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® Long history
® Low efficiency

® Long synthetic procedures
G.Dong et al. Science 2025, 388,1436-1440

® New method
® High efficiency

® Shortsynthetic procedures
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34% contain a fluorine (F) substituent
23% contain a sulfur (S) subsituent
17% contain a chlorine (Cl) atom

53% contain multiple Nitrogen heterocycles

320 Unique New Small Molecule Drugs
#Drugs with Atoms Beyond C,H,N & O

January 2013 - December 2023
: (36 are part of combination drugs = 11%)

U.S. FDA approved
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Categrories of skeletal editing involving N atom

N-atom deletion N-atom insertion
N
H H
Skeletal
N-atom transmutation E d I t I n g N-atom migration

() )
]

! ’a < > | /
N RN

>—-N



N-atom deletion

Skeletal
Editing



N-atom deletion

1957 Overberger
Ph Ph
/(j\ HgO (2.0 eq)
PH” N7 Ph > U + Ph-CH=CH-(CH,)3-Ph + N,
|
NH.,
1961 Lemal
~ ™)
i @ -O\ /O-
HNBn, Angeli's salt (2.0 eq») Bn\N,Bn Bn-Bn + N, N=N\+_ 2 Na*
DMF, HOAc (2.0 eq) 1o 70% e
H,O Angeli's salt
. J
Only one example
Ox] o \ ® Limitedscale
\ nitrosation \ [Re] \ X \V -N, .
N-H > N-NO ——5m N-NH,——— 3 [ ®N=N ] — | e Poisonousreagent
. ® Harsh conditions
isodiazene

or 1,1-diazene
G.Overbergeretal. J.Am. Chem. Soc.,1957, 79, 6430 —6435

M. Lemaletal. J. Am. Chem. Soc., 1961, 87,393 —394 7



N-atom deletion

2017 Lu
R! .
:N-802N3 4A MS
R2 Dioxane, 80 °C, 24 h
2021 Lu
- I) N3802N3 (1 .0 eCI),
J \ DBU (2.0 eq), rt, DCM
n+1 /N-H
i) BBuOLi (1.0 eq), 120 °C, dioxane

Selectedexamples

80% 76%

H.Luetal. J. Org. Chem.,2017,82,4677 —4688
H. Lu et al. Angew. Chem. Int. Ed., 2021, 60, 20678 —20683

MeO

> )

55%

Mechanism
o N3SO,N Voo
\N/ 3°-2s - \N/
I DBU I
SO5N3
‘\N/" ': :-
Ozsk'\N/N’ Curtius-type |
) rearrangement N .
\N/ —_— h'. —_— . 'll
I V] 5
N



N-atom deletion

2021 Levin
R1 . . R']
‘- _anomeric amide (1.5 eq)> |
R2/ THF, 45 °C R2
Mechanism
Rl anomeric amide Rl _BnOOCAr
N-H . > N-N
5 -PivOH '
R R“ OBn
CF;
1 1
R\ .o _N2 R. R1
N-N: ———>» —> I
R? R? R®

M. Levin et al. Nature, 2021, 593,223 —227

FsC

_OBn

N\
OPiv

anomeric amide

/

Selectedexamples




N-atom deletion

Model Reaction

_.OBn

N
|

OAc
PN

Ph N Ph
H

Optimizations

THF, 45 °C, 18 h

O
| A )LN,OBH
I
S OAc
e 0 A
_OBn

h
OPi

FyC v

. y,

Bn-Bn

(35%)

.OBn

|
OPiv

Best selectivity (A/Banologue>20/1)

Highest yield (74%)
Shortest time (5h)

M. Levin et al. Nature, 2021, 593, 223 —227

n
l A/B=2/1

log(ky/k},)

0.3
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N-atom deletion

2023 Sarpong 0O
R! anomeric amide (1.5 eq) R! N~ OBN
) THF, 45 °C o A iy Spiy
HN R2 R? anomeric amide
2024 Leigh
’ [O/—\O') [O,—\O
O o i) polymer-bound DBU (6.0 eq), ACN, rt, 2 h 0
(/\ﬁ ]) \g i) anomeric amide (3.0 eq), THF, rt, 17 h - O ﬁx O
@LO "2 X O O/\@
Q 0 C ol

R.Sarpongetal. J. Am. Chem. Soc., 2023, 145,10960 —10966
D. Leighetal. J. Am. Chem. Soc., 2024, 146 ,29496 —29502




N-atom deletion

2021 Antonchick

RZ R’ HTIB (2.5 eq) RZ R 5 HOLOTos
H,NCOONH, (8.0 eq) ‘ ,
1 ‘4 ) > —] ! Ph
R N R TFE, 80 °C h ‘2 '
H R R 3 HTIB
Mechanism
H,NCOONH, - Gl') HNR'R* .. N, ,
HTIB » N Ph —> :N—NRR? — e
. 1 R
lodonitrene
HTIB
‘.& NH,OAc .
WUINN COOMe o W YCOOMe
H TFE, 80 °C
Br Br (nd)

Selectedexample
HTIB

& H,NCOONH, W
/@v N~ ~COOMe —2 - /@v COOMe
MeOOC H ’ MeOOC

>99% ee, >20:1 dr 24% yield, >99% ee, >20:1 dr

A.Antonchick et al. J. Am. Chem. Soc.,2021, 143 ,18864 —18870



N-atom deletion

2025 Tan ,
i) TMSOTf (1.1 eq), DCM JSOTTTTTTTTETTETTTTT Y
ii) PIDA (3.0 eq) R" & AcO_ _OAc
NHs-H,0 (10.0 eq), MeOH, 40 °C : I :
> 2 R3 : Ph 1
R2 {\‘\\ ! :
A : PIDA :

R2 \i\\\‘

Selectedexamples

0O A OMe
| / \ )
MeO,C MeO,C MeO,C MeO,C
Me
Ph Ph Ph Ph

92% to 92% ee 91% to 80% ee 95% to 67% ee 95% to 0% ee

B. Tanetal. Nat. Chem.,2025,17,393 —402



N-atom deletion

2024 Lu DPPH (2.2 eq)
K,CO3 (2.2 eq)
: \ THF/H,0 ’
' n+1 N-H - > |
\ n / 60 °C, air
Mechanism

LR N - -

4
¢ .
\

+ n+1  DPPH . n+1 ' KyCO3 .
_>\

’ .

‘-\N/' K,CO3 ‘.\(r';)/,

P d ~ N
N HoN NH, H,NJ

Selectedexamples

H. Luet al. Nat. Synth., 2024, 3,913 —921
H. Lu et al. Nat. Commun. 2024, 15,10190

:’ 9 :
i Ph—P-ONH,
5 Ph ]
\......DPPH_____. ?
> " AN
N S
T U
:Base NO
Et
=
)
§ )
* .
Et O
QT

------------------

2024 Lu
DPPH (2.2 eq)
K,CO3 (2.2 eq)
R—NH, THF, 50 °C, 10 min > R—
20 or 20
(>95%D)
Mechanism
©
®N=
R ﬂ
_H
] ~-H()
ROH _NHs @N=N
HoN"" “NH, R Ney-R
DPPH R
K,CO3
N»
14



N-atom deletion

2025 Jiang

R']

)R
DPZ (1.0 mol%)

N Sc(OTf)s/L*(20 moI%L /

R1

THF, 45 °C, 24 h

2
i) K;CO3 (5% aq.), MeOH, 12 h
i) anomeric amide (1.5 eq)

N TFA DCM, -35°C  TEA” \2 or DPPH (2.2 eq)
a8 blue LEDs N K2CO3 (2.5 eq), 24 h, rt
— NS
s 5 ™ 0 A
I
Ph—P—ONH, N~ OBN
|
Ph OPiv
DPPH F3C . .
\_ anomeric amide )
(" A
2
R’ R
1 2 R2
R1 . 5 R R .’ R1
HN- r2 R " 5
R
R’ 23 — 4 - HN/
R2 Tan's method R Thiswork R3
\. y,

Z.Jiang et al. J. Am. Chem. Soc.,2025,15,12410 —12417

R' R2
/

Ar = 2,4,6-"Pr,CgH,
L*




N-atom deletion

2024 Hou - N
= Pr,p— | ~=PPr,
[Ti'"]é 2 ' N
> C
| X H H
N/ Toluene, rt, 2 h
\ [Ti] y
Mechanism
7\ /N / N\ B
/N— /N_ H /N\ /N\
TN “H, . . K\ C-N bond cleavage W\
[Tl]\: —rmi > [T|]-<I|:II7[T|] > [TITHIT] > [Tl]\: palll
'
C-N bond
<® cleavage / I)\ Y
: : : : _ : /
[T']%N/[T'] [Tl]\N/[Tll [Tl]\N/[Tll [Ti]/N\[Ti]

Z.Houetal. J.Am. Chem. Soc.,2024, 146 , 31348 —31355
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N-atom insertion

1923 Schmidt Known as"Schmidtrearrangement Drawbacks
JOL HN3, H,SO, o) ® Toxicnitrogensource
2
R1” O R2 R1JLN/R ® Hardtoreserve
H
2020 Jiao o MeNO, (4.0 eq) o
ll\ Tf,0 (2.0 eq), HCOOH (2.5 eqL J]\ R?
R1” “R2 AcOH, 100 °C, air R"” °N”°
H
Mechanism
© OTf
oe o 0  OTf © H,0 & -CH0 (QTf
e ‘—_‘/N%H — _N@ O — ((H(;)H — H’NCOH
O
o HOTf ﬂ\ N,OAc 9]
] HCOOH AcO-NH, 1 2 | ; lj\ R2
" -H,O0

N.Jiao et al. Science, 2020, 367, 281 —285



N-atom insertion

2024 Jiao
i) TSONHR (1.5 eq), DDQ (1.5 eq)

7 H,0 (10.0 eq), N, 25 °C, HFIP NR
n . — > n+1\
S i) NaBH3;CN (5.0 eq) ‘ ,

- - . 4

Mechanism
Ts02::.R o

® D) ®
DDQ . TsONHR, -H? NaBH;CN
Clry == A0 0 a O i nnd O

4 -

D

Selectedexample

~’ m ¢ P ¢
N
® 4
O o0 oY T
98% 74% 55% 69% 55%

N.Jiao et al. Nat. Commun., 2024, 15, 6016



N-atom insertion

2022 Morandi

i) PIFA (4.0 eq) (
JBS  NH,COONH, (6.0 eq) AcO | ~OAc F3CCOO, OOCCFy
©1N) MeOH, 0 °C, 10 min j L L
t 4 h N
/ i 2 PIDA PIFA
2023 Morandi N
PIFA (2.0 eq)

Q NH,COONH, (40eq) N Mechanism
MeOH, 0 °C to rt, 30 min ~-N i ®

: NH,COONH, Ph
2024 Morandi ®
@) i) TBSOTTf (1.2 eq) O _IPh
AR Et-N (1.5 eq), THF, rt, 1 h ~ (,c‘\ N PN N
Ir, 3 "( q) > r’/'a ~ NH 0 | ﬁ 'r
. i) PIDA (4.0 eq) , | e, A i 4
ST NH2COONH4 (40 eC{) L\\‘:,/ I ~ el

THF/MeOH, rt, 30 min

B. Morandi et al. Science, 2022,377,1104 —1109
B. Morandi et al. Chem. Sci., 2023, 14, 2954 —2959
B. Morandi et al. Angew. Chem. Int. Ed., 2024, 63, €202408230



N-atom insertion

2024 Alcarazo Nitrogen resource (1.2 eq)

O‘ Rhy(esp), (2 mol%) N
'
NaHCO5; (1.2 eq) =

DCM, -50 °C to rt

Mechanism

Rhy(esp),

Nitrogen
resource

M. Alcarazo et al. Angew. Chem. Int. Ed., 2024, 63, e202403826

o= wm Em Em E M B B B B B M BN RN BN BN RN RN BN RN RN BN RN BN BN RN RN BN RN M RN M M M M M M M M

..........................



N-atom insertion

_SAr

2024 Sharma N
w A bgeew
7SN AN
L -
S PhCI, 120 °C, 2 h Jp-~aeN

Mechanism
~SAr ©
N 120 OC . /A\ H _SA /’/\\ H _H+ /9\ N
S S UYL e
/ Yoy - N Yoo AN Yoo AN
naphthalene SAr
2024 Ghiazza (" )
i) MSH (1.4 eq) ,/O
X i) CICO,R (2.0 eq), EtsN (3.0 eq) /\\> S~ NH,
I L 770
RT > R O
D~ N
N 365 nm N-N, MSH
= COOR U v,
Mechanism
N, MsH () _365mm /j X \
= | ———> R{ —> — > R
RT J Cicor 2 { K\
N l}l@
ON COOR
“COOR COOR COOR

smglet state

I. Sharma et al. Science, 2025, 387,102 —107
C.Ghiazzaetal.J. Am. Chem. Soc., 2024, 146, 2845 —2854



N-atom insertion

2022 Levin N —| @
Ph N\ P N_OS

|) Os Complex, MeCN N N/\ NN PFe
i) EtzN, MeCN TR~
> % Cl

SyntheticCycle S
i) TsSOH-H ,O,PIDA N o ]

Ph
then NBu,ClI _”I,C|
| iLicl then NHPFe < N’?S\N ©PF, ‘ _|@
£ e 7_ N 2 \ ePFG
\SS

M,
H2N W/_I Cl eCy \_SH

\/ _ci
3 N—/OS\/NH O N—Os™
71 \
>N | N= >N | “N=
—_— \ /7 f & | \ y/

|
|
Cl

(

then NH4PFg, MeOH m - ¥ =
Y,

Cl

o]
f NH,OOCNH,, PIDA < N— o: EtsN, MeCN
I

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



N-atom insertion

AG
(kcal/
mol)

/17.6 (15.0) INT,
: 13.6 (11.3)

15.6 (12.4) ",

J Ph

1+2a
i
AG (AGtz)

- '. |" j@
INT, 3 ; .
i oJ e o,
' F'h -0.6 (-

""'Tﬂ-.\

_N-'° No

- - -

3a*

B3LYP-D3/6-311+g(d,p)(C,H,N,Cl)/SDD(Os)-PCM(MeCN)/ -15.9 (-20.4)
B3LYP-D3/6-31g(d)(C,H,N,CI)/SDD(Os)-PCM(MeCN) C %~ -21.1 (-25.3)

M. Levin et al. Angew. Chem. Int. Ed., 2022, 61,¢e202213041 24



N-atom insertion

2024 Ackermann
NH,OAc (5.0 eq), NaOAc (2.0 eq)

MeOH, O,, CCE@ 2 mA, 0 °C, 24 h
\ > )
N —
GF Pt

2022 Cheng NH. (1 atm)
3

Mg(ClOy4), (1.0 eq)

XN
MeOH/DCM
— o
aal

TBS

Mechanism
GF(+ or O X= CH2, NR
+
(or O,) H
GF( + +  GF(+

><\/)N< (-TBS*) ©\/\) ©\/X§NH \ m

(or through HOO * — H5,0,)

X.Chengetal. Nat. Commun.,2022,13,425
L. Ackermann et al. Angew. Chem. Int. Ed., 2024, 202407384
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N-atom transmutation

» Transmutation Reactions Between Isotropic Nitrogen Atoms
2024 McNally

TH,0 (1.0 eq), "*NH,CI (2.0 eq)

Tf
NT HNBn, (1.2 eq) N7 NaOAc (2.0 eq) _ SN
| _ > I - > |
~ collidine (1.0 eq), EtOAC N A EtOH, 60 °C, 12 h =

-78 °C, 30 mintort Bn,

“H,NTf

15\ Z -HNBn HIINT i ati H1SN”
N | - 2 - cyclization | -
™ 7 X

Mechanism
@ electro- T
NTX Tf,0 T HNBnN T . SN2
O 2 NI X 2 o N™ cycloopemng» N\ |
s
anN = anN
electro-

anN anN

A.McNally et al.J. Am. Chem. Soc., 2024, 146 , 2944 —2949

1SNH,CI
NaOAc



N-atom transmutation

2024 Sarpong

---------------

i) "SNH,R (1.0 eq),

Tf
Nl N T£,0 (1.0 eq) ;N X
~ DCE, rt, 5 min | —

® 2-boromopyridine (2.0 eq) CO,Me
DCE, 20 min, rt o 15NI X : EJ:
i) DBU (2.0 eq), DCE = ;7 COMe
rt, overnight R

Mechanism

Tf electro

NH,R RH15NT N RH15N

---------------

NHTf

R © R
Tf )
N Tf,0 N“Y cycloopening NZ 5N NHTf 15y Z DBU "IN
y/ NN N X Z
+

R.Sarpongetal.J.Am. Chem. Soc., 2024, 146 , 2950 —2958

Meozc/\r’,COzMe

- o o M o E o om



N-atom transmutation

» Transmutation Reactions From Nitrogen To Carbon Atoms

2024 Audisio
i) TH,0 (1.0 eq)
SN i) HNBn, (1.2 eq), collidine (1.0 eq) N OOA
> iii) HYC2COAr (1.0 eq), ‘BUONa (1.5 eq), y
THF, 100 °C

Mechanism

©

)\ HNTf
AN 11,0 Z "NTf | H3C N /
Y o O « |
2N HNBn, Xx~"“\gp, Bn,N r;l/ BuONa Bn NT ND ¢

Tf Tf  COAr

N | )

- electrocyclization
COAr -1NBN2_ SEctrocy | -~ f\g
BN sl 2 COAr

COAr COAr

D. Audisio et al. Nat. Commun., 2024, 15,6063



N-atom transmutation

2024 Zhang B
Boc R'-——R2 NC¢ i) TFA (4.0 eq), DCM, 1 h R
N> (8.0 eq) o Rl R2 ii) NaNO, (1.5 eq), HOAc, 0 °C, 3 h
L{R 90 °C, 18 h 71/ iii) dioxane, 50 °C, overnight R?
R']
Boc Ar—TT (1.0 eq) OC i)4 M HCI (4.0 eq), MeOH
N t NaNO, (1.5 eq), HOAc, 0 °C, 3 h
NaOBu (2.0 eq) i) NaNO, ( q),
“/\'/QR 65 °C, 3 h - m)\? iii) dioxane, 50 °C, overnight >
Selectedexamples Mechanism

COOMe MeO Boc
aC|d NaN02
COOMe A?/

87% 80% R

X.-J.Zhanget al. Angew. Chem., Int. Ed., 2024, 63, €202411166

g6

- o o o o o oo oo om oo,

------------------

|
Ar G)OTf
Ar-TT
R2 -N20
//
R1

W o o e e e o o W o M o oo



N-atom transmutation

2024 Studer

Condition A: DMAD (1.5 eq), MP (1.5 eq),
MeCN, rt, 24-48 h

N

Xy then o-silylaryl triflate (1.5 eq), CsF (2.0 eq), 80 °C R1Z
R1© ylary (15 eq), CsF (2.0 eq), 80°C Ry

Condition B: DMAD (1.2 eq), MP (1.2 eq),
dioxane, rt, 24-48 h
then alkyne (2.0 eq), 80 °C

Mechanism
— R1_: \ —
) DMAD kN o)
R—,K _ —_—
N MP MeOOC NN COOMe
COOMe

R2

® Dearomatization First

® Then Cycloaddition Follows!

A.Studer et al. Nat. Chem.2024,16,741 —748

R3

MeOOC———COOMe
DMAD
MeCOCOOMe
MP
COOMe
- MeOOC -
R — COOMe
R? R3
\ COOMe
MeOOC
WCOOMe
NQ/O

31



N-atom transmutation

2025 Leonori

R
- NN L, CN
. ——COOEt
Q Morpholine (10.0 eq) A (4.0 eq) R
MeCN, 45 °C, 15h ' -
COOEt

| @ A =310 nm N Toluene
N [ j 120 °C, 15 h
Op _ 0 -
Mechanism
R R
R
AN hv 74 /4 _I
| | N | | ] 1,
o) — = lae N
l;l |:1 O CHO
O@ O

-—rLA

-€ N/}
-Morpholine K/ _OH © N\ —_— Q
O

COOEt

@ _H+
CN N
CN ©_CN
R =—COOEt R/mf\ [oj P N
S S R\
@) @)

D. Leonorietal. Nat. Synth., 2025, 4, 848 —858



N-atom transmutation

» Transmutation Reactions From Oxygen To Nitrogen Atoms

2024 Cornella [Ni] Catalyst (10 mol%)
PPh3 (40 mol%)
=\ N,H, (4.0 e =\ A EEEEEEEEEEEEEEN
N v oHg ( OQ) > N v
oV DMA, 70 °C HN
(X=CHorN) thenHCI 5h Ar
Mechanism v
Ar \/
_Nis  Ar

Ar/\«/Ar

-------------------

J. Cornella et al. Synlett, 2024, 35,1015 -1018



N-atom transmutation

-----------------------

2024 Park : Q

R-NH, (1.2 eq) o
@ PC (8 mol%), B(CgF5)3 (10 mol% li> BF, !
0 DCM. 23 °C .
PC '
MechaniSm - Smmmmmmmmmmmmmmmmmmme-
0 7 O O L5 F
NHR (ol | -B(C¢Fs5); RN-Z
Pc” pC | NHR
\ .
B(CsF5)3

Selectedexamples

Ph Ph Ph
N N N N
|\Bn |\/ /I\ /’\
80% 74% 73% 84y Ph

Y. Parket al. Science, 2024, 386,99 —105



N-atom transmutation

» Transmutation Reactions From Carbon To Nitrogen Atoms

2023 Levin
i) mCPBA (1.5 eq), CHClI; N
m i) Toluene, hv o N
N/ i) HONCOONH, (7.0 eq) N/
pyridine (10.0 eq), O3, -78 to 90 °C, 24 h
Mechanism
A N hv R 3 s
& h N N O Nigie)
©0
?) NH; <«— H,NCOONH, l
~o
SN -H0 - 0, = 29
/) N N € O == \¢
N l 5 -HCOO" J N/J N
NH, 0= 0

M. Levin et al. Nature, 2023, 623,77 —82



N-atom transmutation

2024 Wei

"BusNN;3 (3.0 eq)
FeBr, (15 mol%), CysPO (20 mol%)
(PhO),POOH (0.75 eq), NBS (1.8 e

)

>

o0

R Br. R

OH
(e

Mechanism

O "Bu,NN;
—eeee

(PhO),POOH O‘

O

R -——

N\ /~
:\ /ZI

H. Wei et al. Nat. Commun., 2024, 15, 3772

PhCI, 100 °C

N; R "
s (e o (0
— — 0O —» 0
N, _ A



N-atom transmutation

2025 Levin

Mechanism

\\ ’/
B
. ~Z

s N
[N] )
y
TFA

Cl

i) [N] (1.5 eq), TFA (2.0 eq), TFE, 40 °C |

i) NaN3 (1.5 eq), PPTS (2.0 eq), 'PrOH o ) |
iii) Ph,CO (20 mol%), MeCN, 390 nm ~ K -

. . . EnT
\@ NaN; _ ° |@\ ~ Ph,CO, 390 nm
AL A ‘N

N™ ~Cl ©7 N7 UNg 2
NH, NH,
: :
| electro- ° < N ™ |@\ g
N CN -— . ,}l/ N..<J
NH NH,

Mark. Levin et al. Science, 2025, 389,295-298

AN
\]\/\f" -HCN >~  CN cyclization I
| - ‘—/’
P ’/N rd \ /NH
- N -, N

- o o o o oo,

- o o o o oo,

----------------------------

BocHN s”o
ocC S’
0

---------------------------

---------------------------

CE R R R R g

B



N-atom transmutation

2025 Studer
O N—NO
\ / —_ Cl)H
A (3.0 eq) o N
X TsOH<*H 0 XH
_ (1.5 eq)
X=N-RorO cioac it ash L
. 3W, 415 nm
Mechanism
O N—NO —>» -NO
iy * D -
H
|
O + NH —_— N® O
Coy ~——
x l
A
e

D

A. Studer et al. Nature, 2025, 642,92 —98

MsCI (1.1 eq), Et3N (2.0 eq)
DCE, 0°C,0.5h \N
xl

Ms,O (1.5 eq), DCE

0to70°C, 1h
- >

N=0
)&,H @N/OH
N
D
g 7,
\N(:OMS
B, ]
XH MsCl
or
\N‘:OIVIS Ms,0
o
-
XH

Intramolecular
cyclization

Beckmann
rearrangment
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N-atom migration




N-atom migration

2023 Hashmi

TsOH+H,O (0.5 eq) ©:OH
O (10 eq)
2
@[O THF, 1%, hv, 480 NS
o /

Mechanism
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N-atom migration
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Summary

Skeletal editing of nitrogen atom in organic compounds
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Breakthroughs:

® Powerfultool for late-stage functionalization

® Accessto valuableisotropically labeled compounds
® Greenchemistry

Limitations:

® Highly substrate-specific
® Narrow applicability to complex molecular frameworks
® Insufficient mechanistic understanding for predictive design



Perspectives

Nitrogen Atom transmutation through metal nitride complex 2
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Direct synthesis of N containing molecules from nitrogen gas
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