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The Evolution of Acid & Base Definitions

Arrhenius Acid/Base @ - H,O

Proton donor Hydroxide
Me . H
- / _ y
Bransted Acid/Base @—CI NS = —N<y  CI-
Me H
Proton donor Proton acceptor
Me - ) B'N/Me
Lewis Acid/Base B N6 ~ H - ~Me
H H Me H Me

Electron acceptor Electron donor Lewis acid/base complex



Frustrated Lewis Acid-Base Pairs

Me
| Me ~ "*Ne N/NIe
Lewis Acid/Base B N6 ~ Me” : - ~Me
Me Me Me Me  Me
Electron acceptor Electron donor

Lewis Acid/Base pairs that could not form
stable dative bonds due to steric repulsion

or orbital energy mismatch are called FLPs

el -"
ety DV

Fontaine, F-G.; Stephan, D.W. Phil. Trans. R. Soc. A 2017, 375:20170004.



Lewis Acid/Base

Frustrated Lewis Acid-Base Pairs

Me

/Me _
B : N
- “Me h
Me Me Me
Electron acceptor Electron donor

</ \N : BHg MesN - =~ MesN : BH4

— MesN : BMes

\
</ N : BMeg MegN -

Brown, H. C.; Schlesinger, H. I.; Cardon, S. Z. J. Am. Chem. Soc. 1942, 64, 325-329.



The Discovery & Development of Frustrated Lewis Pairs

MesN : BMej

i

1942

Wittig, G., Benz, E. Chem. Ber. 1959, 92, 1999-2013.



The Discovery & Development of Frustrated Lewis Pairs

MesN : BMeg
1959
O O
1942
PhsP+BPh; PPhs
A - (X

BPhj

Wittig, G., Benz, E. Chem. Ber. 1959, 92, 1999-2013.



The Discovery & Development of Frustrated Lewis Pairs

Ph,;C
Ph3C-+BPhs ° \/\/\EPm

AF > BPh,
I\/Ie3N . BMe3 Ph3C =
1959
O O
1942 1966

+
PPhs
i :I§Ph3

Tochtermann, W.. Anger. Chem. Int. Ed. 1966, 5, 351-371.



The Discovery & Development of Frustrated Lewis Pairs

Ph3C\/\/\§Ph
.\ 3
BPhj

Me3N . BI\/|63 Ph3C\)\/

1959

O O

1942 1966

+
PPhg

©: “Antagonistic pair”
BPhs

Tochtermann, W.. Anger. Chem. Int. Ed. 1966, 5, 351-371.



The Discovery & Development of Frustrated Lewis Pairs

Ph3C\/\/\I§Ph3
I§Ph3
MesN : BMeg Phsc\)\/
1959 1996
1942 1966

PhsSIO  H

O

Ph3SiH+B(C6F5)3

y

O O O
/@)‘\OE'[ | /@)‘\Me S /@)J\H

Parks, D. J.; Piers, W. E.. J. Am. Chem. Soc. 1996, 118, 9440-9441.

+
PPhs
i :I§Ph3

Reactivities



The Discovery & Development of Frustrated Lewis Pairs

MesN : BMej
1959
O O
1942

+
PPhs
: :I§Ph3

R F R F
Phgc\/\/\éphs H

BPh, (Mes),P B(CoFs)» = (Mes),P B(C6Fs)>

PhsCe_ )\/ N 100 °C H N

1996 2007

O B(PhéF5)3
[ -
=
B(Ph3F5)3+PtBU3

“Frustrated Lewis Pairs”
A

McGahill, J. S. J.; Welch, G. C.; Stephan, D. W.. Angew. Chem. Int. Ed. 2007, 46, 4968-4971.

+
- - PBu
(FsPh)gB” " ¢

-



The Discovery & Development of Frustrated Lewis Pairs

Mechanism & Proof of Concept Application in Organic Reactions Redefining FLP & FRP
o Me, R F
N/U\Ph C'\/\ph P Me> B%QF)
C | |

catalyst Me F F



Insight Into FLP Adducts

Me R F

Lewis Acid/Base pairs that could not form P M6> B F>
3 3
stable dative bonds due to steric repulsion Me F F

or orbital energy mismatch are called FLPs . . . .
No detection of Lewis Acid/Base pairs by

NMR at 25 °C or -50 °C

Welch, G. C.; Stephan, D. W.. J. Am. Chem. Soc. 2007, 129, 7, 1880-1881.



Insight Into FLP Adducts

Me R F

Me F F

No detection of Lewis Acid/Base pairs by

NMR at 25 °C or -50 °C

Van der Waals' interactions
AE =-11.5 kacal/mol

Welch, G. C.; Stephan, D. W.. J. Am. Chem. Soc. 2007, 129, 7, 1880-1881.
Rokob, T. A.; Hamza, A,; Stirling, A.; Soos, T.; Papai, I. Angew. Chem. 2008, 120, 2469-2472.



FLP: Enzyme Mimetic

H—H Group Il Group V
R F R F
i j B P
o +
(Mes),P B(CsF5)» < (Mes),P B(PhFs),
/ Boron Phosphorus
100 OC H [He] 2522p1 [Ne] 3sz3p3
F F F F Metalloid Nonmetal
Transition Metal Catalysis Enzymatic Catalysis

H—H
H
(W) H: ot L
. I R ~
R3P\Ru»‘Nj N 5 RgP/Ru‘II;'Ij sub
R3P/ \H Su H2
2

Sang, C.; Lai, Z.; Huang, G.; Pan, H. Chem. Eur. J. 2022, 28, €202201499.
Fontaine, F-G.; Stephan, D.W. Phil. Trans. R. Soc. A 2017, 375:20170004.



Mechanistic Studies For H; Splitting

AGts* = 10 kcal/mol

Van der Waals' interactions matained

Rokob, T. A.; Hamza, A,; Stirling, A.; Soos, T.; Papai, I. Angew. Chem. 2008, 120, 2469-2472.



Hydrogenation of Imines With FLP

‘Bu

N 5 mol% cat., 1-5 atm H»
| y
H
80~140 °C, Tol
1~48 h
Imines

PhO,S._

H Me——

N :/B(CeF5)3

'Bu
“NH

Amines
57~99%

Ph

K F
H
s /
(MeS)zlp B(PhFs),
H
F F
catalyst

O 10 examples

Chase, P. A;; Welch, G. C.; Jurca, T.; Stephan, D. W. Angew. Chem. Int. Ed. 2007, 46(42):8050-3.



‘Bu

80°C, 1h
98% yield

‘Bu

80°C, 1h
98% yield

Mechanistic Insights into Hydrogenation of Imines

Ph
P Ph”” N
Ph”” N | . .
> | ! H Decreasing sterics
H
140 °C, 1 h 120 °C, 48 h
88% yield 5% yield
PROSS,
I
> H : .
Decreasing basicity -
N
120 °C, 16 h
87% yield

Chase, P. A;; Welch, G. C.; Jurca, T.; Stephan, D. W. Angew. Chem. Int. Ed. 2007, 46(42):8050-3.

120 °C, 46 h
57% yield




‘Bu

80°C, 1h
98% yield

‘Bu

80°C, 1h
98% yield

Mechanistic Insights into Hydrogenation of Imines

120 °C, 46 h
57% yield

No reaction after 24 h at 120 °C

Ph
P Ph”” N
Ph”” N | . .
> | ! H Decreasing sterics
H
140 °C, 1 h 120 °C, 48 h
88% yield 5% yield
PhOZS\lN _
> H . - Bus
Decreasing basicity |
120 °C, 16 h _
87% yield

Chase, P. A;; Welch, G. C.; Jurca, T.; Stephan, D. W. Angew. Chem. Int. Ed. 2007, 46(42):8050-3.

R F
i
B(PhFsz),
F F




Mechanistic Insights into Hydrogenation of Imines

‘Bu ‘Bu<

N 5 mol% cat., 1-5 atm H» NH - .
| - H
H . H + /

80~140 °C, Tol (Mes),P B(PhFs),
1~48 h /
. F F
. Amines
Imines
57~99% catalyst

Favors more sterically encumbered, basic imines

Chase, P. A;; Welch, G. C.; Jurca, T.; Stephan, D. W. Angew. Chem. Int. Ed. 2007, 46(42):8050-3.



‘Bu

Imines

Ph

Me

Imines

Hydrogenation of Imines With FLP

5 mol% cat., 1-5 atm H»

80~140 °C, Tol
1~48 h

5 mol% cat., 25 bar H»

Tol, 65 °C, 15h

7 examples

'Bu
“NH

Amines
57~99%

Ph

e

HIN

©/-\Me
37~99% yield
/4~83% ee

Chen, D.; Wang, Y.; Klankermayer, J. Angew. Chem. Int. Ed. 2010, 49, 9475-9478.

Chase, P. A;; Welch, G. C.; Jurca, T.; Stephan, D. W. Angew. Chem. Int. Ed. 2007, 46(42):8050-3.

+
(MeS)ZP E(PhFE))Z

catalyst

Me
Me H

|
B(CsFs)2

- +
©p  tBUPH

catalyst



Imines

SAR Studies: An Effort to Broaden the Scope

5 mol% cat., 4 bar H> tBUI\NH
y
7°C. CD,Cl, ©)\H Problem: Strong LA has low functional group
1~48 h tolerance for basic moieties
Amines

Decreasing electrophilicity

R F R R
B F> B F> B >
F o F ’ F 3
Global electrophilicity 1408 0.961 0.833

Index ! :

Paradies, J. Acc. Chem. Res. 2023, 56, 821-834.



Global electrophilicity

Index ! :

100

o
o

-]
o

Yield [%]

The Role of Product As A Lewis Base

= F =
o = F> A - F>
3 3
F
1.408 0.961

J

M

f«— -
| B(CsF5)3
B(2,6-F,-CeH3)s”
+14

B(2,4,6-F3-CgHy)3

B(2,6-F,-CgH3)3

1

14 16

T T

10 12

8
Time [h

Paradies, J. Acc. Chem. Res. 2023, 56, 821-834.

R ‘Bu
NH
. ) @
3
F
0.833 + 5mol%

® No bases is needed

® The more acidic the LA, the faster

the reaction
® The reaction is auto induced catalytic

With additional cat. LB, sluggish

reactions can be improved



k1

k2

Relative Rate of SM and Pdt As A LB

SMas a LB

Bu
“NH

©AH

pdtas a LB

Paradies, J. Acc. Chem. Res. 2023, 56, 821-834.



Relative Rate of SM and Pdt As A LB

= F

3
FF
k1 AG* (kacal/mol) =
21.4+13.9
AG* (kacal/mol) =
k2
20.1+23.7

=

>
3
F

AG* (kacal/mol) =
24.1+3.5

AG* (kacal/mol) =
22.5+2.5

Paradies, J. Acc. Chem. Res. 2023, 56, 821-834.

E

130)

AG* (kacal/mol) =
24.5+4.0

AG* (kacal/mol) =
22.7+2.3



The Role of Product As A Lewis Base

b) Hammett's c) 2.5
Bus.,, o-parameter__ .
| g B —:(j 2.0 '-'GMQ_‘_‘
- H 1.00 - . i ¢
'; o ® Electron rich substrates
0.80 { mm— 4NO, © 10 ‘.52)0% o reacts faster
— 4-SO,Me o 6 o
Imines 0.5 - - %
0.60 L 00 | 0K *K2
-0.5 0.0 0.5 1.0
0401 o— .o -
4-Br
0.20 - S pes d) 20 O
v _/ 4-F ot -
———— 3-OMe 15 - O ;9'
0.00 { =——— 4H .
t X
BU\NH — 3_Me \N 10 o O/®§ O
~-0.20 - < he s - P ® ® Higher pKa of product
R " i 91 favors k
% 4-OPh avors Kz
-0.40 K 4-OMe 0 T T T
Amines 4-OtBu 00 1.0 20 3.0 4.0
| -0.60 - Il ApK, J

Paradies, J. Acc. Chem. Res. 2023, 56, 821-834.



Hydrogenation of Nitroalkenes

Contains coordinating basic moieties
20 mol% LA/LB, 4 bar H> H 9
©\/\ > NO
NO 2

2 40 °C, CH.Cl, !

24~36h Needs weaker LA
Nitroalkenes Hydrogenated pdt
R ‘Bux, B P-H bond too strong | X
B > ¥THF !Bu Slow proton transfer Me” NP Me
F 3 No pdt >95% yield
LA LB

Paradies, J. Acc. Chem. Res. 2023, 56, 821-834.



Hydrogenation of Nitroalkenes

20 mol% LA/lutidine, 4 bar H», H §
N 40 °C, CHxCly ! A
24~36 h i
Nitroalkenes Hydrogenated pdt LA
MeO Cl
H H Me
H
NO, NO, NO,
H Cl  H H
>95% yield 95% yield 94% yield
/ @) H / S H H
= =
NO, NO, NO,
H H H
89% yield 94% yield >95% yield

Paradies, J. Acc. Chem. Res. 2023, 56, 821-834.



Hydrogenation of Unactivated Olefins

Low electrophilicity, low basicity

Ph 10 mol% LA/LB, 4 bar H; Ph H H
>= - >L/
Ph 40 °C, CHCl Ph
24~36 h
Unactivated olefin Hydrogenated pdt St L, Tieae L
= F R F = F R F _
> H2 (4 ba ) + H\ >
F PPh, B F - F RPh, B F
D H
F F F o A F F F o
Undetected by NMR at r.t.

Paradies, J. Acc. Chem. Res. 2023, 56, 821-834.



Hydrogenation of Unactivated Olefins

Low electrophilicity, low basicity

Ph 10 mol% LA/LB, 4 bar H; Ph H H
>= - >L/
Ph 40 °C, CHxCly Ph
24~36 h
Unactivated olefin quant. SHee) Ly, Ui [
= F R F = F 2 F _
> H2 (4 ba ) + H\ >
F PPh, B F - F RPh, B F
D H
F F F o A F F F o
Undetected by NMR at r.t.

FLP reactivity can be driven by Le Chatlier’s Principle

Paradies, J. Acc. Chem. Res. 2023, 56, 821-834.



Ph H H

Ph

?5% yield

Hydrogenation of Unactivated Olefins

F F
e 0
B F \N/
I
F F

3

LA LB
Me, H H
Me H H Me H H
Ph: Mej3Si ;
6% yield 95% yield 99% yield 99% yield

Paradies, J. Acc. Chem. Res. 2023, 56, 821-834.

Me Me
H

H

99% yield



Hydrogenation of Unactivated Olefins

Ph 10 mol% LA/LB, 4 bar H> Phx H Ph 4 y Ph}\l,Ph .
e—N+
>= r g >—/ > >_/
Ph 40 °C, CHxCl, Ph H Ph’Ph>
24~36 h - -
Unactivated olefin quant. observed
®  forless activated olefins, protonation step is rate limiting

Weaker LB is needed

® forslightly more activated olefins, H> splitting is rate limiting

Stronger LB is needed

Paradies, J. Acc. Chem. Res. 2023, 56, 821-834.



Exploring Substrate Scope With Different FLPs

Reduction of Various substrates

OSiMe;

O

Me N Me

/

\

@)
Py
Me
Ph CO,Et
PH CO,Et

OSiMe;

I\/Ie/ENj\ Me
H
OH
i JPr
Me

Ph
Ph>_>—cozEt

EtO,C

Stephan, D. W. Acc Chem Res. 2015, 48(2):306-16.

Diversifying FLPs

Me
Me
tBU3PH N/H
+ H
I
HB(C6F5)3 Me Me §(C6F5)2
H Iph H Iph
Mes,P Al'Bu, Mes,P Ga'Bu,
iPr/N§//N\iPr
+
Ph3P_PPh2
i [B(CeFs)a)
v GaCI4-




Uncommon FLPs: Singlet Carbenes

n-backbonding into " *

/‘\
. H, T
Pr M = =~ M= = = [M-H] H*
ipr/N\/tBu + .
Heterolytic cleavage
Carbene FLP A
/ ~
R H, R ) H
'lC — ‘ C 5 S R, I
o \
oy B Bu NN B
-(Es - E7) = 33.3 kcal/mol -(Es - E7) = 68.1 kcal/mol
AE(H2)* = 22.1 kcal/mol AE(H2)* = 35.9 kcal/mol

Frey, G. D.; Lavallo, V.; Donnadieu, B.; Schoeller, W. W.; Bertrand, G. Science 2007, 316,439-441.




Uncommon

Py

_ N 'Bu
pr” N

Me
Me

Dipp/N\

ZT
ZT

ipr” " Tipy

tBU/N\/N\tBu

FLPs: Singlet Carbenes

35°C

iPr/NXtBu ~30% yield

~30% yield

Dipp/l\I

No reaction

No reaction

Frey, G. D.; Lavallo, V.; Donnadieu, B.; Schoeller, W. W.; Bertrand, G. Science 2007, 316,439-441.



Uncommon FLPs: Singlet Carbenes

'Pr :Pr
I .
iPr/N\/tBu iPr/N ‘Bu >90% yield
H,N H
Me Me
M
Me 40°C ’
o >90% yield
Dipp~— N\, Dipp— oy
H,N H

Unique reactivity couldn’t achieve using transition metal catalysis

Frey, G. D.; Lavallo, V.; Donnadieu, B.; Schoeller, W. W.; Bertrand, G. Science 2007, 316,439-441.



Ph

[ (CoFs)sAl O/Al(C6F5)3 )

=+

Pt-BUg

Exploring FPL Reactivities

Alkyne addition

_ +
| Ph—=—8(CsFs)s | |'BusPH]
+
MessR™  H
Phj B(CsFs)s = F
B F
3
F F
+ N _OL -
tBusP” N7 MAI(CHFe)s PBus

Potential HAT reagent

CO; capture

0
Co; s
t-BusP” S0~ (CoFs)s

Potentially useful for CO, reduction

Mes;P( N7 B(CeFs)2

|
Q

NO

Potential HAT reagent

Stephan, D. W. J. Am. Chem. Soc. 2015, 137, 10018-10032.



The Discovery & Development of Frustrated Lewis Pairs

Mechanism & proof of Concept Application in Organic Reactions Redefining FLP & FRP
Me, R F
0
O\I/U\Ph C'\'/\Ph P%(é >—Me> B*é% :>—F>
P —— 3 3
> - Me F F

catalyst Me : :



Amide

o

99% yield

\/\I?I/\Ph
Me

87% yield

Amide Reduction With FLPs

1.5 eqg. (COCI)2, 2 mol% cat.

H2 (80 bar), CHC|3

PN

40~70 °C, 22~48 h

Me
Ly

78% yield

Me Me
\I}I/
Me

94% yield

Amine
MeO,C
S T
Boc”
62% yield, 93% ee 70% yield

Y OC

76% yield 82% yield

Sitte, N. A.; Bursch, M.; Grimme, S.; Paradies, J. J. Am. Chem. Soc. 2019, 141, 159-162.

catalyst

GV

?6% yield



Amide Reduction With FLPs

1.5 eq. (COCI), j'\ 2 mol% B(PhFy)3

SO ]

-CO,, -CO H>

Amine

What's serving the Lewis base?

Sitte, N. A.; Bursch, M.; Grimme, S.; Paradies, J. J. Am. Chem. Soc. 2019, 141, 159-162.



Chlorine Anion As A Lewis Base

H-ClI B

X=Cl, Y=PPh4, NBu4
X=Cl, Br, |, Y=BMIM

Deuterium incorporation in HD were all bserved

1.5 eq. (COCI), Cl 2 mol% B(PhF,)s A~
+ N Ph
. A -
-CO,, -CO H;

Amine

R =

H2/D2 D/H
B X+ Y- — =~ “B- Y- + H/D-X

2 | HD A

F CDCls -

Sitte, N. A.; Bursch, M.; Grimme, S.; Paradies, J. J. Am. Chem. Soc. 2019, 141, 159-162.




X+Y-

Hz/D>

HD
CDCl3

Chlorine Anion As A Lewis Base

‘% J
£
©
<
Q)
<
TS(Cl)
F
D/H_
B- Y-
3
F
H/D-X

Sitte, N. A.; Bursch, M.; Grimme, S.; Paradies, J. J. Am. Chem. Soc. 2019, 141, 159-162.

30.5
TS()

27.3
TS(Br)
25.0
TS(CI)

25.5

23.0

16.1
AHBR; + HX




Dehydrogenation With FLPs

©E> 5 mol% B(C6F5)3 @
N = N
\

Me Tol, 120 °C Me

Indoline Indole

Paradies, J. Acc. Chem. Res. 2023, 56, 821-834.



o

\
Me

Indoline

Dehydrogenation With FLPs

5 mol% B(C6F5)3

— H
- /

Tol, 120 °C

N+
\
Me

A

HDB(C6F5)3

Paradies, J. Acc. Chem. Res. 2023, 56, 821-834.

\J
/ZE /g

Me

Indole



o

\
Me

Indoline

D

\
Me

94% yield

N

\
Bn

86% yield

Dehydrogenation With FLPs

5 mol% B(CFs)3 ‘\ - H» N\
> + HDB(C6F5)3 > N
Tol, 120 °C Me Me
Indole
Me
Br
N N N . N
\ \ \ \
Me Me Me Me
93% yield 94% yield 82% yield 59% yield
N X
> )E(IL LI ®
\ N nBu
PMB
51% yield 50% yield 48% yield 93% yield

Paradies, J. Acc. Chem. Res. 2023, 56, 821-834.



Borylation of Electron-Rich Heteroarenes

@ H-Bpin

E

Electron-rich
heteroarenes

93% yield
93:/ r.r.

2.5 mol% cat.

CHCl;3, 80°C, 16 h

.

81% yield

Borylated pdt
Mostly >99% conv.

85% yield

84% yield

; “BH,

Me N Me

MeUMe

catalyst

S

85% yield

Legare, M-A.; Courtemanche, M-A.; Rochette, E.; Fontaine, R-G. Science 2015, 349, 6247, 513-516.



Borylation of Electron-Rich Heteroarenes

|
pinB N Q
/ I
5 H N
Int1 \:/
TS2 (13.0)
14.2 (4.1) TS1
24.4 (14.6)
Ky
Overall — = k_D AR
HBpin

2
/
N—
) X Int2 7
H,

3.3 (-4.9)

1.91 A3 1.56 A

J

TS2

Legare, M-A.; Courtemanche, M-A.; Rochette, E.; Fontaine, R-G. Science 2015, 349, 6247, 513-516.



The Discovery & Development of Frustrated Lewis Pairs

Mechanism & proof of Concept Application in Organic Reactions Redefining FLP & FRP
Me, R F
0

C'\I)‘\Ph C’\'/\Ph P%é >——Me> B%% :>—F>
—~——— 3 3

Mé F F

b | - 4
S ¢ i |




Radical Generation From FLP

F
K F
tBuzP B(C¢Fs)3 > t-BusP B(PhFs), Oﬂ/y zwitterionic
Tol rit. adduct formed
F F
MessP B(C¢Fs)3 > PMes3 B(CsFs)3
Tol, rt. Radical formation
observed by EPR
MessP Al(C6F5)3 Tol rt > PMes; Al(CgFs)3
ol, r.t.

Liu, L.; Cao, L. L,; Shao, Y.; Menard, G.; Stephan D. W. Chem 2017, 3, 259-267.




Borylation of Styrenes Using FRP

r F
O ©/\ 1 eq. B(C6F5)3/PM653 O
O >
o O THF, 70°C, 7 h O XN O
F3C F F
‘ Styrene Biarylated styrene

o+ =

PMes; B(CgFs)s

l

+ [ ]
o” B(CsFs)3 _ .
ph””
F F
F

F3C . \_/4 H

Soltani, Y.; et al. Cell Rep. Phys. Sci. 2020, 1, 100016.



Borylation of Styrenes Using FRP

F
O ©/\ 1 eq. B(C6F5)3/PM653 O
O >
/©)‘\O O THF, 70°C, 7 h O N O
F3C F F
Styrene Biarylated styrene
PhF
S Ph PhF
PhF
ph)\)\PhF
52% yield 41% yield 71% yield

C 8
o N ’Q ® ad O\/K

67% yield 63% yield 55% yield

Soltani, Y.; et al. Cell Rep. Phys. Sci. 2020, 1, 100016.



9@

Alkane

1~20 equiv

$

82% yield

Me
/
—N

Me

51% yield, r.r. 1.3:1

C-H Activation Using FRP

1 eq. TEMPOBF4
1.25 eqg. LIHMDS

0.2 eq. TEMPO

PhCF3, r.t., 30 min

@)

A7

24% yield

o, O
\Y

55% yield

eee)

TEMPO-trapped pdt

Me Me

Me
Ph

38% yield

/©/Me
MeO

68% yield, r.r. 5.7:1

Lu, Z.; Ju, M.; Wang, Y.; Meinhardt, J. M.; Martinez-Alvarado, J. |.; Villemure, E.;

Me3Si\N/SiMe3
HAT LB

Me
Me\(©/

Me
72% yield

!e ]_kMe

42% yield, 5.7:1 d.r.

Terrett, J. A.; Ling, S. Nature 2023, 619, 514.

TEMPO LA

73% yield

Me
Me

Me

42% yield



Me/\./\Me

Probing C-H Selectivity

PRSI, ~SiPhs

HPDS®

Increasing steric bulk, increasing selectivity

.  — 100- 100‘ .

3 80; . 80 < 80

. gMe S > 60-

= - =

g 40 . 40 g 40

& 20 20- B 20
ol mm _ENN BN ol I N BN ol L | | .
~ 'BuO" HMDS' HPDS' ‘BuO® HMDS® HPDS® ‘BuO* HMDS® HPDS'
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Redefining FRP
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Redefining FRP
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"One difference between well-known frustrated Lewis pairs (FLPs) and the relatively new 'FRPs’, is that
the Lewis pairs must have a tendency to associate through polar effects [although a full bond cannot
be made], so that they likely travel together as a real pair, whereas the pairs of radicals formed here
would diffuse freely... If 'FRP" is retained as a title, future developments would see molecular oxygen

called a frustrated gas? and TEMPO as a frustrated reagent??”
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Redefining FRP

Me3Si\N/SiMe3

Me ' ,O~I§i|v|e3
Me

7L - Me - —Nuap

Me R/
> Me ~ \
(Me3Si),Na /IRIAM Me% SiMe;
O € AGchs = _6.2 e /N AGchs = _4.7
O Me

“... the disilylaminyl and tert-butoxyl radical in our FRPs are transient species generated from closed-
shell ground state HMDS- and tBuO-. In addition, as described above and similarly to FLPs, the two
radicals in an FRP in our case display orthogonal properties and reactivities, and can synergistically
achieve desired bond activation. If there is a system where two molecules of O, or two molecules of

TEMPQO* could act in synergy to react with a reaction substrate, then they would also be referred to as

FRPs in that context per our definition. “
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Future Directions
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Exploring different FLP & FRP complexes
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