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Enantioselective applications
of frustrated Lewis pairs in
organic synthesis

Michael G. Guerzoni,* Ayan Dasgupta,l’2 Emma Richards," and Rebecca L. Melen

SUMMARY

The field of asymmetric catalysis has witnessed tremendous devel-
opment since its discovery, and this has recently culminated in the
Nobel prize given to Benjamin List and David MacMillan “for the
development of asymmetric organocatalysis.” In this perspective, we
aim to highlight a less-represented class of catalysts, which can be also
employed in enantioselective transformations: cooperative main-group
Lewis acids and Lewis bases. Since 2007, this concept has been
strongly associated with the term frustrated Lewis pair (“FLP”). Chiral
FLPs have been applied in hydrogenation reactions whereby the
enantioselective transformation is accomplished by us-ing an FLP
containing either a chiral Lewis acid or a chiral Lewis base. Chiral
intramolecular FLPs have also been employed for this pur-pose. This
perspective will look at the recent developments in enan-tioselective
FLP catalysis and will suggest new directions for the field, taking
inspiration from the ongoing research in the area of enantioselective
cooperative catalysis.

INTRODUCTION

Asymmetric synthesis is the branch of chemistry that includes the construction of
molecules while controlling the outcome of any stereogenic centers. Medicinal
chemistry and agro-chemistry strongly rely on such reactions, given that changes in
the absolute configuration of just one stereogenic center can have tremendous
biological effects.” Although the first example of asymmetric synthesis was reported

back in 1889 (now known as the Kiliani-Fischer synthesis),2 it was not until the early
1950s that such chemistry found its deserved place among the synthetic community.
In the same period, transition-metal catalysis was flourishing, and transition metals
were used for many transformations, so it is not surprising that asymmetric synthesis
has been strongly developed by relying on those elements in combination with chiral
Iigands.3 However, in recent times, chemical research has shifted toward a greener
and more sustainable approach, involving the elimination (or at least the reduction)
of the use of transition metals that are known to be toxic as well as expensive.“’5 In
this regard, p-block elements have proved to be a valid alternative, so it is reason-
able to consider asymmetric synthesis carried out by these elements instead.® A
stepping stone into the application of main-group elements in synthetic transforma-
tions arose from Stephan and co-workers in 2006, where a sterically encumbered
Lewis acid (LA) and Lewis base (LB) cooperatively activated dihydrogen gas.
Following this work, the term frustrated Lewis pair (FLP) became popular among the
scientific community.g_lo Although hydrogen activation and hydrogenation catalysis
with metals is well reported, the FLP dihydrogen cleavage was the first example of

reversible H2 activation in the absence of metals.'*'? The unquenched
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THE BIGGER PICTURE

Application of chiral Lewis acids
or chiral Lewis bases in modern
synthetic organic chemistry is
one of the most common
methods to induce asymmetry
in chemical reactions and to
afford molecules possessing
defined stereochemical
elements. Although high
enantioselectivities (>98%) are
often desired, it is not always
possible to reach those values.

Difficulties arise also when
multiple stereocenters are
formed, since the
enantiocontrol might be
challenging to achieve.

By employing the concept of
frustrated Lewis pairs, which
relies on two active sites
working together to activate
substrate(s), and by taking
inspiration from cooperative
catalysis, where “both the
nucleophile and the electrophile
are simultaneously activated by
two separate and distinct
catalysts to conduct a single
chemical transformation,” it
would be possible to develop
an FLP system where both the
Lewis acid and the Lewis base
are chiral, establishing a chiral
pocket between the two sites
capable of inducing high
degrees of enantioselectivity.




reactivities of FLPs cleave H2 heterolytically to afford a LA-LB zwitterion species (acti-

vation step). This species can then transfer H2 to an unsaturated substrate in a reduc-tion
reaction. For most substrates (such as imines or alkenes), proton transfer occurs first,
followed by hydride attack from the LA component to the unsaturated substrate (hydride
transfer step) to generate the hydrogenated product. This groundbreaking discovery
prompted the birth of many works in the field of FLP reductions, especially of ketones and
imines, among others. ™t Following the work developed by Noyori on the asymmetric

hydrogenation of ketones,® the natural evolution in FLP chemistry has been directed
toward accomplishing similar transformations with control of the stereogenic centers
(Scheme 1). Given the fact that FLP systems rely on two sites that work cooperatively to
raise the highest occupied molecular orbital (HOMO) and/or lower the lowest unoccupied
molecular orbital (LUMO) of the reactant(s),14 it might be inferred that by judicious choice
of a chiral LA and LB, an FLP system can be developed that can catalyze the synthesis of
enantioenriched molecules. This perspective aims to highlight recent developments in the
field of chiral FLPs and to provide an outlook for new possibilities in the area of
enantioselective FLP cooperative catalysis. This perspective is comprised of three
sections: FLPs bearing chiral LAs, FLPs bearing chiral LBs, and chiral intramolecular
FLPs, followed by an outlook for future directions in the field.

Chiral LA components within an FLP

The majority of the reports of enantioselective FLP catalysis have focused on using
chiral LAs. The reason for this is that typically in hydrogenation reactions (e.g., of im-
ines, carbonyls), the LA (or rather its hydride) is responsible for delivering the
hydrogen atom to the prochiral center. This section will focus on chiral LAs of the
type R*B(ArF)z (ArF = CgFs, p-HCeF4) (Where R* is chiral) as well as chiral borenium
cations, which have been used with achiral LBs in an FLP fashion (Figure 1A). In
R*B(ArF)z compounds, the enantioselectivity induced in a chemical reaction de-
pends on the chiral ligand bound to the boron atom. In general, chiral LAs of the type
R*B(ArF)z are synthesized from the hydroboration reaction between Piers’ borane
(HB(C6F5)2)15 or HB(p-HCgF4)2 and a chiral auxiliary containing a ChC or C=C
functionality. The chiral auxiliary can be divided into three main groups: chiral pool,
binaphthyl, and spyro/bicyclic Iigands.lG_18

One of the earliest examples of enantioselective hydrogenations of imines, reported by
Klankermayer and co-workers, employed a chiral LA (1) derived from (+)-a-pinene without
the presence of an additional LB. In this scenario, the substrate (imine) acts as the LB
component of the FLP. The chiral LA catalyst 1, in combination with the imine substrate,
proved to be proficient in activating H2 and simultaneously reducing the imine substrate,
as evidenced by full conversion of the imine starting material to the amine product.
However, low ees (13%) were obtained.® The poor enantioselectivity was attributed by
the authors to the tendency of the borane to un-dergo isomerization via retrohydroboration
and rehydroboration at room tempera-ture, which in turn lowers the
enantioselectivity.zo’21 However, a recent study on the origin of selectivity in FLP-type
hydrogenation of imines proposed that the poor ee can be also attributed to the low chiral

environment around the B—H bond of the borohydride active species.22 Just two years I ) ) )
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Scheme 1. Representative substrates employed in enantioselective hydrogenation reactions Blue:
reductions accomplished by employing a chiral LA and an achiral LB. Red: reductions
accomplished by employing a chiral LB and an achiral LA. Black: reductions accomplished by
employing chiral intramolecular FLPs. Maximum ees in each reaction are reported.

with [2—H][H-PtBus3] giving the best enantioselectivities. It was later demonstrated
that the enantioselectivity with these types of catalysts can be altered and tuned by

judicious choice of the aromatic ring on the chiral skeleton.

Another factor that is important for dictating the enantioselectivity in a reaction is the
rigidity of the catalyst. In this regard, binaphthyl derivatives have become very pop-
ular as chiral ligands for the synthesis of a range of chiral LAs.%*7?° Their
effectiveness is exemplified by the results of Du and co-workers, who employed
compounds of type 4 in the hydrogenation of imines, enhancing the ee up to 899%.2°
In this reaction, the active catalyst 4 is generated in situ from the double
hydroboration of a chiral binaphthyl terminal diene with HB(CeF5)2. Subsequently,
Du and co-workers have applied this approach to the asymmetric hydrogenation (up
to 99% ee) of other sub-strates such as diimines, quinolines, quinoxalines, and silyl
enol ethers using chiral binaphthyl-derived terminal dienes/diynes as the
precatalyst.22 While most enantio-selective FLP chemistry to date has focused on
hydrogenation catalysis, it has also shown that these systems are also suitable

23,21,28 and halocyclization”® reactions.

catalysts for asymmetric hydrosilyla-tion
During the thriving growth of enantioselective catalysis by means of chiral LAs,
Wang et al. developed a class of chiral ligands for enantioselective FLP chemistry
based upon bicyclo/spiro compounds. A rigid [3.3.0] fused bicyclopentane system
(21; Scheme 2) was found to be a suitable chiral precursor.30 Upon hydroboration of
21 with HB(CeFs5)2, the chiral LAs (5 or 6) were afforded. Interestingly, during the syn-
thesis of the bicyclo catalyst, the authors discovered that the reaction temperature
controls the formation of the product. When the cis-C2-symmetric bicyclic [3.3.0] diene 21
is exposed to HB(CeFs5)2 or HB(p-HCgF4)2 at 25 C, anti-Markovnikov hydro-boration of
both double bonds occurs, delivering the kinetic isomer 6, where the two Lewis acidic
sites are on the less sterically hindered face.23 However, when the same
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Figure 1. Overview of the chiral Lewis acids and Lewis bases employed in FLP-type chemistry
(A) Chiral Lewis acids employed in FLP chemistry.

(B) Chiral Lewis bases employed in FLP chemistry.

(C) Chiral intramolecular FLPs.

reaction is carried out at 80 C, the thermodynamically controlled product 5 is
observed, where the two Lewis acidic sites point toward each other on the same
face of the bicyclic scaffold (Scheme 2, top). Interestingly, catalyst 5 or 6 is formed

from 21 and HB(p-HCeF4)2 via four-membered ring transition states. Out of two pos-

sibilities, (1) addition of HB(p-HCeF4)2 to the unsaturated substrate from the bottom
(cis to the hydrogen atoms on the fused carbon atoms) or (2) top (trans to the
hydrogen atoms on the fused carbon atoms) face, the authors found that bottom-
face addition required a lower activation barrier compared with top-face addition,
which is more exothermic. Due to the large energy barrier, conversion of the kinetic
isomer 6 to the thermodynamic isomer 5 was found to be not feasible at 25 C but
was possible at 80 C. Furthermore, the authors concluded from the calculated en-
ergy profile diagram that the release of HB(p-HCeF4)2 from its dimeric form is quite
endothermic, which accounts for its slow hydroboration at 25 C. These catalysts
were then employed in the hydrogenation of imines with ees of up to 94% for the
thermodynamic isomer 5 (Scheme 2, bottom). The authors observed that the forma-
tion of R enantiomer is energetically more favored compared with the S enantiomer.
The superior selectivity of catalyst 5 compared with catalyst 6 was investigated by
computational means. Density functional theory (DFT) calculations showed that, in
the rate-limiting step (hydrogen activation), the ease of interaction between two
Lewis acidic sites has a strong contribution to enantiocontrol due to several weak in-
teractions between the two B(p-HCeF4). The ratio between the two enantiomers
formed in the reaction was also found to be heavily dependent on the steric bulk
brought by the two aryl (Ar) groups present on the bicyclic core in 21. When using
more sterically demanding substituents such as Ar = p-tBuCgH4 or Ar = m-tBu2CgH2,

higher ees resulted than with smaller Ar = p-FCgHa4. In a subsequent study, the
same catalyst proved to be ineffective toward the reduction of quinolines, shining
light on one of the major downsides of the highly acidic boranes often used in FLP
chemistry: their tendency to strongly coordinate small molecules.

The lack of activity was attributed to the insulfficient steric hindrance around the bo-
ron center of the catalyst, which was able to coordinate the substrate thereby

poisoning itself.>* Hence, a more sterically encumbered chiral LA was developed,
based upon a spiro-bicyclo ligand 7. The new spiro-bicyclic LA 7 was found to be
even more proficient than the bicyclic compounds 5/6 due to the greater steric de-
mand around the boron atom as well as the increased rigidity of the catalyst, pro-
moting the asymmetric hydrogenation of differently functionalized quinolines with ees
of up to 99% and yields up to 98%.

As seen above, one of the most common methods to make chiral LAs is to take a chi-ral
unsaturated scaffold and subject it to hydroboration with HB(CeF5)2 to generate
R*B(CgF5)2. The inclusion of CgFs5 groups is necessary to increase the Lewis acidity of

the boron center required for H2 activation and catalysis. An alternative method to
increase the Lewis acidity is to turn to borenium cations where the positive charge on the
boron center renders them strong LAs. In this regard, Eisenberger, Melen, Crudden,
Stephan et al. have laid the foundations for future developments in this field by employing
chiral carbenes as ligands with easily accessible 9-BBN (8-11) or by using achiral
carbenes with diisopinocampheylborane (Ipc2BH) (12).32 Although the initial results
proved to be unfruitful in terms of steric inductions (up
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Scheme 2. Hydrogenation of imines with a chiral bicyclic bisborane
Top: active catalyst synthesis; bottom: reaction conditions and enantioselectivities obtained.

to 20% ee), some of the catalysts were proficient in hydrogenating imines with quan-
titative yields, indicating the potential for future development in this field.

From the above discussion, it can be understood that three main aspects need to be
considered when designing chiral LAs for enantioselective FLP catalysis with high asym-
metric inductions. Firstly, the stability of the catalyst is important, and processes such as
retrohydroboration should be minimized. Secondly, a rigid catalyst is desirable to pro-
mote a tighter transition state. Finally, the bulkiness around the boron atom is significant
to avoid poisoning of the catalyst with coordinating molecules. By keeping in mind these
parameters, it is potentially possible to develop highly efficient chiral LAs that can be
employed not only in FLP hydrogenation reactions with a suitable LB but also in other
FLP- or LA-catalyzed reactions such as hydrosilylation, C—C bond formation, C-H and C—

X activation, and cycloaddition reactions. 3338

Chiral LB components within an FLP

Chiral LBs are commonplace as organocatalysts;39 however, their application in
enantioselective FLP catalysis is much less known (Figure 1B). According to the
explanation given by Du and co-workers, the asymmetric induction by the LB tends
to be heavily limited for two main reasons. Firstly, this can be due to the competition
between the chiral LB and the achiral substrate (imine, ketone, etc.) with the LA,
both of which can act as the LB component of the FLP. Secondly, this can be due to
the order and position that the hydride (delivered by the LA) and the proton

(delivered by the LB) are conveyed to the substrate.*° For example, in the case of
imine hydro-genation, initial protonation of the nitrogen by the chiral LB means there
is no chiral environment close to the prochiral carbon atom of the imine, and little to
no asym-metric induction arises. Moreover, as evidenced by the work of Pa” pai et
al., when im-ines are reduced in FLP chemistry, the role of the LB is limited at best,
since the imine itself can act as the LB in the FLP, giving rise to a much more stable

and accessible transition state for the hydrogen transfer step.19

The first example of asymmetric induction involving a chiral Lewis basic component
of an FLP in hydrogenation reactions was shown by the work of Stephan and co-
workers in 2011. Here, the ligand (S,S)-DIOP (13) afforded the reduced aliphatic
amine with only 25% ee, despite full conversion of the starting ketimine.** To date,
due to the issues highlighted above, there are only a few further examples of
enantioselective hydrogenation with an FLP system where the asymmetric induc-tion
is due to a chiral LB rather than a chiral LA. In 2016, a chiral tert-butylsulfinamide
(14) was employed toward the reduction of imines with extremely high yields and
ees (78%—99% and 84%—95%, respectively) using ammonia borane as a hydrogen
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Scheme 3. Catalytic asymmetric hydrogenation of acetophenone by a chiral Lewis base and an
achiral Lewis acid

Top: reaction scheme; bottom: catalytic cycle with configuration-determining transition state
(insert).

source.*? Interestingly, the active FLP catalyst is obtained by the reaction between the LA

HB(CeF5)2 and the chiral LB tert-butylsulfinamide (14) generating 14/ BH(CgF5)2. In the
presence of the imine substrate, a highly ordered eight-membered transition state is
formed where the proton and hydride transfer occurs in a concerted fashion, giving a high
degree of enantioselectivity in the reduced product generating the amine and
tBuS(=O)NHB(CesF5)2. Hydrogenation of tBuS(=0) NHB(CgF5)2 using ammonia borane

then regenerates 14/BH(CeFs5)2. In 2020, a later study investigated the use of chiral
oxazolines (15) as LBs in the FLP hydrogenation of ketones and enones. The weak Lewis
basicity of oxazolines renders them suitable for the enantioselective hydrogenation of
carbonyl compounds as they form strong Brgnsted acids following H2 activation.* In this
work, the authors exposed a series of prochiral ketones to various chiral bis-
oxazoline/oxazoline-B(p-HCgF4)3 FLPs to determine which chiral LB could give the best
results in terms of yields and enantio-selectivities of the incipient alcohols. Notably B(p-
HCeF4)3 was used as the LA component of the FLP due to its weaker Lewis acidity and
therefore greater nucleo-philicity of the hydride in the H2 activated species. In the

optimization, it was re-vealed that the mono-oxazoline (15, Rl=RZ= Ph) moiety gave the
best yields and ees of up to 87% for acetophenone derivatives (Scheme 3). Aliphatic
ketones were also reduced to the corresponding alcohols using the same chiral LB/achiral
LA sys-tem, albeit the ees were drastically lower (50% ee). Calculations suggested that
the high enantioselectivity was driven by non-covalent interactions (p-p and hydrogen
bonding) in transition state Tst (Scheme 3), which decreases the flexibility of the
conformation in the transition state. The proton and hydride are then transferred in a
concerted manner to the substrate. With non-aromatic substrates, such p-p in-teractions
cannot occur, and therefore the ee is negatively affected. By slightly tun-ing the LA and
the chiral oxazoline, this methodology could be extended to the reduction of enones
derived from b-tetralone and 3-substituted chromones. These reactions were found to be
regioselective toward the reduction of only the double bond with yields of 86%—99% and
ees ranging from 33%-95%. The same group later demonstrated the asymmetric
hydrogenation of 3-fluorinated chromones using the chiral oxazoline/achiral borane FLP

system, yielding 3-fluorinated chromanones in 89%-99% yields with 75%—-88% ees.*
From these results, it can be inferred that



to exploit chiral LBs in enantioselective FLP chemistry, it is crucial to consider all the
possible non-covalent interactions between the FLP catalyst and the substrate, as
well as the reaction mechanism, to prevent detachment of the chiral LB from the pro-
chiral system before having performed the asymmetric induction. One concept to
avoid some of the associated problems with competition for the LB was recently re-
ported by Du. Here, the authors explored alternative approaches based upon relay
catalysis by using an achiral borane and a chiral phosphoric acid for the asymmetric
hydrogenation of chromones giving up to 95% ee.*® Furthermore, in 2022, Du et al.
reported the asymmetric transfer hydrogenation of benzoxazinones using a catalytic
chiral phosphoric acid (16; 0.5 mol %) under Hz in good to excellent yields (69%—
98%) and ees (64% 99%). Dihydrophenanthridine was used as the hydrogen donor,

and catalytic amounts (5 mol %) of borane LA [B(2,6-Cl2CeH3)(4-HCsF4)2)] were
employed to the reaction to swift the hydrogenation of phenanthridine for the

regeneration of catalyst.46

Despite these remarkable examples, chiral LBs have found limited applications in
asymmetric FLP hydrogenation for the reasons described above. However, a
broader use of chiral LBs in FLP catalysis could be envisioned by taking inspiration
from asymmetric organocatalysis*”*®*—a flourishing field for which David MacMillan
and Benjamin List were recently awarded the Nobel Prize for their efforts toward the
“development of asymmetric organocatalysis.” Moving away from hy-drogenation,
FLP catalysis taking advantage of nucleophilic organocatalysts49 could be
envisioned for other transformations. Likewise, inspiration could be taken from the
work by Scheidt et al. on the cooperative catalysis by carbenes and LAs for the
stereoselective synthesis of g-Iactams,50 which shows a very strong parallelism with
FLP chemistry whereby the cooperative action of an LB (carbene) and an LA (M92+)
simultaneously activate the substrate(s). In their work, the authors uncovered the
ability of a chiral LB derived from an N-heterocyclic carbene (NHC) to raise the
HOMO of an a,b-unsaturated aldehyde with a concomitant lowering of the LUMO of
the N-acyl hydrazones by means of an achiral LA (Mgz+), with ees up to 97%. In our
opinion, this concept of cooperative catalysis can be thus extended to FLP chem-
istry, where the frustration might lead to a chiral cooperation.

Intramolecular chiral FLPs

The final class of chiral FLP systems are those in which the Lewis acidic and basic sites
are embedded within the same scaffold (Figure 1C). It is evident that chiral intramo-lecular
FLPs might be highly desirable when it comes to enantioselective transforma-tions, since
a system where both the active sites are on the same scaffold possesses fewer degrees
of freedom, which in turn would make the transition state more or-dered. In this regard,
the first example of a chiral intramolecular FLP arises from the work of Repo et al.®! In
their seminal work, the authors described the synthesis of a so-called “ansa-amino
borane” catalyst (17), which, upon hydrogen activation, forms an ‘“ansa-ammonium
borate,” capable of reducing a large variety of imines, including quinolines. Interestingly,
the basicity of the amine within the chiral catalyst plays a pivotal role in the catalyst
activity. Highly basic amines efficiently activated hydrogen but were less effective at
delivering the proton to the imine substrate as they are weaker Brgnsted acids. On the
contrary, catalysts with less basic amines proved to be superior, as the resulting H2
activated species has a weaker N-H bond (more Brgnsted acidic). Although high
conversions were obtainable (up to 100%), poor ees were observed (up to 37%).
Improved results instead were obtained by the same group a few years later by changing
the chiral backbone and using a bi-naphthyl skeleton (18).52 The amino-borane

binaphthyl scaffold showed improved control of chiral induction, allowing the reduction of
imines and enamines with ees



of up to 99%. Remarkably, several positive aspects were found to be beneficial for
both the activity and the asymmetric induction of the new catalyst: (1) the Lewis
acidic site has been directly attached to the aromatic ring of the chiral binaphthyl
fragment, hence preventing the known phenomenon of retrohydroboration; (2) due to
the two perpendicular naphthyl moieties, the Lewis basic and acidic sites are
positioned in close proximity to each other to form an FLP but are far enough in
space to prevent mutual quenching; and (3) such close proximity prevented the
catalyst from poisoning by the small amines formed in the reaction. Finally, DFT cal-
culations showed once again how pivotal non-covalent interactions in the transition
state for hydride transfer were for controlling the asymmetry in the reduction pro-
cess. The transition state showed that the B—H functionality was embedded in a
chiral environment, allowing selective hydride transfer to the iminium species.

Intramolecular B/P systems have also been developed, with one of the earliest exam-ples
being a derivative of the camphor borane 2 described earlier. Introduction of a p-tBuzP
group to the phenyl ring afforded the intramolecular chiral FLP 19.53 Appli-cation of the H2
activated FLP in the hydrogenation of imines gave ees of up to 76%. Ferrocenyl
derivatives with planar chirality have also been employed as scaffolds for intramolecular
B/P FLPs. Initial studies using a planar-chiral ferrocene-based FLP (pS)-(20) (R = H) gave
just 26% ee for imine reduction with H2.54 Modification of this catalyst to introduce an
additional chiral center next to the boron atom led to an improved catalyst (pS,R)-(20) (R
= Ph), which gave ees of up to 70%.%°

Conclusions and outlook

In this short perspective, we highlight some of the recent advances and developments in
enantioselective FLP chemistry. Although FLP chemistry has been flourishing for over 15
years, comparatively few studies have been undertaken in the realm of enantioselective
transformations, and the field lags far behind that of transition-metal-catalyzed asym-
metric reactions and enantioselective organocatalysis. However, recent studies in this
field have demonstrated the potential for chiral FLPs in enantioselective catalysis to sus-
tain further impactful discoveries in this area. To date, many examples in the literature
include a chiral LA in an FLP system or utilize a chiral intramolecular FLP, both of which
are challenging to synthesize. On the contrary, only a few examples are known so far
where the LB is the chiral component in the FLP. However, experimental and computa-
tional understanding of reaction mechanisms and transition states have been crucial in
understanding the enantiocontrol in these reactions.

By exploiting the ability of both the components within an FLP to raise the HOMO
and lower the LUMO of the reactants, such systems could be exploited in a similar
manner to that observed for cooperative catalysis. Cooperative catalysis, sometimes

also referred to as cooperative dual catalysis,56 contemporaneous dual catalysis,57

or simply synergistic catalysis,58 is a common tool available to the synthetic commu-

nity where “both the nucleophile and the electrophile are simultaneously activated by

two separate and distinct catalysts to conduct a single chemical transforma-tion.”>®

This has clear parallels to FLP chemistry, where the two catalytic sites are kept
separate and therefore active by steric frustration. Thus, inspiration for future
directions in enantioselective FLP chemistry can be taken from the field of coopera-
tive catalysis. This can lead to new chiral FLP catalysts as well as alternative
reactions to the archetypal enantioselective FLP hydrogenation described in this
perspective. An interesting concept would be to employ intermolecular FLPs with a
chiral LA and a chiral LB to develop selective and fully stereodivergent methods to
access chiral molecules containing multiple stereocenters, such as that reported for

metal/ amine-based systems elegantly shown by Carreira and co-workers in 2013.%°
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