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ABSTRACT: In this report, we establish that a readily
available nickel/bis(oxazoline) catalyst accomplishes a
wide array of enantioconvergent cross-couplings of
arylzinc reagents with CF3-substituted racemic secondary
alkyl halides, a process that necessitates that the chiral
catalyst be able to effectively distinguish between a CF3
and an alkyl group in order to provide good ee. We further
demonstrate that this method can be applied without
modification to the catalytic asymmetric synthesis of other
families of fluorinated organic compounds.

The incorporation of a trifluoromethyl (CF3) group in an
organic molecule can lead to substantially altered

properties, including biological activity, as compared to a
nonfluorinated compound.1 Whereas significant advances have
been described in the synthesis of molecules that contain an
Ar−CF3 bond,2 progress in the development of general
methods for the synthesis of compounds that include a Csp

3−
CF3 bond has been more limited, particularly in the case
wherein the carbon that bears the CF3 group is a tertiary
stereogenic center.3,4 Examples of catalytic asymmetric
reactions that generate the latter class of compounds include
the α-trifluoromethylation of aldehydes,5 the conjugate addition
to CF3-containing electron-deficient alkenes,6 the trifluorome-
thylation of allylic electrophiles,7 and the hydrogenation of
CF3-substituted alkenes;8 these methods often require a
suitable additional functional group (e.g., carbonyl, alkenyl, or
aryl substituent) to achieve the desired bond formation and
good enantioselectivity. The development of a general
approach that proceeds in high ee without the need for such
a functional group could thus complement existing strategies.
Recently, we have established that chiral nickel catalysts can

accomplish enantioconvergent cross-coupling reactions of a
number of racemic secondary electrophiles.9 These methods
have typically employed alkyl halides that either are activated
(e.g., benzylic or allylic) or include a directing group (e.g., a
carbonyl or a sulfonamide). In order to achieve the objective
outlined above, we decided to pursue the development of a
general method for the stereoconvergent cross-coupling of an
electrophile of type A (eq 1);10,11 to furnish good

enantioselectivity in such a process, the catalyst must effectively
differentiate between a CF3 and an alkyl group,12,13 which was
not achieved in the only previous report of such a cross-
coupling.14

In this report, we establish that cross-couplings of CF3-
substituted racemic alkyl electrophiles can indeed be achieved
with good enantioselectivity, without the need for an additional
activating/directing group elsewhere in the molecule. Specifi-
cally, we establish that a nickel/bis(oxazoline) catalyst can
effect asymmetric Negishi arylations of secondary alkyl halides
(eq 2).

The data in Table 1 illustrate the impact of various reaction
parameters on the efficiency of this stereoconvergent cross-
coupling.15 If either of the catalyst components (NiCl2·glyme
or bis(oxazoline) ligand 1, each of which is commercially
available and can be handled in air) is omitted, little or no
carbon−carbon bond formation is observed (entries 2 and 3).
Other ligands, including related bis(oxazolines), a pybox, and a
1,2-diamine,16 furnish lower ee’s and yields (entries 4−7). The
use of less of the organozinc nucleophile, a lower catalyst
loading, or THF (without diglyme) as the solvent results in no
erosion in enantioselectivity but in a modest loss in yield
(entries 8−10). At room temperature, side reactions such as
hydrodebromination and debromodefluorination become sig-
nificant (entry 11). This enantioconvergent Negishi arylation is
not highly water-sensitive: the addition of 0.1 equiv of water has
no deleterious effect on either ee or yield (entry 12).
Next, we explored the scope of this new method for the

catalytic enantioselective synthesis of stereogenic centers that
bear a CF3 substituent (Table 2).17 Although the use of an
ortho-substituted arylzinc reagent leads to a modest yield of the
desired cross-coupling product (entry 1), an array of meta- and
para-substituted nucleophiles, either electron-rich or electron-
poor, generally furnish very good ee’s and yields (entries 2−
11). Functional groups such as an aryl ether,18 an aryl halide
(Br, Cl, and F),19 an aryl thioether,20 and oxygen and nitrogen
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heterocycles are compatible with the coupling conditions. On a
gram scale (1.34 g of product), the stereoconvergent Negishi
reaction illustrated in entry 2 of Table 2 proceeds in 96% ee
and 91% yield; it is noteworthy that this cross-coupling is not
especially air-sensitivewhen conducted in a capped vial under
air, the product is generated with similar efficiency (96% ee,
87% yield).

With regard to the electrophilic coupling partner, the scope
of this method for enantioselective Negishi cross-couplings of
fluorinated secondary alkyl halides is also fairly broad (Table
3).21 It is worth noting that, in the case of entry 1, the catalyst

must effectively differentiate between a CF3 and a CH3 group in
order to deliver the product in very good ee.12 A variety of
functional groups are compatible with the reaction conditions,
including a silyl ether, a primary alkyl chloride,22 a primary alkyl
bromide,23 a primary alkyl tosylate,24 an aryl ether,18 a ketone,
an aryl iodide,19 a carbamate, an ester, and a furan.
The choice of electrophile is not limited to alkyl bromides.

Thus, without modification we can apply to a racemic
secondary alkyl iodide the method that we have developed
for stereoconvergent cross-couplings of bromides (eq 3).25

Significantly, the method can also be applied to electrophiles
that bear an electron-withdrawing group other than CF3. Thus,
excellent enantioselectivity is observed with an array of
fluorinated substituents, including perfluoroalkyl, CF2Cl,
CF2COPh, and CF2CO2Et (eqs 4−7).

26

In conclusion, we have developed a versatile stereo-
convergent Negishi arylation of racemic secondary alkyl halides
wherein a chiral nickel catalyst differentiates between a CF3 and
an alkyl substituent in order to deliver a high enantiomeric
excess. In contrast to many other catalytic asymmetric
processes that generate tertiary stereocenters that bear a CF3
substituent, this method does not require an extraneous

Table 1. Stereoconvergent Negishi Arylations of Fluorinated
Electrophiles: Effect of Reaction Parametersa

entry variation from the “standard” conditions ee (%) yield (%)b

1 none 95 89
2 no NiCl2·glyme − <2
3 no (S,S)-1 − 3
4 (S,S)-2, instead of (S,S)-1 33 26
5 (S,S)-3, instead of (S,S)-1 40 27
6 (R,R)-4, instead of (S,S)-1 − <2
7 (S,S)-5, instead of (S,S)-1 11 4
8 1.1 equiv of Ph−ZnCl 95 78
9 3.0% NiCl2·glyme, 3.9% (S,S)-1 94 72
10 THF only 95 82
11 rt, instead of −20 °C 86 15
12 0.1 equiv of H2O added 95 88

aAll data are the average of two experiments. bThe yields were
determined through analysis by 19F NMR spectroscopy (with the aid
of an internal standard).

Table 2. Stereoconvergent Negishi Arylations of Fluorinated
Electrophiles: Scope with Respect to the Nucleophilea

aAll data are the average of two experiments. bYield of purified
product.

Table 3. Stereoconvergent Negishi Arylations of Fluorinated
Electrophiles: Scope with Respect to the Electrophilea

aAll data are the average of two experiments. bYield of purified
product.
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activating/directing group; furthermore, this approach is
effective at producing a variety of other enantiomerically
enriched fluorinated compounds under the same conditions.
From a practical perspective, it is noteworthy that both of the
catalyst components are commercially available and can be
handled in air and that the method is not particularly air- or
water-sensitive. Further studies of nickel-catalyzed cross-
couplings of alkyl electrophiles are underway.
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