent yields were
maintained even with multiple electron-donating or electron-
withdrawing substituents on the arene (2k−2m, 2o−2q, 2x,
and 2z). The structure of 2y was unambiguously confirmed by
single-crystal X-ray diffraction (CCDC 2505930).
Notably, the chemoselectivity for the alkyne over the alkene

remained intact regardless of the electronic nature of the
substituents on both unsaturated units (2ab and 2ac).
Furthermore, neither extending the conjugated system (2ae)
nor introducing a sterically demanding group on the alkyne
(2t) compromised the regioselectivity, with the [2+1]
cycloaddition occurring exclusively at the alkynyl moiety.
Subsequently, we developed a one-pot synthesis of alkenyl-

substituted cyclopropenones directly from conjugated enynes
(Scheme 3). For most substrates, the yields of cyclo-

propenones were substantially improved compared to
difluorocyclopropenes obtained via the [2+1] cycloaddition
with difluorocarbene (e.g., 2h vs 3e, 2g vs 3f, and 2n vs 3h).
We ascribe this improvement to the partial hydrolytic loss of
difluorocyclopropenes during the reaction and isolation steps.
However, when the arene ring of the conjugated enyne bears
strong electron-withdrawing groups such as a cyano sub-
stituent, the cyclopropenone yield was lower than that of the
corresponding [2+1] cycloadduct (e.g., 2f vs 3b). This result is
consistent with the higher stability of the electron-deficient

Table 1. Optimization of the Reaction Conditionsa

entry
:CF2 source
(equiv)

additive
(equiv)

T
(°C) solvent

yield of 2a
(%)

1 TMSCF2Br (1.5) TBAB
(0.03)

80 toluene 36

2 TMSCF2Br (1.5) TBAB
(0.03)

110 toluene 66

3 TMSCF2Br (1.5) TBAB
(0.03)

110 THF 90

4b ClCF2CO2Na
(2.0)

− 120 diglyme NDc

5b BrCF2CO2Na
(2.0)

− 120 diglyme NDc

aReaction conditions: 1a (0.5 mmol, 1.0 equiv), solvent (2.0 mL).
Yields were determined by 19F NMR spectroscopy using PhCF3 as an
internal standard. b1a (0.1 mmol, 1.0 equiv), solvent (1.0 mL). cNot
detected.

Scheme 2. Substrate Scope for the Synthesis of Alkenyl
Difluorocyclopropenesa

aReaction conditions: 1 (0.5 mmol, 1.0 equiv), TMSCF2Br (0.75
mmol, 1.5 equiv), n-Bu4N+Br− (0.015 mmol, 3 mol %), THF (2.0
mL). Isolated yields. b1l (0.25 mmol, 1.0 equiv), TMSCF2Cl (0.5
mmol, 2.0 equiv), n-Bu4N+Cl− (0.005 mmol, 2 mol %), toluene (2.0
mL). c2 (1.5 mmol, 3.0 equiv), 4 h.
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difluorocyclopropene derivatives, which consequently undergo
hydrolysis less readily. Furthermore, the cyclopropenone
derivative of terbinafine could also be synthesized in good
yield using this method (3i).
To further demonstrate the utility of this synthetic method,

we explored gram-scale synthesis and subsequent trans-
formations of the resulting difluorocyclopropenes. The
syntheses of 2a and 2f could be readily scaled up to 5.0
mmol. While the yield of 2f slightly decreased due to losses
during recrystallization, efficient multigram preparation was
achieved (Scheme 4a). When 2f was subjected to the standard

[2+1] cycloaddition conditions with TMSCF2Br, no product
arising from a second cycloaddition at the alkenyl group was
observed. This result indicates that the energy barrier for a
subsequent [2+1] cycloaddition between the conjugated enyne
and difluorocarbene is significantly higher than that of the first
one (Scheme 4b).
Furthermore, hydrolysis of 2a with H2

18O catalyzed by BF3·
Et2O (30 mol %) proceeded smoothly to deliver 18O-labeled
cyclopropenone 3j in 96% yield (Scheme 4c). Notably, 3j
quantitatively releases C18O upon irradiation with 365 nm UV
light, suggesting its potential as a versatile precursor for the
synthesis of diverse 18O-labeled carbonyl compounds. In a
distinct transformation, 2a underwent a [3+2] cycloaddition
with 1-phenyl-1-propyne in the presence of catalyst [Rh-
(CO)2Cl]2 and water, affording cyclopentadienone 4a in 36%
yield (Scheme 4c).
In summary, a chemoselective [2+1] cycloaddition of

difluorocarbene with conjugated enynes has been developed,
facilitating the synthesis of diverse alkenyl-substituted difluor-
ocyclopropenes and cyclopropenones. This method represents
the first example of achieving chemoselectivity with difluor-
ocarbene between two similarly reactive functional groups. The
methodology offers a valuable strategy for the late-stage
functionalization of drug molecules and the construction of
novel organic synthons.

■ ASSOCIATED CONTENT
Data Availability Statement
The data underlying this study are available in the published
article and its Supporting Information.
*sı Supporting Information
The Supporting Information is available free of charge at
https://pubs.acs.org/doi/10.1021/acs.orglett.6c00865.

Experimental procedures, characterization data, and
copies of 1H, 19F, and 13C NMR spectra of new
compounds (PDF)

Accession Codes
Deposition Number 2505930 contains the supplementary
crystallographic data for this paper. These data can be obtained
free of charge via the joint Cambridge Crystallographic Data
Centre (CCDC) and Fachinformationszentrum Karlsruhe
Access Structures service.

■ AUTHOR INFORMATION
Corresponding Author

Jinbo Hu − State Key Laboratory of Fluorine and Nitrogen
Chemistry and Advanced Materials, Shanghai Institute of
Organic Chemistry, University of Chinese Academy of
Sciences, Chinese Academy of Sciences, Shanghai 200032,
China; School of Physical Science and Technology,
ShanghaiTech University, Shanghai 201210, China;
orcid.org/0000-0003-3537-0207; Email: jinbohu@

sioc.ac.cn

Authors
Zhongyi Wang − State Key Laboratory of Fluorine and

Nitrogen Chemistry and Advanced Materials, Shanghai
Institute of Organic Chemistry, University of Chinese
Academy of Sciences, Chinese Academy of Sciences, Shanghai
200032, China; School of Physical Science and Technology,
ShanghaiTech University, Shanghai 201210, China

Scheme 3. Substrate Scope for the One-Pot Synthesis of
Alkenyl-Substituted Cyclopropenonesa

aReaction conditions: 1 (0.5 mmol, 1.0 equiv), TMSCF2Br (0.75
mmol, 1.5 equiv), n-Bu4N+Br− (0.015 mmol, 3 mol %), THF (2.0
mL). Isolated yields.

Scheme 4. Gram-Scale Synthesis and Synthetic Applications
of 2a and 2f

Organic Letters pubs.acs.org/OrgLett Letter

https://doi.org/10.1021/acs.orglett.6c00865
Org. Lett. 2026, 28, 4282−4286

4284

D
ow

nloaded from
 pubs.​acs.​org/​orlef7/​article-pdf/​28/​13/​4282/​65097459/​ol6c00865.​pdf?getftrtoken=AQ

EC
AH

i208BE49O
oan9kkhW

_Ercy7D
m

3ZL_9C
f3qfKAc485ysgAAALcw

gbQ
G

C
SqG

SIb3D
Q

EH
BqC

BpjC
Bow

IBAD
C

BnQ
YJKoZIhvcN

AQ
cBM

B4G
C

W
C

G
SAFlAw

Q
BLjAR

BAxKxG
9gybM

1IseirH
w

C
AR

C
AcEIH

G
Z0690kQ

3im
pxW

gfK5F_0O
bekTH

8qEhxC
XIavdvh2U

W
U

qU
9w

EC
XM

zM
VG

5R
zEC

ph4TaS4zBrpSVodjZLjssj4jrxS594vhC
rO

W
xH

9FG
H

qW
364qvxjbIthcnH

BZN
O

W
qPz7vvXzC

X802C
8ecvlT-C

k by SH
AN

G
H

AI IN
ST O

F O
R

G
AN

IC
 C

H
EM

ISTR
Y user on 02 N

ovem
ber 2026

https://pubs.acs.org/doi/suppl/10.1021/acs.orglett.6c00865/suppl_file/ol6c00865_si_001.pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.6c00865?goto=supporting-info
https://pubs.acs.org/doi/suppl/10.1021/acs.orglett.6c00865/suppl_file/ol6c00865_si_001.pdf
https://summary.ccdc.cam.ac.uk/structure-summary?pid=ccdc:2505930&id=doi:10.1021/acs.orglett.6c00865
http://www.ccdc.cam.ac.uk/structures
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Jinbo+Hu"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0003-3537-0207
https://orcid.org/0000-0003-3537-0207
mailto:jinbohu@sioc.ac.cn
mailto:jinbohu@sioc.ac.cn
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Zhongyi+Wang"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Shuo+Sun"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.6c00865?fig=sch3&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.6c00865?fig=sch3&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.6c00865?fig=sch4&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.6c00865?fig=sch4&ref=pdf
pubs.acs.org/OrgLett?ref=pdf
https://doi.org/10.1021/acs.orglett.6c00865?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


Shuo Sun − State Key Laboratory of Fluorine and Nitrogen
Chemistry and Advanced Materials, Shanghai Institute of
Organic Chemistry, University of Chinese Academy of
Sciences, Chinese Academy of Sciences, Shanghai 200032,
China

Chuanfa Ni − State Key Laboratory of Fluorine and Nitrogen
Chemistry and Advanced Materials, Shanghai Institute of
Organic Chemistry, University of Chinese Academy of
Sciences, Chinese Academy of Sciences, Shanghai 200032,
China

Mingyou Hu − State Key Laboratory of Fluorine and Nitrogen
Chemistry and Advanced Materials, Shanghai Institute of
Organic Chemistry, University of Chinese Academy of
Sciences, Chinese Academy of Sciences, Shanghai 200032,
China; orcid.org/0000-0002-7892-7338

Complete contact information is available at:
https://pubs.acs.org/10.1021/acs.orglett.6c00865

Notes

The authors declare no competing financial interest.

■ ACKNOWLEDGMENTS
This work was supported by the Strategic Priority Research
Program of the Chinese Academy of Sciences (XDB0590000)
and the National Natural Science Foundation of China
(22271299 and 22261132514).

■ REFERENCES
(1) (a) Bégué, J. P.; Bonnet-Delpon, D. Bioorganic and Medicinal

Chemistry of Fluorine; Wiley: Hoboken, NJ, 2008. (b) Hagmann, W.
K. The Many Roles for Fluorine in Medicinal Chemistry. J. Med.
Chem. 2008, 51, 4359−4369. (c) Ojima, I. Fluorine in Medicinal
Chemistry and Chemical Biology; Wiley-Blackwell: Chichester, U.K.,
2009. (d) Berger, R.; Resnati, G.; Metrangolo, P.; Weber, E.; Hulliger,
J. Organic Fluorine Compounds: A Great Opportunity for Enhanced
Materials Properties. Chem. Soc. Rev. 2011, 40, 3496−3508. (e) Kirsch,
P. Modern Fluoroorganic Chemistry: Synthesis Reactivity, Applications,
2nd ed.; Wiley-VCH: Weinheim, Germany, 2013. (f) Gillis, E. P.;
Eastman, K. J.; Hill, M. D.; Donnelly, D. J.; Meanwell, N. A.
Applications of Fluorine in Medicinal Chemistry. J. Med. Chem. 2015,
58, 8315−8359. (g) Inoue, M.; Sumii, Y.; Shibata, N. Contribution of
Organofluorine Compounds to Pharmaceuticals. ACS Omega 2020, 5,
10633−10640. (h) Ogawa, Y.; Tokunaga, E.; Kobayashi, O.; Hirai, K.;
Shibata, N. Current Contributions of Organofluorine Compounds to
the Agrochemical Industry. iScience 2020, 23, 101467.
(2) (a) Fujiwara, T.; Takeuchi, Y. Synthesis, reactions, and
applications of fluorine-containing multifunctional carbon com-
pounds. J. Fluorine Chem. 2005, 126, 941−955. (b) Nenajdenko, V.;
Muzalevskiy, V.; Shastin, A. Polyfluorinated Ethanes as Versatile
Fluorinated C2-Building Blocksfor Organic Synthesis. Chem. Rev.
2015, 115, 973−1050. (c) Ni, C.; Hu, M.; Hu, J. Good Partnership
between Sulfur and Fluorine: Sulfur-Based Fluorination and
Fluoroalkylation Reagents for Organic Synthesis. Chem. Rev. 2015,
115, 765−825. (d) Ahrens, T.; Kohlmann, J.; Ahrens, M.; Braun, T.
Functionalization of Fluorinated Molecules by Transition-Metal-
Mediated C−F Bond Activation To Access Fluorinated Building-
Blocks. Chem. Rev. 2015, 115, 931−972. (e) Xiao, P.; Pannecoucke,
X.; Bouillon, J.; Couve-Bonnaire, S. Wonderful fusion of organo-
fluorine chemistry and decarboxylation strategy. Chem. Soc. Rev. 2021,
50, 6094−6151. (f) Wang, J.; Gao, H.; Shi, C.; Chen, G.; Tan, X.;
Chen, X.; Xu, L.; Cai, X.; Huang, B.; Li, H. Recent advances in
radical-based C−F bond activation of polyfluoroarenes and gem-
difluoroalkenes. Chem. Commun. 2021, 57, 12203−12217.
(3) (a) Brahms, D. L. S.; Dailey, W. P. Fluorinated Carbenes. Chem.

Rev. 1996, 96, 1585−1632. (b) Ni, C.; Hu, J. Recent Advances in the

Synthetic Application of Difluorocarbene. Synthesis 2014, 46, 842−
863. (c) Ma, X.; Su, J.; Song, Q. Unconventional Transformations of
Difluorocarbene with Amines and Ethers. Acc. Chem. Res. 2023, 56,
592−607. (d) Xie, Q.; Hu, J. A Journey of the Developmentof
Privileged Difluorocarbene Reagents TMSCF2X (X = Br, F, Cl) for
Organic Synthesis. Acc. Chem. Res. 2024, 57, 693−713.
(4) (a) Dolbier, W. R., Jr; Battiste, M. A. Structure, Synthesis, and
Chemical Reactions of Fluorinated Cyclopropanes. Chem. Rev. 2003,
103, 1071−1098. (b) Fedorynski, M. Syntheses of gem-Dihalocyclo-
propanes and Their Use in Organic Synthesis. Chem. Rev. 2003, 103,
1099−1132. (c) Fuchibe, K.; Ichikawa, J. Generation of difluor-
ocarbenes and introduction of fluorinated one carbon units into
carbonyl and related compounds. Chem. Commun. 2023, 59, 2532−
2540.
(5) (a) Hine, J.; Porter, J. J. Methylene Derivatives as Intermediates
in Polar Reactions. VIII. Difluoromethylene in the Reaction of
Chlorodifluoromethane with Sodium Methoxide. J. Am. Chem. Soc.
1957, 79, 5493−5496. (b) Langlois, B. R. Improvement of the
Synthesis of Aryl Difluoromethyl Ethers and Thioethers by Using a
Solid-Liquid Phase-Transfer Technique. J. Fluorine Chem. 1988, 41,
247−261.
(6) Dilman, A. D.; Levin, V. V. Difluorocarbene as a Building Block
for Consecutive Bond-Forming Reactions. Acc. Chem. Res. 2018, 51,
1272−1280.
(7) (a) Burton, D. J.; Yang, Z.; Qiu, W. Fluorinated Ylides and
Related Compounds. Chem. Rev. 1996, 96, 1641−1716. (b) Lin, J.-H.;
Xiao, J.-C. Fluorinated Ylides/Carbenes and Related Intermediates
from Phosphonium/Sulfonium Salts. Acc. Chem. Res. 2020, 53, 1498−
1510.
(8) (a) Zhang, Z.; Gevorgyan, V. Palladium Hydride-Enabled
Hydroalkenylation of Strained Molecules. J. Am. Chem. Soc. 2022,
144, 20875−20883. (b) Mancinelli, J. P.; Kong, W.-Y.; Guo, W.;
Tantillo, D. J.; Wilkerson-Hill, S. M. Borane-Catalyzed C−F Bond
Functionalization of gem-Difluorocyclopropenes Enables the Syn-
thesis of Orphaned Cyclopropanes. J. Am. Chem. Soc. 2023, 145,
17389−17397.
(9) (a) Li, L.; Ni, C.; Wang, F.; Hu, J. Deoxyfluorination of Alcohols
with 3,3-Difluoro-1,2-diarylcyclopropenes. Nat. Commun. 2016, 7,
13320. (b) Wang, X.; Wang, F.; Huang, F.; Ni, C.; Hu, J.
Deoxyfluorination of Carboxylic Acids with CpFluor: Access to
Acyl Fluorides and Amides. Org. Lett. 2021, 23, 1764−1768.
(10) (a) Wender, P. A.; Paxton, T. J.; Williams, T. J. Cyclo-
pentadienone Synthesis by Rhodium(I)-Catalyzed [3 + 2] Cyclo-
addition Reactions of Cyclopropenones and Alkynes. J. Am. Chem.
Soc. 2006, 128, 14814−14815. (b) Bai, D.; Yu, Y.; Guo, H.; Chang, J.;
Li, X. Nickel(0)-Catalyzed Enantioselective [3 + 2] Annulation of
Cyclopropenones and α,β-Unsaturated Ketones/Imines. Angew.
Chem., Int. Ed. 2020, 59, 2740−2744. (c) Liu, X.; Chen, J.; Yang,
C.; Wu, Z.; Li, Z.; Shi, Y.; Huang, T.; Yang, Z.; Wu, Y. Three-
Component Couplings among Heteroarenes, Difluorocyclopropenes,
and Water via C−H Activation. Org. Lett. 2021, 23, 6831−6835.
(11) (a) Vanos, C. M.; Lambert, T. H. Development of a Catalytic
Platform for Nucleophilic Substitution: Cyclopropenone-Catalyzed
Chlorodehydration of Alcohols. Angew. Chem., Int. Ed. 2011, 50,
12222−12226. (b) Nacsa, E. D.; Lambert, T. H. Cyclopropenone
Catalyzed Substitution of Alcohols with Mesylate Ion. Org. Lett. 2013,
15, 38−41. (c) Zhang, S.-S.; Wang, R.-X.; Gu, Q.; You, S.-L.
Phosphine-Catalyzed Asymmetric Dearomative [3 + 2] Annulation
Reaction of Benzimidazoles with Cyclopropenones. CCS Chem. 2025,
7, 194−204.
(12) Wang, X.; Seidel, F. W.; Nozaki, K. Synthesis of Polyethylene
with in-chain α,β-Unsaturated Ketone and Isolated Ketone Units by
Pd-catalyzed Ring-opening Copolymerization of Cyclopropenones
with Ethylene. Angew. Chem., Int. Ed. 2019, 58, 12955−12959.
(13) (a) Row, R. D.; Shih, H.-W.; Alexander, A. T.; Mehl, R. A.;
Prescher, J. A. Cyclopropenones for Metabolic Targeting and
Sequential Bioorthogonal Labeling. J. Am. Chem. Soc. 2017, 139,
7370−7375. (b) Heiss, T. K.; Dorn, R. S.; Ferreira, A. J.; Love, A. C.;

Organic Letters pubs.acs.org/OrgLett Letter

https://doi.org/10.1021/acs.orglett.6c00865
Org. Lett. 2026, 28, 4282−4286

4285

D
ow

nloaded from
 pubs.​acs.​org/​orlef7/​article-pdf/​28/​13/​4282/​65097459/​ol6c00865.​pdf?getftrtoken=AQ

EC
AH

i208BE49O
oan9kkhW

_Ercy7D
m

3ZL_9C
f3qfKAc485ysgAAALcw

gbQ
G

C
SqG

SIb3D
Q

EH
BqC

BpjC
Bow

IBAD
C

BnQ
YJKoZIhvcN

AQ
cBM

B4G
C

W
C

G
SAFlAw

Q
BLjAR

BAxKxG
9gybM

1IseirH
w

C
AR

C
AcEIH

G
Z0690kQ

3im
pxW

gfK5F_0O
bekTH

8qEhxC
XIavdvh2U

W
U

qU
9w

EC
XM

zM
VG

5R
zEC

ph4TaS4zBrpSVodjZLjssj4jrxS594vhC
rO

W
xH

9FG
H

qW
364qvxjbIthcnH

BZN
O

W
qPz7vvXzC

X802C
8ecvlT-C

k by SH
AN

G
H

AI IN
ST O

F O
R

G
AN

IC
 C

H
EM

ISTR
Y user on 02 N

ovem
ber 2026

https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Chuanfa+Ni"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Mingyou+Hu"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0002-7892-7338
https://pubs.acs.org/doi/10.1021/acs.orglett.6c00865?ref=pdf
https://doi.org/10.1021/jm800219f?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/c0cs00221f
https://doi.org/10.1039/c0cs00221f
https://doi.org/10.1021/acs.jmedchem.5b00258?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acsomega.0c00830?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acsomega.0c00830?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/j.isci.2020.101467
https://doi.org/10.1016/j.isci.2020.101467
https://doi.org/10.1016/j.jfluchem.2005.04.008
https://doi.org/10.1016/j.jfluchem.2005.04.008
https://doi.org/10.1016/j.jfluchem.2005.04.008
https://doi.org/10.1021/cr500465n?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/cr500465n?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/cr5002386?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/cr5002386?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/cr5002386?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/cr500257c?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/cr500257c?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/cr500257c?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/D1CS00216C
https://doi.org/10.1039/D1CS00216C
https://doi.org/10.1039/D1CC04189D
https://doi.org/10.1039/D1CC04189D
https://doi.org/10.1039/D1CC04189D
https://doi.org/10.1021/cr941141k?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1055/s-0033-1340856
https://doi.org/10.1055/s-0033-1340856
https://doi.org/10.1021/acs.accounts.2c00830?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.accounts.2c00830?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.accounts.3c00719?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.accounts.3c00719?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.accounts.3c00719?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/cr010023b?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/cr010023b?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/cr0100087?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/cr0100087?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/D2CC03950H
https://doi.org/10.1039/D2CC03950H
https://doi.org/10.1039/D2CC03950H
https://doi.org/10.1021/ja01577a045?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja01577a045?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja01577a045?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/S0022-1139(00)81548-1
https://doi.org/10.1016/S0022-1139(00)81548-1
https://doi.org/10.1016/S0022-1139(00)81548-1
https://doi.org/10.1021/acs.accounts.8b00079?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.accounts.8b00079?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/cr941140s?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/cr941140s?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.accounts.0c00244?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.accounts.0c00244?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.2c09045?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.2c09045?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.3c05278?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.3c05278?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.3c05278?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1038/ncomms13320
https://doi.org/10.1038/ncomms13320
https://doi.org/10.1021/acs.orglett.1c00190?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.1c00190?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja065868p?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja065868p?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja065868p?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/anie.201913130
https://doi.org/10.1002/anie.201913130
https://doi.org/10.1021/acs.orglett.1c02392?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.1c02392?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.1c02392?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1002/anie.201104638
https://doi.org/10.1002/anie.201104638
https://doi.org/10.1002/anie.201104638
https://doi.org/10.1021/ol302970c?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ol302970c?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.31635/ccschem.024.202403981
https://doi.org/10.31635/ccschem.024.202403981
https://doi.org/10.1002/anie.201906990
https://doi.org/10.1002/anie.201906990
https://doi.org/10.1002/anie.201906990
https://doi.org/10.1002/anie.201906990
https://doi.org/10.1021/jacs.7b03010?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.7b03010?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
pubs.acs.org/OrgLett?ref=pdf
https://doi.org/10.1021/acs.orglett.6c00865?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


Prescher, J. A. Fluorogenic Cyclopropenones for Multicomponent,
Real-Time Imaging. J. Am. Chem. Soc. 2022, 144, 7871−7880.
(14) (a) Zheng, J.; Li, Y.; Zhang, L.; Hu, J.; Meuzelaar, G. J.;
Federsel, H. J. Chlorodifluoromethyl phenyl sulfone: a novel non-
ozone-depleting substance-based difluorocarbene reagent for O- and
N-difluoromethylations. Chem. Commun. 2007, 48, 5149−5151.
(b) Thomoson, C. S.; Dolbier, W. R., Jr Use of Fluoroform as a
Source of Difluorocarbene in the Synthesis of Difluoromethoxy- and
Difluorothiomethoxyarenes. J. Org. Chem. 2013, 78, 8904−8908.
(c) Gill, D. M.; McLay, N.; Waring, M. J.; Wilkinson, C. T.; Sweeney,
J. B. An Improved Method for Difluorocyclopropanation of Alkenes.
Synlett 2014, 25, 1756−1758.
(15) (a) Li, L.; Wang, F.; Ni, C.; Hu, J. Synthesis of gem-
Difluorocyclopropa(e)nes and O-,S-,N-, and P-Difluoromethylated
Compounds with TMSCF2Br. Angew. Chem., Int. Ed. 2013, 52,
12390−12394. (b) Xie, Q.; Ni, C.; Zhang, R.; Li, L.; Rong, J.; Hu, J.
Efficient Difluoromethylation of Alcohols Using TMSCF2Br as a
Unique and Practical Difluorocarbene Reagent under Mild Con-
ditions. Angew. Chem., Int. Ed. 2017, 56, 3206−3210.
(16) Kricheldorf, H.; Mörber, G.; Regel, W. Syntheses of Alkyl
Bromides from Ethers and Bromotrimethylsilane. Synthesis 1981,
1981, 383−384.

Organic Letters pubs.acs.org/OrgLett Letter

https://doi.org/10.1021/acs.orglett.6c00865
Org. Lett. 2026, 28, 4282−4286

4286

D
ow

nloaded from
 pubs.​acs.​org/​orlef7/​article-pdf/​28/​13/​4282/​65097459/​ol6c00865.​pdf?getftrtoken=AQ

EC
AH

i208BE49O
oan9kkhW

_Ercy7D
m

3ZL_9C
f3qfKAc485ysgAAALcw

gbQ
G

C
SqG

SIb3D
Q

EH
BqC

BpjC
Bow

IBAD
C

BnQ
YJKoZIhvcN

AQ
cBM

B4G
C

W
C

G
SAFlAw

Q
BLjAR

BAxKxG
9gybM

1IseirH
w

C
AR

C
AcEIH

G
Z0690kQ

3im
pxW

gfK5F_0O
bekTH

8qEhxC
XIavdvh2U

W
U

qU
9w

EC
XM

zM
VG

5R
zEC

ph4TaS4zBrpSVodjZLjssj4jrxS594vhC
rO

W
xH

9FG
H

qW
364qvxjbIthcnH

BZN
O

W
qPz7vvXzC

X802C
8ecvlT-C

k by SH
AN

G
H

AI IN
ST O

F O
R

G
AN

IC
 C

H
EM

ISTR
Y user on 02 N

ovem
ber 2026

https://doi.org/10.1021/jacs.2c02058?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.2c02058?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/b713156a
https://doi.org/10.1039/b713156a
https://doi.org/10.1039/b713156a
https://doi.org/10.1021/jo401392f?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo401392f?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo401392f?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1055/s-0033-1341155
https://doi.org/10.1002/anie.201306703
https://doi.org/10.1002/anie.201306703
https://doi.org/10.1002/anie.201306703
https://doi.org/10.1002/anie.201611823
https://doi.org/10.1002/anie.201611823
https://doi.org/10.1002/anie.201611823
https://doi.org/10.1055/s-1981-29460
https://doi.org/10.1055/s-1981-29460
pubs.acs.org/OrgLett?ref=pdf
https://doi.org/10.1021/acs.orglett.6c00865?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

