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Introduction
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a) G. Bertrand, J. Am. Chem. Soc., 1988, 110, 19, 6463-6466; b) A. G. Arduengo, J. Am. Chem. Soc., 1991, 113, 361-363; ¢) L. L. Liu, Science, 2024, 383, 81-85.




Introduction

Electronic properties of NHC

.
N L0). N
w®

N N
\R O\R
Steric hindrance

c-accepting N

n-donating N

LUMO -0.46 eV
i HOMO - 5.97 eV
N Dipp €

AEg 81.4 kcal/mol

Strong stable o-donor!

Major applications of NHC
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a) ) F. Glorius, Nat. Rev. Chem., 2021, 5, 711-725; b) F. Glorius, Nature, 2014, 510, 485-496.
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Introduction

N Stabilize carbene center but sacrifices reactivity

o

Only one N is necessary to isolate carbene

i

i r
v i)< TMPLI 1{1\)<
Pre -40 °C Pr”

; R\N N/R E = S, Se, Te : 3
\---/ E not stable in solution
| ‘B
X X ! Bu
X X . Me\+
L 72 s R~ -R X =Br, | ' N~ —»
N~ N  Ad -78 °C Ad”
BN === :
R~y n-R ) ! Bu
— '~ ! stable at -50 °C
Y=C=Y + 1
— R\N N/R Y = O, S : Ar Ar Ar Ar
\we/ ; iy !
Me H ' -78 °C FsC
PhMe I -
1 Ar Ar
L R‘N y-R : Ar Ar
! 5
— not stable in solution
-
i
== r
[ , I H H
) [ | o0 )
High High
stability I ctivity

\_

lfBu
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a) G. Bertrand, Science, 2001, 292, 1901-1903; b ) G. Bertrand, J. Am. Chem. Soc., 2004, 126, 8670-8671; c) G. Bertrand, Nat. Chem., 2018, 10, 1196-1200.
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Replace N by C

N replacement of one N b
R-"Sn-R _p ) - Y Ran™NcZ
. o-electron-donating alkyl o \/
NHC CAAC
LUMO (eV) } 270 0.53
----- | e 2B 00 002 Lower LUMO
X
-5.15 ; -4.82 -4.97 Higher HOMO
HOMO (eV) 562 oo 2B e e — J
AEgt (kcallmol) 727 59.4 48.3 36.5 44.8 Smaller AEgy
't Y \@\
NSNS NN, —~N _N _N
,Ph > .- Ph
: . - Compound NHC MeCAAC-5 FICAAC-6 BICAAC
Strong r-acidity Weak r-acidity
Low field High field 31P (ppm) <40 69 103 90
. .. 77
>:Se > S Se (ppm) <200 481 715 645

a) G. Bertrand, Angew. Chem. Int. Ed., 2013, 52, 2939-2943: b) C. W. Bielawski, Acc. Chem. Res., 2016, 49, 1458-1468; c) U. Radius, Chem. Eur. J., 2016, 22, 11005-11014; d) G. 8
Bertrand, Angew. Chem. Int. Ed., 2017, 56, 10046-10068; d) G. Bertrand, Angew. Chem., Int. Ed., 2020, 59, 22028-22033.



Replace N by C

Synthesis of CAAC

0
1) Base 2)7@ 3) Tf,0

+ R
Ar-NH, > AN SR T
TfO"
R H
Base N R
+ — N —_ | — O -
R Ar/ Q)\R Ar ) R
9) —
%)\R 1) Base _» A N «
Ar-NY r
2) )Vx
CAAC Family
N
Dipp~™
. . _N N
Dipp N / Dipp . Dipp” Dlpp
‘Dlpp
MeCAAC-5 CYCAAC-5 CY’CAAC-5 FuncAAC-5 EtCAAC-6 BICAAC

a) G. Bertrand, Angew. Chem. Int. Ed., 2005, 44, 5705-5709; b) G. Bertrand, J. Am. Chem. Soc., 2017, 139, 7753-7756 ; c) G. Bertrand, J. Am. Chem. Soc., 2018, 140, 9255-9260.



Replace N by C

Toluene

E
E=S,Se -
OCN-Ph
_ or CO,
Y =NPh, O Dipp
Dipp~™ CN—Cy

a) G. Bertrand, Angew. Chem. Int. Ed., 2006, 45, 3488-3491; b) G. Bertrand, Science, 2007, 316, 439-441; c) Z. R. Turner, Chem. Eur. J., 2016, 22, 11461-11468; d) U. Radius,
Chem. Eur. J., 2016, 22, 13032-13036; €) G. Bertrand, Angew. Chem. Int. Ed., 2010, 49, 9444-9447; f ) U. Radius, Chem. Eur. J. 2016, 22, 13032-13036.

CY'CAAC-5

50 °C

Dipp’N

PhH,C H

X-H =
gpin-y heN-H
Ph—=—H
PhSiH,-H
CoFs-H
Ph,P-H
ClsC-H
10




Replace N by C

Reactivity of CAACs

_BF4 | PrepHPLC J_, oh 1) Bry
N ph LA, N Ph  Chiral column . _N y 2) NH4BF4
Dipp~ ' Dipp~ > Dipp™ S e
Me X Me ey 3) KHMDS

7 \®Ph o s 7 \%.ph

_ X=C, N, O, Si, P) . _N
Dipp~ \/\ » Dipp y H‘Me

>19:1dr

#_\\\Ph /)P [\oPh #_\\\Ph )P

~N =N . _N Diop~ >
Di Di A ¢ . X > PP
Dlpp/N)/‘ pp )/ Me pp 7 Me DIpp/N),/\Me Dlgf}..i(’H Me " " Me
NCH,C ! H  “SiHPh,

’Pr ‘Bu Mes N// Ar
(R,R) (R,S) (R,R) (R,S) (R,R,S) (R,R,R)
>19:1 dr >19:1 dr >19:1 dr >19:1 dr >19:1 dr >19:1 dr
Ar = p-tolyl

G. Bertrand, J. Am. Chem. Soc., 2025, 147, 17, 14777-14784.
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Replace N by C

Reductive elimination on carbene center

oxidative addition

X-H .
Ar—N R X-H Ar R
-« R reductive elimination X H
Dipp’N
-Ph,NH
+16.6
Kcal/mol
Dipp/N
Ph,N” H

G. Bertrand, J. Am. Chem. Soc., 2019, 141, 9823-9826.

CN—Cy

r.t., 5 min

CO,
r.t., 5 min

OCN-Ph,CN—Cy, CO,

OCN-Ph

* PhX-H =—506%C 16 1

CN—Cy
A4

+ PhoX-H o 7N

e
60 °C, 16 h

CO,

+ PhoX-H = ~
60 °C, 16 h

» No reaction

Dipp’N
Ph,X H

X=NorP

12



Replace N by C

Activation

a) D. W. Stephan, Science, 2006, 314, 1124-1126; b) G. Bertrand, Science, 2007, 316, 439-441.

of H, and NH; by CAAC

(Me3zCgH>)oP

H, (1atm)

Tol.,, 35°C,5h

NH; (lig.)

-78°Ctort,4h

_ Yy —X—> R
R "R

Dipp~™
HoN H

H2 or NH3

% 1.071
‘

[\ [\

~N

H

N~Rr or R,NXN\R

H HoN H

First example of

B(CeFs)2  metal-free H, Activation
H
( )
. H
%) }3
oC D
\. J

13



Replace N by C

( )
H
/
—\ EN /C=O
Ad-NN~ad  —¢ > \(l:l/ ]
I
o) a non-bonded weakly
interacting complex
\ J/

BCCCO=278ppm e |
Veeo = 2073 et éb - ‘;l!‘
4 2

Ay = 598 NM ,:,
@ -0

First ketenes prepared from CO fixation to stable carbene

max

a) G. Bertrand, Angew. Chem. Int. Ed., 2006, 45, 3488-3491; b) G. Bertrand, J. Am. Chem. Soc., 2020, 142, 18336-18340.

CO (4 atm)
slow reaction




Replace N by C

\\\\

. W\
K\ (:) <
+ N P (:)
Dipp” - m ! (':\)
Dipp”™ % o)

.C0~ .
O \O BICCAC Carbo

! @)
' I
= u 1
Activation of CO by CAAC o 0 CO (4 atm) PICNN
! CY’CAAC-5
. i . (10mol%) -
W 1
' 80 °C I O Q C6Ds Y,
__N - ! 60 °C,40 h — CY'GAAC
Dlpp oo | + : 80% L AAC-5
\ K\ !
BICCAC o~ ‘ - ) .
CeDs _ Dipp~p Dipp~ Sg ! Carbo
+ —: \ + O . — > N !
r.t. Os v N ‘v inp” !
CIZ O C|3 0 Dipp |
(:)<>(:"—(:) (:)‘\~.,/”J (:)‘\\~¢/”J S : | ) y | \\ '~
| : N d /NV
o} Thermodynamic : - +\\'/ 7 7
* product I - C’O
Carbo | 0-§
: 0 O
\\\\ ! -
‘ ; Int-3 77 ket
. + . ' e
DI . ~— [ \ DI = I O N
ppO\N\\\ Dipp” p%\N 7, | Proposed -
=cY Yo C=0 =c” O : Mechanism
1
|
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

G. Bertrand, J. Am. Chem. Soc., 2020, 142, 18336-18340.



Replace N by C

Low-valence element supported by CAAC

NHC-B,-NHC
. AN . AN
. Dipp—N : Dipp—N
P'pp PP .\:? Plpp |[~:-|p .\__N
N L] \ . N L] \ .
. KCs (5.4 eq.) H ¥ Dipp . 4 Dipp
[ >.—>BBr3 8 . BB, [ * > BBr, KCg(9eq.) | \
N, B0 Dipp, A/ H N, Et,0 Dipp, A 4 H
Dipp N—\ _ Dipp N—\
s, \N—Dipp . \—Dipp
10 11
CAAC-BH-CAAC
Single Crystal of 14
Dipp o o GaCls 13
N 7 PPy PIPR
:>BBr; KCg(5eq.) Nee s B o/
— o . —
Tol.
TfOH 14
12

Change B to "Lewis Base"

16
a) G. H. Roninson, J. Am. Chem. Soc., 2007, 129, 12412-12413; b) G. Bertrand, Science, 2011, 333, 610-613.



Replace N by C

Low-valence element supported by CAAC

NHC-B,-NHC
Diop 5 11B: 39 ppm
[\IDipp N / N 5 Dipp Dipp\N
] y ) X i _Br : Na[C1oHg] (4 eq.) N
[ >. — < 3 N \/B_B ID'pp 10'1'8 > | >.—>BEB<' :< ]
N Dipp  Brl N .
\ Br .r / N\ /N
Dipp N Dipp Dipp
Dipp 15
CAAC-B,-CAAC
D|pp
. , —»Bl 'B<- 6 m-aromatic
d 'B: 80 ppm \ diborabenzene
1) Br,BBBr, N
Dipp~N 2) Na[CroHg] (4 €q.) - B=8
et N D'pp
Di
Ipp * 2 m-aromatic
16 H Bl .B Q . . .
L triplet biradical
\ 1,3-diborete
Dipp H

a) H. Braunschweig, Angew. Chem. Int. Ed., 2014, 53, 9082-9085; b) H. Braunschweig, , Angew. Chem. Int. Ed., 2016, 55, 11271-11275



Replace N by C

CAAC-Be(0)-CAAC

Dlpp
BeCI2 . MeCAAC 5
Dipp/N N \ <> BeCl --Be== 1s225%2p2
Me - D
CAAC-5 Dipp I\Dlpp
WP @0
7’@ D> BeD=—>10 c‘<
CAAC-Au(0)-CAAC
Dlpp Dipp
N
~N SMe2 = AU~ Ky == Au= d19s0
Dipp N
cyCAAc-s Dlpp Dipr{
20

CAAC-Cu(0)-CAAC

e 3 R

MecAAC-5

a) H. Braunschweig, Nat. Chem., 2016, 8, 890-894; b) G. Bertrand, J. Am. Chem. Soc., 2014, 136, 6235-6238; c) ; G. Bertrand, Angew. Chem. Int. Ed., 2013, 52, 8964-8967.

2 T T >
7, N
2 - > S

2 N
%, S
. <

oCD>»COCuD=—>F>Cc=

D|pp

p’

18



Replace N by C

CAAC as ligand improved catalytic efficiency

O

Ph)l\/ + PhCI

cat.[Pd] (0.5 mol%)
NaOBu (1.1 eq.)
23°C,1h

Best TON by NHC or PR3 :

O

Ph
» Ph

100%,
TON =7200

s

Dipp™

Cl—Pd

4200 at 120 °C

Ph
excess NHj /=<
— cat.[Au] (1 moI%L Ph N
Ph———-~Ph ~
165 °C, 18 h Ph/ <Ph
95%
excess NHj3
Ph———=— pp, cat.[Au] (5 mol%) - ﬂ
165 °C, 18 h Ph™ "N~ "Ph
H
87%

J

cat.[Pd]
I I\
i Me /N\/N‘Mes
CI/,+
( \ ! a
i O
Dipp~ /<
+ ,  TON 5000
Au” R
| B(CeFs5)s |
cat.[Au]

—1 " N-coMe

cat.[Ru] (3 ppm)

> —(—’)§= +mCO2Me

Ethylene
10 atm
40 °C, 3 h
M
ol *
‘R
CI' Ru= E C|'Ru E CI' U= 2
110000 180000 57000

More electron donating than NHC
stabilize the methylidene intermediate

19

a) G. Bertrand, Angew. Chem. Int. Ed., 2005, 44, 5705-5709; b) G. Bertrand, Angew. Chem. Int. Ed., 2008, 47, 5224-5228; c) R. H. Grubbs, Angew. Chem. Int. Ed., 2015, 54, 1919-1923.



Replace N by C

Synthesis, reactivity and electronic properties of CAArC

R\N/"\N/R replacement of N by aryl wﬁ
> Rr-N

NHC CAArC

NHC CAAC CAArC
A
1.1
LUMO (eV) —_— 011
------------- -1.27
§§ “—
-5.15
HOMO (eV) 2537 L. 527
AEgt (kcal/mol) 72.5 49.1 41.5

Aryl substituent serves as a n-acceptor
increasing the electrophilicity

G. Bertrand, Angew. Chem. Int. Ed., 2015, 54, 14915-14919.

R-NH; Ph
Ph
N Br 1) "BuLi, -78 °C jﬁ
g, _EtOH @[/ 2) PhCOPh, -78 °Crit. RN
reflux = N\R 3) TfOTf, -78 °C oTf
CHO R = Dipp, Mets,
Cy, Ad, Bu
Ph Ph]
Ph] , Ph .
. LiIHMDS ¥ trapplrlg > r-N
RN -78 °C, THF R~ agen o
"OTf . i
Not stable X
Ph
Ph
Ph Ph
Bh 5 :> Ph
~N ; ; >
o R\ r-N
R * .+.
E —Rh—ClI
N
E=S, Se @ Ciu
= Cl
Ligand NHC CAAC CAArC
7Se (ppm) ~ 200 ~ 480 ~ 590
20
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Replace Amino by Amido

Electronic properties of DACs

N
.. O 0]
Ry Ny-R | | Y'Y
\o__/ replacement of amino by amido R,NVN\R
NHC DAC
\. J
O O ( N\
ST SV & (N Do
Dlpp/N\/N‘D|pp Dipp™ "~ Dipp” < “Dipp NN
A NHC MeC AAC-5 DAC-6 N
-0.46 - i
LUMO (eV) — e 288 o o
RN
-5.44
HOMO (eV) .97 L ae--ee- _ el -6.23 1
- T —_ "0 0
AE kcal/mol 81.4 47.5 42.3 W
sit (kcal/mol) - : : NN
. °° J
m OY\ OWO Compound NHC MAAC DAC-6
MeS/N\”/NMeS MeS/N\.{NMeS MeS/N\”/NMeS TEP, LIr(CO),CI (cm) 2042 2050 2056
NHC MAAC DAC-6 13C (ppm) 242.7 260.6 277.7 22
C. W. Bielawski, Acc. Chem. Res., 2016, 49, 1458-1468.




Replace Amino by Amido

') /o) Single Crystal of MesDAC-6
Synthesis of DACs
Ryy~yR ¢ _NaHMDS _ N N |

AN NS by
RO = R L SR
MesDAC'6 c2 c4

DiPPDAC-6 X e
clcl &)‘s@‘ c1 “J\[.‘éd

8 o
MeS\N4\ -Mes __NaHMDS _ Single Crystal of DAC-7

7( "Mes es” % Mes ° @
DAC-7 . N ,P
. p o
O ) @) ” i{ .'%
2, -7 M !’ NIA™ 1
@ L A
Cl )H(CI O O H /&/ 9 ‘W\&\
td ~ ﬁ/ Nyg
Mes < %N,MGS O Ni EN NaHMDS Mes l Mes 7
H > Mes” “Mes > Mes< .Mes
AT N; NE Single Crystal of DAC-5
O @]
@)
Cl A e
Cl)kﬂ/ o 0 o 0
‘Bu, Bu o) < K < o
N=C=N tm NN T o gy N o —@
Bu X BU u o . Bu 01 / \ 02
Cr Cl DAC-5
a) C. W. Bielawski, J. Am. Chem. Soc. 2009, 131, 16039-16041; b) G. Lavigne, Eur. J. Inorg. Chem., 2010, 2010, 361-365; c) C. W. Bielawski, Organometallics, 23

2010, 29, 4569-4578; d) C. Ganter, Organometallics, 2010, 29, 4418-4420; e) C. W. Bielawski, Chem. Commun., 2014, 50, 4551-4553.



Replace Amino by Amido

Reactivity of DACs
0

1]
C
MeS\NJj\N,MeS - CcO C6D6

80 °C
@) @)

Mes
N N z
>

O

@)

.o | HH
Mes. _~ .Mes @
Mes< .Mes
Mes\NXN,MeS NH, N~ N ~ N7 N . Mes\NXN,Mes

-€
'e) e} 80 °C
@) O

MespAC-6

"
C
Mes < J\ .Mes CN—R X-H
N N -«

a) C. W. Bielawski, J. Am. Chem. Soc., 2009, 131, 16039-16041.; b) C. W. Bielawski, Chem. Commun., 2010, 46, 4288-4290; c) C. W. Bielawski, J. Am. Chem. Soc., 2013,

e

BH,-H
PhSiH,-H
Ph,P-H

Ph,N-H

PhCH,-H

135,18798-18801; d) C. W. Bielawski, Org. Lett. 2014, 16, 812-815; e) C. W. Bielawski, Chem. Commun., 2014, 50, 4551-4553; f) C. W. Bielawski J. Phys. Org. Chem. 2015, 24

28 75-78; g) C. W. Bielawski, Organometallics, 2016, 35, 706-712.



Replace Amino by Amido

.. JAr B ) mki
Reactivity of DACs H—N H__f\]'Ar H NHAr - JAr
H T H—N—H
Mes. 2. Mes M ',/ M Mes\N .Mes (/%
SN es<, A\, -Mes Mes. AN, .Mes
N™ SN — N7 -

—
P

Nucleophilic pathway Electrophilic pathway

Mes. <. _.Mes
NTN

R
—0 D

(5 eq.)

1.5
0.6+

Mes\N/\N,Mes 04

0.2 4

Ak

MespDAC-6
Electrophilic

|°9(pR’PH)

-0.2 4

0.4 -

-0.6

0.0+

Iog(PRIPH)

-1.0 ' -0.8 ' -0.6 ‘ -0.4 ‘ -0.2 ‘ 0.0 '
C. W. Bielawski, J. Am. Chem. Soc., 2013, 135,18798-18801.

Ar
H-p-H

(

Mes. . _Mes
NTN

Ak

N

.Mes

N

Ak

CF,

Mes\N/\N,Mes

/
SIMes
Nucleophilic

0.4

0.6

0.8

25



Replace Amino by Amido

Reactivity of DACs
o} -
Mes

+
P(OMe), JL Mes. . _Mes N MesRYy
Mes\ X .Mes Mes\ .Mes 0.5 eq. N" N | N

P(OMe)3 cat. PMe3 - MeS\N @) MeS\N O_
60 °C o 0o 60 °C
o) o)

MespAC-6 24 via
Arbuzov-type Pathway
Electrophilic
o MeO, ,0 H
:P(OMe c
.(_ ( )3 \O:FI)_”_O\/A/_\ MeO—\P///NH H
Mes X -Mes Mes. . Mes Mes. . Mes Mes\N)_\N,MeS Mes. 7 .Mes
N“TN .\ > + N SN — » 22 + 23
0 ¢! o)><§o 0 ¢ o%o o 0

Ylide intermediate

Direct Methylation Pathway
Nucleophilic

P(OMe), (O—P(OMe)z
_C\ /
O H
gl L
CICEAN MeS\N N,MeS
Mes\N/\-N-,Mes Mes

O
+ M i p
X - Mes O%o + HP(OMe), -—=°DAC-6, ,, More possible
O)><§O O%><§O

23
C. W. Bielawski, Org. Lett. 2014, 16, 812-815.




Replace Amino by Amido

Reactivity of DACs

CN R R SZ
M ~ M
Mes\N N’ \—/ \—/ eS<N €S R =CO,Me, Ph

)><§ rt., 2 h rt., 2 h )><§
Mes\N/\N,Mes
0 o |

O>Z 0 % R

R = Ph, Me, Cy, Mes~ ,Mes )j\ MespAC-6 _/ R Mes\ N .Mes

4- (OZN)C6H4, R = Ph, COzMe, C6H13
t.- 100 °C
4-(MeO)CH, "t 2h 6 h 6&
H

N =

Mes\ N,Mes

Mes\N N,Mes Mes\ N,Mes
/ \/ SIMes

pd
T

H——--H =——CHgj;
/\ o0 —_— -1 N—
Mes. _~ _.Mes Keq ==4 M
< . M N M
Mes N N Mes N N es NE
MespAC-6

a) C. W. Bielawski, Nat. Chem., 2012, 4, 275-280; b) C. W. Bielawski, J. Am. Chem. Soc., 2012, 134, 6116-6119.



Replace Amino by Amido

Reactivity of DACs
y 0 1 eq) O)Tph ___ CO,Et
] / 1 eq.
Ph)J\H _ MeS\N N,Mes EtOzC ( q )
rt., 2h rt., 2h
0) (@)
MeO,C LCO,Me
25 O>ZPh 2 \y 2
MeS\N/“\N'MeS Mes\N N,Mes Mes\N N,Mes
T — +
@) @) 0) O @) (@)
MespAC-6 MeO,C ‘\\Cone 20% 80%
__ COaE \y Q (1eq.) 25 26
(1eq) Mes. _Mes P'] A
EtO,C N N Ph H
>
rt., 2h O)><§O rt., 2h
26
Ph)J\H + EtOZC

(1:1)

The first example of thermally reversible [2 + 1] cycloadditions that involve an isolable carbene

28
C. W. Bielawski, Nat. Chem., 2012, 4, 275-280.



Replace Amino by Amido

Lewis acid—-DAC adduct

B(C4Fs) /Al(ORF)g | o, O Os (O
6' 5/3 1
0 0 0 0 OWO : 5 E + PhMe _C6Ds N_ _N
1 P .
N \ : gy g, 80°C,24h BY Bu
By v By ! B |
Bu By Bur NNy o | Ph
Al(ORg);-DAC-5 : _B(CeFs)s
DAC-5 BCF-DAC-5 (ORg = OC(CF3)s) . Qo 0 N A
: H D —
A 27 ! N N. + B(C6F5)3 + PhMe t(;%» / _N N“t
LUMO (eV) —_— 4.0 : Bu” "\« Bu r.t., 30 min Bu Bu
T — -4.3 ! o
: Al(ORg)
| P £ FJ)3
HOMO (ev) | =& . .. 66 s o P o 0
"""""" D— ! Ns 2N + AI(ORg); + PhMe — 2808 NS EN
| Bu” M 'Bu rt,10s By~ \E "Bu
Pushing the Electrophilicity of Carbenes to the Limit i oh
29

a) X. Wang, J. Am. Chem. Soc., 2023, 145, 21733-21737; b) X. Wang, Nat. Commun., 2024, 15, 7943.



Replace Amino by Amido

0 O

. s 4 H CeD
Lers aC|d DAC adduct ,N N. + CH2=CH2 % No Reaction
'Bu gy 1 atm rt. or A
B(CeFs)3
@) O e} O]
H D H
o~ N_N._ + B(CeFs)s + CHy=CH, —>CG,[ 2 NN
Bu” Y 'Bu 1 atm rt Bu” A By
The first example
O O
0] O
» ( 1) Benzene or Fluorobenzene w ) , ,
+ B(CgFs5)3 + R-H > N N ® Main reaction site
tBu’NVN"tBu 2) Quenched by CH3;CN By” By NMR yield

te H R

( )
C E o P
93%
80% 77% 89% 50% 61% 99% °
oa:p:y=93:6:1

. J

0] O

O @) W

1) r.t., FI .
l\?_(N + Al(ORg); + CH3CHj ) rt, Fluorobenzene 5, N\ Mgy,
Bu” N By 1 atm 2) Quenched by CH3;CN
30%

a) X. Wang, J. Am. Chem. Soc., 2023, 145, 21733-21737; b) X. Wang, Nat. Commun., 2024, 15, 7943.



Replace Amino by Amido

Synthesis, reactivity and electronic properties of CArAmC

4 )
@)
replacement of amino by amido
r-N > R-N
CAArC CArAmC
. J/
Dipp~ NN Dipp~
pp L] Dlpp o0 Dlpp pp o0
CAArC DAC-6 CArAmC
-1.47
LUMO (eV) —_— 290
""""""""""""""" -3.02
AEg (kcal/mol) 39.5 42.3 19.9

Aryl and amido reduce the AEg,t significantly

C. W. Bielawski, Angew. Chem. Int. Ed., 2019, 58, 16320-16325.

R-NH,
+
AcOH 1) NaBH4
2ysocl,
R = Dipp, Mes, Ad
0 0
~ LiHMDS
N=DiPP 78 °C. THF N
Cl Not stable
O
O,
> N—Dipp
O
; O
’ MeOOC,
Cl COOMe
COOM
Me00C” X~ c
or N—Dipp
Meooc”  COOMe 5
Triplet-like reactivity 31
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Stable ¢%t2 Carbene

Systhesis stable o%? carbene

N N\R

W

O MO
e
R LN ] R/N R/N

R™ '\
LN ] R
NHC DAC CAAC CAArC CArAmC
70 D _ > 70 O
o2n singlet o%7? singlet
N N AgNTF
Mes nl ¢ Mes L Mes Mes Cl Mes g 2
CN/ [I\Ij 1) ‘BuOK o CN,, II\II \\l\i’) 05 [Rh(AdNC)ZCI]Z» N —Cl: N’) or NaBPhy
N=2p"“siMe, 2 Mes N=p" PN /'\"P\+/P"“\
Mes/ oo cl \\\N—) Mes 29 Mes Mes Mes
27 ~ —N‘ (AdNC)
28 Mes 30

L. L. Liu, Science, 2024, 383, 81-85.

/
Mes

Mes Mes‘

N

(AdNC)
31, X= BPh,
32, X= NTf,

N 'C° N
N.P \.P- B
\+/ I‘\/Ies

33



Stable ¢%t2 Carbene

Solid-state structures and energy diagram for the frontier orbitals

Single Crystal of 30 Single Crystal of 31

i AE@)
| AE ;= 25.2 kcal/mol
i 3.0 —
E b (-3.69)
| 60— (3.98)
L PCP = 10104(9)0 Z PCP = 13342(17)0 E 9.0 —
dc.rp = 2.9551(18) A dc.rp = 2.316(3) A i
dc.p =1.7316(18) A dc.p =1.6672(2) A i ——

34

L. L. Liu, Science, 2024, 383, 81-85.



Stable ¢%t2 Carbene

IBO1 IBO2 IBO3 I1BO4
C(1) lone-pair orbital P(1)-Rh(1) o-bonding orbital P(2)-Rh(1) o-bonding orbital Rh(1) lone-pair orbital
C(1): 75.2% P(1): 62.7% P(1): 62.6% Rh(1): 78.6%
P(1): 9.5% Rh(1): 20.1% Rh(1): 20.1% C(1): 10.5%
P(2): 9.5% C(1): 14.4% C(1): 14.5%

.[P],”\O /[Q ()
// Rh] —> ;CQ
[Rh] o c )

N0 N

out-of-plane elelctron pull effect in-plane elelctron push effect ;
5

L. L. Liu, Science, 2024, 383, 81-85.



Stable ¢%t2 Carbene

Reactivity as a n-donor and c-acceptor

AN

- - - -+
Mes Mes [P]
N, S W o, () f
s Con AgNT
N"DLNT | = RN =c O :
Mes \I{h Mes . /O
(AdNC),  x- L 1 Jx
24, X= BPh,
25, X= NTf,
CN-Ad

L. L. Liu, Science, 2024, 383, 81-85.

‘BPh,

n-donor

NTf,

‘BPh,

c-acceptor

ambiphilic
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Summary and Outlook

Structure modification

( N
R-NN~R
NHC
\_ J

:

o) o |
A T
o0 R’ \../ \R

CAAC DAC

C ) C:
R’N R’N

CAArC CArAmC )

More reactivity than NHC

Metals
S, Se
CN-R

e

Stable
Persistent
Transient
Alkene CO,
Alkyne CS,

es e
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Summary and Outlook
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