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Visible-Light-Mediated Dearomatisation of Indoles and Pyrroles to 
Pharmaceuticals and Pesticide 
Waldemar Schilling†, Yu Zhang†, Daniel Riemer, and Shoubhik Das*[a] 

Abstract: Dearomatisation of indole derivatives to the corresponding 
isatin derivatives has been achieved with the aid of visible light and 
oxygen. It should be noted that isatin derivatives are highly important 
for the synthesis of pharmaceuticals and bioactive compounds. 
Notably, this chemistry works excellently with N-protected and 
protection free indoles. Additionally, this methodology can also be 
applied to dearomatise pyrrole derivatives in order to generate cyclic 
imides in a single step. Later this methodology was applied for the 
synthesis of four pharmaceuticals and a pesticide called dianthalexin 
B. Detailed mechanistic studies revealed the actual role of oxygen 
and photocatalyst. 

Dearomatisation of heteroaromatic compounds to the value-
added products is a powerful strategy for the synthesis of 
pharmaceuticals and bioactive compounds.[1] In fact, most   
natural products contain heteroaromatic nuclei such as indole, 
pyrrole etc.[2] Therefore, there is of significant value to 
dearomatise indole and pyrrole nuclei to the value-added 
products, under mild reaction conditions. However, owing to 
their highly  aromatic resonance  energy, suitable tuning of the 
catalysts or reaction conditions is highly necessary.[3] Based on 
this concept, dearomatisation of indole derivatives has been 
achieved via borylation, hydrosilylation, trifluoromethylation, 
arylation, allylation, etc.[4] Very recently, Vincent et al. has 
reported an excellent electrochemical dialkoxylation method for 
the dearomatisation of indoles (Figure 1).[5] However, all of 
these dearomatisation methodologies worked towards N-
protected indole derivatives and did not show any activity 
towards free indole or pyrrole derivatives. Additionally, an over-
stoichiometric amount of reagents or additives were required 
and this generated an over-stoichiometric amount of by-products. 
Therefore, to reach the practical application of this 
dearomatisation methodology, catalysts should work towards the 
free indoles (as most of the natural products contain N-
protection free indole or pyrrole nuclei) and the formation of by-
products should be minimized. Over the past two decades, 
visible-light-mediated organic synthesis has been of top priority 
for the development of sustainable chemistry under mild 
conditions.[6] In fact, with the aid of visible light, activation of 
oxygen molecules and generation of reactive oxygen species 
(ROS) has become  much easier.[7]  Recently, we have  become 
interested in the visible-light-mediated activation of small 
molecules such as oxygen and carbon dioxide.[8] Based on our 
experience in visible-light-mediated chemistry, we were 
interested in applying these ROS to dearomatise different indole 
and pyrrole derivatives to obtain isatin and cyclic imide 
derivatives in a single step. Indeed, isatins and cyclic imides are 
essential building blocks to the synthetic chemists as well as 

pharmaceutical industries.[9] Many of these derivatives have 
been utilized as antimicrobial, antitumor, antitubercular, 
antimalarial, anti-HIV, antibacterial, antiviral drugs etc.[10]  

Figure 1: Dearomatisation of indole via electrochemistry and visible light 
(our work). 

It should be noted that Jiang et al. has recently developed an 
excellent dicyanopyrazine derivative as a photocatalyst for the 
oxygenation of indole to isatin.[11] However, the catalyst needs to 
be synthesized, which requires expensive starting materials and 
reagents and multiple steps. Therefore, development of an 
efficient and selective strategy for the synthesis of these 
scaffolds will always be welcome in organic synthesis. 
Additionally, if this synthetic method can be developed in a 
transition metal-free way, it will enhance the journey of 
sustainability in organic synthesis.[12]  
 
Based on all this information, we developed a transition metal-
free methodology for the dearomatisation of indole and pyrrole 
derivatives to obtain isatin and imide derivatives in a single step 
with the aid of visible light. At the outset of our reaction, we 
focused on the organic dyes, which have high reduction 
potential of the excited state to generate superoxide radical 
anion (O2/O2

•-) with the reduction potential residing at -0.56 V vs 
SCE.[8] In general, rose bengal, fluorenone, eosin Y, xanthone, 
rhodamine 6G have high excited state reduction potentials for 
the generation of superoxide radical anion.[13] Moreover, these 
organic dyes are cheap and commercially available. Based on 
this information, 1H-indole (1a) was taken as the model 
substrate to optimize the reaction conditions under oxygen 
atmosphere. As shown in Table S1 (see supporting information), 
different metal-free catalysts such as rose bengal, fluorenone, 
eosin Y, xanthone, riboflavin, and rhodamine 6G were screened 
with DMSO as the solvent under the irradiation of 12 W blue 
LED for 18 h (Table S1, entries 1–7). To our delight, rose bengal 
provided a 12% yield of the corresponding isatin (1b). Further 
addition of water (20 vol%) and screening of different solvents 
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improved the yield to 30% in DMF. Additional screening of the 
amount of water (10 vol%) resulted in 52% of the corresponding 
product in 18 h. Finally, 93% of the product was achieved after 
24 h irradiation under blue LED. 

 

Scheme 1. Substrates scope for the synthesis of isatin derivatives via 
dearomatisation of indoles. Reaction conditions: substrate (0.25 mmol), RB 
(3 mol%), DMF (0.9 mL), H2O (0.1 mL), reaction time 16-48 h; isolated yields. 

With these optimized reaction conditions in hand, we applied our 
catalytic system for the dearomatisation of different indole 
derivatives (Scheme 1; entries 1b–16b). Indeed, different 
substitution patterns in the aromatic ring could not hinder the 
reaction’s yield (Scheme 1; entries 3b–11b; 13b). Gratifyingly, 
N-protected indoles also worked splendidly and up to 84% 
product was isolated (Scheme 1; entries 12b–16b). Longer 
chain and benzyl group as N-protecting groups were well 
tolerated under the optimized reaction conditions and generated 
the corresponding isatin derivatives in excellent yields 
(Scheme 1; entries 14b–15b). In addition, carboxylated indole 
derivatives underwent decarboxylation reactions and generated 
the corresponding isatin derivatives with up to a 98% yield 
(Scheme 2, entries 17a–19a). In fact, both the C2- and C3-
substituted indole carboxylic acid generated the corresponding 
isatin in high yield (Scheme 2, entries 17a–18a). However, in 
the case of N-protected indole carboxylic acid (19a), 
decarboxylation reaction was quite slow and the corresponding 
N-methyl isatin was isolated to a lower yield after 48 h.  

 

Scheme 2. Dearomatisation of indoles via decarboxylation. Reaction 
conditions: substrate (0.25 mmol), RB (3 mol%), DMF (0.9 mL), H2O (0.1 mL), 
reaction time 48 h. 

Inspired by the above substrate scope, we became interested in 
synthesizing 7-azaisatin directly from 7-azaindole (Scheme 3). 
7-azaisatin derivatives are well-known to exhibit anticancer or 
TrkA kinase inhibitory activities.[14] Additionally, these 
compounds have been utilized in assymetric synthesis of 
spirocyclic indolines and spirocyclic oxoindole compounds.[15] It 
should be noted that 7-azaisatin is a highly expensive molecule 
(486 €/g). Therefore, direct synthesis of this compound from a 
cheap precursor (7-azaindole, 12 €/g) will be highly applicable in 
synthetic chemistry. To our delight, our optimized reaction 
conditions generated 7-azaisatin under O2 atmosphere in 74% 
isolated yield. Later, g-scale synthesis of this compound was 
also achieved under the similar reaction conditions. 

 

Scheme 3. Gram-scale synthesis of 7-azaisatin directly from 7-azaindole. 
Reaction conditions: substrate (0.25 mmol), RB (3 mol%), DMF (0.9 mL), H2O 
(0.1 mL), reaction time 45 h. 

Following the dearomatisation of the indole derivatives, we 
became interested in applying our catalysts onto pyrrole 
derivatives to generate the corresponding cyclic imides. In 
general, cyclic imides and their derivatives are key building 
blocks for the natural product synthesis and intermediates for 
the synthesis of alkaloids.[16] Additionally, they have been 
applied in pharmaceuticals, polymers, dyes and chemical 
industry. Despite the fact that  numerous methodologies exist for 
the synthesis of these molecules, a novel method for the 
synthesis of imides directly from cheap and commercially 
available starting materials in a catalytic way should render new 
synthetic strategy in organic synthesis.[17] Based on this, we 
applied our optimized reaction conditions onto 3,4-diethyl-1H-
pyrrole and the corresponding cyclic imide was isolated in 75% 
yield (Scheme 4, entry 21 b). Inspired by this result, we applied 
it to other pyrrole derivatives and in all cases, we isolated the 
corresponding products in good to excellent yield (Scheme 4, 
entries 22-26b). It should be noted that the catalyst also worked 
similarly in both the symmetric and non-symmetric backbone 
substituted pyrrole derivatives (Scheme 4, entries 21-23 b).  
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Scheme 4. Dearomatisation of pyrroles to cyclic imides. Reaction conditions: 
substrate (0.25 mmol), RB (3 mol%), DMF (0.9 mL), H2O (0.1 mL), reaction 
time 18 h; isolated yields. 

Although, different indole and pyrrole derivatives generated 
isatin and imide derivatives, C2- and C3-substituted indole 
derivatives underwent oxidative cleavage products and 
generated ortho-formyl/acyl anilide derivatives (Scheme 5). In 
fact, these ortho-formyl/acyl anilide derivatives are highly 
essential  structural motifs for the synthesis of natural products 
and bioactive compounds.[18] Traditional synthesis of these 
compounds requires expensive transition metal catalysts or 
over-stoichiometric amount of oxidants.[19] Based on this 
information, we further optimized this oxidative cleavage product 
and to our delight in the presence of K3PO4 (50 mol%) up to 
92% of these cleavage products were obtained. This type of 
cleavage worked equally in both the cases of free indole and N-
protected indole derivatives (Scheme 5, entries 27-33b). 

 

Scheme 5. Dearomatisation of C2- and C3-substituted indoles: synthesis of 
ortho-formyl/acyl anilide derivatives. Reaction conditions: substrate 
(0.25 mmol), RB (3 mol%), K3PO4 (50 mol%), DMF (0.9 mL), H2O (0.1 mL), 
reaction time 45 h; isolated yields. (a) Without K3PO4. 

Later, we became interested in the direct implementation of our 
dearomatisation protocol for the efficient transformation of indole 
derivatives to more complex scaffolds. To achieve this, several 
pharmaceuticals were synthesized (Scheme 6). Notably, the 
dearomatised product (1b) from indole can be transformed into 
an anticancer compound (34b) by reacting with 2-
aminobenzenethiol at 85 °C.[20] Furthermore, we were able to 
transfer 5-chloroindole to the corresponding steroid based anti-
tumour compound (35b).[21] Additionally, 1H-indole was 
transformed into an anti-convulsant and anti-inflammatory 
compound (36b) via dearomatisation and the addition of 
aniline.[22] Furthermore, this anti-inflammatory compound (36b) 
was transformed into antiviral compound (37b) in the presence 
of additional indole.[23] Finally, we applied the oxidative cleavage 
protocol for the synthesis of dianthalexin B, a well-known 
pesticide (Scheme 7, 38b) and to our delight dianthalexin B was 
isolated with an overall yield of 48% starting from the 2-phenyl 
indole.[24] 
  

 
Scheme 6. Synthesis of pharmaceuticals via dearomatisation of indole 
derivatives. 

  

Scheme 7. Synthesis of dianthalexin B via oxidative cleavage of 2-phenyl 
indole. 

After obtaining a wide substrate scope and applications of this 
chemistry, we became interested in the underlying mechanism 
of this reaction. Initial control experiments showed that the 
presence of oxygen, light and water were crucial for this reaction 
(Table 1).[8] Additionally, different quenchers showed that the 
reaction was based on the radical pathway (Table 1: entries 6 
and 7). The addition of CuCl2 and benzoquinone proved the 
presence of a single electron transfer (SET) and superoxide 
radical anion species. The addition of sodium azide revealed the 
presence of singlet oxygen species. To investigate further, we 
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performed Stern-Volmer quenching experiments (see supporting 
information, Figure S3-S6).[25] In fact, only oxygen and water 
were quenching the excited state of our photocatalyst and not 
the indole. Additionally, labelling experiments showed the 
incorporation of 18O-labelled oxygen from 18O2 and also from 
H2

18O which suggested complex interaction of oxygen 
atmosphere and water to form the reactive oxygen species (see 
supporting information).  
Table 1. Control and quenching experiments for the mechanistic investigation. 

 

Entry Conditions or changes[a] Quencher[b] Yield[c] 

1 N2-atmosphere None n.r. 

2 No light None n.r. 

3 No water None n.r. 

4 STD BHT 35% 

5 STD TEMPO 23% 

6 STD tert-Butanol 87% 

7 STD CuCl2 29% 

8 STD Benzoquinone 32% 

9 STD Sodium azide 0% 

[a] Changes to standard conditions (STD); [b] 1.0 eq. quenchers; [c] Yield 
determined by GC with n-dodecane as internal standard. 

Based on all these mechanistic experiments, the following 
reaction mechanism can be proposed (Scheme 8). Rose bengal 
was excited by the light source and the excited state of the 
photocatalyst was quenched by the oxygen to form singlet 
oxygen which is a well-known reaction in photochemistry.[26] The 
formed singlet oxygen then combined with the indole (I), to 
generate the corresponding peroxo species (II) which was then 
further oxidized to (III) via a second photocatalytic cycle and 
formed radical anion of the photocatalyst (RB.-). The activated 
peroxoindole species (III) was cleaved apart to form the 
corresponding cation (IV) and a hydroxy radical. Later this 
hydroxy radical may have abstracted the hydrogen atom from 
(IV) and formed (V). Rose bengal radical anion (RB.-) reacted 
with oxygen to form a superoxide radical anion and made the 
catalytic turn over. The reported value for the reduction potential 
of the excited state of rose bengal resides at -1.33 V vs SCE, 
which is sufficient for the reduction of molecular oxygen to its 
superoxide radical anion (O2/O2

•-) with the reduction potential 
residing at -0.56 V vs SCE.[12] The generated superoxide radical 
anion reacted with water to form the peroxide radicals and 
hydroxide anions.[27] The radical species (V) and hydroxy radical 
reacted to form (VI). Finally, (VI) was transformed into the 
product (VII) via releasing the water molecule. The formed 
peroxide radical can alternatively initiate a further reaction cycle 

with the starting material by typical oxidation pathway of 
hydrogen peroxide (detected during the experiments; see 
supporting information). An additional direct reaction of 
intermediate (IV) with water is also possible, leading to a ketol 
intermediate, which can be further oxidized to an isatin product. 
However, this pathway should only contribute to a minor degree 
based on the performed 18O labelling experiments. Based on 
this reaction mechanism, the complex involvement of water and 
oxygen which led to the mono- and di-labelled formation of 
product in the labelling experiments, can be explained. In case 
of 2,3-disubstituted indoles, indole substrates underwent side-on 
coordination with the singlet oxygen, which led to the cleavage 
of the C-C-bond.[28] 

 

Scheme 8. Proposed mechanism based on the experimental evidences. 

In conclusion, we have provided an efficient dearomatisation 
methodology for the indole and pyrrole derivatives under mild 
reaction conditions. The products obtained in this way are highly 
valuable scaffold for the synthesis of fine chemicals, 
pharmaceuticals and bioactive compounds. Additionally, 
oxidative cleavage of C2- and C3-substituted indole derivative 
generated highly important ortho-formyl/acyl anilide derivatives. 
Notably, we have also shown further application of our 
methodology to the synthesis of pharmaceuticals and bioactive 
compound. At the end, detailed mechanistic experiments clearly 
showed the role of oxygen and water in this reaction. We are 
certain that synthetic chemists, as well as chemical biologists, 
will find this chemistry of great interest. 
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Dearomatisation of indole derivatives to the corresponding isatin derivatives has 
been achieved with the aid of visible light and oxygen. Additionally, this 
methodology can also be applied to dearomatise pyrrole derivatives to generate 
cyclic imides in a single step. Detailed mechanistic studies revealed the actual role 
of oxygen and photocatalyst. 
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