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Introduction: The Concept of FLPs
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Introduction: The Types of FLPs

Ph

Mes,P Al'Bus

Q.3
50 -

Carbon-Based FLPs

Phosphorus-Aluminium-Based FLPs

(Mes);P
MO

(CGMe5)3Si
Phosphorus-Silicon-Based FLPs

Bt E!

+

2(CgFs)3

PPh, PPh,

+  B(CeFs)s
Oxygen-Boron-Based FLPs

FLPs

- T

/\

Cp*zzr

Phosphorus-Boron-Based FLPs

N\
B/CGFS

|
CeFs

o] Nitrogen-Boron-Based FLPs
P'Bu,

©
[B(CeFs)a]

Boron-Zirconium-Based FLPs




Introduction: FLPs Chemistry of H,

Reduction of Imines and Enamines
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Introduction: FLPs Chemistry of H,

Asymmetric Reductions
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Introduction: FLPs Chemistry of H,

The Borane Degradation in Reduction of Carbonyl Derivatives
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Introduction: FLPs Chemistry of H,

Reduction of Carbonyl Derivatives
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Introduction: FLPs Chemistry of H,

Reduction of Olefins
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v" Weakly basic phosphine can enhance the Brgnsted acidity
of the cation generated by the FLPs activation of hydrogen.
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Introduction: FLPs Chemistry of H,

Reduction of Arene
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Introduction: FLPs Chemistry of H,

Reduction of Arene
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Introduction: FLPs Chemistry of CO,

CO, Capture

t 2
BusP + B(CgFs5)s _— = 5 . @)I\ B(CgFs)3 Mes,P B(CsFs)2
BU3P @)
Ph
Ph
| co ® | @t CO,
t 2 MesoR ‘lr-\IBuz ’Bu3P+AI(OC(CF3)3)3 —_—
Mes,P Al'Bu, %O
O

® ©
MGSzp /B(CGFs)Q
)
@)

7 e
C) Al(OC(CF
‘Bu3P)LO" (OC(CF3)s)s

Momming, C. M.; Otten, E.; Kehr, G.; Stephan, D. W. Angew. Chem. Int. Ed. 2009, 48, 6643-6646
Appelt, C.; Westenberg, H.; Lammertsma, K.; Uhl, W. Angew. Chem. Int. Ed. 2011, 50, 3925-3928

13



Introduction: FLPs Chemistry of CO,

Reduction of CO,
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Introduction: FLP Addition Reactions
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Project Synopsis

(PPN \)L NH. (f-Pr»N%
—_—

H™ "NH,

Frey, G. D.; Lavallo, V.; Bertrand, G. Science. 2007, 316, 439-441

‘Bu ‘Bu
Bu Bu = /ﬁ/
AN N N
- - 0—PR—0
0——P—0 2N
H NH,

0
D
This Work:
Me
Me Me._| 7
Php—C £ /O
| w8 +NAs Ph,P NH,
N = A—B o
Bu - NH3 AITBu
Bu NH,
H
H

Ammonia Activation Catalytic Transfer




The Synthesis of Aluminium-Carbon-Based FLPs

P-C bond: 1.80 A
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The N-H Bond Activation by Aluminium-Carbon-Based FLPs
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Catalytic Ammonia Transfer by Aluminium—-Carbon-Based FLPs
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Catalytic Ammonia Transfer by Aluminium—Carbon-Based FLPs
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The Mechanism for the Catalytic Ammonia Transfer
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Summary
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Strategy for Writing the First Paragraph

Activation of Ammonia by Non-
metallic Compounds

The Importance of Frustrated
Lewis Pairs (FLPs)

Introduce The Work of This
Article

» Non-metallic compounds that mimic the reactivity of

transition metal complexes have attracted considerable
interest.

Since its first report, the use of so-called frustrated Lewis
pairs (FLPs), consisting of sterically hindered Lewis
acids and Lewis bases to prevent adduct formation in
the activation of small molecules, has increased
considerably.

Therefore, the cooperative action of an aluminium Lewis
acid and a Lewis basic phosphorus ylide appears to be a
promising approach for achieving the challenging N-H
bond activation.
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Strategy for Writing the Last Paragraph

Highlights

The Conclusion of This Work

» We present the first example of a main-group element-

derived catalyst for the activation and transfer of non-
aqueous ammonia.

The uncommon combination of an aluminium Lewis acid
and adjacent carbon Lewis base in the form of a
phosphorus ylide bearing an aluminium fragment in the
ortho position of a phenyl ring reacts reversibly with
ammonia under heterolytic splitting of one N-H bond at
ambient conditions. Moreover, the catalytic NH; transfer
to a variety of electrophiles including maleimide,
phenylmaleimide, tosylazirinel, cyclobutenones and
benzylbromide was demonstrated in the presence of
20 mol% 2, which in the presence of NH;, forms the
catalytically active NH5 activation product 3.
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Representative Examples

® This proof-of-principle study is expected to initiate further activities in utilizing N—H-
activated ammonia as a readily available, atom-economical nitrogen source. (proof-
of-principle study, n. [RIEiIEHZT)

® |n addition quantum chemical studies present FLPs as promising candidates in the
dehydrogenation of ammonia borane involving N—H bond activation. (quantum, n. =)

® The reaction product 3 was unequivocally characterized by X-ray diffraction studies
and NMR spectroscopic analysis as the product of the heterolytic splitting of the N-H
bond. (unequivocally, adv. BRf#HY, E IR, ZTFTEEREY)
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