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CONSPECTUS

Triﬂuomethylated organic compounds often have properties that

make them suitable for diverse applications, including materials sci- Alkylation of a-CF5-carbanions
ence, agrochemistry, and pharmaceutical industry. But of all the ther-
apeutic drugs currently available, about 10% of them have a partially © ©
fluorinated moiety. Thus, a great deal of attention is being paid to the F.C7 R F,C7 R
development of reliable methodologies for trifluoromethylation.

Introduction of a trifluoromethyl group into the target molecules /@\ @é
mostly relies on either trifluoromethylating reagents or trifluoromethy- FaC™ =X CF
lated synthetic blocks. The chemistry of trifluoromethyl carbanions, X=NALO X ogmr
nudeophilic trifluoromethylating agents such as the Ruppert—Prakash . . .

reagent, and organometallic species has been intensively developed for
their important synthetic applications. F\lf\g - 9\_ Q 9

But the chemistry of j3,8,5-trifluoroethyl carbanions (c-trifluoro- F FiC” R F.C” R
methyl carbanions) and organometallic species has remained undevel- { i
oped despite their potential usefulness in organic synthesis. The issue
needs to be addressed. This Account outlines successful alkylations and useful synthetic applications of a-trifluoromethyl
carbanions, such as o-substituted (,3,-trifluoroethyl, o-trifluoromethylethenyl, trifluoroacetimidoyl, a-trifluoromethylox-
iranyl, and related a-trifluoromethylated carbanions.

The strong electron-withdrawing effect of the o-trifluoromethyl group may stabilize the carbanion species electroni-
cally. But o-trifluoromethyl carbanions and their corresponding organometallic species mostly release fluoride spontane-
ously to produce difluoroalkenes. This notorious decomposition of a-trifluoromethylated carbanions and anionoids has
hindered the development of these species for organic synthesis. A well-designed device for the generation, stabilization,
and acceleration for alkylation of the o-trifluoromethylated carbanions is needed for their synthetic application, as well as
stabilization by the electron-withdrawing o-substituent.

The reported a-substituted o-trifluoromethyl carbanions can be roughly categorized into three classes based on their
structures. The first category, A, is -conjugation-stabilized carbanions, which are stabilized by ester, nitro, sulfone, carbo-
nyl, or phenyl groups. o-Substituents of these carbanions can delocalize the negative charges on their zz-system with large
og electron-withdrawing effects; this prevents accumulation of negative charge on the fluorine atoms.

The second category, B, consists of carbanions with sp orbitals either of highly halogenated carbanions—examples indude
pentafluoroethyl(trimethyl)fluorosilicate, pentafluoroethyllithium, and o,a-dichloro-,3,4-trifluoroethylzinc species—or of cydic
structures such as oxiranyl- and aziridinyllithiums. Both of these carbanions are also stabilized since they reduce molecular
orbital (MO) overlapping of the carbanion orbital to C—F bond orbitals.

The third category, C, has carbanions with their anion center at the sp? orbital, such as o-trifluoromethylated alkenyl
carbanions and imidoyl carbanions. These sp? orbitals of the carbanion center usually have a small overlap with the C—F
bonds of trifluoromethyl groups. The small overlap is able to suppress the E2-type eliminations.

o-Trifluoromethylated carbanions are, in general, unstable. Their stability is largely affected by factors like hybridization of the
orbital that accommodates lone pair electrons, the electronic nature of the o-substituents, the degree of covalency in a bond between
the carbon and metal, the dass of countercation, stabilization by chelation of a metal cation, and so on. The stability, therefore,
can be sometimes controlled by tuning these factors adequately so that they can be used for organic synthesis.

The chemistry of o-trifluoromethylated carbanions for organic synthesis has been progressing steadily. However, the sim-
plest trifluoroethyl and trifluoroacetyl carbanions have never been successfully produced and employed for organic synthe-
sis. Elegant generation and synthetic application of these metal species are one of the most attractive and challenging subjects
for active investigation in the future.
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1. Introduction

The chemistry of trifluoromethyl carbanions, nucleophilic tri-
fluoromethylating agents, and organometallic species has
been intensively studied due to the importance of these com-
pounds in synthetic applications.'™* Meanwhile, the chemis-
try of g,p,p-trifluoroethyl carbanions (o-trifluoromethyl
carbanions) and organometallic species has remained unde-
veloped, despite the potential utility of these agents in organic
synthesis; thus, this issue needs to be addressed. This Account
outlines successful alkylations of a-trifluoromethyl carban-
ions, such as o-substituted f,5,5-trifluoroethyl, a-trifluoro-
methylethenyl, trifluoroacetimidoyl, a-trifluoromethyloxiranyl,
and related o-trifluoromethylated carbanions (Scheme 1).

The strong electron-withdrawing effect of the trifluoro-
methyl group may stabilize the carbanion species electroni-
cally. Such a-trifluoromethyl carbanions and corresponding
organometallic species would mostly release fluoride sponta-
neously to give difluoroalkenes (Scheme 2).> This notorious
decomposition of a-trifluoromethylated carbanions and anion-
oids has hindered the development of the species in organic
synthesis.®

To date, only a few reports of preparations and synthetic
utilizations of a-trifluoromethyl carbanions have been pub-
lished. These compounds are so thermally unstable that they
require very low temperature conditions for generation. Some
o-trifluoromethyl metal species decompose even at —78 °C;
thus, reaction conditions below —100 °C are required.” Lewis
acidic action of the countercation on the fluorine atom would
also promote defluorination. Such action of the cation may
cause a negative charge to accumulate on the fluorine,"" caus-
ing the atom to be pulled out. Not only is stabilization by an
electron-withdrawing o-substituent necessary, but a well-de-
signed device for generation, stabilization, and acceleration of
alkylation of o-trifluoromethylated carbanions is also needed
for synthetic applications.

Reported a-substituted a-trifluoromethyl carbanions can
roughly be categorized into three classes based on their struc-
tures (Scheme 3). The first category consists of z-conjugation-
stabilized carbanions (A); these are stabilized by ester,8~'°
nitro,"" sulfone,'? carbonyl,'>'* or phenyl'> groups. o-Sub-
stituents of these carbanions delocalize the negative charges
on their z-systems, with large oy electron-withdrawing effects
that prevent accumulation of negative charge on the fluorine
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atoms. Moreover, some carbanion species are stabilized by
association with Pd'® or Ti metal.’® The second category (B)
contains carbanions with sp* orbitals either of highly haloge-
nated carbanions, such as perfluoroalkyllithiums'®'” and a,o-
dichloro-B,8,B-trifluoroethylzinc species,'®'? or of cyclic
structures, such as oxiranyl- and aziridinyllithiums.?®#' Both
of these carbanions are also stabilized, since they reduce
molecular orbital (MO) overlapping of the carbanion orbital
with C—F bond orbitals. The third category (C) consists of car-
banions that have their anion center at the sp? orbital and
includes the vinyl carbanion?*22 and imidoyl carbanion.>4~2°
The sp? orbitals of the carbanion center usually overlap
slightly with the C—F bonds of the trifluoromethyl groups,
which enables suppression of E2 type eliminations.

Let us evaluate the extent of overlap of the carbanion orbit-
als with the C—F bond orbitals, which could be roughly esti-
mated by 3J-_, couplings of the parent protonated
compounds by "H NMR spectroscopy. The overlap of the car-
banion orbital with the C—F bonds is not the sole factor that
determines the fate of a-trifluoromethylated carbanions; how-
ever, it should be an important product-determining factor.
The 3J_, coupling constant of trifluoroethanol derivatives like
ether and tosylate, which experience spontaneous defluorina-
tion when lithiated at the a-carbon, is in the range of 8—10
Hz.?7?8 The 3J¢_,, coupling constant of pentafluoroethane
(protonated form of B) is 3 Hz,?” that of 1,1-dichloro-2,2,2-
trifluoroethane (B) is 4.9 Hz,?® that of 2,3-epoxy-1,1,1-trifluo-
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ropropane (protonated form of B') is 4.8 Hz,2° that of N-tosyl-
2-trifluoromethylaziridine (B') is 4.8 Hz?' that of
trifluoropropene (protonated form of C) is 4 Hz,?” and that of
imine (C) is 2.8 Hz.3° These small 3J._,, coupling constants
('/3—"/, the value of the coupling constant of 2,2,2-trifluoro-
ethanol) of the parents of the anionoids suggest a smaller
overlapping of the orbitals of C—F bond to that of the anion
(Scheme 3).

2.1. o-Trifluoromethyl Carbanions Stabilized by
Electron-Withdrawing Groups. Despite scientific importance
and synthetic utility, alkylations of a-trifluoromethylated car-
banions have been successful only in a small number of cases.
Lithiation of heteroatom-substituted 2,2,2-trifluoroethanes
(CF5CH5R; R = OPh, OR, OTs, SPh, Cl, or F) results in defluori-
nation, yielding gem-difluoroalkenes, F,C=CHR.?" In contrast,
1-phenylsulfonyl-2,2,2-trifluoroethyl carbanion (generated by
LDA/THF-HMPA), which is strongly stabilized by a PhSO,
group, reacts with some electrophiles (Mel, 1, and allyl iodide)
(Scheme 4).'2 Furthermore, the quaternary ammonium cat-
ion was found to be more effective than the lithium cation in
stabilization of the carbanion 2.

Ishikawa demonstrated an alkylation of dimethyl trifluo-
romethylmalonate 3 with an excess of CsF. During the trans-
formation, the fluoride addition to difluoromethylenemalonate
5 maintains a moderate concentration of a-trifluoromethy-
lated carbanion 4, which undergoes alkylation and Michael
addition (Scheme 5).2 Independently, Fuchigami reported an
efficient alkylation of trifluoromethylmalonate 3 using an elec-
trogenerated base (EGB), a tetraethylammonium amide of pyr-
rolidone (Scheme 5).° So far, the replacement of the alkaline
metal ion with tetraalkylammonium ion weakens the
metal—fluorine interaction, thus stabilizing the anion and
enhancing alkylation.

Another effective alkylation of the methylene carbon bear-
ing CF5 group relies on stabilized enolate chemistry. In gen-
eral, metal enolates are synthetically important in C—C bond-
forming reactions. However, o-CF5 metal enolates are unstable
and difficult to prepare because of the facile g-fluoride elimi-
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nation. To overcome difficulties, the choice of metals for sta-
bilization of the enolates is essential. Silyl enolate 10 of
methyl 3,3,3-trifluoropropionate (with TMSOT{/Et5N) is alky-
lated at a-carbon either by aldol reactions or by Lewis acid-
mediated alkylation (Scheme 6).32 A similar alkylation of silyl
enol ether 12 of 3,3,3-trifluoropropiophenone 11, in situ gen-
erated with acetals, is known.??

Moreover, alkylations using enolates 13* and 153> were
reported by Ishihara and Kuroboshi (Scheme 7). Recently,
Mikami succeeded in generation of Ti-enolates of o-CFs
ketones, in addition to their applications to stereoselective
aldol reactions (Scheme 8).#3¢ In contrast to possible deflu-
orinative interactions of fluorine with the lithium ion in Li-
Vol. 41, No. 7
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SCHEME 7
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enolate 17, titanium enolate 18 is stable against

defluorination due to the linear aligned structure of C—O—Ti,
which makes a possible interaction of fluorine with titanium
weak.

A catalytic transformation involving Pd-enolate of o-CF;
ketone was accomplished. With a catalytic amount of
Pd(PPhs),, 4,4,4-trifluorobutan-2-one 20 reacts with various
allylic carbonates to give a-allylated ketones 21 in good yields
(Scheme 9).'° Interestingly, the a-allylation reactions proceed
smoothly under neutral conditions; the s-allyl palladium
alkoxide intermediate 24 could abstract the a-proton of the
ketone 20 effectively, loading to palladium enolate 23.

2.2. Perfluoroalkyl Organometallics. The highly hydro-
phobic nature of the perfluoroalkylated molecules may favor-
ably alter in vivo transport rates and stability of a drug.
Nucleophilic introduction of perfluoroalkyl groups is one of the
most effective and popular methods for the synthesis of per-
fluoroalkylated compounds. However, (2,2,2-trifluoroethyl)-
lithiums and the corresponding Grignard reagents are not
synthetically useful due to their rapid decomposition. How-
ever, there is an obvious increase in the stability of the (per-
fluoroalkyl)lithium reagent.?”~3°

Gassman reported reactions of (pentafluoroethyl)lithium
with carbonyl compounds (Scheme 10).'® Pentafluoroethyl
iodide undergoes a halogen—metal exchange reaction with
820 = ACCOUNTS OF CHEMICAL RESEARCH = 817-829
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Uno reported reactions of (perfluoroalkyl)lithiums, prepared
via halogen—metal exchange, with carbon—nitrogen double
bonds in the presence of BF; - OFEt, catalyst (Scheme 11)."74!
N-Heterocycles, such as quinolines, isoquinolines, and pyrim-
idines, react smoothly with (perfluoroalkyl)lithiums, giving the
corresponding adducts (Scheme 11).42
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There have been several reports on regioselective (Scheme
12)*3 and stereoselective (Scheme 13)** nucleophilic pen-
tafluoroethylations.

Perfluoroalkylzinc reagents are more stable than the cor-
responding lithium or magnesium reagents. The zinc reagents
were prepared from perfluoroisopropyl iodide with metallic
zinc.*> The reactions with acyl fluorides or acid anhydrides
gave perfluoroalkyl ketones.*® With ultrasonic irradiation, (per-
fluoroalkyl)zinc reagents undergo Pd-catalyzed perfluoroalky-
lation of allyl, vinyl, and aryl halides, alkynes, and dienes,
affording perfluoroalkylated compounds (Scheme 14).*”

Thermal stability of perfluoroalkyl agents (R--M) depends
on the kind of metal present (M). Intuitively, a large degree of
covalency of carbon—metal bonds (M is a less electroposi-
tive element) and a low degree of orbital overlap of
carbon—metal with carbon—fluorine bonds (M is a heavier or
higher period element) increase the thermal stability of Re-M.
Other examples of thermally stable (perfluoroalkyl)metal (Ca,*®
Mn,*? Ag*° and Sn>°) species are known.
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In addition to perfluoroalkyl iodides, fluorohalogeno-
ethanes CF;CXYZ (X = F, Cl, Br; Y, Z = Cl, Br) undergo
metal—halogen exchange with alkyl- or arylmagnesium
halides at low temperatures to yield organometallic com-
pounds CF;CXYMgX, although they are not reactive enough
at such low temperatures.'® Fujita and Hiyama were able to
generate a thermally stable CF;CCl,ZnCl from CCI5CF5 and Zn
powder. At room temperature, addition of CF;CCl,ZnCI'® and
CF5CCl,PbCI>" with various aldehydes and ketones afforded
adducts in high yields (Scheme 15).

2.3. f-Fluoroalkyl- and Perfluoroalkylsilanes. A large
number of organosilicon compounds are utilized in organic
synthesis. In general, organosilicon compounds are considet-
ably stable and easy to handle. Meanwhile, in the presence of
fluoride as an initiator, they act as metal-free carbanion
sources via pentavalent silicate intermediates for nucleophilic
alkylation (Scheme 16).
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In many cases, pentavalent fluorosilicates are thermally sta-
ble intermediates, which survive at higher temperatures. Tagu-
chi reported the generation of g-fluoroalkyl carbanions. It is
known that the deprotonation reaction of difluorocyclopro-
panes 27 by alkyllithium (RLi) proceeds rapidly, while the
resultant anions having lithium as a counterion are so unsta-
ble, even at low temperatures, that the products 28 form
through B-elimination of LiF (Scheme 17).>2 In contrast, silyl-
substituted difluorocyclopropanes 29 react with a variety of
aldehydes without defluorination. With a catalytic amount of
TBAF, the reactions proceed at room temperature to yield the
corresponding cyclopropylcarbinols.>?

Interestingly, perfluoroalkylsilanes (Ruppert—Prakash
reagent, R-SiMes)* are useful compounds as perfluoroalkyl
anion sources for introduction of perfluoroalkyl groups into
various organic compounds. Perfluoroalkylsilanes have been
used for formation of not only C—C bonds with ketones 30,>>
amide 31,%® imines 3257 (Scheme 18), and aryl iodides 33°8
(Scheme 19) but also carbon—heteroatom bonds with sulfur
and nitrogen reagents®® (Scheme 20), phosphites,®® and
borate®' (Scheme 21).

3. Oxiranyl and Aziridinyl Anions

Besides ring openings,®? the anion 36 of the epoxide 34 and
the anion 37 of the aziridine 35 could be generated regiose-
lectively, as well as stereospecifically, on the ring carbons
attached to the trifluoromethyl group (Scheme 22).2'°® Neg-
ative charges of these anions would be delocalized by over-
lapping of the sp® anion center orbital to lone pair orbitals on
the ring oxygen.®3

The oxiranyl anion 36 from 2,3-epoxy-1,1,1-trifluoropro-
pane 34 with n-BuLi was found to be thermally unstable.”*°
822 = ACCOUNTS OF CHEMICAL RESEARCH = 817-829
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Its generation and reaction should be undertaken below —100
°C. Reaction at higher temperatures (—40 °C) resulted in
decomposition (via defluorinations). However, the anion
reacted at —100 °C with a variety of electrophiles to give opti-
cally active 2-substituted 2-trifluoromethyl oxiranes 40, with
retention of its configuration (Scheme 23).

Generation of the aziridinyl anion 37 was affected by
N-substituents. The aziridine, with a strong electron-withdraw-
ing N-tosyl substituent, was converted to the anion 37 with
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n-BuLi. The anion could react with a variety of electrophiles in
good vyields (Scheme 24). The aziridinyl anion is also ther-
mally unstable, so these reactions should be conducted below
—100 °C.!

The aziridines with N-o-anisyl and N-p-anisyl substituents,
which could w-conjugate to the nitrogen atom, were converted
to the anion by sec-BuLi (n-BulLi failed to deprotonate of 35).
However, generation of anion from N-benzyl-2-trifluoromethy-
laziridine with sec-BuLi was unsuccessful. Thus, the trifluoro-
methyl group alone would not be enough to generate and
stabilize the a-trifluoromethylaziridinyl anions.

4. o-Trifluoromethylethenyl Metals and
Their Related Metal Species

o-Trifluoromethylethenyl metals 42 and the related trifluoro-
acetimidoyl- (43) and trifluoroacetyl- (44) metals have been
employed for the preparation of trifluoromethylated organic

SCHEME 24
Ts , Ts Js
H 7 Buli 4 E /
w — > ON - E)..\JN
FiC THE e —100C f¢
35 100 C 37 41
N N
FaC FaC
83%, 52% de 45% 67%
O Ts
/ Ts Ts
Bno—gﬂl\l B’B{JJ\]’ TMS){F /
FaC F30 FSC
95% 13% 99%

molecules. They are mostly generated from the correspond-
ing halides by halogen—metal exchange or oxidative addi-
tion of the halides to low-valent metals. The stability of these
sp? hybridized metal species is highly dependent on the fol-
lowing: (1) the electronegativity difference between the car-
bon and the heteroatom (X in 42-44), (2) the
electronegativity difference between carbon and metal, and (3)
the affinity of the metal to the fluorine of the trifluoromethyl
group [bond strength for metal—F = Li—F 138, Mg—F 110,
and Zn—F 88 kcal/mol]. Thus, ethenyl metals 42 are most sta-
ble, and acetyl metals 44 are least stable (stability order,
metal—C=C > metal—-C=NR > metal—C=O0). The following is
a brief summary of the generation, stability, reactivity, and
synthetic applications of the a-trifluoromethylated sp?-hybrid-
ized metal species 42, 43, and 44 (Scheme 25).

SCHEME 25
42: X = CH,
43: X =NR
FaC metal 44:X=0
42-44 metal = Li, Mg, Zn, Si, B, Sn, Rh, Pd

4.1. o-Trifluoromethylethenyl Metals. o-Trifluorometh-
ylethenyl metals 42 (metal = Li, Mg, Zn, B, Si, Sn, and Pd)
have been investigated. Their stability is dependent on the
degree of metal—carbon bond covalency (electronegativity of
Li, Mg, Zn, Si, Sn, B, Rh, and Pd = 0.98, 1.31, 1.65, 1.90,
1.96, 2.04, 2.20, and 2.28, respectively) and also on the affin-
ity of the metal to fluorine. The lithium species 46 is gener-
ated by bromine—lithium exchange of 2-bromo-3,3,3-
trifluoropropene 45 with n-BuLi in hexane at below —90 °C
and can be trapped with carbonyl compounds (32—51%
yield).®* However, the lithium species 46 is extremely unsta-
ble even at around at —90 °C, due to the strong affinity of lith-
ium to fluorine and also due to the strong ionic nature of the
lithium—carbon bond. Thus, it undergoes defluorination rap-
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idly, resulting in the formation of 1,1-difluoropropadiene 47.°°
Some results obtained on reacting 45 with n-BuLi at low tem-
perature for 15 min are listed in Scheme 26, which indicates
that about 70% of ethenyl-lithium 46 undergoes defluorina-
tion at —78 °C.°¢ The corresponding lithium species 49 of
2-bromopentafluoropropene 48 is also generated in a simi-
lar manner (Scheme 26).57

SCHEME 26
Br Li R
/& n-BuLi & RICOR?2 R2
—_— »  F3C
FsC o0 ° FsC 1o 3
5 90°C a6 32-51% OH

i tBuLi
—_—
FsC 97%

L n-BulLi (1 eq)
—
F3C Et,O

45

L
FSC& * I * RC
47

[ =78°C /15 min 20% 54% 17%

l -96°C /15 min 31% 11% 58%

F 55°C
FaC
2%

Bromide 45 reacts with magnesium metal smoothly at 0 °C
to form the Grignard reagent 51, which spontaneously reacts
with methyl boronate under Barbier conditions, affording tri-
fluoromethylethenyl boronic acid (52).%® The boronic acid 52
is useful for Pd-catalyzed cross-coupling with highly function-
alized heteroaromatic bromide 53 (Scheme 27).23

Br

Fsc/g/ n-BuLi
F -78°C

48

SCHEME 27
/BJr\ Mg (1.3.eq) JMiBr BO:
_—
FsC THF/0°c  FsC o0 Fac
45 51

1) B(OMe)s (3 eq) / THF, 0°C/ 4 h; 2) 6 M HCI

Pd(PPhg)4 / NagCOs GFs3

Bfr IOMG MeOH / THF /70 °C )\[,NIDMQ
52 +
98% \N NH,
54

The corresponding zinc species is more stable than the lith-
ium and magnesium reagents, and thus is generated by the
oxidative addition of 45 to Zn(Ag) in the presence of TMEDA
(in THF at 60 °C for 6 h, 93%). It can be stored at room tem-
perature over months or heated at 70 °C for a prolonged time
in the absence of air and moisture.®® It is less nucleophilic
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than the lithium species and thus reacts with the formyl group
of 55 chemoselectively®® and with carbon dioxide to give tri-
fluoromethacrylic acid.”® The zinc reagent 56 is stabilized by
chelation with TMEDA in THF. It undergoes palladium-cata-
lyzed cross-coupling with aryl or alkenyl bromides and alk-
enyltriflate, providing o-trifluoromethylstyrenes 57 and
B-trifluoroisopropenylcyclohexenone 58.°8 The cross-coupling
of 2-bromo-6-methoxynaphthalene with the ethoxylated zinc
reagent 59 provides a precursor of trifluoromethylnaproxen
(Scheme 28).”"

Trifluoromethylethenyl-stannane 61 is successfully pre-
pared by the stannylcupration of the bromide 45 with bis-
(stannyl)copper lithium 60, where the stannyl group is
incorporated into C2 rather than C1, although most of nucleo-
philes preferentially attack C1 of 45. Vinylstannane 61 reacts
with a variety of acyl halides under Pd-catalyzed cross-cou-
pling conditions in the presence of Cul, affording a-trifluoro-
methyl-a,-unsaturated ketones 62,2 whereas the
corresponding zinc reagent does not (Scheme 29).

The trifluoroisopropenyl-palladium reagent 63 is readily
generated by the reaction of the bromide 45 with PdCI,, and
it subsequently undergoes carbon—carbon bond formation
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SCHEME 30
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FIGURE 1. lonic character of the carbon—metal bond in
trifluoroacetimidoyl metals.

with carbon monoxide,”® aryl and alkenyl boronic acids,”*
and terminal alkynes under Sonogashira conditions (Scheme
30).7°

4.2. Trifluoroacetimidoyl Metals. The stability and the
reactivity of trifluoroacetimidoyl metals are also remarkably
dependent on the ionic nature of the carbon—metal bond,
which is closely related to the electronegativity difference
between carbon and the metals. Figure 1 illustrates the ionic
character of the carbon—metal bond in trifluoroacetimidoyl
metals. The lithium species is the least stable, so it must be
generated and handled at temperatures below —60 °C; mean-
while, the palladium and rhodium species can be handled at
over 100 °C for prolonged times.

4.2.1. Trifluoroacetimidoyl Lithium, Magnesium, And
Zinc Reagents. The trifluoroacetimidoyl! lithium species 65 is
generated readily by a lithium—iodine exchange reaction of
jodide 64 at —70 °C and can be trapped with electrophiles
(Scheme 31). The major side reaction of the reagent at tem-
peratures above —60 °C is migration of lithium to imino-ni-
trogen from imino-carbon to generate a carbene-type
intermediate 66, which readily undergoes dimerization.**2>
The driving force for the exclusive migration of lithium in 65
would arise from the polar nature of the carbon—nitrogen
bond and the strong affinity of the lithium cation to the imino
nitrogen, since lithium in trifluoromethylethenyl lithium does
not migrate to the p-carbon. In order to avoid the unfavor-

SCHEME 31
- - N-Ar
)N]\Ar BulLi )I\]l\Ar electrophiles
F5C o FaC7 "L T 5gag9s FaC
64 ether, 78 °C 65

electrophiles; PhCHO, DMF, PhCOCI, PhCOMe, CICO,Et

N-Ar L|N-Ar

cy O e |
FoC™"
65 66
N-Ar a1 gl
Bu,NF Aam
. - - Ivies
FoC™ SiMes T, F o] a088%
67 68

able lithium migration and to generate the more stable trif-
luoroacetimidoyl carbanion equivalent, fluoride promoted
desilylation and alkylation of trifluoroacetimidoyl silane 67 via
fluorosilicate 68, the corresponding carbanion equivalent, has
been devised (Scheme 31).2°

The trifluoroacetimidoyl silane 67 is prepared via the mag-
nesium reagent 70 by the reaction of trifluoroacetimidoyl
chloride with metal magnesium at —73 °C.”® In contrast to the
instability of lithium species, alkylation via the silane 67 can
be conducted even at 50 °C. Interestingly, the reaction of 69
with magnesium at 0 °C activates both carbon—chlorine and
carbon—fluorine bonds successively, affording the doubly sily-
lated products 71, which are synthetic precursors both for 72
and 73. One of the synthetic applications of 71 is shown in
Scheme 32.77 This double silylation of 69 via 67 is easily
understood by the fact that trifluoromethyl imines 74 undergo
Mg-promoted defluorinative silylation leading to 75 (Scheme
33).78

The corresponding zinc species is more stable than the lith-
jum species. It can be generated by the oxidative addition of
69 to metal zinc (Zn/Al) at room temperature and can be alky-
lated with electrophiles.”®

4.2.2. Trifluoroacetimidoyl Palladium and Rhodium
Reagents. The trifluoroacetimidoyl palladium species 77 is
easily generated by the oxidative addition of trifluoroacetimi-
doyl halides 76 (halogen = I, Br, or Cl) to zerovalent palla-
dium (Scheme 34). Trifluoroacetimidoy! iodide 76 (X =) is a
favorable substrate for the palladation since it reacts rapidly
with Pd(0), but the corresponding chloride 76 (X = Cl) is also
usable under reaction conditions lacking any nucleophiles. For
example, alcoholysis (replacement of halogen in 76 with
alkoxy group of alcohol) and palladation are competitive in
carboalkoxylation of 76, where alcoholysis is much faster for
the chloride 76 (X = Cl) than palladation. Meanwhile, palla-
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SCHEME 32
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74 75

dation is much faster for the iodide 76 (X = I), which is a
favorable substrate for the carboalkoxylation (Scheme 34).8°
Even tert-butoxycarbonylation of 76 (X = 1) is successful when
DMF or DMI is used as a solvent.2' The Heck—Mizoroki reac-
tion with alkenes and the Sonogashira reaction with alkynes
provide alkenyl imines 78 and alkynyl imines 79 at room
temperature, respectively.®? The palladium species 77 is sta-
ble enough to be handled at higher temperatures. Under a CO
atmosphere, the palladium catalyst promotes homocoupling
of 76 (X = 1) at 60 °C, providing trifluoromethylated diimines
81 (Scheme 34).83

Palladium-catalyzed intramolecular chloro-imination of an
alkyne is a unique reaction where both chlorine and an imi-
doyl moiety are incorporated into a carbon—carbon triple
bond simultaneously (Scheme 35). The chloride 83 is usable
for the construction of functionalized quinolines, 84, where
4-chlorine and 3-hydrogen can be further functionalized for
quinolonecarboxylic acids 85 (Scheme 35).84

The rhodium catalyst activates the carbon—chlorine bond
of imidoyl chlorides 86 and then induces carbo-rhodation to
the triple bond of alkynes, followed by ring closure via
carbon—carbon bond formation leading to 2-triffluorometh-
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ylquinolines 87 (Scheme 36).2> The rhodium species seems to
be stable enough for prolonged heating at 110 °C.

4.3. Trifluoroacetyl Metals. Due to the greater polarity of
the carbonyl group compared with the corresponding imino
and ethenyl groups, trifluoroacetyl metals are extremely
unstable, so very few of them have been successfully
employed for organic synthesis. No successful synthetic work
on trifluoroacetyl lithium, magnesium, and zinc species has
been reported. Less ionic, that is, more covalent,
carbon—metal bonds would be needed for synthetically fea-
sible trifluoroacetyl metals. So far, palladium and rhodium spe-
cies have been studied.
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The trifluoroacetyl palladium species is prepared from ben-
zyl trifluoroacetate and is isolated as a phosphine complex,
89.8° Phenyl trifluoroacetate undergoes palladium-catalyzed
cross-coupling with arene boronic acid (Scheme 37).8” The
oxidative addition of 88 occurs at the bond between acetyl
carbon and benzyloxy oxygen, rather than between the ben-
zyl carbon and trifluoroacetoxyl oxygen. Rhodium-catalyzed
chloro-perfluoroacylation of terminal alkynes provides
p-chloro-o,5-unsaturated ketones 93 in reasonable yields,
where no decarbonylation from C5F,CORNCl is observed.®8

Rh{acac}{CO)PPhg
toluene /110°C/1h

24
92-12% CaF” NP Ng

93

5. Conclusion

o-Trifluoromethylated carbanions are, in general, unstable.
Their stability is greatly affected by several factors, such as
hybridization of the orbital that accommodates lone pair elec-
trons, the electronic nature of the a-substituents, the degree
of covalency in a bond between the carbon and metal, the
class of countercation, stabilization by chelation of a metal cat-
ion, and others. Therefore, stability can be controlled by tun-
ing these factors appropriately.

The study of the chemistry of a-trifluoromethylated car-
banions for organic synthesis has been progressing steadily.
However, the simplest trifluoroethyl and trifluoroacetyl car-
banions have never been successfully generated. Elegant gen-
eration and synthetic applications of these metal species are
one of the attractive and challenging subjects for active inves-
tigation in the future.
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