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- Introduction and Background =

Jerem——

V' Lewis Base: Electron-pair Donors
— Lewis Acid: Electron-pair Acceptors

_—

V' Lewis acids are characterized by LUMOs which can
interact with the lone electron-pair in HOMOs of Lewis
bases.
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Lewis Acid ‘

i Lewis Base
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- Introduction and Background ==
= Not all Lewis acid/Lewis base combinations form
strong adducts.

H. C. Brown, 1942
— BFa BF3
N CH, 0°C | A
[ DR = _
= N H;C~ ~CH; )
B(CH;);

- G. Wittig, 1959 —
Cl.—
Br
PPh,
- PPh; + BPhy + [©|] — ©:B_Ph
3

(== B'Ph,
J—— / Ph3C-Na+ + BPh3 + N = Ph3c\)\/ Na+
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Introduction and Background

The combination of Lewis acid and Lewis base
functional groups into single molecules.

PhyN B(CgFs),

D. W. Stephan, 2006

F F F F

, I.t. .
MESZPAQ MeSZHP BH-(C6F5)2
(-H,, 150 °C)
=

F F

D. W. Stephan, 2007

H,
R;P + _B._ ———  [R4PH]*[HB(C4Fs)s]
r.t.

(R= 'Bu, Mes)

— G. Erker, 2007

H,

s\ — » Mes,HP
R s2F B(CeFs): pentane, r.t. \/\BH-(C6F5)2
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- Introduction and Background ==

— O Frustrated Lewis Pairs (FLPs): the combination of a
bulky Lewis base with a bulky, electrophilic Lewis acid.

= Lewis Acid Lewis Base

I To heterolytically cleave the strong H-H bond
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- Frustrated Lewis Pairs in Metal-free Hydrogenation

A i Metal-free FLP-catalyzed
Hydrogen activation i
= hydrogenations

I

_—

V variability of FLPs =

p——

,O. Different substrates

= Lewis Acid Lewis Base

I Leading to small-molecule binding and activation
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- Frustrated Lewis Pairs in Metal-free Hydrogenation

— Frustrated Lewis Pair Systems

Jerem——
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J | CH,
= 'P/B FLPs | \ t
| | MeszP@B(Cer)z Mes,P-----B(C¢Fs), Buzpj/ks(csﬁ,,)2
| H
I Ph
— ,“ - C:F
| N/B FI.PS I | N--—-- | N / 96F5 Ft ~6"'5
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Frustrated Lewis Pairs in Metal-free Hydrogenation
—v-\

Hydrogenation of Imines and Aziridines

F F

F F b
. Mes,HP BH(C6Fs),
MeSZHP BH-(CGF5)2 R' H

F F
F F 5 mol%

>
ot

H,, 80-120 °C

Ph
Ph‘< H BH" (C6F5)2

N N

Ph Ph

|

PhO,S H
2HN—QH Ph—( W

Ph
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- Frustrated Lewis Pairs in Metal-free Hydrogenation
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= Hydrogenation of Borane-protected Imines and Nitriles
— Ph B(CgFs)
- / >:N\ he Me—=N-B(C4Fs);

H CH,Ph E E

= .
Mes,HP BH(C¢Fs);
J J : (CeFs)sB- R

F F J\

R H —

Ph ,B(C6F5)3 Me

B HO—N-H " Ho—NH,B(CeFy) =
\ 6" 5/3

H CHpPh H

— 88% 75% —1

— =N-B(C¢Fs)s
= Ph—=N-B(C¢F); [ P MesZP@B(CGFSb
- 6' 5/3

J— NHZ'B(C6F5)3
Ph CH,Ph

HI?—NHz‘B(Cst)s (CeFs)sB—Nwy

B R
= NH;-B(C4Fs)3
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- Frustrated Lewis Pairs in Metal-free Hydrogenation

e Hydrogenation of Imines

Jerem——

p—
e

Mes,H*P
\/\BH'(C6F5)2

— Bu H. 'Bu
J‘J‘\ toluene, 25 °C N
R \ H, (1.5 bar) / Ph/IL\R

(i /\
Mes,P-----B(C¢Fs), =]
(5-20 mol%)

Hydrogenation of Enamines

L 10 mol%

H
Mes,H*P.
\/\BH'(C6F5)2 @—FCH3
> N
@ toluene, 1.5 bar H,, 25 °C Q
J—
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- Frustrated Lewis Pairs in Metal-free Hydrogenation
_-—-—\

Hydrogenation of Silylenolethers

20 mol%
Ph,P PPh
2 2 CoFs

. B !
AL /cst/ “CgFs o-SiMe;
@ toluene, 2 bar H,, 25 °C ©)\

Hydrogenation of Non-functionalized Alkenes

(CgF5)Ph,P/B(CgF5)3
+H2
[(C¢F5)Phy,PH]*
Ph [HB(CgFs)s] Ph Ph
CH, > " CHy | ————» CH—CH;,
Ph Ph Ph
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Frustrated Lewis Pairs in Metal-free Hydrogenation
ﬁ/\_-/_-\'

cis-Hydrogenation of Alkynes

: :NMez H,, 80 °C i :NMez
B(C¢Fs);  -CeFsH BH

]
CeFs

R
Hydrogenation of Conjugated Ynones

Mes,H*P. .
o OBH(CFs), M H ./ B(CeFs),

- . Mes,R o
2 ththu Ph>:S:O + >:_:<
t

t
Bu Ph Bu

[R3PH]*[HB(C¢Fs)s]° =
O-B(C¢Fs);
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*@é&éﬂxb?&niﬁm




- Frustrated Lewis Pairs in Metal-free Hydrogenation

— Hydrogenation of Conjugated Enones

p—
e

— B(Cst)z

(10 mol%

| N/\/N H,

tBu C6F5

H B(CeFs)2

0 (20 mol%) t
— - Bu
Ph‘%t . H>:§:O + /_>—
Bu /2 \ ¢

H (1 ), 80 C u Ph
P P

& tran-P: cis-P: P'=~50: 1.5: 1
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- Frustrated Lewis Pairs in Metal-free Hydrogenation

Hydrogenation of Arenes

‘Bu ‘Bu_ +

\ 4+
tBu\ B(CgFs)3 /NHz 110 °C L i
NH ———— Ph _— HB(C¢Fs);
Ph H,, 25 °C =
2 HB(CoFs)s
.
R._N_ R H N2 _ —
| > % RUR HB(CgFs)3
Z B(CeFs)3
R= Me, Ph
e (R
_ + HB(C4Fs)
' N~ "R 6Fs)3
N" R B(CeFs)s . H,
R R
R=H, R'=H, Ph
R=Me, R'=H
(P
A HB(C4Fs)s
Q N= B(CeFs)s H,N-
» > N
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- Frusirated Lewis Pairs in Metal-free Hydrogenation
— Diastereoselective Hydrogenation
— B(CeFs)s
(10 mol%)
%& - g %&NHCHZPh
N-CH,Ph H, H
= Chiral FLPs for Asymmetric Hydrogenation
— B(cst)2 B(CeFs)2
PMe32
Fe
<= (cer)z

== P‘Bu,
= G. Erker T. Repo J. Klankermayer
= /
s
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- Frustrated Lewis Pairs in Metal-free Hydrogenation

Asymmetric Hydrosilylation/Hydrolysis Sequence

BH(C¢Fs),
‘ [HPJ{Bu3]
e | O
N (4 mol%)

>

F ]
CHj3 1. PhMe,SiH
2. hydrolysis

Ph

Asymmetric Hydrogenation of Imines

Cx
B(CsFs)2

OO B(CGFS)Z

PhN H
Ar PhHN
@(\ j H, (20 bar) (I j

(88% ee)

/

HN

H——CH,
Ph

(R)-amine
(85% ee)

3,5-'BuZCGH3
Ar=

3,5-'Bu,CgH;

e}
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- Frustrated Lewis Pairs in Metal-free Hydrogenation

= Ammonium/Hydridoborate Zwitterions Characterized
[ by Neutron Diffraction
= 4 R
s CeCls
<:,5 \H B(CFs): —
I = 1.805(1) A =
= - ) .
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- Summary and Outlook | —— — | —

I

The cooperation of active nonquenched Lewis acids and
Lewis bases has led to some remarkable discoveries in small-
molecule activation.

The heterolytic cleavage of dihydrogen is under very mild conditions,
proceeding in many cases with remarkable ease and high reaction
rates,

The resulting proton/hydride pair has been transterred to a variety of
unsaturated substrates leading to the development of metal-free
catalytic hydrogenation.
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