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Advances in Transition—Metal-Mediated Di— and Monofluoroalkylations
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Shanghai 200032)

Abstract Transition-metal-mediated fluoroalkylation is a hot research topic in current organofluorine chemistry. In the past
five years, due to the development of new perfluoroalkylation reagents and methodologies, significant progress has been
made in the field of transition-metal-mediated perfluoroalkylation. Compared with perfluoroalkylation, di- and monofluoro-
alkylation can not only introduce fluorine atom(s) into a molecule, but also install a non-fluorinated moiety simultaneously;
therefore, in organic synthesis, these reactions are of higher step economy than the direct fluorination reactions. Although
analogous to transition-metal-mediated perfluoroalkylations, the di- and monofluoroalkylation have been relatively less de-
veloped; therefore, there are still many opportunities for their development. In this review, we have made a survey on transi-
tion-metal-mediated di- and monofluoroalkylation reactions that were published in the past nearly 30 years. To our
knowledge, this is the first rather comprehensive review on this topic. This review is divided into five sections. The first sec-
tion is the general introduction on di- and monofluoroalkylation. The second and third sections focus on the historical devel-
opment of transition-metal-mediated di- and monofluoroalkylation with reagents that contain functional groups. These two
sections are subdivided according to the reactions types, that is, fluoroalkylation of unsaturated organohalides, fluoroalkyla-
tion of the carbon-hydrogen bonds of unsaturated systems (arenes, alkenes, alkynes, and carbonyl compounds), fluoroalkyla-
tion of organoborane reagents and organometallic reagents, fluoroalkyl addition to unsaturated carbon-carbon bonds. The
fourth section puts an emphasis on the transition-metal-promoted di- and monofluoromethylation reactions. The final section
gives some perspectives on the future development of this chemistry.
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Figure 14 Palladium-catalyzed C—H difluoroalkylation of alkenes
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Figure 24 Iridium- and ruthenium-catalyzed a-difluoroalkylation of carbonyl compounds
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Figure 30 Copper-mediated 1,4-addition of bromodifluoroacetates to
activated alkenes
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Figure 31 Titanium-catalyzed 1,4-addition of bromodifluoroacetates to
highly activated alkenes
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Figure 32 Rhodium-catalyzed a-difluoroalkylation of a.f-enones
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conditions: BrCF,CO,Et (1.5 equiv.), Et,Zn (1.5 equiv.),
RhCI(PPhg); (2 mol%), DME, 0 °C

B33 FEMEAL TN RERERE) — e A1k
Figure 33 Rhodium-catalyzed difluoroalkylation of silyl enol ethers
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Figure 34 Silver-mediated hydrodifluoroalkylation of unactivated al-
kenes
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Figure 35 Iridium-catalyzed addition-lactonization of activated alkenes
with bromodifluoroacetate
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Figure 36 Palladium- or iron-catalyzed aryldifluoroalkylation of activated alkenes
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Figure 37 Iridium-catalyzed aryldifluoroalkylation of o-aryl isocyanides
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Figure 38 Copper-catalyzed difluoroalkylation of a.,5- and f,y-unsaturated carboxylic acids
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Figure 39 Copper-catalyzed difluoroalkylation of allyl halides with difluoroalkyl zinc reagents
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Figure 40 Selected examples of drug molecules containing fluorinated
tertiary and quaternary carbons
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B 41 AR EE T P i (T — 9 T 2 ) ) B DB 2
Figure 41 Copper-promoted coupling of allyl halides with (phosphor-
yl)fluoromethyl organozinc reagent
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Figure 42 Palladium-catalyzed coupling of aryl halides with a-fluorinated carbonyl compounds
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Figure 43 Palladium-catalyzed coupling of aryl organometallic reagents with a-bromo-a-fluoro carbonyl compounds
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Figure 44 Nickle-catalyzed coupling of organoboranes with
1-fluoro-1-haloalkanes
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Figure 46 Difluoromethylation of aryl iodides and o-aryl isocyanides with bromodifluoroacetates
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Figure 47 Palladium-catalyzed difluoromethylation of aryl halides with difluoromethyl phenyl ketone
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Figure 48 Palladium-catalyzed asymmetric allylic fluoromethylation
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Figure 49 Copper-mediated fluoromethylation of aryl iodides with fluorinated 2-pyridyl sulfones
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Figure 50 Fluoromethylation of o-aryl isocyanides with fluorinated carbonyl compounds
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Figure 51 Copper-mediated difluoromethylation of (hetero)aryl iodides
and alkenyl halides
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Figure 52 Sandmeyer-type difluoromethylation of (hetero)aromatic
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Figure 53 Pa/Ag-cocatalyzed direct difluoromethylation of (hetero)aryl
bromides and iodides
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Figure 54 Difluoromethylation with zinc difluoromethanesulfinate
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Figure 56 Difluoromethylation of organozinc reagents with Me;SiCF,Br

KFESEER THEE RPN, BT a0
P& B (1) 1) FH — 550 R 258 ST i 1 7 AR — 90 R 2 T Tk
kA, BH ATt 2009 5 Suzuki ZEFTHGE Y
AR A ) — R — Tl PR s A 2 R S 2 ) P A BER e
(B 57), ZRH&—HMPRETENEYRBERENT
UL TS TR T R-18 At — R L AR
AR, FrCAR N T RS, SiE MRk,
FEAE 2R BT LAR & B — AN B B L 1 OB

Je ['®F1-FCHl, [Pd(dba)s]/P(o-Tol)s
O Or-on
o K,CO3, DMF, 5 min, 60 °C

40 equiv. 57%

B 57 AR IR 15 — i B P A A 06 S
Figure 57 Palladium-catalyzed coupling of aryl borates with fluoroio-
domethane
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Figure 58 Copper-catalyzed oxidative difluoroalkylation of tertiary
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Figure 59 Palladium-catalyzed intramolecular decarboxylative allylic
difluoroalkylation reactions
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