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Transition metal mediated nitrogen-atom transfer
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Synthesis of nitrogen containing compounds

- R
nucleuphilic I
N

. X o
- R. R substitution L S~
+ ” R

B Inherent nucleophilicity

O R nucleuphilic addition P N
+  SNH, - \f

B Pre-oxidized substrates




Inverting inherent nucleophilicity of nitrogen center

R
R~k |:> N I N
H 8 Q 8
feedstock nitrogen-centered nitrene
chemicals radicals
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B New chemical properties l l
R' 1 RN "
r!l : ]/\R
R7 SR HN



Inverting inherent nucleophilicity of nitrogen center

R
R, _R N~ R, &
R~k |:> N~ I N
H 8 Q 8
feedstock nitrogen-centered nitrene
chemicals radicals
N
1]
— — D

metal nitrides ?



Nitrogen group transfer VS nitrogen atom transfer

B Nitrogen group transfer (NGT)

B Nitrogen atom transfer (NAT)
/R'
N
@ B Limited N-substituents considering nitrene reactivity
m
M m More flexible N-atom building block

Powers, D. C. et al. Nat. Rev. Chem. 2023, 7, 424—438.



Nitrogen group transfer VS nitrogen atom transfer

B Nitrogen group transfer (NGT)

N
1]
™D +
R\'il/H E R\N/

B Nitrogen atom transfer (NAT)

NGT

Powers, D. C. et al. Nat. Rev. Chem. 2023, 7, 424—438.
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Reactivity modes of terminal M—N complexes

. | "', II',_F M
! ®NO ONe® CNe I
F Qe Qe |

CON=M3 (> N=M1
M=V, Mo, Re ...

M = Mn, Ru, Os ...

B Reactivity modes are decided by relative energy of M, and Ny,

\Sg

B Energy of M, is affected by both metal center and ligands

Powers, D. C. et al. Nat. Rev. Chem. 2023, 7, 424—438.



Reactivity modes of terminal M—N complexes

IMJI=N—R

e

Nucleophilic substitution

R X
N AL m

Addition to acyl derivitives

.TO
"l \“ QM
.’ ‘I ‘
DT. ;
QM
g O
O N=M2
H
R_H /N—R
[M]
N C-H insertion
]
D
O
R)J\H (0]
M
) . R N/[ ]
H

Addition to aldehydic C-H bond

CNe® )
Qle Ly s
g O %
(O N=M
M = Mn, Ru, Os ...

III Addition to aryl rings
>
R

R
\_\=> [M]—N((

Addition to alkene

Powers, D. C. et al. Nat. Rev. Chem. 2023, 7, 424—438.



Utilizing M-N complex in organic synthesis

B Stoichiometric nitrogen atom transfer (well-developed)

Nitrogen
source N

-
Cm >

R—H R E* R’

|:> R—N: |:> R—N

65
2
m/

M-N complexes Nitrogen containing
compounds

B Catalytic nitrogen atom transfer (elusive)

Nitrogen
source

(cat.) R'
/

Powers, D. C. et al. Nat. Rev. Chem. 2023, 7, 424—438.



Nitrogen sources and limitations

@5

N2 or NCO NH3
— + +
reductant oxidant

M-N complex

NX / reductant NH5/ oxidant

Groves, J. T. et al. Inorg. Chem. 1983, 22, 884-887.

TMSN,

or

NaN3

Azide

10



Nitrogen sources and limitations

N N2 or NCO NH3 TMSN3
reductant oxidant NaNj
M-N complex N,/ reductant NH3/ oxidant Azide
N
1 @ N
0 N, \ +2e° i i
—_— —_— i —
M X M N @

Christopher C. C. et al. Science 1995, 268, 861-863. 11



Nitrogen sources and limitations

N N2 or NCO NH3 TMSN3
reductant oxidant NaNj
M-N complex N,/ reductant NH3/ oxidant Azide
X NH, 'ile - 2e N

6_
|

Hill. C. L. et al. J. Am. Chem. Soc. 1982, 104, 7318-7319.
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Nitrogen sources and limitations

4

—

@E

M-N complex

N

X _
| 3
%
)

Groves, J. T. et al. Inorg. Chem. 1983, 22, 884-887.

N, or NCO

+

reductant

N, / reductant NH3/ oxidant
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Nitrogen sources and limitations

N N2 or NCO NH3 TMSN3
reductant oxidant NaNj
M-N complex N,/ reductant NH3/ oxidant Azide

B Require harsh conditions to form M-N complex

B Stoichiometric M-N reagent needed and stepwise reaction

B Catalytic process could be developed

Carreira, E. M. et al. Acc. Chem. Res. 1997, 30, 364-372. 14



Nitrogen atom transfer reactions

B Stoichiometric nitrogen atom transfer

B Electrophilic nitrides
B Nucleophilic nitrides

B Cycloaddition and rearrangement

B Catalytic nitrogen atom transfer

B Summary and perspective

Groves, J. T. et al. Inorg. Chem. 1983, 22, 884-887.

4
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Nitrogen atom transfer reactions

B Stoichiometric nitrogen atom transfer

B Electrophilic nitrides

Groves, J. T. et al. Inorg. Chem. 1983, 22, 884-887.
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Preparation of metal nitrides complex

Gouterman, 1979 M=0s, R=H, R'=Et
Hill, 1982 M = Mn, R = Me, Et, OMe efc., R'=H

Groves, 1983 M =Cr, R=Me, R'=H

Hill 1982

NH;
oxidant

DCM

Mn(TpMP)CI N=Mn(TpMP)

Gouterman, M. et al. J. Am. Chem. Soc. 1980, 102, 198—-207.
Hill, C. L. et al. J. Am. Chem. Soc. 1982, 104, 7318-7319.
Groves, J. T. et al. Inorg. Chem. 1983, 22, 884—-887.



Aziridination activated by anhydride

7O

. CF;
" TFAA F3 (11 equiv.)
1a
1a, N=Mn(TMP)
OTMS TMSO 9
(saltmen)Mn(N) NCOCF, NHCOC
F F —
(CF5C0O),0 i N
- —N\ ||| /N_
— MnV\
/
OMe OMe ° °

78%

1b, N=Mn(saltmen)

Groves, J. T. et al. J. Am. Chem. Soc. 1983, 105, 2073—2074.
Carreira, E, M. et al. J. Acc. Chem. Res. 1997, 30, 364-372.



Aziridination activated by anhydride

o
TBDPSO |
o
Ao
Me
Me
Me Me
%O
(o)
O
TBDPSO

OH
(saltmen)Mn(N) (1b) TBDPSO
(CF3C0),0 .
> ‘NHCOCF,
then silica gel *O
Me
Me
62%
Me Me
(saltmen)Mn(N) (1b) o
(CF3C0O),0 o
= O
then silica gel OH
TBDPSO

NHCOCF,

80%

Carreira, E, M. et al. J. Acc. Chem. Res. 1997, 30, 364-372.

N
_N\ I" /N—

1b, N=Mn(saltmen)



Aziridination activated by anhydride

N TE LUMO decrease

6_
5=
<
/|
3
*

_|+ N2py T} Naox J
Q R ! N ooy T
I 4
Q/EI1DCF3 e (17 ~
N3- I'll 7 metal d orbital CF,CON? metal d orbital

m Weaker M-Nbond [——) m Lower LUMO

*NH
" R’ R?
V —
N + Cun'™> =( N =N I N=
“Iv H™ or BF4 R3 R4 /Mn
Mn EE— or — 3 R R2 0 )
/LA R3 R4

N
Mn
8% - 92% 2, N=Mn(saltmen)

Groves, J. T. et al. J. Am. Chem. Soc. 1983, 105, 2073-2074.
Lau. T. J. Chem. Soc. Dalton Trans. 1999, 2411-2414. 20



Direct nitrogen atom transfer

‘-. Lower LUMO N
N2p . '. 2p .

Increasing nucleophilicity

A 4

I‘:+ Md
H B More electron-deficient metal center

OO N=M ﬂ

Directed nitrogen atom transfer

B Weakening M-N bond

21



Direct aziridination by Ru complex cation

. R’ R? R2 RS . RER 9+
+ _| >—< R1 ’1 :\ R4 —I R'aZ SaR
_I N R3 R4 \ 7

i Py 1 H atom NH
u ~ . " —> Ru'l
- | - 1
PF6 P PF6 ! )
y I PF I -
4 5, 69%
* PFg Me, Me + Me
Me\’—W;Me _I Meaz S
Q N NH
H ilH | |
N RuV! Ryl
=N IIIV|/N_ B PFe [
Ru y Py
O/ \O .
5
m/z = 599
m/z = 520 (-P _
3, N=Ru(salchda)PF diamagn;ﬁg) Lo = 1.99 11

Lau. T. etal. J. Am. Chem. Soc. 2004, 126, 15336—15337.



Direct aziridination by Ru complex cation

R’ R? R2 RS . R R 9+
+ P ~ ~ N
+ — RIZ 3 R4_| RaZ R _I
1 R 7
Py I R3 R* N H atom NH
“IVI L RuV! \ )
—_— — —
& e D i
6 P 6 ]
y L, PFe Py PFg
3
4 5, 69%
N N
||| N
VI
/_—RU NN\ - --RyVl--
Py

elongation of Ru-N bond

B More electron deficient metal center B Introduce frans ligand

Lau. T. etal. J. Am. Chem. Soc. 2004, 126, 15336—15337. 23



Direct aziridination by Mn(VI) complex

Storr 2016
HI“I
N
_N\ ||| /N_
MnV\
FsC o’ o
Bu
Lau 2021 ,-
1.525 A
Me
< wMe
O
N
N\ I" /N Me
MnV\ g
N/ N Me
0 (e}
‘7
M
o Me ©

oxidant

— > decompose

CF3

oxidant

N
1]

MnVI

1-

\/Ph

[MnV/(N)(TAML)] ~

V/Ph-l—

—>

Storr. T. et al. J. Am. Chem. Soc. 2016, 138, 15299-15302.
Lau. T. etal. J. Am. Chem. Soc. 2021, 143, 15863—15872.



Increasing electrophilicity by adjusting ligands
(with redox active ligands)

- +
m oxidant m oxidant m _I
@ pPhY MnY — > (MnY _
4 B(CeFs)s
6 7 8

6, N=Mn(TTPPC)PPh,

R' .
+ Ar _I
" N ~PPh;

+
Vv | N N~ _|
@ > Mn'! PPh, |

R'=H, Me, CI, OMe, CF;

Lau. T. etal. J. Am. Chem. Soc. 2022, 144, 7588—-7593.



Increasing electrophilicity by adjusting ligands
(with redox active ligands)

" m _I oxidant ||| oxidant m —I
Mn" — > MnV —_— MnV
PPhy B(CoFs)s
PPh, 6 . g
6 N=Mn(TTPPC)PPh,
Mn-N bond length / A 1.527 1.514 1.546
E12 (vs Cp,Fe*0) / V -0.569 0.231 0.70
k/M-1xs1 No reaction 3.4x103 2.1x10°
~PPhy
N 7

PPh,

Lau. T. etal. J. Am. Chem. Soc. 2022, 144, 7588—-7593.



Increasing electrophilicity by adjusting ligands
(with non-redox active cation)

\||| N
; \III N:\< Inductive effect

O O
\__/
Mn+ = non K* Ba2* Sr2*

E'2 (vs Cp,Fe*?)/V 0.454 0.616 0.805 0.880

Mn+ = K* Sr2t Eus3*
EV2 (vs szFe”/O) [V 0.616 0.880 1.16
>

Increasing E,,, and reactivity

Yang, J. Y. et al. Angew. Chem. Int. Ed. 2018, 57, 14037-14042. 27



Reactions with aryl compounds

B [Intramolecular addition

H
b o N
N ArH [M]=N H* shift ~M - NH
> s LN e
H

4

First work:
Cl ol
N, Cl Cl Cl
R\ | /R m R TH R
RNSRU=NL - hvoor heat R NSRU=N{ R N=Ru=N{ R= Cl
CE) T ) —
SRu=N (1—R'— (l o
/NV \ v u N _RU_N
R 7N \ /N” \
Jd R RFg R RFg R

B Ru-N bond weakening by Ru-Ru bond

B Bulky substituents prevent decomposition

Berry, J. F. et al. Angew. Chem. Int. Ed. 2008, 47, 10102—-10105.
Berry, J. F. et al. J. Am. Chem. Soc. 2010, 132, 12228-12230. 28



Reactions with aryl compounds

B Electrophilic addition

+ PFg
+
o N
OH O H |II|H
NN

N H + H =Nl N=

]! -H ~N RuV

J \

~N
RuY! —_— | e I
1 Py, MeOH @ @
Me”  “H Py Py

3, N=Ru(salchda)PFg4

with | . R= MeO Bu Me H Cl
©:R k/M1s1 8.08 2.38 1.06 0.18 0.039
B Electrophilic addition

Lau. T. etal. J. Am. Chem. Soc. 2016, 138, 5817-5820. 29



Reactions with aryl compounds

B Addition to inactivated arene

|r;l| _| ~ 590 nm | 1] _| O
OSVI OSVI
OSIV

e Q
N
d,, OS=N p, r 2 ||| |N
; \ LUMO ; | NC,, Il WCN NC,, I\ WCN
; \ ; | ‘OsV! ‘OsV!
: ; \ QN/ |\CN hv QN/ |\CN
; gy ; ./ 0 — > / 0
‘ : ( ; L(ML)CT o
Al smoy N
HOMO
2N O,N
B More electron deficient B \Weaker M-N bond

Lau. T. et al. Commun. Chem. 2019, 2, 40.
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C-H insertion

Nl R—H % & T
M — 3 [M|J=NH + R* —> R/N\[M] — N
R H
H-atom abstraction radical rebound

—|+
N O H\N/O . e NH,

>

OSIV

Lau. T. et al. Angew. Chem. Int. Ed. 2012, 51, 9101-9104.
Lau. T. et al. Commun. Chem. 2019, 2, 40.



Chemo selectivity?

Decrease in reactivity =
OH
0 O S
PPh,
Substrates A
H
addition . , N Electrophilic ~ C-H insertion
with PPh, C-H insertion of DHA Aziridination addition cyclohexane
k/ Mg > 103 107—- 1009 ~10-2 100 — 102 ~10-3
_‘ + PFy
HQM B Close rate constant for different reactions

—N N—
\Rllljl\/l/
o | No B Hard to control chemical selectivity
Py

Lau. T. etal. J. Am. Chem. Soc. 2016, 138, 5817-5820. Lau. T. et al. J. Am. Chem. Soc. 2021, 143, 15863—-15872.

Lau. T. et al. Angew. Chem. Int. Ed. 2012, 51, 9101-9104. Lau.T. etal. J. Am. Chem. Soc. 2022, 144, 7588-7593. 3



Enantioselective aziridination

Recall:

N
R R2 —N\ ||| /N—

2 2, N=Mn(saltmen)

— H N N
N NH > < =Nl N=
|||V TFA " R3 R4 N \MnV/
Vv ,
> —— —— 8. o o
R3 R*
2a
Bu By
2a

Lau. T. etal. J. Chem. Soc. Dalton Trans. 1999, 2411-2414.



Enantioselective aziridination

Hllll H
R! R2 =N_|| N=
— H \M V/
N NH ) < n
I TFA il RS R i By " o By
MnV —_— MnV —» RN 11R2
78 °C R® R? ! f
2a Bu Bu
2a

PH H PH H PH e
H
72% 92% 539, Increased ee
B Decreased yield
H H H Me H H
PH H PH H PH Me
36%, 81% ee 20%, 91% ee 7%, 25% ee

Lau. T. etal. J. Chem. Soc. Dalton Trans. 1999, 2411-2414.



Reactions with other nucleophiles

v o
RUIV
BDE = 88 kcal/mol
R + t tB S
+ | BuSH (‘BuS),
R—SH H. _S
N _l N
1 > » N / -
RuV! Ru HAT
+
CNH “
o H\N/D

Lau. T. et al. Acc. Chem. Res. 2014, 47, 427—-439.
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Summary

4

M-N complex

B \Weaken the M-N bond
H Lower LUMO

B Introduce trans ligand
B Oxidize the metal center

B Oxidize the ligand

B Nitrogen atom transfer
with nucleophiles

Lau. T. et al. Acc. Chem. Res. 2014, 47, 427—-439. 36



Nitrogen atom transfer reactions

B Stoichiometric nitrogen atom transfer

B Electrophilic nitrides
B Nucleophilic nitrides

B Cycloaddition and rearrangement

B Catalytic nitrogen atom transfer

B Summary and perspective

37



Synthesis of amino acid ester from nucleophilic nitrides

Pickett 1992
N
I
(1) @ NH,
17 Nco,Me > N Coe
(2) Et;N, (3) E* 2
P HYCO2MG _ ~CO:Me Me__CO,Me
1l TcoMe NEt, . r Mel
11
@ Mo Mo'V
1
7N
\ 7/
H* Me_ _CO,Me [P'f,, ||V\\\P
— + .@ Mo
NH, ~p7 | e

80%

Pickett, C. J. et al. J. Chem. Soc., Chem. Commun., 1992, 1762-1763.



Reactions of nucleophilic nitrides

Veige 2008

v

Mel

12

C|)/N
W
L TYNMe,

TMSCI

Veige, S. A. et al. J. Am. Chem. Soc. 2008, 130, 16128-16129.




Nucleophilic nitrides starting from N,

Schneider 2016

N
N
e *+ RX > n —> R-CN

R—X = EtOTfor BnBr

N
r~|ILPR2
Na/Hg N—Re—¢| ° EtOTf
PR
N, 2 R=11Bu
2
ol Me
+
r~|;PRz j—l “OTf
QoReTe ~IPR:
P / . .
Ry B N—Re—c| B N, activation
Cl d 2
PRy, 3
_ Me H
N=—Me \”/
N KHMDS
r~|I;PRe
NCS N_,Ré'_'Cl
PR
2 4

Schneider, S. et al. Angew. Chem. Int. Ed. 2016, 55, 4786—4789.



Summary

Ti

Zr

Nb

Cr

Mo

Hf

Ta

W

Nucleophilic nitrides

Fe

Co

Ni

Cu |l Zn

Rh

Pd

Ag || Cd

Ir

Pt

Au || Hg

Electrophilic nitrides

Strong o-donor as ligand

@E

+

R—X

a

n |
D

X / i
N

\/NH2

R—CN

41



Nitrogen atom transfer reactions

B Stoichiometric nitrogen atom transfer

B Cycloaddition and rearrangement

42



[4+1] Cycloaddition with metal nitride complex

HOMO LUMO
N @ $)
[ & ITI
M M

¥ LP

B The orbital energy of M-N complex could be adjusted to a proper
level to undergo cycloaddition

Brown, S. N. et al. J. Am. Chem. Soc. 2001, 123, 7459—7460.

43



[4+1] Cycloaddition with metal nitride complex

N=OsTpCl,
Neutral complex Cationic complex
with TpOsNClI, with cis-[(terpy)-OsNCI,]PF¢

H OMe H OMe

N N N N

4d, 80% 6 h, ~100% 9 h, 25% 15 min, 93%

Brown, S. N. et al. J. Am. Chem. Soc. 2001, 123, 7459-7460.

44



[4+1] Cycloaddition with metal nitride complex

B Coordinatively and
electronically unsaturated

Isomerization

"
FelV

[4+1]

H
.”.‘. N/H

Smith, J. M. et al. Inorg. Chem. 2014, 53, 8425-8430.

retro [4+2]




[2+2] Cycloaddition with metal nitride complex

R
N X=—R N—( X
IMII _— @ e — I|\I/|I + N=——R
[2+2]
X =N, CR
Me

Et————Et R————R
Ar)\\\

N

N=W(OR), @
J N=Mo(OR),

MeC'5N
MeCN
Me
Et——=—N R—=—=N
Ar)\\\N "
: Nitrile-alkyne Catalytic nitrile-
Labeling metathesis alkyne metathesis

Johnson, M. J. A. etal. J. Am. Chem. Soc. 2006, 128, 9614—9615.
Johnson, M. J. A. etal. J. Am. Chem. Soc. 2007, 129, 3800-3801.
Quinlan, K. B. et al. Chem. Comm. 2003, 1, 126-127. 46



Rearrangement: Oxidative cleavage by metal nitrides

Me
MeO

61% 81% 71%

Brown, S. N. J. Am. Chem. Soc. 1999, 121, 9752-9753.



Molecular editing by oxidative cleavage by metal nitrides

+
N _l —|+ PFg

1l
P €« I ~ o
_Os

— N \
‘ v NN AIQNJ
| =
MeCN, rt, 2 h = | —

work up

Hammett Analysis

_ + v 2_
HOTs-H,0, Phi(OAC), loglkyky) =149 07 +0.03 . F-00% OMe
then NBu,Cl 151 R?=0.996 o B
2) LiCl, A §p-OMe ¥t
1 1 L .mCls
then NH4PFg 48% 77% MeCN b-CF
(over 2 steps) F 05} spMe
PR X 5
&
(o)) 0 DX lH
k) RS
PFes o
Me—l 05} Em-Cl
CF
. QD s
2a-e
-15 : : . '
-1 -0.5 0 0.5 1
6 .
74%
NH4O,CNH,
Phl(OAc), .
then NH.PFe B Electrophilic attack to alkene
MeOH

Levin, M. D. et al. Angew. Chem. Int. Ed. 2022, 61, e202213041.



Molecular editing by oxidative cleavage by metal nitrides

ST e —C' ------ Ty
17.6 (15.0) INT: 456 (12.4)"
- 7 13.6 (11.3) VA%,
(kcal/ 3 '
mol)

Ph

1+ 2a
0(0) “
/.G (AGtz) ‘

B Electrophilic attack to alkene

Levin, M. D. et al. Angew. Chem. Int. Ed. 2022, 61, e202213041.

-15.9 (-20.4)

-21.1 (-25.3)

B Site selectivity deciding step




Nitrogen atom transfer reactions

B Stoichiometric nitrogen atom transfer

B Electrophilic nitrides
B Nucleophilic nitrides

B Cycloaddition and rearrangement

B Catalytic nitrogen atom transfer

B Summary and perspective
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Catalytic C-H bond insertion

55 (5 mol%)

Ar H

hv

/_\\PtBUZ

Me;3SiNHC(O)Ph N—Pd—Ns
i 7/
P 1

tBUz

Me3SiN3
427nm
¢ ¢Z 0.1% N
/i\P Bu, 2
N—Pd—N’~
EP/ ?Z»Ph
t 3 (@)
BLI2

PhCHO

i TMSN, (2.5 equiv.) m
.5 equiv.
)L ° > )]\ _TMS
Ar N
H

[TIBUQ

N—P|d—N

Q\—PtBuz
Ar Yield (%)
Ph 89
2-MePh 91
3-MePh 76
4-MePh 76
4-FPh 82
4-BpinPh 56
4-CF,Ph 59
4-NHAcPh 63
2-Py 91

Schmidt-Rantsch, T. et al. et al. Angew. Chem. Int. Ed. 2022, 61, e202115626.
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Catalytic alkene addition

HoN

o)
NO,

)

Ar

NO,

DPH

[Ru(FoqTPP)(CO)]

[Ru(F,,TPP)(CO)] (5 mol%)

O,N NO,
- o: :

MeCN, rt, 12 h )\/NH2
Ar
DPH._____ NH
o / N CRu
C Ru D OAr X
T W
| " “
\ / <> Ru >
R Ny T '_/R
H.N  OA X ~—~ R
2 J _+‘\\ — 4
Ru
., P
X E

X = MeCN or vacant, OAr = 2 4-dinitrophenolate

Che, C. T. et al. Chem. Comm. 2020, 56, 137—140. 52



Catalytic alkene addition

)

Ar

O/Ar
MeO

80%

O/Ar
NH,
Me
MeO

59%

H,N
>0 O,N NO,
NO, [RU(F,TPP)(CO)] (5 mol% jg/
20 0)
- o)
MeCN, rt, 12 h )\/NH2
Ar
NO,
DPH
Ar Ar
O/ O/ Ar\o Me
/©)\/NHZ : . NH, ©)§/NH2
cl .
26% 74% 22%
Ar
O/Ar O/
A NH, \ NH
o)
MeOOC
53% 73%

Che, C. T. et al. Chem. Comm. 2020, 56, 137—140.
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Summary

Nitrogen . R
source N R—H /R' E R—N

+ |:> .
Cv > " i

65
|
]

Compatible

N
Nitrogen I
M
source Q (cat.) R'
/
R—N
+ . > \
R—H M]

Che, C. T. et al. Chem. Comm. 2020, 56, 137—140. 54



Nitrogen atom transfer reactions

B Stoichiometric nitrogen atom transfer

B Electrophilic nitrides
B Nucleophilic nitrides

B Cycloaddition and rearrangement

B Catalytic nitrogen atom transfer

B Summary and perspective
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Summary

R—X

/—> [M[I=N—R
Nucleophilic substitution

N |
>
PN °
\:, L _m
R N7

Addition to acyl derivitives

B \Weaken the M-N bond
B Proper HOMO or LUMO

B Catalytic NAT

S ™

N
I

>
\R—> )J\ _[M]

Addition to aldehydic C-H bond

N
PhH ©/ ~[M]

N Addition to aryl rings

R R
\_\=> [M]—N((

Addition to alkene

C-H insertion

(0]
)J\H (0]

R N
H

Reviews and books:

Powers, D. C. et al. Nat. Rev. Chem. 2023, 7, 424—438.
Carreira, E, M. et al. J. Acc. Chem. Res. 1997, 30, 364-372.
Lau. T. et al. Acc. Chem. Res. 2014, 47, 427—-439.
Alexander D. R. et al. Chem. Rev. 2017, 117, 9140-9162.

Reactive Transition Metal Nitride Complexes.
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B HAT reagent
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m Catalytic NAT
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B Rearrangement and molecular editing
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Perspective

B Macromolecular transformation
. . J. Am. Chem. Soc. 130, 4285-4294 (2008).
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Perspective

B Macromolecular recycle
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