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a b s t r a c t

Graphene oxide (GO), as a metal-free and readily available carbocatalyst, has been extensively applied

in catalytic organic transformations. This minireview aims to give an overview of the progress on the

application of native GO as a catalyst for various organic transformations in the past decade (mainly

from 2011 to 2020).

© 2021 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

1. Introduction

In the past decades, the application of eco-friendly carbona-

ceous materials as catalysts for organic reactions has gained in-

tensive attention. For example, materials like carbon dots [1,2],

graphitic carbon nitride (g-C3N4) [3–6], have emerged as potent

heterogeneous catalysts for various organic transformations. As

shown in Scheme 1, graphene oxide (GO) possesses unique struc-

tures, various surface functional groups, and excellent properties,

such as a large surface area in single or few layers, acidic prop-

erties due to carboxyl groups on the edges, oxidative properties

assisted by hydroxyl or epoxy on the basal plane [7,8], conduc-

tion band (CB) energy (ECB = 0.51 eV vs. NHE) and valence band

(VB) energy (EVB = 3.28–3.98 eV vs. NHE) [9]. Those properties

make GO or modified GO as promising materials in biology, en-

ergy, organic synthesis, and other fields, like nanocarriers for ef-

ficiently impairing tumor mitochondria, heterogeneous carbocat-

alyst for biomass conversion by controllable depolymerization of

lignin [10–13]. Meanwhile, since the significant work achieved by

Bielawski in 2010 [14], considerable attention has been paid to

organic reactions catalyzed by GO [15–23]. Although multifarious

outstanding reviews [24–29] about the synthesis and characteriza-

tion of GO and modified GO were published, the overview of na-

tive GO-catalyzed organic reactions has not been well documented

[30–32]. Recently, Bandini et al. summarized the mechanist aspects

of organic transformations catalyzed by GO [33]. Considering the
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importance of GO catalysis, we herein present a minireview aim-

ing to emphasize its significance and widespread applications of

GO in organic synthesis over the past decade (mainly from 2011

to 2020). This review includes the application of native graphene

oxide for (i) oxidative reactions, including oxydehydrogenation and

oxidative coupling reactions, (ii) functional group transformations,

(iii) Friedel-Crafts reactions, (iv) condensation reactions, and so on.

2. Oxidative reactions

Oxidative reaction, especially oxydehydrogenation, is one of the

most common transformations in organic synthesis. The dehydro-

genation of N-heterocycles usually requires transition metal and

a stoichiometric amount of oxidants [34–37]. In 2017, Gong et al.

[38] described an eco-friendly method for the oxydehydrogenation

of N-heterocycles catalyzed by metal-free GO in 120 °C using air

as an oxidant (Scheme 2). This metal-free strategy could be re-

alized through a simple operation. Various valuable compounds,

such as 3,4-dihydroisoquinoline, quinoline, quinazoline, and indole

derivatives were successfully synthesized through the activation of

O2. Although the reaction needed a high temperature (120 °C) and
long reaction time (up to 96 h in some cases) to achieve an ac-

ceptable yield, this work preliminarily demonstrated the roles of

various oxygen-containing groups like hydroxyl and epoxy, and π-

conjugation on the basal plane of GO.

Oxidative coupling reaction is one of the most straightforward

and efficient strategies for the construction of chemical bonds [39–

43]. In 2011, Tan’s group [44] demonstrated the potential of GO in

visible-light-promoted α-functionalization of tertiary amines. The

α-cyanation of tertiary amines was realized by combining high
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Scheme 1. Structure of graphene oxide.

Scheme 2. Dehydrogenation of nitrogen heterocycles.

Scheme 3. α-Cyanation of tertiary amines.

loading of GO and rose bengal (RB) in the presence of visible

light (Scheme 3). A series of α-cyanated tertiary amines including

N-aryl-tetrahydroisoquinoline, 4-methyl-N,N-dimethylaniline, (S)-

nicotine were successfully obtained in good to excellent yields un-

der mild conditions using air as terminal oxidant, avoiding the

use of metal catalysts. Meanwhile, it was found that the electron-

donating N-protecting groups had a positive influence on reaction

rate and the yield of products. Chemoselectivity could be improved

significantly, compared with the conditions of RB as photocatalyst

alone. Noteworthy, this is the first pioneering work of using GO as

a co-catalyst to facilitate the synthesis of small molecular organic

compounds under visible light irradiation albeit the role of GO in

this system is not clear.

In the above-mentioned examples, high loading of GO was gen-

erally required to give a good performance. To enhance the cat-

alytic reactivity, Loh and co-workers [45] established a procedure

for the preparation of porous graphene oxide (p-GO), in which the

as-synthesized GO was treated by base to produce porosity and

sequentially acidified to regenerate the water-soluble functional

groups. Using p-GO as a catalyst, various transformations of imine

intermediates, in situ generated from primary amines, were real-

ized to synthesize α-aminophosphonates, α-aminonitriles, amides,

Scheme 4. Functionalization of primary amines

Scheme 5. Thiocyanation of aromatic amines, phenols, anisole and ketones.

potential bioactive polycyclic heterocompounds, etc., under neat or

water conditions (Scheme 4a). Noteworthy, epiminodibenzo[b,f]-

[1,5]diazocine derivatives, an analogous scaffold of Tröger’s base,

could be synthesized in yield of 75% via a tandem reaction

(Scheme 4b).

Thiocyanates play pivotal roles in bioactive medicines, materi-

als, pesticides [46], so multiple efforts have been paid in recent

years [47–49]. In 2016, Khalili’s group [50] developed an envi-

ronmentally friendly GO-catalyzed regioselective thiocyanation of

aromatic amines, phenols, anisoles and carbonyl compounds with

KSCN using H2O2 as a green oxidant in water (Schemes 5a). For

the indole and pyrrole substrates, the 3-thiocyanated indole and

2-thiocyanated pyrrole were obtained in good to excellent yields.
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Scheme 6. Synthesis of functionalized 1,4-benzothiazines.

Scheme 7. Synthesis of α-ketoamides and their derivatives.

Moreover, the GO catalyst can be reused for five times without sig-

nificant loss in catalytic activity under the optimized conditions.

The plausible mechanism showed that GO surface activate H2O2

to afford 5f, which reacted with KSCN 5b to generate 5g [51,52],

which was reactivated on subsequent reaction with GO to obtain

5h, producing thiocyanium ion SCN+. Eventually, this electrophilic

intermediate was attacked by arene 5a or enolizable ketone 5d to

produce the target products 5c or 5e (Scheme 5b).

In 2017, Basu et al. [53] synthesized 1,4-benzothiazines 6c from

2-aminobenzenethiols 6a and 1,3-diketones 6b using GO as a cata-

lyst in a solvent-free system (Scheme 6a). For the plausible mecha-

nism of this reaction, the condensation between amino 6a and ke-

tones 6b occurred to form an imine 6d and its tautomer 6e. The in-

termediate 6e was then converted into 1,4-benzothiazine 6c via ox-

idative cyclization in the presence of GO and air (Scheme 6b). Un-

fortunately, substrates 6b with poor electrophilicity and big steric

hindrance which are difficult to form the imine intermediates 6d,

are not applicable in this procedure. It was known that thiols could

be converted into disulfide via oxidative dimerization catalyzed by

GO [54]. However, no disulfide was detected in this system.

In 2017, Sarma’s group [55] described a heterogeneous and

metal-free pathway to produce the α-ketoamides and their deriva-

tives from α-ketoaldehyde 7a and aliphatic/aromatic primary and

secondary amines in low loading of GO (Scheme 7). This cross-

dehydrogenative coupling (CDC) reaction possessed a large sub-

strate scope and the desired products were obtained in moder-

ate to excellent yields. From the control experiments, it was rea-

soned that GO not only acts as an acidic catalyst but also an ox-

idative catalyst in this reaction. Additionally, orexin receptor an-

Scheme 8. Synthesis of diaryl compounds.

tagonist 7g could be synthesized from phenylglyoxal monohydrate

7e and compound 7f in 65% yield under the optimized conditions

(Scheme 7b).

2,2′-Dihydroxy-1,1′-binaphthyl is an important compound,

which has been widely used as a ligand in asymmetric reac-

tions [56, 57]. Ranganath et al. [58] disclosed that 2,2′-dihydroxy-
1,1′-binaphthyl can be obtained through the oxidative coupling

of 2-naphthols in excellent yields under a low loading of GO

(Scheme 8a). Interestingly, solvents can directly control the prod-

ucts. For instance, the homocoupling of 2-naphthols was produced

in toluene, while the polymerization of 2-naphthols came out in

an aqueous solution. Importantly, NaOH was required as a base

in both systems. In 2018, similar work was also reported by Gong

et al. [59], which realized the homo-coupling and cross-coupling of

aromatics in CH3CN without any additives (Scheme 8b).

In recent years, a myriad of synthetic methods have been

developed for the synthesis of F-containing compounds [60–63],

which showed good superiority in lipophilicity, bioavailability and

metabolic stability [64–66]. For example, in 2017 Gong’s group

[67] realized trifluoromethylation of arenes 9a with CF3SO2Na

9b catalyzed by GO in ClCH2CO2Et at 100 °C (Scheme 9a). Re-

gretfully, this reaction largely relied on the electronic effect of

substrates. Arenes 9a with electron-rich substituents could afford

trifluoromethylated arenes 9c in excellent yields, while moder-

ate yields or even traces were observed in the arenes 9a with

electronic-poor substituents. To gain deep insight into this reac-

tion, (2,2,6,6-tetramethylpiperidin-1-yl)oxidanyl (TEMPO), a widely

used radical scavenger, was added into this reaction under the op-

timized conditions, only trace targeted product was obtained, in-

dicating that the reaction probably experienced a free radical pro-

cess. Firstly, unpaired electrons in GO shell can become a radical

initiator to generate radical 9f and superoxide radical 9e via tan-

dem single electron transfer (SET) [68]. Subsequently, intermedi-

ate 9h was obtained by radical addition of trifluoromethyl radical

9f and arene 9g. Finally, an aromatization reaction was completed
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Scheme 9. Trifluoromethylation of arenes.

Scheme 10. Trifluoromethylation of 1,2,3,4-tetrahydroisoquinoline derivatives.

to obtain products 9k via hydrogen atom transfer (HAT) of inter-

mediate 9h under the effect of superoxide radical 9e. Additionally,

the isomerized intermediate 9i can stabilize the intermediate 9h,

and thus facilitated this reaction, which was in agreement with

the good reactivity of the substrates with good electron-donating

groups.

In 2011, Tan’s group [44] described a method for the direct

α-trifluoromethylation of tertiary amines 10a combining GO and

RB as photocatalysts under green LEDs for the first time, utilizing

TMSCF3 10b as a CF3 source (Scheme 10a). A plausible pathway

showed that RB was transformed into the excited state RB∗ under

the irradiation of visible light. The RB∗ interacted with the reac-

tant 10a via SET to give the intermediate 10d, along with the gen-

eration of radical anion RB•–. Subsequently, RB•– was re-oxidized

by oxygen to recover the catalyst RB, accomplishing the photore-

dox cycle. On the other hand, the intermediate 10d was oxidized

by the superoxide radical 9e to give the highly reactive iminium

intermediate 10h. Finally, nucleophilic addition of 10h and CF3 an-

ion produce the target compound 10c (Scheme 10b). Although the

role of GO was not clear in this process, the control experiment

without RB has ruled out the significant oxidability of GO. Addi-

tionally, strong π-π interaction between RB and GO did not exist

due to electrostatic repulsion, demonstrated by the UV–vis absorp-

tion and fluorescence quenching experiments. It was reasoned that

the intrinsic acidity and high surface of GO may benefit for this

transformation by stabilizing iminium intermediate 10h. Although

Scheme 11. Trifluoromethylation of arenes.

Scheme 12. Thiolation of indoles.

this work showed the great potential of GO in photocatalysis, high

loadings, long reaction time (up to 72 h), and additives were re-

quired.

In 2019, Yuan’s group [69] reported the visible-light-induced

trifluoromethylation of arenes at room temperature using low

loading of GO as a catalyst. This protocol avoided additives, metal

catalysts, and external photosensitizers (Scheme 11). The results

confirmed that GO had great potential in photocatalytic reactions.

However, more efforts should be paid to improve the efficiency of

photocatalytic reactions.

3-Sulfenylindoles exhibit excellent pharmacological properties,

including anti-HIV, anti-nociceptive, and anti-allergic activities

[70]. In 2019, Wang and Wu’s group [71] developed an eco-friendly

and atom-economical method to synthesize 3-sulfenylindoles 12c

in good to excellent yields via the thiolation of indoles 12a in wa-

ter (Scheme 12a). The reaction was catalyzed by recyclable GO

(up to 10 times) and showed good functional groups tolerance.

In particular, N-free indoles were also compatible with this reac-

tion. Control experiments indicated that carboxyl groups (-COOH)

and oxygenated groups on GO played vital roles in this reaction. It

was proposed that GO could serve as a radical initiator through

the functional group on the surface, affording phenylthiophenol

radical 12e. Next, radical 12e interacted with 12f to produce the

intermediate 12g, which then was oxidized to the intermediate

12h. Finally, the deprotonation of intermediate 12h generated 3-

sulfenylindoles 12i as products (Scheme 12b).

Recently, GO-mediated cross-dehydrogenative coupling of oxin-

doles 13a with arenes 13b and thiophenols 12b were realized by

Su et al. [72] to deliver 3-arylated oxindoles 13c and 3-sulfenylated

oxindoles 13d, respectively (Scheme 13a). Notably, N-free oxindoles

and deoxybenzoins were also compatible. Meanwhile, the reac-
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Scheme 13. Thiolation and arylation of oxindoles.

tion showed good performance on a gram scale. A series of con-

trol experiments have been conducted to investigate the reaction

pathway. The results indicated that carboxyl groups (-COOH) and

oxygenated groups, and quinone-type functionalities in GO played

synergistic roles in this transformation. A plausible mechanism was

proposed in Scheme 13b. Firstly, the oxindole substrate 13a tau-

tomerized to its enol form 13e due to the intrinsic acidity of GO.

The intermediate 13e was rapidly oxidized to the corresponding

radical 13f via SET. Then, 13f could undergo a radical-induced cou-

pling with thioyl radical 13e to afford 3-sulfenylated oxindoles 13d.

On the other hand, radical 12f was oxidized to the cation 13g cat-

alyzed by GO. Finally, the coupling of 13g and anisole 13h gave

the intermediate 13i, followed by deprotonation to generate 3-

aryloxindoles 13j.

In 2020, Bhanage’s group [73] described a reaction of alcohol

14a and biguanide 14b in the presence of GO and KOH (1 equiv.)

at 110 °C, affording triazines derivatives 14c in moderate to excel-

lent yields (Scheme 14). Simultaneously, GO can be recycled for up

to six times without significant loss of catalytic activity (from 91%

to 79%). A plausible mechanism of this reaction showed that GO

could oxidize alcohols 14a to give the corresponding aldehyde 14d

with the aid of a strong base, generating reduced graphene oxide

(r-GO), which was re-oxidized by O2. Then aldehyde 14d reacted

with biguanide 14b to afford corresponding dihydro-triazine 14e.

Finally, the desired product 14c was formed via dehydrogenative

aromatization of compound 14e by GO, along with the release of

hydrogen.

Scheme 14. Synthesis of triazines and substituted triazines.

Scheme 15. Selective oxidation of hydroxyl group.

3. Functional group transformations

3.1. Oxidation of hydroxyl group

2,5-Diformylfuran (DFF) can be used as an important building

block for the synthesis of furan-containing polymers and materi-

als. It can also be used as a starting material for the synthesis of

various poly-Schiff bases, pharmaceuticals, antifungal agents, or-

ganic conductors, and cross-linking agents of poly(vinyl alcohol)

for battery separations [74]. In recent years, many eco-friendly and

renewable pathways for the synthesis of DFF have been reported

[75,76]. In 2015, Hou’s group reported a GO-catalyzed transforma-

tion of 5-hydroxymethylfurfural (HMF) to DFF. In this reaction, sto-

ichiometric TEMPO was used as an additive in the presence of GO

and CH3CN at 100 °C (Scheme 15a). Control experiments suggested

that the synergistic effect of carboxyl groups (-COOH) and unpaired

electrons at GO is responsible for the high selectivity and conver-

sion of this reaction. Following that, the same group [77] described

an eco-friendly and metal-free procedure to realize the direct ox-

idation of fructose into DFF promoted by GO in high temperature

in DMSO (Scheme 15b). It was noteworthy that no additive was

required in the two steps (dehydration from fructose to HMF; oxi-

dation from HMF to DFF) of this one-pot reaction.

3.2. Oxidation of boric acids

In 2019, Suresh’s group [78] realized the ipso-hydroxylation of

arylboronic 16a using aqueous H2O2 as a green oxidant and GO as

a benign solid-acid catalyst in 5 min (Scheme 16). In this work,

GO can be recycled up to five times with a negligible loss of

activity. FT-IR, powder X-ray diffraction (PXRD), and transmission

electron microscopy (TEM) demonstrated that the structure of GO

was maintained. Additionally, the products were obtained in good

to excellent yields without time-consuming separation techniques

such as chromatography.

From the results of control experiments, a radical mechanism

was ruled out and carboxyl groups (-COOH) on the edges of GO

were attributed to this reaction. Firstly, electrophilic hydrogen per-

oxide attacked the boron atom of arylboronic acid 16a, afford-

ing intermediate 16c, which was protonated by carboxyl groups
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Scheme 16. Hydroxylation of arylboronic acids.

Scheme 17. Bromination of anilines and phenols.

(-COOH) on GO to obtain intermediate 16d. Then, consecutive mi-

gration of the aryl group from boron to oxygen generated boronate

ester 16e. Finally, 16e was converted into the corresponding phenol

16b through hydrolysis.

3.3. Oxidative halogenation

In 2018, Shankarling et al. [79] reported the bromination of

anilines and phenols using molecular bromine in water catalyzed

by GO at room temperature (Scheme 17). These transforma-

tions possessed high selectivity for the tri-bromoanilines and tri-

bromophenols. Moreover, when N-bromosuccinimide (NBS) as a

brominating reagent, GO in this case displayed excellent recyclabil-

ity without any loss in catalytic activity after several cycles. How-

ever, all results of FT-IR, XRD, XPS and elemental analysis demon-

strated that GO was reduced to r-GO after the second recycle (the

third run) when Br2 was applied as a brominating reagent.

In 2018, Gong’s group [80] described GO-catalyzed iodination

of arenes 18a and ketones 18d with iodine in CH3NO2 as sol-

vent at 110 °C (Scheme 18a). This iodination protocol not only ob-

tained mono-iodination of arenes and ketones with good to excel-

lent yields, regardless of the electronic effects, but also achieved

di-iodination of arenes and ketones (10 examples) with moderate

to good yields by increasing the amounts of iodine to 4 equiv.

When radical scavengers like TEMPO and BHT were added under

the standard conditions, the target reaction was suppressed sug-

gesting a radical pathway. A plausible mechanism showed that the

unpaired electrons on GO surface played significant roles in the ini-

tiation of iodine radical 18f. Then the addition of 18f to aromatic

ring 18a obtains the aromatic radical 18g, which undergoes a SET

process to obtain aromatic cation 18i, along with the recovery of

GO catalyst. Afterward, the desired products 18c were produced

through deprotonation and aromatization (Scheme 18b). Unfortu-

nately, GO could not be reused in this reaction.

4. Friedel-Crafts reactions

In 2015, He and Szostak et al. [81] developed an atom economic

reaction of arenes 19b and styrene 19a or arylmethanols 19d to

obtain diarylalkanes 19c and 19e (Scheme 19). This protocol pro-

Scheme 18. Iodination of arenes and ketones.

Scheme 19. Alkylation of arenes with styrenes or alcohols.

moted by GO was carried out under metal-free and additive-free

conditions with good functional group tolerance and excellent re-

gioselectivity to deliver the corresponding products in high yields

(up to 99%), however, high loading of GO (up to 200 wt%) was still

needed in this reaction.

Similarly, the allylic alkylation of thiophenes with alcohols was

realized by Bandini and co-workers [82] under the assistance of

GO catalyst (Scheme 20). This procedure can tolerate myriad func-

tional groups in dioxane as solvent at 90 °C, generating the corre-

sponding products in moderate to excellent yields (up to 90%). The

control experiments indicated that GO was significant for this re-

action, owing to the cooperative effect of the π-conjugated system

and functional groups (carboxyl groups, epoxide moieties) on GO.

Moreover, GO also exhibited efficient catalytic activity for the

synthesis of 3,3′-bisindolylmethane derivatives from indole deriva-

tives 21a and ethers at room temperature and air atmosphere

(Scheme 21a) [83]. The cyclic and linear benzyl ethers, includ-

ing tetrahydrofuran (THF), 1,3-dihydroisobenzofuran, isochromane,

(methoxymethyl)benzene, and diethyl ether, proved to be suitable
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Scheme 20. Allylic alkylation of thiophenes with alcohols.

Scheme 21. Double indolation of ethers.

Scheme 22. Synthesis of α-aminophosphonates and 3,4-dihydropyrimidin-2-ones.

in this procedure giving remarkable regioselectivities and moderate

to excellent yields. The reaction pathway was proposed as shown

in Scheme 21b. Firstly, THF was oxidized into intermediate 21d in

the presence of GO and oxygen, which was further dehydrated to

obtain intermediate 21e due to the intrinsic acidity of GO. Then,

21e was protonated to give the intermediate 21f, which reacted

with indole 12f to generate intermediate 21h. Subsequently, 21h

was converted into 21i, which reacted with indole 12f to give the

target product 21j via the Friedel-Crafts alkylation.

5. Condensation reactions

In 2014, Sarma et al. [84] designed a simple, efficient,

methodology to synthesize α-aminophosphonates and 3,4-

dihydropyrimidin-2-ones via a three-component one-pot reaction,

catalyzed by low loading of GO in a solvent-free environment

under ultrasonication (Scheme 22). This pathway demonstrated

for the first time that GO can be used as a mild, nontoxic, and

sustainable catalyst for the multicomponent coupling reaction.

Scheme 23. 2-Alkylation of 1,3-dicarbonyl compounds.

Through a series of control experiments, it could be concluded

that the formation of the imine intermediate was the critical step.

Although GO catalyst displayed excellent catalytic activity after 7

runs, it was demonstrated that the structure of recycled GO was

damaged from FT-IR, UV-visible studies, and thermal gravimetric

analysis (TGA). Simultaneously, oxygen played a negligible role in

this coupling, and GO nanosheets acted as a facilitator to stabilize

the imine intermediate.

The GO-mediated direct 2-alkylation of 1,3-dicarbonyl com-

pounds 23a was developed by He and Szostak et al. [85] with

high reactivity, excellent regioselectivity using abundant olefins

23b and alcohols 23d as alkylating agents (Scheme 23a). Addition-

ally, the results of FT-IR, XPS indicated that polar functional groups

had negligible changes on the GO. The proposed mechanism was

shown in Scheme 23b. The activation of both coupling partners

23a and 23f via transient coordination with GO surface was the

critical step. Then, due to the presence of polar in intermediate

23k, target compound 23l was produced by releasing water and

catalyst GO.

6. Other reactions

In 2016, Wang and Ma’s group [86] developed a heterogeneous

and direct C–H arylation of aryl iodides in low loading of GO at 120

°C to give biaryl compounds as products (Scheme 24). The additive

KOt-Bu was significant for the transformation because K+ ions can

be stabilized and activated by negatively charged oxygen atoms, fa-

cilitating the activation of the C-I bond. Generally, the synergistic

effects of K+ ions, oxygen-containing groups on GO, and giant π-

conjugated system of GO were greatly contributed to direct C–H

arylation of benzene. However, other aryl halides like aryl bro-

mides and aryl chlorides were not suitable in this protocol.

The construction of quaternary carbon center at the C2- and

C3-positions of indoline moieties attracted huge attention [87]. Re-
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Scheme 24. Synthesis of biaryl compounds.

Scheme 25. Construction of stereochemical indoline moieties.

cently, Su and Mo et al. [88] used GO as a heterogeneous cata-

lyst to synthesize quaternary carbon center-containing 2-(indol-2-

yl)phenols 25b and benzofuro[3,2-b]indolines 25d in EtOH at am-

bient temperature for the first time (Scheme 25a). The proposed

reaction pathway was shown in Scheme 25b. Firstly, the elec-

trophilic addition between the acidic group of GO and 25c gen-

erated the intermediate 25e. Then, intermediate 25e isomerized

to a stable aza-ortho-xylylene intermediate 25f. The results of Ra-

man spectroscopy and PXRD revealed that the intermediates 25e

and 25f could be stabilized by hydroxyl and epoxy on GO. When

R3 was styrenyl group, intermediate 25f was inclined to undergo

a 1,2-styrenyl migration to generate product 25b, releasing a pro-

ton to complete this catalytic cycle. Alternatively, intermediate 25f

could undergo 5-exo-trig cyclization to obtain intermediate 25g,

which released a proton to produce compound 25d Interestingly,

when R3 was styrenyl group, compound 25d can be reactivated

by proton to regenerate intermediate 25g, which could be fur-

ther transformed into compound 25b through an aza-pinacol rear-

rangement. It was noteworthy that the stereochemistry of the C3-

quaternary carbon center generated from the C2-quaternary car-

bon center of indoline was retained. Compared with the previous

Scheme 26. Construction of tosylaziridines.

reports [89,90], the GO catalyst of this heterogeneous system could

be reutilized at least seven times without obvious loss in catalytic

activity.

In 2017, Rai and co-workers [91] reported a GO/I2-promoted

aziridination of olefins in water. This nitrene insertion reac-

tion provided tosylaziridines as products at room temperature

(Scheme 26a). A plausible mechanism was given in Scheme 26b.

Initially, PhI=NTs 26b reacted with I2 with the catalysis of GO to

generate the key intermediate N,N-diiodotosylamide 26e. Subse-

quently, the intermediate 26e underwent a homolytic cleavage of

N-I bond to produce amidyl radical 26f. Then, radical 26f added

to the olefin 26a to generate intermediate 26g, which underwent

intramolecular cyclization to produce target molecule 26c, along

with the regeneration of I2 for the next catalytic cycle. The GO cat-

alyst could be reused up to six times.

7. Conclusion

Graphene oxide (GO) as a kind of inexpensive carbon material

can be employed as a metal-free carbocatalyst and efficient acidic

catalyst for various organic reactions. In this minireview, we sum-

marized the recent advances (mainly from 2011 to 2020) of na-

tive GO-promoted organic reactions including oxidative coupling

reactions, functional group transformations, oxidative halogenation,

condensation reactions, and so on. Notably, in those reported sys-

tems GO could be recycled and reused for several times. However,

the employment of GO as a light absorber and heterogeneous pho-

tocatalyst in visible-light-induced organic reactions is still rare. We

believe that the application of graphene oxide as a heterogeneous

photocatalyst in photocatalytic organic transformations will gain

more attention in the coming future.
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