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 Synthesis of aryl methyl ketones1g–j and five-membered heterocycles, part I2a–f
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 Synthesis of five-membered heterocycles, part II2g–l

ynthesis of 2,4,5-trisubstituted furans 15
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Scheme 10 Synthesis of 1,2,5-trisubstituted imidazoles 20 by formal [2+1+1+1] annulation
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 Synthesis of five-membered heterocycles, part III2m–r

Synthesis of polysubstituted pyrazoles 25 by a diaza-Nazarov cyclization

2) POCl3, DMF

H
N

O NH2

HO

O

1) EtOH, reflux

N

HO

O

N

Ar

CHO

2
26 27

Synthesis of 4-formylpyrazole derivatives 27

Ar

O

2

F3C

O

N2

OEt

O Cu(OH)2 (0.01 eq)

DBU (3 eq)
THF, 25 °C N N

H

CF3

CO2Et
Ar

O

28 29

28

Ar

O F3C

O

OEt

O

N
HN

N

N

29

20 examples
58–92% yield
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Scheme 16 Synthesis of 1,3,4-oxadiazoles 31 via oxidative C(CO)–C(methyl) bond cleavage

Ar

O

N2H4•H2O

rt, 1 min I2 (0.6 eq)
EtOH, 70 °C

CHO

R

R

N

NH2

N
H

N

Ar

R

21

2

25

N2H4•H2O

rt, EtOH, 1 min Ph H

N
NH2

Ar

O

Ar N
N Ph

Ar N
H

N Ph

I I

Ar N
N

I Ph

Ar N
N

Ph
I

Ar N
N

Ph
I

N
N

Ph

Ar

(2m) Aegurla, Org. Biomol. Chem. 2017, 15, 9643

(2n) Whitt, ACS Omega 2019, 4, 14284

N

HO

O

N
CHO

F

N

HO

O

N
CHO

F

93% (gram-scale synthesis)90% (gram-scale synthesis)

N

O

N

F

N

 0.39 µg/mL against 
sistant S. aureus ATCC 33592

N

HO

O

N

N N
Ph

Ph

MIC = 0.78 µg/mL against
multiresistant S. aureus ATCC 33592

F

27a 27b

LA
DBU

DBU, LA

F3C

O

OEt

O

N
N
HO

Ar DBU

H2O

(2o) Fang, J. Org. Chem. 2020, 85, 8714

Sch

Ar CH3

O
I2, K2CO3, 110 °C

DMSO–H2O (3:1)
N

N
O

R N
H

O
NH2

Ar CH3

O

Ar

O

I

Ar

O

I2

O

DMSO

Ar

O

N
N
H

Ph

O

Ph N
H

O

NH2

Ar

O

N
N Ph

O

I

H
C
N N

O
Ph

I

Ar

O

Ar

O
N

N Ph

O

I

C
N N

O
Ph

Ar

O
HI

R

K2CO3

Ar O

O

OK

O

Ar OK

O

Path A
Path B

DMS

2
30 31

31

(2p) Gao, Org. Lett. 2015, 17, 2960

, Ar = Ph(4-F), R = 4-Cl, 70%
, Ar = Ph(4-Cl), R = 3-OMe, 72%
, Ar = Ph(4-F), R = 3-OMe, 72%
, Ar = Ph(4-OMe), R = 3-NO2, 81%
, Ar = Ph(4-Me), R = 3-Br, 64%

28 examples
49–81% yield

N N
H

CF3

CO2Et

O

O2N

29a, 81%

N N
H

CF3

CO2Et

O

29b, 75%

MeO

N N
H

CF3

CO2Et

O

29c, 91%
82% (gram-scale synthesis)

Br

31a, Ar = Ph(4-OMe), R = Ph, 93%
31b, Ar = Ph(4-OMe), R = Ph(4-OMe), 91%
31c, Ar = Ph(4-OMe), R = Ph(4-Br), 86%
31d, Ar = Ph(4-OMe), R = Ph(4-NO2), 79%
31e, Ar = Ph(4-OMe), R = 4-Py, 48%

27 examples
48–93% yield

K2CO3 as a base achieves an unexpected 
and highly efficient C–C bond cleavage

LA

HO

= H

HI

R = Ph

– H

H

H

NH
Cl

Cl

O OK

O

H

oles

2.5. Oxadiazoles

2.6 

HI

• First diaza-Nazarov cyclization
• Carried out under aerobic conditions
• No extra additives used
• High yields reported

2.5 eq of Iodine
6.0 eq of K2CO3

LA: Lewis acid

CO2
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Figure 4

N N

HO
OH

a, 83%

N
N N

OH

49b, 85%

OH

OH

HO

N
N N

OH

49c, 93%

OH

HO

HO

N
N N

49d, 78%

HO
HO

OH

12 examples
44–76% yield

52a, Ar = Ph(4-OMe), 68%
52b, Ar = Ph(4-NO2), 62%
52c, Ar = Ph(4-Br), 75%
52d, Ar = Ph(4-OH), 63%
52e, Ar = 2-furyl, 52%
52f, Ar = 2-thienyl, 63%

1,2-rearrangement

Knoevenagel 
condensation

Ar

O
I DMSO

HI + DMS

2.7 Isoxaz

2.8 Triazo

s

CuO (1.1 eq)
I2 (1.1 eq)

Br

P

3

2

Scheme 19

Scheme 20

NH2 I2 (1.5 eq)

DMSO, 100 °C

S
O NHNH2

O

N
N

N
BBr3

DCM

OMe

OMe

MeO N
N

N

OH

HO

7 40 48 49

hesis of polyphenolic triazoles 49

DMSO, 70 °C

CuO, I2
Ph Ph

O O N
H

N
H

O

100 °C

N
N

O

O

Ar

Ph

O

Ph
O

50
52

Ar CHO

O
50

H2O

oxidative
dehydrogenation

Ph

Ph

O

O Ar
O

PhO

O

Ph N
N

O

OH
Ar

[O]

PhO

O

Ph N
N

O

HO

Ar
52

Michael addition/
1,2-addition

51

Kornblum 
oxidation

domino synthesis

51

hesis of hydantoin analogues 52

5 times more antioxidant
 than Resveratrol

(2x) Gao, Org. Lett. 2010, 12, 4026

(2w) Bonache, ACS Comb. Sci. 2018, 20, 694
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n

 Synthesis of five-membered heterocycles, part IV2s–x

N
O

• Transition-metal-free
• Aliphatic ketones are also well tolerated

Ph
N

NN

41a, 72%

OMe
Ph

N
NN

41b,  73%

Br
Ph

N
NN

41c, 85%

Me

N
NN

41d, 67%

N
NN

41e, 86%

OMe

O

N
NN

41f, 72%

OMe

• Azide- and metal-free conditions
• Broad substrate scope including ortho, meta substitutions
• Gram-scale synthesis of 41c: yield 82.6% yield (19.4 g)

• Continuous-flow synthesis
• Organocatalyst is used
• Highly stable and fluorescent
(with EWG)

DMF acts as a C1 source

47a, Ar = Ph(4-OMe), 76%
47b, Ar = Ph(4-NO2), 80%
47c, Ar = Ph(4-Br), 85%
47d, Ar = 2-naphthyl, 78%
47e, Ar =2-thienyl, 67%

N

HO

49

45a, Ar = Ph(4-CN), 76%
45b, Ar = Ph(4-NO2), 69%
45c, Ar = Ph(4-CO2Me), 70%

HI

38/39

36/37

N3

DMF

N

C
H

N
N

Bn

O
47f, 63%

2

tBuO

tBuOH

N O

Ar

O

R

39

36 or

oles

les

2.9 Hydantoin

0.1 mol, 0.1 mL/min

0.1 mol, 0.1 mL/min

50 °C

0.06 mol, 0.2 mL/min

100 °C

Two-step continuous-flow synthesis

Cu(NO3)2 (0.2 eq)
K2S2O8 (3 eq)
TMEDA (0.2 eq)

C
N O

O

CO2Et

38d, 44%

O

O

C
N O

O

CO2Et

39a, 83%

N

C
N O

O

CO2Et

39b, 85%

N

Br

C
N O

h

O

CO2Et

8a, 72%

C
N O

O

CO2Et

38b, 72%

N

C
N O

O

CO2Et

38c, 83%

N

80 °C, 4 hAr

O R

or

R

tBuONO (0.6 eq)

N O

Ar

O

R
2

38

tBuO
Ar

O

Ar

O

N
O Ar

O

37

 Synthesis of 3-acyl-isoxazoles and isoxazolines 38/39

Ar

O

Ar

TsNHNH2

NH2

R

N
NN

R

TBHP (2 eq)

I2 (0.5 eq)

2

40

7
41

 Metal-free synthesis of 1,4-disubstituted triazoles 41

HO NH2

OHAr

O
NO2N3

    MS, cat. AcOH
1,4-dioxane, 100 °C

N
N

N

HO
OH

Ar

Tf2O/Py

N
N

N

Ar

2
42

44

45

43

3 examples
69–76% yield

6 examples
38–83% yield

Scheme 21 Synthesis of triazole fluorescent probes 45

Ar

O

K2S2O8, 100 °C

Cu(NO3)2, TMEDA
N

N
N

Bn

O

Ar
2

46 47

H3C
N

CHO

29 examples
62–85% yield

O

OMe

2

Scheme 23 Synt

Ar

O

2

CuO, I2

Scheme 24 Synt

tBuOH

tBuONO tBuO NO

NO

tBuO
tBuOH

Ar

O
N

O

(2s) Dai, Org. Lett. 2019, 21, 5096

(2t) Gu, RSC Adv. 2016, 6, 89073

24 examples
61–86% yield

(2u) Verbelen, Org. Lett. 2016, 18, 6412

Cu(NO3)2

K2S2O8
H2C

N
CHO Ar

O

Ar

OH

oxidative cross-
dehydrogenative coupling

SLOW step

Ar

O

N
CHO

– HCONHCH3

Ar

Opolymerization

FAST step

BnN3
Cu(NO3)2

FAST step
oxidative cycloaddition

47

in high concentration

(2v) Liu, J. Org. Chem. 2017, 82, 9198Scheme 22 Synthesis of 4-acyl-1,2,3-triazoles 47
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Figure 5

Scheme 25

Ar

Scheme 26

Ar

O Cu(OTf)2 (0.1 eq)

neat, 100 °C

NH2

N ArAr

Ph

2
59 60

nstruction

Ph O
N ArAr

Ph
H2O

Ph NH

2 59 condensation

Cu(II) Cu(I)

O2

– PhCHO

Cu(II) Cu(I)
O2

Bn

60

Ar

O

Cu(OTf)2, TsOH•H2O, O2

hexanol, 110 °C, 36 h

H2N NH2

2 61
62

Ar N

NH2

Ar N

Ar N

OH

62

I2, HCl

DMSO, 80 °C, O2, 4 h

Xi et al.

Sharma et al.

Xi approach

Ar

N
I

NH2

I2

Sharma approach

59
Ph N Ph Ph O 59

(3c) Huang, J. Org. Chem. 2013, 78, 3774

9 Synthesis of 2,4,6-trisubstituted pyridine analogues 60 by C–N bond cleavage

Ar N

NH

Ar N

O

Ar

N

I
O

Ar N

I

0 Synthesis of 2-arylpyridines 62
(3d) Xi, Org. Lett. 2014, 16, 5269
(3e) Sharma, Chem. Commun. 2016, 52, 1009

60a, Ar = Ph(4-Me), 90%
60b, Ar = Ph(4-OMe), 87%
60c, Ar = Ph(4-SMe), 85%
60d, Ar = 2-thienyl, 94%
60e, Ar = 2-naphthyl, 48%

 Ar = Ph(4-OMe), 98%
 Ar = Ph(4-OH), 88%
 Ar = 2-Py, 82%
Ar = Ph(3-NO2), 70%
 Ar = Ph(3-Me), 79%

62a, Ar = Ph(4-OMe), 67%
62b, Ar = Ph(4-OH), 58%
62c, Ar = Ph(4-NO2), 22%
62d, Ar = Ph(3-OMe),54%
62e, Ar = 2-Py, 27%

– NH3

H2O

[Cu]

O2

H2O

OH

metal-free conditions: high yields reported in a shorter time

O2 NH3

Xi 
approach

= 
  c

– H2O 
then [O]

2.10 Tetra

2.11 2-Am

O2 (1 atm)

Tf)2 (0.1 eq)
•H2O (0.6 eq)  

alloon)

I2 (0.08 eq)
HCl (10 μL)
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n

 Synthesis of five-membered heterocycles, part V,2y,z and six-membered heterocycles part I3a–e

Ar Me

O POCl3 (2.0 eq)

NaN3 (2.0 eq)
MW

Ar
N N

NN

Me
2 53

10 examples
55–88% yield

 Synthesis of tetrazole analogues 53

O

2

Ar

O Fe3O4, DCDMH

MeOH, 65 °C, 2 hH2N NH2

S

S

NAr

NH2

2 54 55

DCDMH

Ar

O

Cl

H2N NH2

S

54
H2N NH

SH

Ar

O

S

HN NH2·HCl
55

 Synthesis of 2-aminothiazoles 55

Ar

O

CHO

2 eq

NH4OAc

MW, 120 °C, 30 min

NAr ArOH

OH

2

21 56

Scheme 27 Synthesis of trisubstituted pyridines 56

R1

O

R2
Ar

O

O O
R2Ar

R1

N

R1

R2Ar

Reco

59

2

Ar Me

O
POCl3

Ar Cl
– PO2Cl2
– H+

N3
Ar N3

N3

Ar N3

Me

Ar
N

Me

N

N
N

2

(2y) Sribalan, New J. Chem. 2017, 41, 3414

53

Ar

O

(2z) Sadeghi, RSC Adv. 2016, 6, 64749

(3a) Yin, Green Chem. 2012, 14, 1796

1) tBuOK (2 mmol),
    DMSO, rt to 60 °C, 30 min

2) NH4OAc (5–10 mmol),
    60–80 °C, 5–8 h

24 examples
32–95% yield

2

57 58

(3b) Shabalin, Org. Biomol. Chem. 2021, 19, 2703

Scheme 28 Regiocontrolled synthesis of 2,4,6-triarylpyridines 58

Scheme 2

Scheme 3

53a, Ar = Ph(4-OMe), 85%
53b, Ar = Ph(4-Cl), 84%
53c, Ar = Ph(4-NO2), 63%
53d, Ar = 2-naphthyl, 80%
53e, Ar = 5-bromothienyl, 83%
(similar yields under thermal conditions)

55a, Ar = Ph(3-Me), 88%
55b, Ar = Ph, 93%
55c, Ar = Ph(4-Cl), 89%
55d, Ar = Ph(2-OH), 85%
55e, Ar = Ph(4-OH), 91%

DCDMH: 1,3-dichloro-5,5-dimethylhydantoin

56a, Ar = Ph(4-Me), 85%
56b, Ar = Ph(4-OMe), 86%
56c, Ar = 2-furyl, 86%
56d, Ar = 2-thienyl, 83%

N

Ph

PhPh

58a, 76%

N

Ph

Ph

58b, 87%
Br

N

Ph

Ph

58c, 71%

NPh

Ph

N

Ph

Ph

58d, 65%

O

N

Ph

Ph

58e, 95%

N
N

Ph

Ph

58f, 51%

Fe

N PhPh

58g, 74%

S

N

Ph

58h, 80%

N O
62a,
62b,
62e,
62f, 
62g,

H

N
N

N

– N2

solvent-free
catalyst-free

61

H

MW = microwave

nanoparticle
atalyst

– H2O

– H2O

zoles

inothiazoles

3 Six-membered heterocycles
3.1 Pyridines

Fe3O4 (0.05 eq)
DCDMH (1.5 eq)

Cu(O
TsOH
O2 (b
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Figure 6

Catab

Recon

Scheme 3

Scheme 3

Ar R

I2 (15 mol%)
O

Cs2CO3, DMSO
NH2

NH·HCl

110 °C, 16 h
N

N

N

Ar Ar

R

2

69
70

18 examples
61–96% yield

5 Synthesis of triazines 70 via sp3 C–H functionalization

Ar

O I2, DMSO

NH2

R
35 examples
51–77% yield2 eq

Ar

O

Ar

O

I + DMSO TFA (1 eq), 110 °C

I2 (2.0 eq), DMSO

O

Kornblum
oxidation

NH2CN N N

N

NH2

H
N

Ar

O
R

I

Ar

O

N
N

Ar

O
H
N

N
HN

N

NH2

NH2I

Ar

O
H
N

NH

N

NH

H
N

I

Ar

O
H
N

HN N

H
N

I

NH

TFA, 110 °C

6 Iodine-promoted multicomponent synthesis of 2,4-diamino-1,3,5-triazines 71

Ar

(3j) Tiwari, J. Org. Chem. 2017, 82, 13239

2
7 71

(3k) Zhao, Org. Lett. 2020, 22, 8528

cyclization

[O]

NH2CN

• Proceeds by an inverse-electron-demand Diels–Alder
  (iEDDA)-type reaction

0a, Ar = Ph, R = 4-Me, 96%
0b, Ar = Ph, R = 4-NO2, 76%
0c, Ar = Ph(4-Me), R = H, 95%
0d, Ar = Ph(4-Br), R = 4-OMe, 86%
0e, Ar = Ph, het = 2-Py, 84%
0f, Ar = Ph, het =  2-furyl, 76%
0g, Ar = Ph, het = 2-thieny, 81%

• Transition-metal-free and peroxide-free

• High yields are reported

71a, R = 4-Me, Ar = Ph, 72%
71b, R = 4-Me, Ar = Ph(4-SO2Me), 69%
71c, R = 4-Me, Ar = Ph(3-OMe), 75%
71d, R = 4-Me, Ar = Ph(3-NO2), 55%
71e, R = 4-Me, Ar = 3-thienyl, 56%
71f,  R = 4-tBu, Ar = Ph, 70%
71g, R = 4-F, Ar = Ph(3,5-Cl2), 64%

71

• Four consecutive C–N bond formations
• Mild conditions and wide substrate scope
• Multicomponent cyclization reactions

NH2CN

I2

or heteroaryl

or heteroaryl

zines
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n

 Synthesis of six-membered heterocycles, part II3f–k

I2, DMSO
Ar

O

I

Ar

O I2 (10 mol%)

pyridine, 120 °CR NH2

CO2H

N ArAr

R

2 63
64

Py
Ar

O
N

I

olism
I2

O

O

N

R

H
H I

HI

R NH
H2O

NH3

R O

struction

I2
        Hantzsch-type
cyclization/aromatization

2

63

20 examples
54–85% yield

64

1 Synthesis of multisubstituted pyridines 64

Ar

O

DMSO, 130 °C2

I2, Cu(NO3)2•3H2O
HCOONH4

N
CH

Ar

65

Ar

2
HCOONH4

Ar

NH2
2

Ar

NH

Ar

H2O

DMSOH2C
S

Ar

N

Ar

S

Ar

N

Ar

CH2

2 Synthesis of polysubstituted pyridines 65 using DMSO as a carbon synthon

Scheme 3

H

Scheme 3

Ar

O

R

N
cat. CuCl2 (0.2 eq)

NaOH (2 eq)
Ar

O

R

NH2
N N

Ar

R

R
2

66 67

66

34 examples
52–93% yield

Scheme 33 Synthesis of pyrimidines 67 via cyclization of aryl methyl ketones and nitriles

Ar

O

Ar

NN

K2S2O8 (3 eq)

HCONH2

120 °C, N2

Ar

N
CHO

Ar

N N

O

H SKO O

O

O
O S

O

O

OK

– KHSO5

Ar

N N

OSO3KAr

NN

H

OSO3K

68
2

2

68

15 examples
43–73% yield

HCONH2 HCONH2

Scheme 34 Synthesis of pyrimidines 68 mediated by K2S2O8

(3f) Xiang, Org. Lett. 2016, 18, 24

electrocyclization
N

Ar

aromatization

65

(3g) Wu, Adv. Synth. Catal. 2016, 358, 218

Ar

O

Ar

ONaOH

H2O
C NR Cu(II)

Ar

O

R

NH

Ar

O

R

NH2

NaOH

H2O
Ar

O

R

NH

C NR

Ar

O

R

HN NH

R

Ar

O

R

N R

NH2

N N

Ar

R

R
OH

– H2O
67

C–C bond formation

C–N bond formation

cyclocondensation

(3h) Su, Org. Lett. 2018, 20, 3399

(3i) Jadhav, Org. Lett. 2017, 19, 5673

Ar

O
NH3

R O
Ar

O

N

I

64a, Ar = Ph, R = H, 73%
64b, Ar = Ph(2-Cl), R = H,75%
64c, Ar = Ph(4-SO2Me), R = H, 83%
64d, Ar = Ph, R = Me, 54%
64e, Ar = 2-furyl, R = H, 72%
64f, Ar = 3-indolyl, R = Ph, 71%

65a, Ar = Ph(4-F), 80%
65b, Ar = Ph(4-Cl), 77%
65c, Ar = Ph(4-OMe), 75%
65d, Ar = Ph(3-OMe), 70%
65e, Ar = Ph(2-OMe), 67%
65f, Ar = Ph(3-NO2), 71%
65g, Ar = 3-thienyl, 73%
65h, Ar = 2-benzofuryl, 64%

C1 Synthon

67a, Ar = Ph(4-CF3), R = Me, 87% 
67b, Ar = Ph(4-F), R = Me, 85%
67c, Ar = Ph(4-OMe), R = Me, 68%
67d, Ar = Ph(SO2Me), R = Me, 70%
67e, Ar = Ph(4-NH2), R = Me, 73%
67f,  Ar = Ph, R = Ph, 78%
67g, Ar = 3-Py, R = Me, 75%
67h, Ar = 2-thienyl, R = Me, 77%

• Diverse functional groups are tolerated
• Metal-free conditions
• Highly economical
• 67b, 82% yield (gram-scale synthesis)

68a, Ar = Ph(4-Me), 73%
68b, Ar = Ph(4-Br), 58%
68c, Ar = Ph(4-OMe), 68%
68d, Ar = 1-naphthyl, 56%
68e, Ar = 5-bromo-2-thienyl, 48%

7
7
7
7
7
7
7

– CH3SH

H

3.2. Pyrimidines 3.3 Tria

Cu(NO3)2·3H2O (1 eq)
I2 (1.6 eq)
HCOONH4 (10.0 eq)

FeCl3 (0.1 eq)

CO2
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Figure 7

N

O

Ar

CO2Et

Ar

Scheme 3

2

2a, R1 = 

Scheme 38 S

O
NH2

R1

R2

DMSO, 80 °C

I2 (2 eq)

N2
O

Ar
R1

R2

7 8237

Ar CHO

O
7 37

N
H

O

Ar

R2

82

[O]

26 examples
45–84% yield

ynthesis of quinolines 82 by I2-mediated formal [3+2+1] cycloaddition

Ar

O

DMSO, 130 °C

I2 (0.5 eq)

NH2

R

O

CO2Et2

8483

Ar CH3

O

Ar CHO

O

Ar C
H2

O

Ar

O

N

I2

HI

DMSO, 80 °C

I2

I

DMSO

S

R

Ar

O
H
N

R

N
H

O

Ar

84

Kornblum 
oxidation

OH

CO2Et

R

7

24 examples
34–92% yield

7

83

ynthesis of substituted quinolines 84 via a co-product-promoted Povarov reaction

(4b) Gao, Org. Lett. 2014, 16, 4582

(4c) Gao, J. Org. Chem. 2015, 80, 5984

O2N

73

82a, R1 = 6-Me, R2 = Ph, Ar = Ph, 74%
82b, R1 = 6-OMe, R2 = Ph, Ar = Ph, 90%
82c, R1 = 6-Me, R2 = Ph, Ar = Ph(4-NO2), 62%
82d, R1 = 6-Br, R2 = Ph, Ar = Ph, 71%
82e, R1 = 6-Me, R2 = Ph, Ar = 2-naphthyl, 45%
82f, R1 = 6-Me, R2 = Ph, Ar = 2-thienyl, 81%
82g, R1 = 6-Me, R2 = Ph, Ar = 2-furyl, 72%

, R = 6-Me, Ar = Ph, 88%
, R = 6-Me, Ar = Ph(4-OMe), 74%
, R = 6-Me, Ar = Ph(3-NO2), 69%
, R = 6-Me, Ar = 2-thienyl, 73%
, R = 6-Br, Ar = Ph, 60%

HI Ar

O

N

H I2

R1

R1

OEtO2C

N
H

O

Ar
R

OHEtO2C
H3OR1

3.4 Pyraz
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R

Ar
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 Synthesis of fused bi-heterocycles, part I3l–n,4a–c

Ar

O

DMSO, 100 °C
2

I2, K2CO3

73

H2N
NH2

N

N

H2N

H2N

N

N

ArI2, DMSO, 100 °C72
759 examples

56–76% yield
4 examples

76–83% yield

74

7 Synthesis of pyrazines 73 and quinoxalines 75 by iodine-mediated oxidative annulation

O

R

H2N

Ph

Ph

Rh(I) (0.1 eq)
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N

Ph
Ph

R1

N

Ph
Ph

Ph

59 76 77 78

N
Bn

Rh H
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Rh

76
N

Bn
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Ph
Ph

N
Bn

Ph

Ph

Rh

N
Bn

Ph
Ph

N

Ph

Ph

Ph

N

Ph

Ph

Ph

N

Ph

Ph

N

Ph
Ph

Ph

Ph

[O]
77

78a

H

ynthesis of isoquinolines 77 and 78 via Rh-catalyzed ortho-alkenylation

Ar

O

then E+ 
HCl/NH4Cl

Br

O

O
R

N

R

Ar

E
2

79 80

THF, reflux

(DtBPF)PdCl2 (0.02 eq)
tBuONa (2.5 eq)

Br

O

O
R

O

O
R

O Ar

O

O
R

O Ar

E

NH4Cl
80

2
Pd

Scheme 39 Synthesis of isoquinoline analogues 80 via catalytic enolate arylation

Ar

O
Li2CO3, 90 °C, 5 hNH2R

MgBr2 (1 eq)

 2 eq

N
H

Ar

Ar
R

2

81
7

4 examples
46–98% yield

Scheme 40 MgBr2-catalyzed synthesis of 1,2-dihydroquinolines 81

Ar

I2, 80 °C
2

Scheme 41 S

DM

Scheme 42 S

(3l) Viswanadham, Chem. Commun. 2014, 50, 13517

(3m) Lim, Org Lett. 2003, 5, 2759

(3n) Pilgrim, Org. Lett. 2013, 15, 6190

Ar

O
Mg

Ar

O
Mg

Ar

O
MgLi2CO3 H

N Ar Ar

O
Mg

MgBr2 Br Li2CO3

LiBr LiCHO3

H2O

Ar

O
Mg

Ar

N
H

Ar

Ar

O

– H

N
H

Ar
R

Ar OH

81

7 7

2

(4a) Gutierez, J. Org. Chem. 2013, 78, 9614

N

N
OMe

MeO

73b, 76%

N

N

73c, 56%

N

N

a, 72%

N

N

73d, 76%

S

N

N

75a, 76%

N

N

75b, 80%

MeO

N

N

75c, 79%

N

N

75d, 83%

MeO OMe

R1 = H, 89%, 77/78 = 54:46
R1 = CF3, 82%, 77/78 = 63:37
R1 = OMe, 83%, 77/78 = 57:43

80a, Ar = Ph, E = Me2C=CHCH2-, R =  Me, 61%
80b, Ar = Ph, E = Ph, R = H, 77%
80c, Ar = Ph, E = Ph(4-OMe), R = H, 80%
80d, Ar = Ph, E = Ph(4-CF3), R = H, 73%

81a, R = OMe, Ar = Ph, 98%
81b, R = OMe, Ar = Ph(4-Me), 73%
81c, R = OMe, Ar = Ph(4-OMe), 69%
81d, R = OMe, Ar = Ph(4-NO2), 46%

84a
84b
84c
84d
84e

[Mg]

Mg

DMS

R
R

ines

inolines

4.3 Quinolines

4 Fused biheterocycles
4.1 Quinoxalines

DMSO

2 eq of I2
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Figure 8

Scheme 43

Ar

O

2

2
D

86

Scheme 44

DMSO, 120 °CR2
O

I2 (0.8 eq), NaHCO3

NH2

7

R1

N
O

Ar
R1

92

R2

91
26 examples
50–85% yield

 Synthesis of 2-acyl-3-arylquinolines 92 via a synergistic I2/amine-promoted Povarov-type reaction

[O]

NH2

R

SO

HCl (0.2 eq), 100 °C

Ar2

O

N
N

Ar1

O

O

Ar2

7 93 94

N2H4•H2O

N
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N
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Ar1 CHO

O
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O

N
R1

93

N
H

O

Ar1

N

O

Ar2

94

I2 (1.6 eq), DMSO

24 examples
48–75% yield

N2H4•H2O

 Synthesis of 2,3-diaroylquinolines 94 via an I2-promoted one-pot multicomponent reaction

– HNMe2

(4j) Zhao, Org. Lett. 2019, 21, 2708

(4i) Geng, Org. Lett. 2017, 19, 4179
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Ph
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Ph
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 Synthesis of fused bi-heterocycles, part II3i,4d–j

Ar

O

N

OH

NH2 Ar

232 85

Ir complex, H2O

Ni complex

Cu complex

1 mol%

4 mol%

1 mol%

OH

NH2

CHO

NH2
Ar

O

NH2

Ar

O
H2O

H2O

85

23

 Synthesis of 2-arylquinolines 85

N

O

Ar

R
I2 (1.6 eq)

S

SHO

OH DMSO N
C Ar

O

R

NH2

7 86 87

H

SH

N

HS

N
H

O

Ar

N

SH

SH

24 examples
60–83% yield

I2

MSO
Ar CHO

O
7

Ar

O

N
R

HS CHO
7

HS
N

HS

87

 Synthesis of quinoline analogues 87 through [4+2] cycloaddition

Ar

O K2S2O8 (2.5 eq)

DMSO, N2, 120 °C
O

N

C

C
N

Ar

O

2 88 89

– H
K2S2O8

S

DMSO

KHSO5

O

Ar
Ar

O

S
homologation

K2S2O8

– MeSH
Ar

O

N
O

N
H

O

Ar

O

2

89

26 examples
52– 82% yield

Scheme 45 Synthesis of quinoline analogues 89 via a sequential one-carbon 
homologation/conjugate addition/annulation cascade

Ar
R

K2S2O8 (3.0 eq)O

FeCl3 (0.1 eq)

NH2

DMSO, 120 °C, N2
N

CH

Ar

R

2 7
90

K2S2O8

S

DMSO

KHSO5

N S – MeSH

N
H

– H2O

aromatization

H

Ar O

N

CH2

OAr

FeIII

Fe

2

90

20 examples
51–80% yield

Scheme 46 Synthesis of 4-substituted quinoline analogues 90 via oxidative 
annulations involving DMSO

Ar

O

2

Scheme 47

Ar1

O

I2, DM

2

2

Scheme 48

Ir

Ni

Cu

H2S

HS
NH

A B

A

B

(4g) Wu, Org. Lett. 2017, 19, 1550

N
H

Ar

O

(4h) Wakade, Org. Lett. 2017, 19, 4948

(3i) Jadhav, Org. Lett. 2017, 19, 5673

(4d) Wang, Org. Lett. 2016, 18, 3558Ir

(4e) Chakraborty, J. Org. Chem. 2019, 84, 2626Ni

(4f) Das, J. Org. Chem. 2019, 84, 10160Cu

87a, R = 6-Me, Ar = Ph, 76%
87b, R = 6-Me, Ar = Ph(4-OMe), 76%
87c, R = 6-Me, Ar = Ph(4-NO2), 81%
87d, R = 6-CO2Et, Ar = Ph, 60%
87e, R = 6-Me, Ar = 2-Naphthyl, 82%
87f, R = 6-Me,  Ar = 2-thienyl, 79%
87g, R = 6-Me,  Ar = 2-furyl, 83%
87h, R = 6-Br,  Ar = Ph, 61%

C2 Synthon

89a, Ar = Ph, 76%
89b, Ar = Ph(3-Br), 77%
89c, Ar = Ph(2-Br), 78%
89d, Ar = Ph(4-CN), 82%
89e, Ar = Ph(3-NO2), 78%
89f,  Ar = 2-furyl, 73%

90a, R = 6-Me, Ar = Ph, 70%
90b, R = 6-Me, Ar = Ph(4-Me), 77%
90c, R = 6-Me, Ar = Ph(4-Br), 64%
90d, R = 6-Me, Ar = Ph(4-NO2), 69%
90e, R = 6-Me, Ar = 5-bromo-2-thienyl, 55%
90f, R = 6-F, Ar = Ph(4-OMe), 70%

92

9

94b

94

R

R R

R

I2

R

Povarov

OH

– H2O

[O]

R

R

R

R

NH2

R
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Figure 9
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2 OTs
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M
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, I 2

Ge et al.

Meng et al.

iu et al.

I2, HCl
DMSO

Wu et al. NaNO2

I2, EtOH
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Mukhopadhyay et al.
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OH Udavant et al.

Kumar et al.

Scheme 52

2
107

107
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110

111

112

113

114

107a

105

105

105

105

e 53 Different approaches to access substituted imidazopyridines 107–114

Ar

O NaNO2 (1.5 eq) 
I2 (0.5 eq)

EtOH, 80 °CN
N

N

NO
NH2

Ar

N

N Ar

N

H
N Ar

I I

N

N Ar

I

NaNO2

N

N Ar

N

N Ar

N

O

OH
H

2 105 114

114

2 105

36 examples
72–90% yield

Scheme 54 NaNO2/I2-mediated regioselective synthesis of nitrosoimidazopyridines 114

(5m) Mukhopadhyay, Eur. J. Org. Chem. 2016, 3836

le

(5h) Kumar, RSC Adv. 2015, 5, 51576
(5i) Ge, Eur. J. Org. Chem. 2013, 6015
(5j) Meng, Catal. Sci. Technol. 2015, 5, 372
(5k) Liu, Org. Biomol. Chem. 2015, 13, 8807
(5l) Wu, Org. Chem. Front. 2016, 3, 1430
(5m) Mukhopadhyay, Eur. J. Org. Chem. 2016, 3836
(5n) Udavant, Eur. J. Org. Chem. 2018, 3432
Recent related research work:
(5o) Okai, Org. Lett. 2020, 22, 8002

114a, Ar = Ph(4-Me), 86%
114b, Ar = Ph(4-Ph), 90%
114c, Ar = Ph(4-NO2), 88%
114d, Ar = 4-Py, 74%
114e, Ar = 2-thienyl, 90%

H2O

Proposed mechanism is 
shown in Scheme 54

-HI

NO2

- NaI

N

N Ar

N

O

OH

Cu(OTf)2 , (bmim)BF
4

4.4 2-Qu

4.5 4-Qu

97

9
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120
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 Synthesis of fused bi-heterocycles, part III4k–q,5a–o

40 96
97
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40 min, 110 °C
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N
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R2R1

16 examples
42–87% yield

10

9 Synthesis of 3-substituted 2-quinolones 97
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0 Synthesis of 4-quinolones 98 via palladium-catalyzed oxidative carbonylation
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Scheme 52 Different approaches to access imidazopyridines 106
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L

Schem

(4k) Aksenov, RSC Adv. 2015, 5, 8647

(4l) Wu, Org. Lett. 2017, 19, 6432

NH2

R

I2, CuO
NaHS.nH2O
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4 Å MS, DMSO
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O2, 140 °C
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Gao et al.

Nguyen et al.
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Scheme 51 Synthesis of substituted benzothiazoles by various approaches

98a, Ar = Ph(4-OMe), 76%
98b, Ar = Ph(4-F), 75%
98c, Ar = Ph(4-Br), 41%
98d, Ar = 2-furyl, 51%

One-step synthesis of 
Zolimidine on gram sca

(5a) Le, Molecules 2012, 17, 13368
(5b) Stasyuk, J. Org. Chem. 2012, 77, 5552
(5c) Bagdi, Adv. Synth. Catal. 2013, 355, 1741
(5d) Mohan, Adv. Synth. Catal. 2013, 355, 2217 
(5e) Zhang, J. Org. Chem. 2013, 78, 12494
(5f) Cai, Adv. Synth. Catal. 2013, 355, 2686 
(5g) Wang, Mol. Diversity 2016, 20, 659

CuI, In(CF3SO3)3, NMP, O2, 100 °C, 30 h

Cu(OAc)2·H2O, ZnI2, 1,10-phen
1,2-DCB, 120 °C

Bagdi et al.

Mohan et al.

CuI, BF3
.Et2O, 60 °C, DMF, O2 (balloon)

[Bmim]Br3, Na2CO3, solvent-free

Zhang et al.

Cai et al.
CuI, BF3

.Et2O, 40 °C, O2

Wang et al.
I2, DMAP, HSBM, 30 Hz, 90 min

Le et al.

Stasyuk et al.

I2, NaOH

R

R

R

HSBM = high-speed
              ball milling

inolones

inolones

4.6 Benzothiazoles

4.7 Imidazopyridines

PPA: polyphosphoric acid

PhCOONa (1.5 eq)
KI (1.0 eq)
CO (1 atm)

(4m) Liao, Org. Lett. 2012, 14, 6004
(4n) Xue, Org. Lett. 2013, 15, 890
(4o) Gao, J. Org. Chem. 2013, 78, 2792
(4p) Nguyen, Org. Lett. 2015, 17, 2562
Recent related work: 
(4q) Huynh, RSC Adv. 2020, 10, 18423
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Figure 10
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31 examples
52–75% yield
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(6e) Nguyen, Org. Biomol. Chem. 2021,19, 6015

Scheme 60 Fe/S-catalyzed synthesis of 2-benzoylbenzoxazoles 128
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Scheme 59 Synthesis of 2-alkylbenzoxazoles 120 (6d) Nguyen, Org. Lett. 2017, 19, 3887
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 Synthesis of fused bi-heterocycles, part IV5p,q,6a–e
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25 examples
48–81% yield
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50–82% yield

 Synthesis of quinazolinones 116 and 117 by using catalytic/stoichiometric iodine

Ar
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51–85% yield
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(5p) Zhu, Org. Lett. 2013, 15, 378
(5q) Mohammed, J. Org. Chem. 2015, 80, 6915
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(6c) Mamedov, J. Org. Chem. 2015, 80, 1375

Scheme 58 Synthesis of 1-(pyrrolyl)benzimidazolones 122 and 123 by rearrangement of quinoxalin-2-ones

2

119 120

1202

Scheme 57 Synthesis of (E)-3-(2-acyl-1H-benzo[d]imidazol-4-yl)acrylaldehyde derivatives 120

(6b) Xu, Org. Lett. 2021, 23, 2559
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117a, Ar = Ph(4-Me), 78%
117b, Ar = Ph(4-OMe), 76%
117c, Ar = Ph(4-NO2), 82%
117d, Ar = 5-methyl-2-thienyl, 65%
117e, Ar = 3-Py, 50%

Ph, 75%
Ph(4-OMe), 65%
Ph(4-NO2), 48%
2-thienyl, 80%
3-quinolinyl, 72%

120a, Ar = Ph(4-Me), 78%
120b, Ar = Ph(4-SO2Me), 74%
120c, Ar = Ph(3-NO2), 65%
120d, Ar = 2-thienyl, 62%
120e, Ar = 2-benzofuryl, 71%
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 Synthesis of quinoxalines 75 and benzimidazoles 118 using catalytic or stoichiometric
  equivalents of iodine
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NH2 O

Ar

OH

Ar

75

N
H

H
N

Ar

N
H

H
N CHO

Ar

118

2 74

41 examples
25–88% yield

(3l) Viswanadham, Chem. Commun. 2014, 50, 13517
(6a) Ravi, J. Org. Chem. 2017, 82, 4422

4 examples
76–83% yieldm et al. Ravi et al.

DMS
DMSO

N

N

linones

idazoles

127

For a comparison study, the syntheses 
of quinoxalines 75 were repeated
(see Scheme 37).

4.10 Benzimidazolones

4.11 Ben

I2 (0.1 eq)
DMSO

DMSO, 100 °C

catalytic 
I2

stoichiometric
 I2
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Figure 11

R1

H/I

 Ilangovan 

130/1

Scheme 61

Scheme 63

O
I2, DBU

CuO, 100 °C

H3C
S

O

OH

SHO
ONa·2H2O

O

O

O

SMe

O

OH

I

I2, DMSO

DMS

O

OH

S
I

SHO
O

O H H

O [Cu]

O

OH

S

MeI, H2O

cyclization

O

O

S
[O]

2 13614

2

20 examples
54–81% yield

14

136

R R

heme 66 Synthesis of sulfenylated chromones 136

I2, CF3SO3H, DMSO, 130 °C

N

N
Ar

COOR1

I2, CuBr2, DTBP, neat, 80 °C

N R1

O

N R1

O

N

O
R1

Ar

O

N

N

R1R2

CO2H N
R2

R1

MeO2C

CuBr, O2, 80 °C

N O

R1

R

Au(I) catalyst 145, 1-phenylethanol
                100 °C, 18 h

N

O

Ar
R1

R
R2

R2

COOR1

H
H

Mohan et al.

Wang et al.

MeO2C

Ar
O

Wu et al.

Rossler et al.

137

138

139 140

141

142 142

143

144

146

eme 67 Different approaches to access indolizines 138, 141, 143 and 146

R1

I2
DMS

Scheme 62

(6k) Wang, Org. Biomol. Chem. 2019, 17, 1535

 Ilangovan

 Ilangovan

R2

136a, R = 7-Me, 68%
136b, R = 6-OH, 63%
136c, R = 7-Br, 75%
136d, R = 6-NO2, 74%

(6i) Mohan, J. Org. Chem. 2015, 80, 6846
(6m) Wang, J. Org. Chem. 2017, 82, 2835
(6n) Wu, Org. Lett. 2017, 19, 3319
(6o) Rossler, Org. Lett. 2019, 21, 5591

Ar

O

2

130

130

Cl

R R

CuO DMS + HI

R

R

DTBP = di-tert-butyl peroxide

Mechanism is shown in Scheme 68

R =

4.12 Isatin

4.13 2-Hyd

6 Chromenes

7 Indolizines

I2 (1.0 eq)
DBU (1.0 eq)
CuO (0.25 eq)
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 Synthesis of fused bi-heterocycles, part V6f–o

O

0.5 equiv Cu(OAc)2•H2O

O2, NaOAc, DMSO, 80 °C
R1

NH/Me
R2

R1

N
R2

O

O
N
R2

O

O

a) I2 (0.1 equiv), TBHP
    DMSO, 80 °C

b) I2 (1.5 mmol), TBHP
    DMSO, 80 °C

 Ilangovan et al. approach Iet al. approach II

129 13031

 Synthesis of isatins 130 by Ilangovan et al., approach I

O

O

OH
I2 (0.5 eq), CuO

DMSO, DBU, 100 °C

O

OH

133

 Synthesis of 2-hydroxybenzofuranones 130 and isatins 132

O MnBr(CO)5 (0.05 eq)
Me2Zn (0.9 eq)

31 examples
26–71% yield

R2
NCO N R2

O

MnBr(CO)5 Me2Zn MnMe(CO)5
O

Mn(CO)4

O

Mn(CO)3

Mn(II)

N

O

O

Mn(CO)3

LAMn(III)

N

O

OMn(CO)3

Mn(IV)

134c Mn(OH)(CO)3

Mn(V)

Me2Zn

AlCl3
MnMe(CO)3

MeH

O

NH

I2 (0.15 eq), TBHP (1.8 eq)

NaHCO3,  DMSO, 95 °C

135ArO

N

O

O

Ar

2

I2, DMSO

O

NH

ArO

O
I2, NaHCO3

tBuOOH

O

N

ArO

O

H [1,5]-H shift

O

N

ArO

O

– CO

N
H

O

O

Ar

tBuO

tBuOH

135

2

35 examples
78–93% yield

Scheme 65 Synthesis of substituted benzoxazinones 135 via decarbonylative
                    cleavage of unstrained C(sp3)–C(sp2) bonds

Sc

Sch

Kornblum
 oxidation

I2, DMSO

CHO

O

R1

N
R2

I2 + TBHP IBuOI  +  IOH

CH3

CHO

O

R1

N
I

H
H

OIBu

CHO

O

R1

N

R2
H
H

I

CHO

O

R1

N

R2
H
H

I

OH

CHO

O

R1

N

R2

H
I

H
O I

O

N

R2

O

I

R1

N

O

R2

O
IH

N
R2

O

O

2 HI + DMSO DMS + I2 + H2O

129

– HCHO
– HI

O

R2 = CH3

130, R = H
131, R = I

129

R

(6g) Ilangovan, J. Org. Chem. 2014, 79, 4984

 Synthesis of isatins 130/131 by Ilangovan et al., approach II

(6f) Ilangovan, Org. Lett. 2013, 15, 5726

7 examples
70–85% yield

O

N
H

R

N

O

O

132
R

2 134

(6i) Huo, Org. Lett. 2021, 23, 3384
Scheme 64 Synthesis of phthalimidines 134 via 
                    manganese-catalyzed [3+2] cyclization

(6j) Verma, Org. Lett. 2016, 18, 4388

 et al., approach I

 et al., approach II

(6h) Gao, Tetrahedron 2014, 70, 4331

 = H, alkyl

6 examples
78–91% yield

134a, R = OMe, 70%
134b, R = NMe2, 58%
134c, R = H, 61%
134d, R = Me, 60%
134e, R = Br, 55%

135a, 89%

N

O

O

Ph
N

O

O

135b, 89%

N

O

O

Br

135c, 79%

N

O

O

135d, 88%

I

N

O

O

135f, 89%

O

N

O

O

135e, 82%

Br

– HI

21 examples
61–93% yield

N
Ph

O

O
N

O

O
N

O

O
N

O

O

Ph

a, 93% 130b, 82% 130c, 75% 130d, 84%

Me
OMe

N
Me

O

O
N

O

O

N

O

O
N

O

O

Ph

e, 68% 130f, 73% 130g, 72% 130h, 89%
Me Ph

Cl

MeO

OMe OMe

MeO

MeO

 26 examples
 up to 88% yield

R2
H

– IBuOH

H I

I

– MeH
– CO

– CO

NCO

Me
Me

Me
Mn(VI)

2

LA: AlCl3/AgOTf

I

O

NH

ArO

O

R2
 = H, alkyl, aryl

 Me, Bn, Ph

R1
R1

2c, R = H

HI + DMS

or

I I

s

roxybenzofuranones

4.14 Phthalimidines

4.15 Benzoxazinones

4.1

4.1

AlCl3 (0.5 eq), AgOTf (0.1 eq)
DCE, 90 °C, 12 h

7 examples
up to 81% yield
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Figure 12

N

1

Scheme 68

Scheme 69

O

2 N CHO

R

O

1) NaOH (4 eq)

EtOH, 25 °C

2) CuCl2•2H2O (20 mol%)
    Bipyr (30 mol%)
    AcOH (3 eq)
    TEMPO (4 eq)

3)
N

O R

O

Ar21

154

155
12 examples
43–84% yield

154
TEMPO

CuCl2•2H2O R

O

21

N

O R

O

Ar

TEMPO

CuCl2•2H2O
air

155

73 Synthesis of 2-acyl-3-aminoindoles 149 via a copper-
 three-component formal [3+1+2] benzannulation

 KOH, DMSO, 80 °C

O HC CH

2 eq

(2 eq)

O

O

Me

TFA (1.0 eq)
NH2NHAr (40; 1.0 eq)

N
HN

Ar

O
R

2

156
R

R

R

Me

157

23 examples
51–78% yield

+ H

O
Ph

O

Ph

40

O
Ph

N

Ph

NH
Ar

H  /H2O

O
Ph

N

Ph

NH
Ar

OH

Ph

O
OH

Ph
N

H
N

Ar

H

157

74 Synthesis of N-aminoindoles 157

N

Ar

O

(7f) Guo, J. Org. Chem. 2020, 85, 9117

(7g) Schmidt, Org. Lett. 2019, 21, 4275

14
14
14
14
14

155a, R = Ar = Ph, 55%
155b, R = Ph(4-Cl), Ar = Ph(4-Me), 70%
155c, R = Ph(4-Cl), Ar = Ph(4-F), 68%
155d, R = Ph(4-Cl), Ar = 2-naphthyl, 84%
155e, R = Ph(4-Cl), Ar = 2-furyl, 65%

, R= H, Ar = Ph, 78%
, R= 4-Me, Ar = Ph, 73%
, R= 4-OMe, Ar = Ph, 67%
, R= 2-naphthyl, Ar = Ph, 68%
, R= 4-OMe, Ar = Ph(4-NO2), 69%

144
AuLn

chlorobenzene, 120 °C

– H – H2O – H

h

O
OH2

Ph
N

H
N

Ar

– H2O

O

Ph
N

H
N

Ar

Ph

O

N
H
N

Ar
– H

4.18 Isoin
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 Synthesis of fused bi-heterocycles, part VI6o,7a–g

O

C5H11

Au(I) catalyst (145; 0.05 eq)

1-phenylethanol (5.0 eq)
    100 °C, 18 h

N

O

Ar
Me

C5H11

N

O

C5H11

Ar

OH

Ar

O

AuLn

N O

AuLn

protodeauration N O

Me

ArO

enolization
cyclization

N

C5H11 Me

O

Ar

O

AuLn

aromatization

44
2

146

2

Ar O

146

15 examples
40–80% yield

 Au(I)-catalyzed synthesis of trisubstituted indolizines 146

Ar

O

[Cp*RhCl2]2
(2.5 mol%)

NH
NH2NH2•H2O

O

NHOPiv

O

Ar

MnO2  (14 equiv)

1/2[Cp*RhCl2]2

CsOAc
CsCl

Cp*Rh(OCOR)2

O

Rh
Cp*

N OPiv

C–H activation

NH2NH2•H2O

MnO2Ar

N2
diazo 
insertion

Rh
N

O

Ar

OPiv

Rh

N

O

OPiv

Ar Cp*

N

O

Ar

Rh
OPiv

Cp*

RCOOH

1,1 migratory
    insertion

2
147 148

148

2

147

20 examples
40–84% yield

 Facile synthesis of isoindolinones 148 via a Rh(III)-catalyzed one-pot synthesis

2 150 151

Ar

O
I2 (1.5 eq), DMSO

H2O, 95 °C, 2 h

O

N
H

R

O

N
R

Ar

OH

2
I2/DMSO, 95 °C, 2 h

H2O, 95 °C, 2 h

Ar CHO

O

O

N

OH

Ar

R

O

H

O

NH

OH

Ar

R

O

O

NH

Ar

R

O

O

N
R

Ar

H2O

– H

tautomerization

150I2
DMSO

HI + DMS

intramolecular 
cyclization

151

Scheme 71 Synthesis of 7-hydroxy-6,7-dihydroindole 151

Ar

O NaHS•nH2O (2.5 eq)

I2 (0.8 eq)

NH2

CN N
H

Ar

O2
152 153

NH2

I2, DMSO

Ar CHO

O
152

N

N

Ar

O

NaHS•nH2O

N
H

S
H2N

Ar

O
Eschenmoser 

reaction

– S

N

S

NH

Ar

OI2

N
H

S

HN

Ar

O

I2

153

intermolecular
nucleophilic attack

intramolecular
nucleophilic attack

intramolecular
nucleophilic attack

2

29 examples
52–83% yield

Scheme 72  Synthesis of 2-acyl-3-aminoindoles 153 via NaHS•nH2O-induced umpolung

Ar

Scheme 
catalyzed

156

Scheme 

(6o) Rossler, Org. Lett. 2019, 21, 5591

Ar

O

2 N
H

NH2

PPA

N
H

Ar

40 149

120 °C

Scheme 70 Synthesis of 2-arylindoles 149
(7b) Fischer, Ber. Dtsch. Chem. Ges. 1883, 16, 2241
(7c) Kissman, J. Am. Chem. Soc. 1952, 74, 3948

(7e) Geng, Chem. Commun. 2018, 54, 12730

2

R1 R2

P

(alkyl)2

AuX

alkyl = Cy
R1, R2

 = OMe
X = NTf2

1456a, Ar = Ph, 54%
6b, Ar = Ph(3-F), 66%
6c, Ar = Ph(3,5-(CF3)2), 80%
6d, Ar = Ph(3-NO2), 76%
6e, Ar = Ph(2-F), 41%

Fischer indole synthesis

153a, Ar = Ph(3-OMe), 80%
153b, Ar = Ph(3-Br), 71%
153c, Ar = 2-furyl, 76%
153d, Ar = 2-benzofuryl, 81%

157a
157b
157c
157d
157e

C5H11· C5H11

– H2O

(7a) Zhang, Org.Lett. 2015, 17, 2494

HOAc (0.2 equiv)
CsOAc (1 equiv)

(7d) Lu, RSC Adv. 2015, 5, 51501

34–58% yield

R

P

Ph

R R

dolinones

4.19 Indoles

DMSO, 100 °C

150

(III) (III)

(III)
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Figure 13

Scheme 76

Ar

O

PhCl, O2, 150 °C

KI (0.5 eq)

35 examples
22–75% yield
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O O
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Ar
13 examples
46–75% yield

SeO2
Ph

O

O

H2O, TFA
Ph

O

OH
HO

Ph
O

O

2

Ph
O

OH
HO

HO
O OH

OHO Ph Ph

O
OH

Ph
O

– 2 H2O
165

Scheme 75

2

7 164

164 2 7a

cheme 79 Synthesis of 1,4-benzothiazines 164 via iodide-catalyzed aerobic C–H sulfuration 
ith elemental sulfur (7m) Jiang, Org. Biomol. Chem. 2020, 18, 3234

2 165

164a, R = Ph, Ar = Ph, 71%
164b, R = Ph, Ar = Ph(4-Br), 65%
164c, R = Ph, Ar = Ph(3-Cl), 71%
164d, R = Ph, Ar = 2-thienyl, 23%
164e, R = Ph, Ar = 4-Py, 30%

O

O O

OO

165a, 65%

O

O

O O

OO

165b, 75%

O

F

F

F

O

O O

OO

165c, 46%

O

cheme 80 Synthesis of fused [1,3]dioxolo[4,5-d][1,3]dioxoles 165 via trifluoroacetic acid mediated 
xidative self-condensation of aryl methyl ketones (7n) Marpna, ACS Omega 2021, 6, 14518

I

[O]

– Sn-1

– H

H

[O]

[O]

– Sn-1– H

Sn

Sn

TFA

4.20 Benz
4.21 Benz

.23  [1,3]Dioxolo[4,5-d][1,3]dioxoles

DMSO (4.0 eq)

TFA (4.0 eq)

22
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 Synthesis of fused bi-heterocycles, part VII7h–n

Ar

O
KOtBu (3.0 eq) 
     L (0.2 eq)

DMSO, 60 °C
R

NH2

I

R
N
H

Ar

2
14937 examples

28–94% yield

2

158 159 160

Ar

O

cat. AcOH
OH

NH2
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N

O Ar

ArNH2

N

H
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ArOH
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OH
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OH
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Ar O
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H2O Ar O

Ar
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N
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H2O

Ar

Ar

NH2

OH

N
Ar

Ar

N

H
O Ar

ArNH2

– H
160

2

159

– H

 One-pot synthesis of 1,5-benzoxazepines 159 and 1,5-benzodiazepines 160

31 examples
58–77% yield

Scheme 77 Synthesis of 1,4-benzodiazepines 160 via dual C–O bond cleavage
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O NH2

SH

R
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Huang et al. approach Lin et al. approach

162

99

Scheme 78 Synthesis of benzothiazines 162 and bibenzo[b][1,4]thiazines 163

I

NH2

N
Ar149a

7

(7h) Chung, Org. Lett. 2021, 23, 1096
 Synthesis of 2-arylindoles 149 through radical enolate coupling

(7i) Neochoritis, J. Med. Chem. 2010, 53, 8409
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(7k) Lin, Org. Lett. 2016, 18, 6424
(7l) Huang, Org. Lett. 2018, 20, 3332

S
w

(7j) Geng, Org. Lett. 2019, 21, 7504

N
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N
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N
H

149d, 68%

N
H

149e, 77%

N N
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N
N
H
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S

155a, R = H, Ar = Ph(4-Me), 75%
155b, R = H, Ar = Ph(3-OMe), 67%
155c, R = H, Ar = Ph(3-NO2), 61%
155d, R = H, Ar = Ph(4-Br), 69%
155e, R = H, Ar = 3-thienyl, 73%
155f, R = Me, Ar = Ph, 76%
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Figure 14

Ar

O

2

Scheme 8

R

2

2a, R =

Scheme 8
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O
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PhMe, reflux

O O

NH2

OH

O O

N
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Ar
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F

N

Ar

Ar 2
175
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176

xylene, reflux
p-TsOH

Ramig et al. Manjappa et al.

7a

eme 85 Synthesis of 2,4-diaryl-3H-1-benzazepines 175 and coumarin-annulated azepines 176

Ar

O I2 (50 mol%)

DMSO, 120 °C
NH

N

C
H

O

Ar
Ar

O

2
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Ar

O

S

I2

2 Ar

OH

S

O
S

Ar

O
CH2

177

2
Ar CHO

OI2

DMSO
N

Ar

O

178

30 examples
52–83% yield

eme 86 Synthesis of pyrrolo[2,1-a]isoquinolines 178 via molecular iodine 
diated formal [2+1+1+1] cycloaddition

(8b) Ramig, Synlett 2007, 2868
(8c) Manjappa, RSC Adv. 2017, 7, 45269

6 examples
53–80% yield

14 examples
20–80% yield

(8d) Zheng, Chem. Commun. 2018, 54, 11897

16
    

16

175a, Ar = Ph, 74%
175b, Ar = Ph(4-OMe), 53%
175c, Ar = Ph(4-Me), 70%
175d, Ar = 2-naphthyl, 80%

176a, Ar = Ph, 80%
176b, Ar = Ph(4-NO2), 62%
176c, Ar = Ph(4-CN), 69%
176d, Ar = 4-Py, 43%

N

O

O

OMe

MeO
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O
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O

O
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SO2Me

H

– H2O

MeSH

4.24 Benz  Coumarin-annulated azepines

 Pyrrolo[2,1-a]isoquinolines
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 Synthesis of fused bi-heterocycles, part VII,7o–q and fused tri-heterocycles, part I8a–d

20 min, MW

Na2S2O5 (0.8 eq)

Ar

O

O NH2

Se
2

2 h, MW N

Se Ar

O

166 167
12 examples
33–94% yield

1 Synthesis of 2-acylbenzo[1,3-d]selenazoles 167 via domino oxidative cyclization

O
IBr (0.8 eq)/O2

N
Ph

Se (1.0), 140 °C N
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– H2O N
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N
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N
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N
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 H 168
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38 examples
33–85% yield

2 Synthesis of benzoselenophenes 169 under metal-free conditions

Ar

O

2 eq

NC CN N

H2O (2 mL)

reflux, 100 °C N
H

N

Ar

Ar

CN

NH2

NH4
170

171

2

2

4

CNNC

Ar
Ar

Ar

N

NAr

Ar

C
NH

N

171

Knoevenagel
condensation

Michael-type reaction
followed by elimination of malononitrile

aromatization

cyclization

A

A

4

170

19 examples
79–93% yield

Scheme 83 Synthesis of dihydro[1,6]naphthyridines 171

2

172

173

ONC ArB(OH)2

Pd(TFA)2 (0.06 eq)
   MsOH (10.0 eq)

DMF, air, 100 °C, 24 h

Pd

CO2CF3

Ar
LL

O
N

Pd
Ar

L

F3CO2C

L

O
Ar

N
Pd

L

L
F3CO2C

N O Pd

L

L

CO2CF3

N OH

L2Pd(CO2CF3)2

N

Ar

Ar

oxidative 
Heck coupling

173

L

H

– H2O

N

Ar

2

35 examples
33–89% yield

172

Scheme 84 Synthesis of 5-arylidene-7-aryl-5H-dibenzo[c,e]azepines 173

Sch

Sch
me

(7o) Balaguez, New J. Chem. 2017, 41, 1483

(7p) Ni, Org. Lett. 2019, 21, 3518

2 eq

(7q) Mukhopadhyay, Org. Lett. 2011, 13, 4664

(8a) Yao, Org. Lett. 2019, 21, 7697

a Conventional: 50 h
b Microwave: 2.5 h

N

Se

O
Br

7a, 94%a 
      94%b

N

Se

O

167b, 66%a 

          75%b

OMe

N

Se

O

167c, 55%a

          68%b

NO2

N

Se

O

167d, 47%a

          73%b

S

N
Ph

Se

9a, 83%

N
Ph

Se

169b, 55%

N
Ph

Se

169c, 78%

OMe Br

N
Ph

Se

169d, 71%

S

N
Ph

Se

169e, 71%

NO2

N
H

N

Ph

Ph

CN

NH2

N

171a, 93%

N
H

N

Ph

Ph

CN

NH2

N

171b, 91%

O
N
H

N

Ph

Ph

CN

NH2

N

171c, 93%

N
H

N

CN

NH2

171d, 92%

S

S

173a, Ar = Ph, 85%
173b, Ar = Ph(4-Me), 86%
173c, Ar = Ph(4-OCF3), 88%
173d, Ar = Ph(4-Br), 60%

Ar

L =
N N

Ar

oselenazoles 4.25 Naphthyridines

5 Fused triheterocycles
5.1 Dibenzo[c,e]azepines

5.2

5.3

I2 (1.0 eq)
DMSO

N

N

N
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Figure 15

(H2

F

Scheme 8

Ar

O

2

2

Scheme 8

O Bi(OTf)3 (10 mol%)

ACN, 80 °C, 6 hN
R1

R2
Br

O

O

2
168 186 187

N

R2

R1 Ar

186
Bi(OTf)3

– HBr N

O

O
H2O, HBr

N

CHO

Ar

OH

N
187

– H2O

2

25 examples
31–82% yield

e 91 Synthesis of carbazoles 187 catalyzed by bismuth(III) triflate via three-component reactions

2 N

R2

O

NaOH (4 eq)

EtOH, 25 °C

2) CuCl2•2H2O (20 mol%)
    Bipyr (30 mol%)
    AcOH (4 eq)
    TEMPO (3.0 eq)

3) N

CHO

R2

O

Ar
O

R1

188
189154

17 examples
68–95% yield

e 92 Synthesis of carbazoles 189 by formal [3+1+2] benzannulation

(8i) Gu, Org. Lett. 2018, 20, 4285

TEMPO

CuCl2•2H2O
Ph

O

TEMPO

CuCl2•2H2O
air

188a
R = H

N

Ar

O

189

154a
N Ph

O

Ph
O

189a, 95%

(7f) Guo, J. Org. Chem. 2020, 85, 9117

N

182a

MeO

a, R1 = Me, R2
 = H, Ar = Ph(4-OMe), 82%

b, R1 = H, R2
 = H, Ar = Ph(4-OMe), 45%

c, R1 = Me, R2
 = H, Ar = Ph(4-Me), 77%

d, R1 = Me, R2
 = H, Ar = Ph(4-Br), 61%

e, R1 = Me, R2
 = H, Ar = 1-naphthyl, 75%

f, R1 = Me, R2
 = H, Ar = 2-thienyl, 44%

N Ph

O

O

189b, 90%

Me

Me

N Ph

O

O

189c, 91%

F

N Ph

O

O

189d, 90%

Me

S

2

R

168a

N
Bi(OTf)3

(CH2OH)2

R1

N

CHO

 Me, R2 = H

5.4. Acrid

5.5. Carba

O

Ar

R
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 Synthesis of fused tri-heterocycles, part II7f,8e–i

2

O

NH2

OTf

TMS
R

CsF (3.0 eq)
R

N

179 180

TfO

C)3Si

O

N
R

H H
N

R

H H

O

180

ACN, 65 °C

7 Synthesis of acridines 180 via a [4+2] annulation

NH4I (0.2 eq)

toluene, Ar 
150–160 °C, 30 h

N
R2

R1 R3

NO2

Ph N

R1

R2 R3

Ph

Ar

N

Ar

– H2O

168 181 182

181

N

Ar

Ph

NO2
168a 182

37 examples
46–95% yield

8 Synthesis of substituted carbazoles 182 from indoles

N

Ar

CO2Bu
dehydrogenative

condensation

[O]

N

Ar

CO2Bu

N

Ar

CO2Bu

Ar

O

N
R1

R2

168

2 183

182

CO2Bu
N
R1

R2

Ar

CO2Bu

183

i) NH4I (0.2 eq) 
   toluene

ii) KI (1.2 eq) 
    TsOH (1.2 eq) 
    O2, 160 °C, 24 h

2

R1 = Me, R2 = H

182

31 examples
41–83% yield

Scheme 89 Synthesis of substituted carbazoles 182 via a one-pot synthesis

N

Ar

N

Ar

Ar

O

N
R1

R2

168

2

184 185

178

i) NH4I (0.2 eq), PhCF3

   air, 160 °C, 30 h

ii) KI (0.2 eq), TsOH (0.2 eq)
DMSO, O2, H2O, 160 °C, 36 h

CO2Bu

O

CO2BuN

Ar

CO2Bu

C O
OBu

[1s,6s] sigmatropic 
             shift

N

Ar

N

R1

Ar

CO2Bu

2

185

R2

34 examples
26–73% yield

Scheme 90 Synthesis of carbazoles 185 through a [1s,6s] sigmatropic shift

Ar

Schem

Ar

O

Schem

(8e) Rogness, J. Org. Chem. 2010, 75, 2289
(8g) Chen, J. Org. Chem. 2017, 82, 2935

(8h) Chen, J. Org. Chem. 2019, 84, 3121

2

(8f) Chen, Org. Lett. 2016, 18, 5384

180a, R = H, 70%
180b, R = 4,5-(OMe)2, 75%
180c, R = 3,5-Br2, 77%

Ph

, 82%

N
Ph

182b, 90%

Br

N
Ph

182c, 71%

O2N

N
Ph

182d, 68%

S

182a, R1 = Me, R2
 = H, Ar = Ph(4-OMe), 46%

182b, R1 = Me, R2
 = H, Ar = Ph(4-Me), 81%

182c, R1 = Me, R2
 = H, Ar = Ph(4-NO2), 72%

182d, R1 = Me, R2
 = H, Ar = Ph(3-Br), 80%

182e, R1 = Me, R2
 = H, Ar = 2-thienyl, 56%

185a, R1 = Me, R2
 = H, Ar = Ph(4-OMe), 51%

185b, R1 = Me, R2
 = H, Ar = Ph(4-Me), 68%

185c, R1 = Me, R2
 = H, Ar = Ph(4-NO2), 45%

185d, R1 = Me, R2
 = H, Ar = Ph(3-Br), 71%

185e, R1 = Me, R2
 = H, Ar = 3-thienyl, 32%

181
181
181
181
181
181

O

NH2

High yields reported

N

168a

N
N

Ar OH

– H2O

168a

R1 = Me, R2 = H

R1 =

– H2O

N

Ar

CO2Bu– H

ines

zoles

1 = H
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Figure 16

Ar

Scheme 9

192 de
   

Korn
oxida

2

Scheme 9
via consec

Ar

O

PhCl, 120 °CO O

OH

O O

O

Ar

2
198 199

Ar

O
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O

NH3

O O

O
H

– NH4
O O

O
I

O O

O
OH

I

Ar

H– H2O

198

199

9 examples
28–92% yield

Scheme 97 Metal-free synthesis of furocoumarins 199

Ar

O

R
FeCl3 (20 mol%)

ZnI2, (10 mol%)N

S
NH2

1,2-DCB, 110 °C, 15 h

R
N

S

N

Ar
2

200 201

21 examples
59–88% yield

Scheme 98 FeCl3/ZnI2-catalyzed synthesis of benzo[d]imidazo[2,1-b]thiazoles 201
(8o) Mishra, Org. Lett. 2014, 16, 6084

(8n) Pham, Eur. J. Org. Chem. 2018, 4431

N
H

O

1

193a
193b
193c
193d
193e

199a, Ar = Ph(4-F), 90%
199b, Ar = Ph(4-Br), 84%
199c, Ar = Ph(4-Me), 92%
199d, Ar = Ph(3-OMe), 53%
199e, Ar = Ph(2-OMe), 28%
193f, Ar = 2-thienyl, 68%

N

S

N

Ph

201a, 88%

N

S

N

201b, 82%

OMe

N

S

N

201c, 79%

I

N

S

N

201d, 75%

Br
N

S

N

201e, 75%

O

N

S

N

201f, 69%

S

Br

NH4OAc

5.6 β-Car

5.7 Dihyd

5.10 Furocoumarins

5.11 Benzo[d]imidazo[2,1-b]thiazoles

I2 (2.0 eq)
NH4OAc (5.0 eq)

I2
DMSO
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 Synthesis of fused tri-heterocycles, part III8j–o

O
N
H

N
I2 (1.0 eq) 
  DMSO Ar CHO

O

N
H

NH2

O

O

O Ar

CO2Me

2
190

191

22 examples
54–85% yield90 °C

3 Synthesis of β-carbolines 191 under Pictet–Spengler conditions

Ar

O

I2 (1.6 eq)

DMSO, 100 °C

NH2

N
H

COOH
N

N

Ar

2
192 193
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OH
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N

carboxylative
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N
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O

NH
Tol NH2

[O]

N
Ar

O
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imine
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7

R

7a

32 examples
34–79% yield

4 Synthesis of 3,4-dihydrobenzo[b][1,7]naphthyridines 193 
utive decarboxylation/ring-opening/dicyclization

Ar

O
I2 (1.6 eq)

DMSO, 100 °C
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2
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OH O

O Ar
OH

 Kornblum
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O
HO

O
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O
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O
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HOI2

– H2OAr

O
O

SAr

O
HO
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S

O

ArS

195

2

20 examples
43–92% yield

Scheme 95 Iodine-promoted synthesis of naphtho[2,1-b]furan-1(2H)-ones 195

I2 (10 mol%)
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O
N
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R
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N
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R
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O
N

N
N
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O

R
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O Ar
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N
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O
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N
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R

I

H

197
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then [O]
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then [O]

2

33 examples
33–88% yield

Scheme 96 Synthesis of 2,3-dihydrooxepines 197 by iodine-catalyzed oxidative coupling

(8j) Battini, RSC Adv. 2014, 4, 26258

(8k) Geng, Org. Lett. 2019, 21, 4939

(8l) Gao, Org. Lett. 2014, 16, 1732

(8m) Wu, Org. Lett. 2017, 19, 4584

N
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OMe

OMe
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N
H
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CO2Me

191b,  80%
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N
H
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CO2Me

191c, 76%
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H
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CO2Me
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N
H
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O

CO2Me

191e, 84%

O

O

N
H

N

O

CO2Me

191f, 78%

NH

N
H

N

O

CO2Me

191g, 81%

O

O

O

, R = H, Ar = Ph(4-Me), 78%
, R = H, Ar = Ph(2-Me), 68%
, R = H, Ar = Ph(3-OMe), 71%
, R = H, Ar = 1-naphthyl, 67%
, R = H, Ar = 3-thienyl, 61%

195a, Ar = Ph(4-Me), 92%
195b, Ar = Ph(3-OMe), 75%
195c,  Ar = Ph(4-NO2),  65%
195d, Ar = Ph(4-Br), 72%
195e,  Ar = 2-thienyl, 70%
195f, Ar = 2-furyl, 69%trace amount

197a, R = Ph, Ar = Ph(4-Me), 84%
197b, R = Ph, Ar = Ph(4-NO2), 82%
197c, R = Ph, Ar = Ph(3-NO2), 84%
197d, R = Ph, Ar = Ph(4-Br), 88%
197e, R = Ph, Ar = 2-furyl, 88%
197f, R = Ph, Ar = 2-naphthyl, 81%

7a, R = H

– 7a

– H2O

bolines

robenzo[b][1,7]naphthyridines

5.8 Naphtho[2,1-b]furan-1(2H)-ones

5.9 Dihydrooxepines

Oxone (1.0 eq)

CF3SO3H, DMSO
140 °C

NH2

N

NH2
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Figure 17
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O

212 213
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2
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ii) KI (2.0 eq)
   TBHP (3.0 eq)
   CuBr2 (0.1 eq)

212

(8t) Zhang, J. Org. Chem. 2017, 82, 2399
e 103 A one-pot approach to multisubstituted, fused aziridines 212, 213

i) NaOH (2 eq), 6 hCHO

NHAc ii) NaOH (20 eq), 10 h
    EtOH, reflux
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O
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OTf

(9a) Okuma, Chem. Commun. 2014, 50, 15525
e 104 One-pot synthesis of dibenzo[b,h][1,6]naphthyridines 216

N

O

204a

 Ar = Ph(4-Me), 70%
 Ar = Ph(4-Cl), 55%
 Ar = Ph(4-OMe), 42%
 Ar = 1-naphthyl, 35%
 Ar = 2-Py, 25%

NH2

N
H

O Bn
OH
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I

– AcO–

i) asymmetric 
   Mannich reaction
   TFA (0.2 eq), CHCl3, 35 °C
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 Synthesis of fused tri-heterocycles, part IV,8p–t and fused polyheterocycles, part I9a

TBHP (6 eq), DMSO, 90 °C

TBAI (20 mol%)

24 examples
70–94% yield
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2052 206
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TBAI (20 mol%)

TBHP, DMSO, 90 °C

(8p) Zhang, New J. Chem. 2019, 43, 17000
 Synthesis of annulated indolizines 204 via [3+2] cycloaddition

1/4 S8

0 Synthesis of 2-aroylthienothiazoles 206 via C–H/N–O bond functionalization of oximes
(8q) Zhou, Org. Lett. 2019, 21, 9976

sulfur (1.5 eq)
urea (3.0 eq)
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N
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S
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23–94% yield

22 examples
34–85% yield

208a

Scheme 101 Divergent synthesis of thienothiazoles 207, 208 (8r) Pham, Org. Lett. 2019, 21, 8795

O

2b
I N NH2

CuI (20 mol%), K3PO4

m-xylene, 24 h, N2

then

N
H

N , pyridine
 O2, 48 h

N

N

N

O

N

anticipated, not observed

N

N

O

105 210 209
(52%)

Ullmann–Goldberg-
   type coupling

O

N
H

N 105

N
H

N

HN

N

O2

CuI, pyridineN
H

N

N

N
CuII

O O

N
H

N

HN

N CuI

H2O

– PyNH2

O

NH

N

O
O

CuI

H

– CuOH

base

O

NH

N

O
COOH

O

NH

N

O2

N

N

HO COOH

209

CuI, O2

– CO2

– H2O

– H2O

OO

17 examples
29–88% yield

(8s) Brendel, J. Org. Chem. 2020, 85, 8102
Scheme 102 Synthesis of pyridoquinazolinones 209 via oxidative C-C bond cleavage
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O

206a, Ar = Ph, 82%
206b, Ar = Ph(4-OMe), 87%
206c, Ar = Ph(4-COOMe), 56%
206d, Ar = 2-thienyl, 58%
206e, Ar = 3-Py, 41%

207a, R = 4-F, Ar = Ph(4-F), X = CH, 94%
207b, R = 4-SMe, Ar = Ph(4-SMe), X = CH, 84%
207c, R = 4-Br, Ar = Ph(4-Br), X = CH, 55%
207d, R = 3-CF3, Ar = Ph(3-CF3), X = CH, 84%
207e, R = H, Ar = 3-Py, X = N, 83%

216a,
216b,
216c,
216d,
216e,

203

Willgerodt–Kindler

O

2b
I N NH2

105

R

R = Me, Et, Ph

[O]

Optimized conditions: i) CuI (20 mol%), Bipy (20 mol%)
   120 °C, m-xylene, N2, 24 h
ii) Py, O2, 48 h

X X

S S

N
Ar

207a

RR

208a, R = H, Ar = Ph, X = CH, 82%
208b, R = 4-Me, Ar = Ph(4-Me), X = CH, 84%
208c, R = H, Ar = Ph(2-Br), X = CH, 58%
208d, R = H, Ar = Ph(3-Me), X = CMe, 88%
208e, R = H, Ar = 3-Py, X = N, 75%

2a

lated indolizines

othiazoles

5.14 Pyridoquinazolinones

5.15 Az

6 Fuse
6.1 Dib

TBD: 1,5,7-triazabicyclo[4.4.0]dec-5-ene

sulfur (3.5 eq)
urea (0.75 eq)
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Figure 18
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229b, Ar = Ph(4-Me), 71%
229c, Ar = Ph(4-Br), 78%
229d, Ar = Ph(4-NO2), 62%
229e, Ar = 2-naphthyl, 78%

 = CO2Et, R1 = Me, R2 = 5-Cl, R3 = Bn, Ar = Ph, 92%
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 Synthesis of fused polyheterocycles, part II9b–i
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11 examples
26–70% yield

5 Synthesis of quinoline-fused 1-benzazepines 218
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Scheme 107  Iodine-promoted synthesis of 1,2-fused oxindoles 221
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6 Synthesis of isocryptolepine analogues 220 by a multicomponent approach

N
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Kale et al.

226

Scheme 109 Syn
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(9e) Yuan, Chem. Commun. 2020, 56, 11461
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Scheme 108  Synthesis of tetracyclic benzodiazepine-fused isoindolinones 223
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