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A novel and direct approach to synthesize 1-aminoindole 
derivatives by Rh(III)-catalyzed cyclization of 2-acetyl-1-
arylhydrazines with diazo compounds via aryl C-H activation 
has been developed. This intermolecular annulation involving 
tandem C-H activation, cyclization and condension steps 10 

proceeds efficiently in water, obviates the need of external 
oxidant, and displays a broad substituent scope. 

The indole unit is without doubt a privileged structure in 
medicinal chemistry, and also very ubiquitous in natural 
products.1 1-aminoindole derivatives display important 15 

pharmacological properties. For example, some of them exhibit 
psychotropic,2a anticonvulsant,2b analgesic,2c antioxidant effect2d 
and they have been extensively studied as potential therapeutic 
reagents for treatment of Alzheimer’s disease.2e Despite 1-
aminoindoles derivatives hold great potential in organic synthesis, 20 

to date, only limited synthetic methods have been reported.3 
Therefore, the development of a direct and efficient synthetic 
protocol for accessing 1-aminoindole derivatives remains an 
important goal. 

[Cp*RhCl2]2 is a promising catalyst, which plays a very 25 

important role in C-H bond activation. Many unsaturated 
compounds, like alkenes, alkynes, allenes, imines, isonitriles, and 
isocyanates, have been successfully employed in Rh(III)-
catalyzed system.4-5 Interestingly, Glorius and coworkers recently 
reported a Rh(III)-catalyzed hydrazine-directed C-H activation to 30 

synthesize indole using N-N functionality as an internal oxidant.6 
Very recently, a new metal carbene reaction pattern has emerged 
as a powerful tool to functionalize aryl C-H bond. In contrast to 
traditional mode,7 this pattern is believed to follow a pathway 
involving C-H metalation, metal carbene formation, and 35 

migratory insertion.8 Notably, direct carbene functionalization of 
aryl C-H bond has limited precedent in the literature. Recently, 
Wang, Satoh, and Miura independently reported the metal-
catalyzed C-H bond cross-coupling of 1, 3-azoles with N-
tosylhydrazones.9 Unfortunately, these methods are limited to 40 

heteroarene C-H bonds, and require harsh conditions. In 2012, Yu 
elegantly developed the first example of chelation-assisted 
Rh(III)-catalyzed intermolecular cross-couping of diazomalonates 
and aryl C-H activation.10 The group of Rovis,11 Glorius,12 Li,13 
Cui,14 and Wang15 have also successfully demonstrated their 45 

exploration in Rh(III)-catalyzed aryl C-H activation using diazo 
compounds as coupling partners. Although some progress has 
been made, we believe, such interesting area is worthy further 

exploration. Herein, we report a Rh(III)-catalyzed synthesis of 1-
aminoindole derivatives from 2-acetyl-1-arylhydrazines and 50 

diazo compounds in water (Scheme 1, eq 3). 
We initiated our studies by using 2-acetyl-1-phenylhydrazine 

and ethyl diazoacetoacetate as model substrates. Gratifyingly, the 
desired ethyl 1-acetamido-2-methyl-1H-indole-3-carboxylate 
(3aa) was isolated in 60% yield by treating 2-acetyl-1-55 

phenylhydrazine (1a) (0.5 mmol) with ethyl diazoacetoacetate 
(2a) (0.5 mmol) in the presence of [Cp*RhCl2]2 (2.5 mol%), 
AgSbF6 (15 mol%), and CsOAc (1 eq) in DCE (3 mL) at 100 °C 
for 12 h, as shown in Table 1. The structure of 3aa was 
confirmed by its 1H and 13C NMR spectra, mass spectrometry 60 

data, and single-crystal X-ray diffraction analysis. Encouraged by 
this result, we further optimized the reaction condition by 
changing the solvent. H2O was found to be superior, as the yield 
of 3aa was increased to 75% (Table 1, entry 5). Since reactants 
1a and 2a are soluble in water but the product 3aa are insoluble 65 

and precipitates from water. Control experiments showed that 
acetate is indispensable and silver salt is not necessary in this 
reaction (Table 1, entries 5-7). Lower the loading of CsOAc to 
0.25 equiv gave a comparable yield (Table 1, entry 8). To our 
delight, when 1 equiv of HOAc was added as additive, the yield 70 

of the desired product was improved to 80% yield. Very recently 
Glorius and coworkers have demonstrated that both of HCl and 
the cationic Rh(III) catalyst could promote the condensation.16 So 
the role of HOAc additive may be also to promote the 
condensation. Changing the ratio of 1a and 2a from 1/1 to 1.2/1 75 

further improved the yield, as we observed slightly decomposed 
of 1a in water (Table 1, entry 10). When the loading of HOAc 
was decreased to 0.5 equiv, excellent yield was obtained (Table 1, 
entry 12). Surprisingly, no loss of the yield was observed when 
shortened the reaction time to 1 h (Table 1, entry 14). A slightly 80 

reduced yield was obtained when employed NaOAc as base 
(Table 1, entry 16). Control reactions revealed that the 
transformation does not occur in the absence of [Cp*RhCl2]2 or 
using [(p-cymene)RuCl2]2 as catalyst (Table 1, entries 17-18). 
The use of [Cp*Rh(OAc)2] as catalyst afforded a similar yield to 85 

those obtained with [Cp*RhCl2]2/CsOAc system, indicating that 
it might be the active catalyst (Table 1, entry 19). Based on the 
above results, we determined our best reaction condition as 2-
acetyl-1-phenylhydrazines (1a) (0.6 mmol) and ethyl 
diazoacetoacetate (2a) (0.5 mmol) with [Cp*RhCl2]2 (2.5 mol%), 90 

CsOAc (0.25 eq), HOAc (0.5 eq), H2O (3 mL) at 100oC, under Ar 
for 1 h. 
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With the optimized conditions in hand, various substituted 2-
acetyl-1-arylhydrazines were tested. As summarized in Table 2, 
in general, the cyclization occurred very smoothly for 2-acetyl-1-
arylhydrazines having substituents at para position. Substrates 
bearing an electron-donating group (e.g., Me, OMe, OCF3) or a 5 

strong electron-withdrawing group (e.g., CF3, CN, CO2Me) at the 
aryl ring are tolerant in this transformation. It is noteworthy that 
the halo-substituted (e.g., F, Cl, Br) substrates performed well to 
afford the corresponding products in good yields. Surprisingly, 
when 2-naphthylacetohydrazine (1l) was used in the reaction, the 10 

3-position C-H bond with less steric hinderance was selectively 
functionalized to afford the corresponding product (3la) in 78% 
yield, whereas the 1-naphthylacetohydrazine (1k) produced the 
3ka in only 11% yield. To our delight, this transformation 
showed excellent regioselectivities. The completely 15 

regioselective coupling occurred at the less hindered position for 
meta-substituted substrates (3oa, 3pa, 3qa). Gratifyingly, our 
method is not only suitable for diverse monosubstituted 2-acetyl-
1-arylhydrazines, but also disubstituted derivatives (3ra, 3sa, 3ta, 
3ua). Unexpectedly, the C-H annulation reaction occurred at 20 

more hindered position for 3ua, the strange effect is unknown at 
the moment. Unfortunately, as we observed, this reaction seems 
very sensitive to the steric hinderance of ortho position. 3na was 
isolated in 83% yield, however, 2-methyl phenylacetohydrazine 
(1m) showed highly limited reactivity. In addition, our method 25 

can be conducted on a gram scale without a significant loss of 
yield (5 mmol scale, 1.16 g for 3aa, 89% yield, see SI). 

Table 1 Optimization of reaction conditionsa 

1a 2a 3aa

O

OEt

O

N2

RhIII, base

additive
solvent,100 oC

N
NHAc

H

H

+
N

NHAc

CO2Et
 

Entry 
Ratio 
(1a/2a) 

Base Solvent Additive Time (h) Yieldb

1 1/1 CsOAc (1 eq) DCE AgSbF6 (15%) 12 60% 
2 1/1 CsOAc (1 eq) MeOH AgSbF6 (15%) 12 61% 
3 1/1 CsOAc (1 eq) Toluene AgSbF6 (15%) 12 Trace
4 1/1 CsOAc (1 eq) MeCN AgSbF6 (15%) 12 Trace
5 1/1 CsOAc (1 eq) H2O AgSbF6 (15%) 12 75% 
6 1/1 / H2O AgSbF6 (15%) 12 Trace
7 1/1 CsOAc (1 eq) H2O / 12 75% 
8 1/1 CsOAc (25%) H2O / 12 73% 
9 1/1 CsOAc (25%) H2O HOAc (1 eq) 12 80% 
10 1.2/1 CsOAc (25%) H2O HOAc (1 eq) 12 89% 
11 1.2/1 CsOAc (25%) H2O HOAc (1.2 eq) 12 88% 
12 1.2/1 CsOAc (25%) H2O HOAc (0.5 eq) 12 91% 
13 1.2/1 CsOAc (25%) H2O HOAc (0.25 eq) 12 81% 
14 1.2/1 CsOAc (25%) H2O HOAc (0.5 eq) 1 91%
15 1.2/1 CsOAc (25%) H2O HOAc (0.5 eq) 0.5 75% 
16 1.2/1 NaOAc (25%) H2O HOAc (0.5 eq) 1 85% 
17c 1.2/1 CsOAc (25%) H2O HOAc (0.5 eq) 1 0 
18d 1.2/1 CsOAc (25%) H2O HOAc (0.5 eq) 1 0 
19e 1.2/1 / H2O HOAc (0.5 eq) 1 93% 

a Reaction conditions: 1a (0.5-0.6 mmol), 2a (0.5 mmol), [Cp*RhCl2]2 30 

(2.5 mol %), solvent (3 mL), 100 C, under Ar. b Isolated yields based on 
2a. c Without [Cp*RhCl2]2. 

d [(Cymene)RuCl2]2 was used as catalyst. e 

[Cp*Rh(OAc)2] (5 mol %) was used as catalyst. 

Subsequently, we investigated the scope of diazo compounds. 
Overall, we were pleased with the generality of this method. 35 

Diazo substrates bearing substituents such as phenyl, ketone, 
alkyl, and ether afforded the corresponding products in 48%-95% 
yield. Among them, unsymmetrical diketone (2h) underwent the 
desired reaction to give only one regioisomer of 3ah in 48% yield. 
Interestingly, 2-diazo-5,5’-dimethylcyclohexane-1,3-dione (2g) 40 

also proceeded smoothly with 1a to offer 3ag in 73% yield (Table 
3). 

Compound 3aa was further deprotected under acid condition 
to provide the corresponding product in 87% yield (eq 1).17 

(1)
N

N
H

CO2Et

O

3aa

4N HCl

MeOH
80 oC, 3h

87%

N

NH2

CO2Et
 45 

Table 2 Substrate scope of 2-acetyl-1-arylhydrazinesa 

[Cp*RhCl2]2 (2.5 mol%)
CsOAc (25 mol%)

HOAc (50 mol%)
H2O, 100oC, 1h

R= H, 91% 3aa
F, 90% 3ba
Br, 81% 3ca
Cl, 82% 3da
CF3, 76% 3ea
OMe, 81% 3fa
Me, 83% 3ga
OCF3, 87% 3hab

CN, 76% 3ia
CO2Me, 88% 3ja

trace 3ma 83% 3nab

90% 3ra 72% 3sab 73% 3ua85% 3ta

78% 3la11% 3kac

R= CH3, 83% 3oa
Br, 85% 3pa
CF3, 74% 3qa

N
NHAc

H

H

+

O

N2

O

OEt
N

N
H

CO2Et

O

R

1 2a 3

R

N

N
H

O

CO2Et

N

N
H

O

CO2Et
R

N

N
H

O

CO2Et

N

N
H

O

CO2Et

F

N

N
H

O

CO2Et

N

N
H

O

CO2Et

R

N

N
H

O

CO2Et
F

Cl

N

N
H

O

CO2Et

Cl

Cl

N

N
H

O

CO2Et

Cl

Me

N

N
H

O

CO2Et

Me

Me

 
a Reaction conditions: 1 (0.6 mmol), 2a (0.5 mmol), [Cp*RhCl2]2 (2.5 
mol %), CsOAc (25 mol%), HOAc (50 mol%), H2O (3 mL), 100 C, 1 h, 
under Ar, isolated yields based on 2a are shown. b Reaction time: 2 h. c 50 

Reaction time : 12 h. 

To gain more insight into the mechanism, control 
experiments were conducted. Firstly, we tested which N-H bond 
is more acidic, it showed that the N-H at 1-position is more acidic 
(Scheme 1, eq 2),18 which may react preferentially in 55 

condensation step. Besides, the formation of indole cycle can 
obtain aromaticity, which makes it more stable. Both reasons 
above may explain why this transformation selectively formed 
the five-member ring. We then used 1v as substrate to react with 
2a under a slightly modified condition (considering 1v has low 60 

solubility in water). Unexpectedly, no reaction was detected 
(Scheme 1, eq 3). Replace 2a with 2j to react under standard 
condition, no reaction was detected either (Scheme 1, eq 4). 
These results revealed that the six member ring is not favored 
even when the N-H at 1-position is blocked and the condensation 65 

step may play a vital role in this reaction. Finally, the kinetic 
isotope effect experiment was carried out. It gave a KH/KD ratio 
of 2.2 (Scheme 1, eq 5), thus indicating that the C-H bond 
cleavage may be involved in the rate determining step.19 
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Table 3 Substrate scope of diazo compounds a 

N
NHAc

H

H

+

[Cp*RhCl2]2 (2.5 mol%)
CsOAc (25 mol%)

HOAc (50 mol%)
H2O, 100oC, 1h

N

N
H

R2

R1

O

1a 3

N

N
H

O

O

R2

N2

R1

2

74% 3af 48% 3ah73% 3ag

95% 3ae[b]91% 3ad70% 3ac71% 3ab

72% 3ai

N

N
H

O

Ph

CO2Et

N

N
H

O

CO2Et

N

N
H

O

CO2Me

N

N
H

O

CO2Me

OMe

N

N
H

O

CO2Et
Ph

N

N
H

O

O
Ph

O

N

N
H

O

O

a Reaction conditions: 1a (0.6 mmol), 2 (0.5 mmol), [Cp*RhCl2]2 (2.5 
mol%), CsOAc (25 mol%), HOAc (50 mol%), H2O (3 mL), 100 C, 1 h, 
under Ar, isolated yields based on 2 are shown. b Reaction time: 0.5 h. 5 

(2)

H
N

NHAc
EtONa,EtOH

CH3I+
100 oC, 20 h

N
NHAc

N
NHAc

Ph O

N2

O

OEt

1v 2a

CH3OH

Standard
Condition

+ (3)

N2

CO2EtEtO2C

H
N

NHAc

1a 2j

Standard
Condition

+ (4)

H
N

NHAc
+

H
N

NHAc

Standard
Condition

25 min
O

N2

O

OEt

N

N
H

CO2EtH4/D4

O

KIE= 2.2

D

D

D

D

D

H

H

H

H

H

1a 1a-d5 2a

(5)

N
N

Ph O

CO2Et
not detected

H
N

NHAc

CO2Et

CO2Et
not detected

 
Scheme 1 mechanistic studies. 

On the basis of mechanistic studies and literature reports,4,10 a 
plausible mechanism was proposed (Scheme 2). First, an active 
catalyst [Cp*Rh(OAc)2] is generated through anion exchange, 10 

then undergoes directed C-H cleavage to form intermediate A, 
which is followed by generation of Rh(III)-carbene B. 
Subsequently, migratory insertion of the carbene into the Rh-C 
bond affords rhodacyclic intermediate C. Upon protonation by 
acetic acid, intermediate D is formed along with the regeneration 15 

of Rh(III) catalyst. In the catalytic cycle, the Rh(III) catalyst is 
redox-neutral. Then tautomerization of intermediate D delivers 
enol intermediate E in suit. After eliminating water through 
intramolecular condensation, the final product is formed.  

In summary, we have developed the first example of a 20 

Rh(III)-catalyzed synthesis of 1-aminoindole derivatives in which 
aryl C-H activation serves as the initiating step. This cyclization 
reaction displays excellent regioselectivity and functional groups 
compatibility, and can be performed on a gram-scale without 

suffering from notable loss of yield. Water is not only an 25 

environmental benign reaction medium, but also the most 
efficient solvent in this reaction, it significantly simplifies the 
separating process. In most cases the final products separate out 
as precipitate directly from water and afford enough pure samples 
after simple filtration and drying. Further purification is just 30 

needed to pass through a short silica pad. We believe this 
protocol is superior to those utilizing HOSA or other synthetic 
NH2

+ transfer reagents, offering a faster and more convenient 
access to 1-aminoindole derivatives. Further application of this 
kind of reaction and the detailed mechanistic investigation are in 35 

progress. 
 

[Cp*RhCl2]2
2CsOAc

[Cp*Rh(OAc)2]

[Cp*RhCl2]

2HOAc

-2HOAc

2CsCl

H
N

NHAc

H
N

NAc
Rh

Cp*

O

R2
R1

N2

H
N

NAc
Rh Cp*

R1

R2

O

Migratory
insertion

H
N NAc

Rh Cp*

R2

O

H
N NHAc

R1 R2

O

N

NHAc

R2

R1
A

B

C

D

H
N NHAc

R2

OH

R3

R3

R3

R1

R3

R3

R1

-H2O

R3

R3

E

 
Scheme 2 Proposed mechanism. 
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