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Visible-Light Promoted Photochemical Transformations of
Azo Compounds

Ma, Shuchao Chen, Zele Xuan, Jun™
(Anhui Province Key Laboratory of Chemistry for Inorganic/Organic Hybrid Functionalized Materials,
College of Chemistry & Chemical Engineering, Anhui University, Hefei 230601)

Abstract Azo compounds are an essential part of organic synthesis due to their unique structures and properties. They serve
not only as oxidants but also as coupling partners in heterocycle synthesis. In recent years, visible-light promoted reactions
have garnered increasing attention from chemists because of their convenient operation and mild reaction conditions. Nowa-
days, visible-light promoted chemical transformations involving azo compounds have become one of the hotspots in the field
of organic synthesis, and the related research reports are emerging in endlessly. For instance, azo compounds can be used to
synthesize hydrazides and heterocycles. A comprehensive review of recent advancements in visible-light promoted photo-
chemical transformations involving azo compound is provided, while the associated challenges and potential opportunities in

this field are also discussed.
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1
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P

IT==Z

1 2 3
Selectivity: 97 : 3
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Scheme 1 CdS-promoted selective reductive hydrogenation of
azobenzene
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N P CFL, Eosin Y (2 mol%), HD2 NP
Ph N, MeCN, 20 h !
1 2, 82% yield

HD = hydrogen donor

SH NHNH,
N
y N

HD1 HD2 HD3 HD4 HD5
B2 WL Y HEAMEERIE A

Scheme 2 Eosin Y-catalyzed reductive hydrogenation of azo-
benzene

HLOER OGS, B 1 BNARORE 1. BE)E,
BORBSHBER 145 AL AL BT Fh A FI A3 20809
Bk 6. 2a, BB T 6 fEFRERIfEH T T
A AL R R 7, JFt— D aAe 2% b0 B B
M 8. BJa, mEmEETE g 8 W B R TR
AR 2.

Ar2 B,Pin, (1.1 equiv.), CsF (1.0 equiv.) |i|
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Scheme 3 Reduction of azobenzenes by visible light combined
with B2Pinz
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Scheme 4 Metal- and catalyst-free reductive hydrogenation of
azobenzenes
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Scheme 5 Hydroacylation of dialkyl azodicarboxylates catalyzed by benzoylformic acid

Chin. J. Org. Chem. 2025, 45, 1669~1683

© 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

http://sioc-journal.cn/ 1671



BHLE SR 5itR
daylight or
N i household lamps i .
"Pr02C/'\LN/CO2 P ~ ; 1 N~ COzPr
H Graphite flakes iPro,c” N
MeCN, r.t. 8
17 18 19
(up to 100% yield)
N COyPr
\H IPI’OzC
20 17
daylight | Graphite flakes  Allyl amine (2.5 equiv.) P
2h MeCN, r.t. ~
eem T MeCN, rt., 20 h H/A\//
H
1 22, 45% yield
N, - )
ﬁ ~co,Pr
COziPI’ 21
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Et3N (3.0 equiv.) \N/OH
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B 6 AHEANFME KRR AEEN AR
Scheme 6 Graphite flakes-mediated hydroacylation of DIAD
H
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24 25 26
(up to 93% yield)
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Scheme 7 TBADT-catalyzed hydroacylation of DBAD
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7, ST RE TIRIRNR 5 07 AR S B (Scheme 9).
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Scheme 8 Hydroacylation of dialkyl azodicarboxylates with acylsilanes
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H ue LEDs, N, R102C l:l
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B9 Ucpt AR —IRIRNE 1AMt AL
Scheme 9 Ucpt-catalyzed hydroacylation of dialkyl azodicarboxylates
B TR IRIRER LAAN, RS S IRIAE AT LA AT, R 1 B SRAEIARE T BIAROR S 1%
WA AP AL, 2020 6, ERGERIIE WS, WORAHOMEE 1% 59 B R R P oK 2 o o i
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|
_Ar?
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40
(up to 97% yield)

H* Ph”

BR10 BERS o- BRI MR ZA B

Scheme 10 Decarboxylative hydroacylation of azobenzenes with a-keto acids
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Ns A2, DABCO (1.0 equiv.) A7 ‘T/
Ny, I
Ar OH plue LEDs, MeCN, Ar, rt.
4 45 40
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o e
PPh, SET——— 47 42
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~ .
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B 11 AR SRR AL
Scheme 11 PPhs-mediated hydroacylation of azobenzenes
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EAFIFAF T N FHERELEY S 4-IEE B
DU G (1) 944 S 2 (Scheme 12). 12 5 R D 1) 5%
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10 HAE 938 JF 7R 0 O B R 38 R U 28 1 v (1]
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|
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R1\ /,N + _— AN
N™ R2 “DHP DCM, rt, 0.5h E R?
48 49 50

(up to 99% vyield)
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X OGS QG
! N N N ;
; H H H ;
: DH ‘
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o+
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I I SET ——— I
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\ 27
DEAD
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. SN |
N" Sco,Et N™ "COEtEtO,C.. _N._
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\ /H H

\ s
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) ¢ A

55, 56% yield 56, 75% yield

H
A4
/N NN
%JW%QﬂLf
57, 99% yield
AR 12 BEEYS 4-BIE BRSO R ) S B L

Scheme 12 Hydrogenation of azo compounds with 4-acyl-sub-
stituted Hantzsch esters
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Scheme 13 Hydroalkylation of dialkyl azodicarboxylates cata-
lyzed by CeCl3
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FeCls fE ARG, FIFESLEL T8 5 R IR B I A bt
Ffb. R, FIMGEEHEIRIE TR R M. MR T2
AT AO4RIE, AR 158 H 1R SR ANOGE F A, i &
T — R VVERIRFIIAR PR R

Chin. J. Org. Chem. 2025, 45, 1669~1683

© 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

H
CeCly (1mol%) goc N

Boc .
- OH " 1BACI (5 mol%) N “Boc
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Scheme 14 Hydroalkylation of DBAD by LMCT
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2012 4, Nishibayashi & FHRILIRFAER o- &
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HIEET 76 5 a-Z bk H 5 78 Bk, 4t —9P
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b 52 7 (Scheme  16). At AT A HL G4 i 0 i # BR 41
(RBYEGAAL T, FEIRAII 261 T P2k a-2 kit B
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T-F1 N-Boc- Y& 5 MR B IR AR 5. LI A 52 A0
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JE 1% N-Boc-M5| W-2-F2 R 82 iR JR 1 K I AE a-E bk E
FH2E 83, [F]H), DBAD 24 # RB it J5i A= pl H HH 2B & 7
76. feln, HHEHEET 76 5 a-Z ik A 3L I 83,
M A AR =) 84.
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Scheme 15 Hydroalkylation of DBAD wusing benzocyclic
amines as a-aminoalkyl radical precursors

(IDOZR1 Rose Bengal H
Noy  + mCOOH visible light /,{‘\
L, N MeCN N™ "N" Sco,R!
COR Pg Pg CO.R!
12 80 81
(up to 72% yield)
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Scheme 16 Hydroalkylation of dialkyl azodicarboxylates using
N-substituted indole-2-carboxylic acid as a-aminoalkyl radical
precursors
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o 1% N N/ \co iPr
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Scheme 17 Hydroalkylation of dialkyl azodicarboxylates using
tetrahydropyrrole derivatives as a-aminoalkyl radical precursors

2022 4, Chatterjee 558K JE T —FPA BUBRE %
R iR S e A = P8 7515 (Scheme  18). flfI IR N-
Boc- VU &M% 5 N-IRART ZBE & (NBS) I i FL 145
h-Z R EDA)E &), fE0] WIS F ol a-2 itk
R, 3 T A SR AR R T A 3R DA S I A e SR A
IEAR, AT TR A PR R A PR AR (R AR I .

[F4F, kSR 7T — M WoB R A
RIRNE S H 2 BRAT Y I At B AL 5K B (Scheme  19).
T TC TR AN IR, BRI AR IR AN S R A &R
RAFHICR BB — RIVA S A=), T YIS

IRSEHUER R
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Selected examples
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i Pro,C
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Bz 18 i EDA HEY L o- & dt B th
Scheme 18 Generation of a-aminoalkyl radicals by construc-
tion of EDA complexes
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R1OZC 08

97 12 (up to 93% yield)
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H

1
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2 / \ N™ SCOLEt H
34 101 Ph” .

N _com N 102
_ N H EtO,C.,
PR 2 ppy NGO FNTCogE
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2O\ #Noco et -H "
1
* N E102C~ " Noco et
PR ) 2
102 Ph” 104

B 19 HARATAEMER o-Z btk A bR RS IR R —
FRIR MR 1 A e A

Scheme 19 Hydroalkylation of dialkyl azodicarboxylates using
glycine derivatives as a-aminoalkyl radical precursors

Br T HHEREZAN, BF@at g —MiREEl
FAL =AU 5. 2021 4E, Vila Al Pedro Z51404R 18 1
AT AL T SR A R TR T e W I Bl R 4 - I
F1 A=W 1 S e Fa 4k B2 B (Scheme  20). 1% S B T8 7 A
R 4 J@ A Ak 77), RO AT AE IR AN 2614 AR s i
ARSI =Y).

AR S0 25 3, A3 T — AN AT RE I S R AT EE
%ﬁ;DMDI7E£ﬁ%m%Tﬁ£%.ZE,@%W
fiil 107 5 DIAD 17 KA SERZM AR AR B P B 1 ()
108, JFBaJE 7 AL E T 110 MEHE T 109. &5,
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COZR1
@E T _blue LEDs _ @[ f
MeCN, r.t. N 1
(:02R1 ?OzR
R COZR
12 105 106
(X=NH, 0) (up to 99% yield)
N 0 'PrO,C. —N_ )
@[ co,Pr 0 o
17
: LT
Bn /N\ H‘?
107 Bri IN-NC_
Pro,C CO,Pr
108

QI/\CO’Pr_CEbK\ H

Bn  CO,Pr N=N
111 11o ipro,d CogPr
109
B 20 B FRIR R b v VR IR AN A NIRRT AE M

Fefl

Scheme 20 Hydroalkylation of dialkyl azodicarboxylates with
quinoxalinone and benzoxazinone derivatives

3 U 55 109 X A% 1 110 R SRAZEIE AT B 2 e
Y 11 BRI, 12051k E%&EEIJJF“H%?
ENEYECE Y rac-GW4A20867X  (115) I 4] i &
(Scheme 21).

Bradin

112 Bn 002 Pr

EtMgBr

ioed

113

THF, 0°C

Pd/C, H,

" EtOH
N__O
LI g :
F N ) N__O
X oom (Y7
)O\ 0 Pyridine, DCM, rt. F N
114

115
rac-GW420867X

B 21 rac-GW420867X [HIfaiik&
Scheme 21 Simple synthesis of rac-GW420867X
23 IMLRE
BRI & VAR B 24 0K ¥5 4 22 ok A
ﬂ%[“”, HA BA 1,2,4-=MkE ZEpib S th R I H &
LR ZGPIETER. Bk, PR 1,2,4- =Pk E 421
A RS R SCE K.
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2021 4, JH AL A W AR IE TR LGRS
MR E R R E DS H 2R AT AW 1) IR 0 A b
% (Scheme 22). At A48 FH w7 E5 () M FR 356 85 4 A Mk
A, TEZWR N DR R SCRSEIL T 1,2,4- =PIk AEY)
4 k. EA IR, Z TR G T BT LA XL
BRI 1,2- 20558 1,2, 4- =Wk, HLERRIFF0 A STk R
R, W HEEWEMBOTE R WG IS T RIA MRS
*MB', SRIG 5 HER 99 KAERBE TR, AW o-&
Pk H A 102 FUOE S H 2 MBY, MfE, H R
rp R A 102 S8R 1 &4 B B IR AE S 0 E H
117, ZEdESEE 117 B5 8 —9F o R E
3t 102 BIBAE b A 118, 2 )5, iZHhiaik 118 &5t
JRF AT 2 — 4> R4S B B P T 1200 55,
REERHE T 120 £ 7757 T WA LA 235 AL R AT 43 31
A=) 121.

/Ar
1
Ar\N I/N>
hite LEDs, MB (3 mol9
/) + AHN>coon WNite LEDS. MB B mol%) -y
N\ MeCN, air, r.t. Ar' \
Ar? Ar?
116
4 7 (up to 95% yield)
Ns Ph pp
COOH -H*,-CO, P’ N !
( SET Py — 1 HNj
NHPR O\ . 1';2 o Ny
MB’ “MB
99 Photoredox 117 Ié’h
\ catalysis )
0, cycle Ph .
h ~p -
T SET S N
~__ . MB 102
. Ph. -
] H OOH N Ph
HN _Ph
0, 102 3 I-ﬁ\l
H,0 N
2227 phHN” ScooH PhT N
99 Ph 118
|
Ph Ph
N H N Ph
D ||\|1 HN “PANHz TR hN
N — _N. - N
pr” N Ph™+ N P
Ph Ph Ph
121 120 119

B 22 BEORS H&IRATEM R BRI e
Scheme 22 Decarboxylative addition cyclization of azoben-
zenes with glycine derivatives

ZJE, AT 2023 AEHRGE TR B S A A
KR EY S W gk S 1,348 A I N R R
(Scheme 23). HLFRIGIESZHG4E FR I, 1% M 5 e RTR
BN AENLEE B SE AL AhATTeL RB R ek 7,
N-(FF 48 35 HE L )-N-( = P e 35 R 0 ) R L it (1240 1
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LA HTAA, 7E SN R A U 2 AR I R eI S 4 127,
HEM S EER 1 &4 13- AR, SEl T 1,2,4- =M
AT A4 128 HIE R

R /
green LEDs, rt. N

RB (2 mol%), MeCN 1/N~N
A

Ne _Ar !
A7+ MeO_N._TMS

-

Ar!

4 122 123
(up to 96% yield)

~ N 7
AN 1 N
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1 )
Vo N
Ph \
127 Ph

Photoredox ~ SET 128

RB* catalysis cycle

%@/'
RB Bn

_—— sET — 126

Bn
|
MeO._N._TMS - - MeOTMS
|
124 MeO._N._TMS

125

B 23 EEUR 5 SRR 13- AR I pk
Scheme 23 1,3-Dipolar cycloaddition of azobenzenes with
azomethine ylides

i 28 o T B 2 R AR A i ) 8
TERNLE AR Z B2 EW) 2021 £, E&EMZEHE
SEUORE T — R PH YA S IR E R R S 5 R B
B2 B, 78 5 2] & R T AR . 1%
ST AN AR, JF AR R AF 0 E Re 2R A
(Scheme 24).

FRAE B T AN SIS AT 25 L, A4 T — A
ARSI SN HLER, B, 2-(= PR L) 83 = 46 TP e iR
R3O TEFAH AR T E AL A b 132, A5 51
B 1 R SA R IAA 133, % a4k 133 ZEFHGHI R
SREAR R 134, BE)E, iRk 134 £ 0T
A e R 135, FJn, Rk 135 7EREIK
HIVE R B0 R T o5 Ak, [EI R A0 A R 4 724 136.

2H- WG| e 2 TSRV 43 R 2 9 TR AL 45 R
TG, i, Merino SFSHRIE T TEEA 4@ AL HEAL 7
FITEGL R, AN 5 IR B AT S8l 2H-R5 AT A= )
A Hi(Scheme 25). {HS MR, %A EFEM G
TAUH BRIV 2. IR, MRIEMHEKE
139 TEAT ORI RS T RABOR S 139*%. Fi)E, &R T
VU B oy F A& 3 — 25 i T 1S 2 BH & T R A
141. 5o, RS SORRRR SV, PR — b D
RIS 3] 2H-W5| AT A9 143.
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(up to 85% yield)

/- MR

133
@ Hr}l’Ph
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B 24 HEESHFERII[3H2]3R Ik

Scheme 24 [3+2] cycloaddition of azobenzenes with benzynes
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B 25 TC@Jm. T TSl 2H-51 AT A= & 1k
Scheme 25 Synthesis of 2H-indazole derivatives achieved in
metal-free and catalyst-free conditions
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12 144 145 (up to 95% yield)
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I
Scheme 26 Three-component reactions of dialkyl azodicarbox-
ylates, diazoalkanes and nitriles
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i ()& (Scheme 27).

BT sLuh 25 M O SRR IE, (E# 3R H T —ANT
REM M HLEE. B 5, Jefifbsn) PC-2 7EGHRN Bk
KA PC-2%, FJEH A KAER PC-2F 05 . PC-2
WM SRR PR S TR RS A R F I R
HHZEHE T P, JFEANMELR PC-2, SEROEAL
R EAIEIR. 25, KFEEH IR A HEMET PR
AR R B 3t 42, 00T, (AR 1 R AEAR
fi7 C—H H4% PA(TFA) WA A8 B A4 154, B 5 i 3k
BEFE [ 3 42 BRIk 155, 2 )5, Hinik 155 K4
R RS R B AR 156, RN Pd. &5, OF
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Ak Pd 153 PA(TFA), 58 AR AL TG,
3.2 N—B i
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(Scheme 28).
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Scheme 27 C—H acylation of azobenzenes with a-keto acids
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Scheme 28 Diboronation of azobenzenes with tetraaryl diborane
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Scheme 30 Difunctionalization of dialkyl azodicarboxylates
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