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Recent Progress on Light-Mediated C—N Bond-Forming
Processes from Ammonia and Equivalents

Li, Shunxi* You, Lixu®’ Li, Yulong ™ Shu, Wei™
(“Key Laboratory of Green Catalysis of Higher Education Institutes of Sichuan, College of Chemistry and Environmental
Engineering, SichuanUniversity of Science and Engineering, Zigong, Sichuan 643000)
(> Shenzhen Grubbs Institute, Guangming Advanced Research Institute, Department of Chemistry, Southern University of
Science and Technology, Shenzhen, Guangdong 518055)

Abstract N-Containing organic compounds are widespread in natural products, drug molecules and organic materials.
Therefore, it is of great importance to develop environmentally benign and efficient methods for constructing C—N bonds
from simple and easily-available starting materials. Light is a widespread natural resource that is abundant, economical, and
renewable. In addition, ammonia and its equivalents, as direct products of nitrogen fixation, are extremely economical and
stable nitrogen-containing inorganic compounds, which serve as ideal sources of nitrogen. The efficient transfer of nitrogen
atom from ammonia and its equivalents to diverse organic compounds represents the transfer of nitrogen from inorganic
compounds to organic compounds resulting from the fixation of nitrogen gas. Therefore, it is of great value to develop the C—
N bonding reaction involving ammonia and its equivalents by photocatalysis. The progress of light-catalyzed carbon-nitrogen
bond-forming reactions involving ammonia and its equivalents over recent years is summarized. Moreover, a prospective on
the further development of ammonia and inorganic ammonium salts for C—N bond-formation by photocatalysis is discussed.
Keywords photocatalysis; C—N bond-forming reaction; ammonia; ammonium salt; radical reaction
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Scheme 3 Photocatalytic metal-free synthesis of nitriles
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Scheme 4 Metal-free and one-pot protocol for the synthesis of
aryl nitrile from methylarenes
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Scheme 14 Visible-light-catalyzed hydroamination of N-acylenamines with ammonia
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Scheme 15 Visible-light-catalyzed hydroamination of olefins with ammonium salts to aliphatic primary amines
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NH4OAc (3 equiv.)

NH; {F A28 A% AR 1% Hh 18] 443847 25 A% 38 BOY 5O
SRR E .

R1_ R3

R2 R4 CO,Me

Ar2 =4-CF3CgHy !
AI' =4 MeOCeH4

Me Me Me Me

64%, 3:1 dr 71%, 3.1:1 dr 68%,2.7:1dr  87%,5.4:1dr
2 . 0
F O
I:;( 72%, 2.4:1 dr
Me Me (cis-stilbene) Mé Me
55%, 2.4:1 dr
50%, 2.6:1 dr trans st||bene 49%, 1.2:1 dr 61%, 4:1 dr

B 16 AHEMEI[1+2+3]5KE—

o}
Mes-3,6-tBu2-Acr-Ph+BF4' (2.5 mol%) R
30 W blue LEDs, r.t., 24 h NH
MeCN/PhCI (V:V = 10:1) R?

Proposed mechanism

4 O N 0STV
Bu @
N=

E*eg=+2.10 V

Me O PC1

Me E, ,(Acrt/Acr’)

ﬁh&

PC* hv

2 |
Me R1f\)L XR
R3 |
R4 NH3+
-y

PC Pn

B 2-WRIE BT E)

Scheme 16 Organic photocatalyzed one-step synthesis of 2-piperidones by [1 42+ 3] strategy
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4CzIPN (5 mol%) NH2
Ph NH, ——=Z R0 MOTh) Ph
S 0 3 MeCN, blue LEDs Ph)\/\/
40~45°C, 18 h 48%

Proposed mechanism
- NufH

[ o NP )\/\/ /\I/\/Ph

and/or Nu

4CZIPN~ more stable less stable
h/\/\/ Ph
Ph

4CzIPN* 4CzIPN Ph
L G
Nu Nu
o )\/\( Ph . Ph)\/\/Ph
H H
(E)-1,4-adduct (E)-1,2-adduct

B 17 AIDBHEAL 13- T 205 U DX v S AL R

Scheme 17 Visible-light-catalyzed regioselective hydroamination of 1,3-dienes with ammonia

NH3
R pt 01/T|02( )
Sihe) Cp e

Selected examples

Cl Cl NH,
CI\©NH2 Cl\@ CI\©/CI
NH,
88% 12% 5%%
NH,
C|\<:[CI Me\©/Me Me Me
2 NH,
47% 46% 45%
Proposed mechanism H=13
P - NH; + @
AR
) R
H O/TI_O/TI\O/ &y
I _H
o
Hy - Q Pt
. Tio Ti, A
L 0”0 o”
HH hv
H \\o‘\\\ /
I H
T g,
o Pt o ) ey
il Tig Ao Ti, i A
o Moo~ o7 0" o
NH, /& 7N /
! H et
H,N -y N
1
H
" <
o o Q e* Pt
oMo Thg T oMo Mo
H+

B 18  PYTIO2 S AL & T I AR I )
Scheme 18 Pt/TiOz-catalyzed synthesis of primary aryl amines under UV light
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0,, TEMPO (20 mol%)

Mes-3,6-'Bu,-Acr-Ph*BF 4 (5 mol%)

NH,

| o + -
R _J + HiN'H,NCO,

DCE/H,0, 24 h, 33 °C RT

455 nm LEDs

Selected examples

59% 33%

WO L0

NH,

61% 36%

BR 19 AT WOGHEAL () 77 0 5 B i R B S B A S

Scheme 19  Visible-light-catalyzed C—H amination of (hetero)arenes with ammonium salts

o)
R R3 (1) O, MB, NH3 (2 equiv.), 2 h
3
R )Y (2) Me,S (2 equiv.), 1.5 h HOHN ) R
O hv, MeOH, 5 min R’ 2

Selected examples

O (e} e}
HN HN HN Me
/) /) /)
HO HO HO
EtO,C =3 met)s

65%

68% 66%

B 20 R ILGHE LRI F2 10 0 P IR I S

Scheme 20

A FER] WAL, @i RS E G RA S5 K
AR, AT S IR IR A6 A 0 1 P T e () AL

2016 4F, RARA IR PHRIE 145 fal W0 P H
A FHAEY S 2B SR MR A C—N HERE L
75 FE W ) S 8 (Scheme 21). s A FH AT LG A 2R

Visible-light-catalyzed conversion of furans to lactams

BHEAR R, DRFIEAE N ERL, 12+ iR 44T
HEW RN, HA RGEICE ZORBEE. RN ER

Re s DU = e B VA9 3 2R I A ARS8 B 1 7= i,
8 H BT ATAE A= AN 15 (1) 1] .

QuH* (10 mol%), BF5+Et,0 (5 mol%) NH,
©/H + . Co(OAC), (10 mol%), dmgHj (5 mol%) ©/ + H
3

hv

BF3°Et,0 (5 mol%), QuH* (10 mol%)
Co(dmgBFy),(MeCN), (3 mol%)

40% conv., 90% select.

H
©/+NH3

Proposed mechanism

© \

hv

NH,
@ + H2

20% conv., 80% select.

PC = QuH" = 1-methyl-quinolinum ion

o~

NH,"

__________________________

CIIMe

Me T Me
Foo.-O-N_ !

F_B _Co

Me>\—,,, Me
CMe

Co(dmgBFy),(CH3CN),

__________________________

N-O— . F
-B<
"N-O~ F

B 21 AT OB S T R AU S

Scheme 21
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2018 4F, Bhalla BHPATELRSMDEHAL T, 1EIRE o
IS S B T 05 s A5 TOUER ) C—N AR I S B _NIS 20 molth) | e N2

(Scheme 22). 1% A] LAE % iR 5644 T iEAT, DLEKAE
RNEIR, 577 ZEMAYHE4T Ullmann-Goldberg fHEE, M
T SE I 0 45 o A0 A 1) 07 BRAF v () v AR A B T JobLe%
AN, FEWE TR iR K N-Z 2R m DURR Hh 2 5
ZNE

| NH,
<> + i, _HPB@CUOFe;05 NPS, K,COs ©
H,O/EtOH, hv,3~7h
R R
Selected examples NH, NH;
--------- e 8 O

HPB 5 Me OMe
84% 83%

B 22 EIMEHE Ullmann-Goldberg fBIERAE 75 56411 i
Scheme 22 UV light-catalyzed Ullmann-Goldberg coupling to

aryl primary amines

2018 4F, EMIRBHBMRIE T EIMDUEL T RS
i 5 G K S S = B AR a-BRH I I SR2(Scheme 23).
TEAZ SN, A A B ) N-RIRT — 1 K Jf2 (NIS) A
AN R, RSB TR QBT A]
o-WAMERZ AL, K AR B A T H &
PR AR T S B pA, G S BB e (u3n iR, 5
SRR, S BEXS 22 A0 57 B R & P 34 R T g 32 1,
AE LLEL R I 7 A B 2 F o- BRIt .

2019 4F, FORRBAHBPRIE AR WL T,
A HUOGEGH A S 707 e 5 R A C—H ek
B TS B ) SN (Scheme 24). 1% 7 356 B8N 5 Tl A%
B (h-BCNYWEADGHEAL T, 7ERE GRS T Al SEIl &
HLF (%) 77 AR BRIk A%. C—N ARIE. S RIATLERAR 5T
T, SCHEALTLE AT WO B N 2 B0, AR5
CIR RN At pIER v ey ek s R Sl SB[ N =i
TR AR J5 B2 IR B RSB S AT 5 B . s R 72 A 48
(R AR 78 24 S A AT B A1 ot

2020 4, Leonori @4 PSHRIE T —Fp &k Al W%
PR AL 2 R 5 s AT i 205 & A SO & R fR 97
FRERTAEH) T2 (Scheme 25). %7 1%:1% % [Ir(dtbbpy)-
(ppy)2]PFs VENIGHGH, ATAEIRAN AT K3 Sl 2Rtk
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RS)LMG + NH3°H,0
=

Selected examples

o) o) o) o)
NH, NH,MeO NH,/ \
S NH2
o o) o} S

85% 79% 82% 85%

air, H,0,rt,hv R | §

Proposed mechanism

NH
VPh/kC
0
Ph)kMe
o)
Ph)%,NH2 R RRRRRA

NIS

H,0
NIS/O,\ O

NH
Ph 2

OH
%
th\OH +H,0 Ph%H

o} -H,0 o}

NH;3

B 23 RIDCHEALE B a- BB 1 55
Scheme 23 UV light-catalyzed synthesis of a-ketoamide

DG DG

+ HN'H.NCO, h-BCN, O, (101 kPa) N
4% 222 TBMS0, blue LEDs « I NH
Selected examples
NH, NH, OMe
MeO OMe OMe N
O O
=

NH,
OMe
41% 72% 53%
B 24 AT OGHEAL & HLT 05 I8 S ik RO BRI A R
Scheme 24 Visible-light-catalyzed C—H amination of electron-
rich arenes with ammonium salts

BV NIRRT, %N HAT R Y%
T

2020 4, Nicewicz M POR & T 0] WG T 5
FLAU) B S 5 A BRI SRk Ak ) R (Scheme 26). 7E
BHHOCBATIER T, & 775 5T P E L
33055 B PH B 1 E R EE a4k, %05 3 & P H AR
V)44 7T 5 TE LA 3k 2B AR O e R AR I R J B,
R SEIL T RS AN A K AR TS R e o O A .

41%, p:.o = 5:1
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[Ir(dtbbpy)(ppy)2]PFe (2 mol%)

Co(dmgH),(DMAP)CI (4 mol%)

o)
Rg . N AGOH (20 mol%), DABCO (1.5 equiv)

Catalyst

NH,
LN
blue LEDs, MeCN N
30~40°C, 24 h
T NMe,
X
| >
: T “H-
ne o 1
: Cl
| Co(dmgH),(DMAP)CI
NH,
Me
Me
84% 87%

82%

B 25 A IOGAIES B IR AL IR CURH 5 2O 07 B e ] % A

Scheme 25 Visible-light and cobalt-catalyzed dehydrogenative aromatization of cyclohexanones with ammonia to anilines

F NH
N XN 2
R O/ +  HNH,NCO, Catalyst (5 mol%) RA
= 427 nm Kessils, DCE/TFE (V:V = 3:1) =

Selected examples

HoN HoN

78% 54%

Proposed mechanism

F 2
i Catalyst, hv R*( )
L\ P

Redox-Neutral

18h,45~50°C

B 26 R ILGHEAL IO £ 5 5 Ja sk s o 1) BBOA AP e A e o

Scheme 26 Visible light catalyzed substitution of aromatic carbon-fluorine bonds with inorganic ammonium salts for the synthesis of

primary anilines

2021 4F, BREREHBRIE T —ME %S
(Cu@PPL)fE N [ AH 6 AT, SEILAT WA 1 (F%) 75
FEFRY S ZK I C—N Fld 5 A4 8 727 J A1 e 1 o s
(Scheme 27). J M Cu@PPL 1 AAELIAMEAL T, BETE
R JE Z R ERRI L, 3 A6, 12 SO i& F T bt ke 5

F5 R EARIN C—N MBI L — AR C—N BE
SRV

2022 4, SRR PR IE T —Fh] WA,
RGMENWRI B Z C—N #1155 (Scheme 28). 1% /712
PL Ir(dF(CF3)ppy)a(dtbbpy)PFs VE J MG HEAL 7, B H 745,
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BT FREHR

Cl K5PO,
Cu@L

Xy + NHj _cuet |

R A; DMSO, 80 °C
LEDs

Selected examples

NH, NH,
ST
CO,tBu
Me
88% 89% 92% 94% 90%

B 27 IO TR S EK C—N R
Scheme 27 Visible-light-catalyzed C—N coupling of aryl chloride with ammonia

O _OH [Ir(dF(CF3)ppy),(dtbby)]PFg (1 mol%)
Co(dmgH)(dmgH,)Cl, (5 mol%) o

DBU (1 equiv.), PPhs (1 equiv.
+ NH, (1 equiv.) 3 (1 equiv.) NH,
DCM, blue LEDs
29%

5 5 OH Cl OH
E ' Me .
5 E I AN I
|  Me
: L0l ‘
5 5 "o :
= __ Co(dmgH)(dmgH)Cl
Proposed mechanism
(e} . 0
= - PPh +
PhsP PhCOO Ph)ko/ 3 o O/F’Pha

Eyp=-1.31V (vs SCE)

CO”
PhgP:

(0]
Photoredox Cobalt I R!
Catalytic Catalytic oxci:é)ant Ph)k N’
oxidant Cycle Cycle I‘Q2
COI H2
hv - +
H€\> Co"H H

B 28 AT WOGHIEL B RGOS FE R R 5 Uk AR TR AL e B
Scheme 28 Visible-light and Co-catalyzed amidation of aryl carboxylic acids and ammonia
=R B e = R B B R S 1 B e . iz iR I, ZMEATRIE LSRRG T AT SER I ) C—H %
FRIR 5 F KB UK AL W BRI SR, AT S LAE Tt SN (Scheme 29). JEITPLAL S AKAF, LA 6%
HSEAE T ¥ (%) 75 FFR TR AN W vai G A R it I F) AT T A 90% I FEPEAT BRI, H A% B BAR HA R )

JERA &) BRI, EASAEAE P AR )&, A L 5 2
2022 4F, BFEERBHPIRIKAES% T — R HERAFAETE — € TPk
AFEEEREEH Ti-V-MCM-41 6] DAXUEEK A AL 2022 4F, BEARPREAIUOHRIE 1 BATE] I B R fHE
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Ti-V-MCM-41
uVv, 50 °C

NH,
@ + NHgz*H,0 + Hy0, @
6%

BR 29 Ti-V-MCM-41 A1 AR AN S B 4 K i
Scheme 29 Ti-V-MCM-41-catalyzed C—H amination of ben-
zene with ammonia under UV light

() 5 B ) 5 AL R AE C—N A2 B BA O
A % ) ) BE (Scheme  30). 1% J N E 5 43 1)
Ni(OAc),-d-Meppy 2 & WI1E AT, AL
IPEAE R R A, 3T g R A R A S AR R
AR MR AR, FEEAEAE N, & =R AR —
R AR AR A B R R W PR S IR, T SE IR (F%) 77
B AR e R AL A L PR (%) 05 B . B AR TR
B TE R SIS T R R LA R 7 2R A5 B (%) 05 BT
Jie, ELHR R T R A R I 2, A
B SR(FR) 75 B i UL B oy A i Py T it T
PRERIEPE, (H N TR A S AT

X
‘ X A NH2
R + NH4Br R—-
= -

X=Cl, Br

d-Meppy (10 mol%)
Ni(OAc), (10 mol%)

DBU (3.5 equiv)
purple LEDs (390 ~ 395 nm)
DMSO/THF, 85 °C, 24 h

Selected examples
O™ A
MBOZC NC F3C
O
87% 92% 83% 78%

Proposed mechanism

\ / | Ar
' Nl NHz ~—==NH,X
( ANETX N gy
- N X

b DBU

DBU-HX

B 30 BT WOt b R A T B s () S R C—N 4

WK 8
Scheme 30 Visible-light and Ni-catalyzed C—N cross-coupling
of aryl halides with ammonium salt

FESEIERS b, A AR PRI e 1R OB %)
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F5 RGNS Werner #h([Ni(NH:)6]Cl) &K AW BUREL &
F(A4) 75 3 AH B0 5 15 (Scheme 31). %794+, [Ni(N-
Hs)6]Cla [FE A S SR AR A0 SRR, 7658 s IR I
TNRPEE () 05 B E A R A N (O T A L. E R
NEE FH T 2 Al BB 20 BRI 22 Fh &5 RS 0 05 7 2%
. AH H AR RS AAAE I 5 PR ZER IR &

i 5.

Cl DBU (1.5 equiv.) NH,
. d-Mebpy (5 mol%)
=
7@ + INNHa6ICl o ypie LEDSs (9 W), 390~ 395 nm [ |

DMSO/THF (V:V=5:1),85°C, 24 h A
R

Selected examples

NH; NH; NH, NH,
/Ej /©/ /Ej Ph
MeO,S EtO,C NC
0

90% 86% 92% 78%

Proposed mechanism
A+DBU

. = Ni(DBU),,CIngeIease
'd-Mebpy = N N N, Ar

------------------ < ‘e, | " NH3
~Ni'=Cl

N7 &
ArClI (¢]]
—l 2+ Ar
NH, \/ <N,,“' | l/NH3

N HgN, | WNHy  hy N, N
. 3 Ni V ( l'NiI'Cl N | \CI
7 | NH N~ cl
N HzN NHa 3
3 2CI'  EPR-detected
A DBU
ArNH, N, A7
(N,'IIH'”-NHQ DBU-HCI
Cl

B 31 Werner EhAFEVEBRAIEIEGHEAL & 07 3L 4F i
Scheme 31 Photo- and Ni-catalyzed synthesis of primary aryl
amines using Werner salts as both nickel and nitrogen

2022 4R, SR RBA WL R T —Fm] DG
B R R A IR R A R 1) R (Scheme 32)).
S NS e = IR 5. K K TNV JEOR]. dmad ]
DL A e 38 — SR 6 7 A e 3 . 1% il
FEM =R B AT B e 0 Rl AR R = R AR A 1)
Bidk H L. 1% E IR R R R 3 R —
KA B-IH R AR, AR A T
— B RARETAME R E HIEHE T, B 552K
DX I BV AL U B 2 . % R B e
TIE R AE R AR R T, FRHRORAE BT BRAE R BT
B, P 5RO N A B R B . 4l
FERE il KEE BB e b, SR mT DAY I Jik
R R R R R R . = R R AN,
NGB R A FESM = C—F B, ¥
SR e AN ER BRI RE TR %
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NH,OAc
CF3 Mes-3,6-'Bu,-Acr-Ph*BF ;-
(2 mol%)

R—BF4K
@ * % MeCN (0.1 mol/L), H,O (100 ul)
30 W blue LEDs, rt, 48 h

Selected examples

70% 53% 75%
NH, NH, = NH
g1 I s o
Bu
69% 62% 52%

Proposed mechanism

e

*pCh

hv

5%

B 32 LA =S5 I S8 i & s RS
R %

Scheme 32  Visible-light-catalyzed exhaustive defluorinative
coupling of vinyl trifluorides with ammonium salts for the syn-
thesis of amides
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2023 4R, KI7MREREALBISEEL 1A R WO R DT

L 5 i R T B FCE S IE 1 [ B (Scheme 33). 1% %

RLELE AR T AR RV RN SRR, 5 2-1 07 24

BN HZ A, iZ PR AR on BT 3L, R

MR R AR EAG 2 H br= s e, B VA RS #E

I A2 A TR A 2 S R DA A5 R ) £ S g e R H
ATAEY), ABAE RIS 327 HEAFAE— € IR R BR P

HCO,NH, (10 equiv.) R

/)

o
T
Q
O
N
z
I
IS

Q /

z

I

ehydrogenatlon

/4
pd

Phenanthridine

B33 Al WOGHEL L 8 5 5 ke BRAES E
Scheme 33 Visible-light-catalyzed synthesis of phenanthrdines
from biaryl aldehydes with ammonium salts

2024 4, Alexanian W@ HMIHIE T 7E 390 nm 7] I,
TGRSR, S\ SRR S — A AR K
ARk AL [ B (Scheme 34). HLERRFFTUERH, J\FRFEEH
BN AR R P AR S, AZ ORI et AT X A
PR AR A O S B A . % P AR A AR S
iﬁi@%ﬁ’éﬁﬂiﬂlﬁlﬁi Bl 5 AE AL T AR E RS B i

B30 IR R AR BB ), JF A AL, AR
}EE/‘JIE, PSRN A] DUAR S A e BB i A B AT,
oy AT B Mk . = R L AR 2 ).

3 AIRNEK sp LIRS SHERT B R N
2016 4, Batra @ ZH S WRIE T 7E AT WAL T, =
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IK5 (F) 75 FE R v e e A AT B i B M 3 C—
N A= R R PR 7725 (Scheme 35). 1% 5 VR F AlLBA 5 4F
AT, 1 e AR b S AR s B . fERAEAE
Tﬁ%%%ﬁi[ﬁﬁ%ﬁ%ﬂi&?%¥%@¢m
. % A LE LR BT AE R B B NHLl F o,0-—
AR % 1E B 7 (a4, Bl S, R I 851 Hh [a) fAoi

ifﬂ%ﬁﬁﬁﬁé%ﬁ%ﬁiﬁiﬁﬂﬁﬁw AR L )
NHI ARl PG /2 SR AAAE T, 206 mT DLE AR
s, AT SEEUBLER BT AL TE IS . EAERME, %
JrigR A 5 5 P R S 5 v, BEEe)ES
5, FEARBLATE 0 R NS B ar I RIS R, TR

X 5 55 A AL S A B A 52 1

KA B — TR - FE R 2R 25 I e, AT
CO (202 kPa) Q
A Co,(CO)g (1 mol%) NH
+ NH; 2
390 nm LEDs, 24 h
MTBE, 90 °C 44%
Proposed mechanism co
0 o—co
o
R s
ocC, oc )\
/ OC/?O W \-/’ Me R
H —
OC':,C| 4\R o) CO
COz(CO)g OC’ IO
CcO
2NH N
® NH,4 co
-CO oC,, |
: h \‘ oc _Co-CO
X [Co(CO)] “rco [Co(CO) )al

R

NH4+ /\)L %\

=[Co(CO)3(NH3)2]

NH,

B 34 JeMES R EIGE . — SRR A B

Scheme 34 Photo- and Co-catalyzed synthesis of amides from alkenes, carbon monoxide and ammonia
I, (30 mol%) o
H,05 (2 equiv.)
R—= + NH + CHyl
s DMSO RkNHz 22
visible light, 3 h

Selected examples

e Nea

Wealeas

72% 90% 69% 58%
Proposed mechanism ..
N
o i NH, H@Hj—l\l_flﬂHf,H
R——H —— ) — = ,""N H
R~ Sy NH4 R> < -NHyl >\ -
iodonium via aza- R I
+ cation enol attack Z
o
hv = T
12 CH,l e
Q [0] 22 30
(7]
CH,00
H
O
A HI
HOI + NH;OH =—— NH4l + H,0, R NH,

K= 35

F LGS B AL A S b 5

C-C cleavage H

A L

Scheme 35 Visible-light and iodine-catalyzed oxidative synthesis of amides from terminal alkynes with ammonia
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